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Ahstract

Fravkesuaetser B oand A B Varso decomnodation 1 myelinated errs
fibres of Xenopus laeris at computed on the basis of vollage clamp data Acta physiol
scand 1965 63 1—?0 — The eguation svstem carl er derived from the
voltage clamp analyss on myehnated nerve fibres from Yeonpus fazcis was pro-
gramsned for a digital computer The response of the nerve mod 1 tolinearly
fising currents was computed for a number of quantitat e modifications of the
6 agreement betw fen thexomy utahions and the earkier exper

mental results was quatitatively satsfactory The Quantitat e agreement was
not perfect but the discrepancics were not greatey than what 1t expected fram
the known errors 1 the voltage clamp techruque  The computatsons indicated.
that changes of any $f the constants of the nerv  mode) have effects on the
rate of accommodation The greatest effects wer obtaned by changmg the
wactvation of the sodium permeability Tt was concluded. an the basis of the.
results obtawed an the p esent and w the earl or mvest gation, that the slow
exc tabihity changes of the nerve fibres are well predicted by the equanon sys
tem describung the 10mic curvents Further 1t was concluded that the normal
variahor n accommodabon among mvelinated nene fibres from \enopus
lacois 15 accounted for mamly by vanations n the rate constants 4 although
this may not be the only vanable of importance A vaniation 1n the wurmag on
of the potassium permeab lity mught also be sigmf cant

One of the exatability properties of nerve 15 that the nene accommodates
1o apphed currents Acc d has been d 1 various ways eg
by dal curzents by bl g cwrens ot by conduuonang and
test currents (see Ratz 1939) Accommodation vanes not only amone nenes
fram different species of amimals {¢ ¢ Solandt 1936) but also among fibres
Wwithin the same nerve (¢ g Tasahi 1920 Sato 1951 Vallbo 196% a) The 1ome
theory for 1mpulse generanon ought to account for accommodauon (Hodghin
1963) The voltage clamp analysis his given the some theory 2 quanniatn e form
sufficiently complete to allow a further treatment of the problem of accommoda
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2 B FRANRENHAEUSER AND A B VALLDO

ton The squd fibre analyss (Hodghin and Huxlcy 1952 1—d, Hodgkin,
Huxley and hatz 1952) has been euried far enough to indicate the gencral
behaviour of the membrane, but not far enough to account for vanations i a¢
commodation Caleim has an effect on accommodation (¢ g Ratz 1936) and
the mfluence of calerum on the sqund nenve has been analysed n detait (Tranken
hacuser ind Hodgkin 1957, Huxley 1959) The major bulk of the valtage clamp
data for the myelnated nenve fibre has been fumped together with the aim to
cover the general propertics of the myelinated nerve fibre (Dodge and Franken
haeuser 1959, Frankenhaeuser 1959 1960, 19624 b, ¢, 19631 b) An mspee
tion of the empirical equations, which describe the sonic currents, reveals that
a change of almost every constant the rate constants a5 well as the permealnhity
constants, wiil change the 1ccommodation To judge how much 1 single change
ofa will affect ! 18 1 too comphented task to be frunful
without a plete numerscal p
Voltage clamp expenments together with excstability measurements have
been performed on single myehnated nenvc fibres in order 10 elucidate the prob
lem of accommodation 1 further detatl (Vallbo 1964 b} These expeniments
have revealed that a varmatien of the inactination rate constant g, is significantly
correlated to the vanaton 1n accommodation imong the fibres The expen
menta] study could not deaide how far the vanation in g, 3s sufficient to ac
count quantitatively for the varation in accommodation, because variations in
other constants 1ppeared too
Numerical computations scem to be the best method at this stage to decide
by which factors the rate of accommodanion s affected and how much 1t 1s
affected by the vanous factors In the present investigation computations were
smade of the membrane response to hinearly wncreasing sumulating currents and
the entseal slope for excitation of the quanttative nerve mode! was computed
for a number of quantititive modifications of the model The modifications were
chasen sa that they reasonably cover the varations earher found m experimental
Investigattons
1t will be shown that the response of the nerve model to hinearly mcreasing
currents 5s 1 reasonable agreement with the expenimental exaitability mesure
ments Deviations were noted bug these were not larger than those expected
on the baus of the various uncertamnties m the expenimental analysis Changes
of the sodtum carrying mechanism s well as changes of the potasanm carrying
mechamsm had a clear effect on the erttical slope

Metheds
The nomenclature the symbals and the equatton system to be computed are the same
as those guen by Frankenhacuser and Huxley (196%) The computations were made
\with the digttal computer Wegematic (Computor Dnasion Rarolinsha Insututet Stack
holm) The wategration was made with the Runge hutta fourth order mcthod (¢ g
Hammmng 1962}



ACCOMMODATION IN NERVE 3

Computations were made of the respanse of the nerve model to lineatly increasmg cur
sents ‘The slope of the curreat was changed mhbetween the runs i such a way that sue
cessnye slopes rapidly converged towards that which was entical for exastation. The cur
rent threshold forastep ofone \l dwithin £ 0 59,
This threshold current was used as an approamation for the rheobasic current. In order
to facibtate comparison with the expenmental results a threshold potential (¥} was
also determuned. Threshold potential (1,) 13 here defined as the potential at whick the
rate of change of membrane potential was 80 voltsfsee dunng regenerative actvity when
a nearly threshold step current pulse was apphed

fodifications of the ¢ standard data bt The standard data hist as given by Franken
haeuser and Huxley (1963) which apphes for a temperature of 20 C was used 23 the
basts of the present mnvestiganon with the exception that the constant B i the equation
for the rate constant as {Frankenhacuser and Huxley 1964 eqn 1) was taken 1 most
of the computations 2s — 22 mV mstead of — 10 mV The nerve model according to
the standard data st bad a lower entical slope than those seen 1n myclinated nene
fibres from Yenapus {aeres and the computations were very tume consumung This change
of the rate constant ax had the effect that the entical slope of the nenve model better
agrecd with that of the nerve fibres and it d d the time Jerat
The standard data bst with thus modsfication was therefore used 1n the majonty of the
computations  Stmple modufications of the data bist were made The modilied data hist
will be mndicated below by the modifications only 1mplying that the other values are
gven by the  standard data hist

The constants of the standard data hist were varied 1n such a way that the vanations
n the nerve model would bty cover the Pt found among
mychnated nerve fibves (Frankenhacuser 1960 1963 a Valibo 1964 b) One exception
was made from this pnneple Computations were not ade with higher values for the

Tate constant ax at corfesponding potentials than those gwven by the standard data
st

‘The modifications of the rate constants were made by thanging only B in the equations
for the rate constants (Frankenhacuser and Huxdey 1964 eqns I1—I4) and by an
amount which was roughly equavalent to the net vanation of the rate constants found

an the range of b potental (V) between 20 and 30 mV The ex
‘penmentally found variations in 4 and C were thus campensated for by the vanation
e B A suffix mdicates which rate constant 1s concerned thus ¢ g Bay for the constant
B 1n the equation for the rate constant as The modifications made and the reasons
why just these modifications were made will be summanzed here

{1) The inactvation of the sodium carrying mechamsm (k) was vaned by changing
the rate constant @ onlv since 1t has been shown that the main vanabon 1n the 1nactina
tion among nerve fibres 1§ dur to vanations 1 the rate constant @i (¥ rankenhaeuser

1960 Valiho 1964 b) The constant Bas (Frankenhaeuser and Huxley 1964 eqn 11)
was varied This shifted the au— ¥ curve along the voltage ans without causing changes
i the shape of the curve The shape of the koo — b Curve was only htrle affected by
thesc changes of Bay Tt seemed therefore yusufied to consider the potental at which the
of the sodium ibility 13 half complete in the steady state (V1) for com
pansons betwern the effect of changes 1n the mactivation and the effect of changes in
the potential depend nce of the potassium mechansm and also for companng the com
puted solutions with the results obtamed in the espenimental study [V alibo 1963 b)

An equation of the same form as the one used by Frankenhaeuser (1939 eqn. 1) was

fitted 1o the computed values of the steady state inacuvation The constant ks was 4 5
mV 1n the equation which gave the best fit Thus the koo — § curve of the standard
data was siceper than that of the nenve fbres imestigated which had a value for ky
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tion The squid fibre analysis (Hodgkin and Huxlev 1952a—d Hodgkun,
Huxley and hatz 1952) has been carred far enough to indicate the general
behaviour of the membrane, but not far enough to account for vanations in ac
commodation Calcium has an effect on accommodation (¢ g Ratz 1936), and
thenfluence of calerum on the squid nerve has been analysed 1n detail (Franken
haeuser and Hodgkin 1957 Huxley 1959) The major bulk of the voltage clamp
data for the mychnated nerve fibre has been lumped together with the aim to
cover the general propertics of the myelinated nerve fibre (Dodge and Franken
hacuser 1929 Frankenhaeuser 1939, 1960 19622, b c, 19632 b) An mspec
tion of the empircal equations, which desenibe the sonic currents reveals that
a change of almost every constant the rate constants as well as the permeability
constants, will change the accommodation To judge how much a single change
ofa wiil affect d. 1352 too 2t d task to be frunful
without 2 1 ! p

Voltage clamp expeniments together with excitability measurements have
been performed on single myehnated nerve fibres i order to clucidate the prob
lem of accommmodation 1n further detad (Vallbo 1964 bh) These experiments
have revealed that a vanation of the mnactisation rate constant ¢ 13 significantly
correlated to the vanation m accommodation among the fibres The expen
mental study could not decide how far the vanation n a, 15 sufficient to ac
count quantitatn¢ly for the vanation d; because v m
other constants appeared too

Numernical computations seem to be the best method at this stage to decde
by which factors the rate of accommodation 13 affected and how much 1t 1s
affected by the vanous factors In the present investigation computations were
made af the membrane response to haearly increasing sumulating currents and
the critscal slope for excitation of the quantitatne nerve model was computed
for a2 number of quantitative modifications of the model The modifications were
chosen so that they reasonably cover the vanations earher found 1n experimental
myestigations

Tt will be shown that the response of the nerve model to hinearly mncreasing
currents 15 1n reasenable agreement with the exp ! bl
ments Deviations were noted but these were not Jarger than those expected
on the basis of the vanious uncertainues 1n the expenmental analyss Changes
of the sodium-carrying mechansm as well as changes of the potassium-~carrymg
mecharsm had a clear effect on the entical slope

Methods

The nomenclature the symbols and the equation system to be computed are the same
as those given by Frankenhaeuser and Huxley (1964) The computations were made
th the digital computer W egemauc (Computor Division harolinska Institutet Stock
holm) The miegraton was made with the Runge huta fourth order method (£ g

Hammng 1962)
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Fig 1 Computed membranc potential changes in response to step current sumulanon (1) and

id {1
lincarly rising eurrents (2)—(9) Stumulating current was tn (1) 0935 mAfem or 120 theobascs.
‘of lnearly nmng stinulating currents were 1n (2) 122 00 mAjem ,sec or 343.27 rheobases/
wec (3) €250 mjem fsec or 171 63 theobases'sec (4) 312 mAfcm jsec or 82 82 theobasea/see
1) 5239 mAfem st of £9 73 rheobascufsec (6) 23 4% mAfem sec or 6436 rheobases see,
(7,27 36 mAlem /st or 6163 rheobases/sec {8) 21 48 mAjcm Jsc€ or 5900 rheobases sec
and (8) 21.24 mAjcm fsec or 58 33 rheobasesisce. Standard data evcept Bas = — 16 m\

196+ b} A munute further decrease of the slope changed the rcsponsc of the
membrane from a clear action p ! nte a sub d re

sponse and a delayed rectifi The tt hold for did not change
much with these changes 1n the slope of the sumulating current The threshold
was estimated as the density of the sumulatng current (threshold current) or
as the it 1 (threshold 1) 1n esther case at the foot of
the action petcuual when the rate of chanoc of membrane potenttal was 80
voltsfsec The density of the sumulating current at this moment was 0 431
mAfcm? shen the slope of the sumulating current was 125 mA/cm?¥fsec (trace
2n Fig 1) and 0529 mA[cm? when the slope was 21 48 mAfem? sec (trace 8)

The latter slope was the slope for a action p

Thus the threshold current measured in this way ncreased by only 227°,
when the slope was changed from a rather steep one to the cntcal slope for
exertation The threshold potental was 21 10 mV and 28 15 m\ respectisely

1n these two computations These findings mdicated that accommodation as
measured here does not mmpls a marked increase mn threshold for an acton
potential {¢f Tasaks 1950 Frankenhaeuser 1952 Vallbo 196% b)

Fig 1 shows the type of response which was most commonly seen when
Lnearly nsing currents were applied However another tvpe occurred when
the curie for the rate constant a, was sufficently much shefted along the voltage
aws to the nght This response which appeared only when the lope of the
binearly nung current was near the critical slope consisted of osaillations tn the
membrane potentials in the currents 1n the permeability vanables and in
the p bl Small 11 started at a ) potential of about
17 m\' They increased i size with tume and assumed the thape and uize of
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Fig 2 Computed membrane potent:al changes {(A) permeability vanables & m and n (B}

sodium and potassiur permeabilities (C) and sodum and potassium eurrcats (D) 1n response
to inearly nsing stimulating currents. () Slope of sumulating current 21 48 mAfem sec which
255900 Y robose s (I1) Slope of stmulating urren 2124 mAfem Jsec whach 15 58 33 sheo-
bases’scc. Standard data exoept Zag = — 16 mV  Same computations as sllustrated m Fig 1
trace 8 and trace 9

small achon potentials at higher slopes of the sumulating current. At lower
<lopes the osalk d small and gradually faded away There seemed
to be a continuous increase 1 the amplitude of d]c b from
_mz1l osallations 1nto clear action potentials as the slope of the current was
ncreased. It was therefore not possible to give a defimte mmmum slope for 2
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Table I Currents permeabiisty varables and permeabihses sn the resting state and at V=16'm}
1n ihe steady state and dunng stmulation by bincarly wicreasing currents near the ential slope
for exatation from the computations vllusirated wn Fig 21 and II Standard data except Bay =
—16 mV

Seeady Fig 21 Fig 211
Resting state at 2170 at 2204
Unus value vahie mec msec
13 mV 0 160 160 160
mAfem?® o 0466 047
dv fdt voltsfscc [ 0 10000 0.9200
& 07073 00020 01720 0 169>
m 0 000> 0.0436 00420 00425
n 0.0768 01548 01290 0129
ri 0.0049 00737 00222 00723
Py emfsec x 1072 00000 00009 00075 00074
Px emfsec X 10~ 00009 0.0783 00199 00701
Py emfsec X 104 00000 00004 0.0003 0.0003
A mA/fem? —0000 —0025 ~0066 —006>
Ix mA[em? 0001 0077 0053 005
FA mA fem? —0000 —6010 —0.007 —0.007
I mA/em? ~0001 0484 048¢ 048¢

regenerative action potential The entical slope of the nerve model 1s given
as the range between the mmmum computed slope that gave rse to a clear
acyon p 1 and the slope that did not elicrt an action
potential This range was 2s 1 rule 0 97 mA/cm?/sec which corresponds to about
25 rheobasesfsec A somewhat wider range 1s gren for the computations m
\nlhxch oscillatons occurred since then there was no sharply defined criscal
slope

Alembrane potentral p bility variables p b and tons. currents
dunn, hinearly nsing currents
Fig 2 shows the puted 1 (A) the bility van-

ables m kand n (B) the sodium and potassuun permeabilities (C) and the
sodium and potassium currents (D) dunng two linearly nsing currents of only
shghtly different slapes The difference i the slope of the stmulating current
between the computauons iflustrated 1n 1 and 11 was 0 24 mA/em?fsec or 0 67
rheobasesfsec It 15 seen that at times less than about 22 msec, the potential
changes the p bl bles the bl and the 10nic currents
differed only neghgibly between the two runs At longer tmes however th

v as a marked difference as the membrane fired an

at
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Pa mecblty vdrables

vl

Tme tmsecy

Pa reablly va abies

(]
Tene {msec)

Fig 3 Computed mem

brane po eanal changes
(% and ) and permea
bility vanables & and x
B and D) 1o response to
applted step currents of
long duration (A and Bl
standard  data  (Zap -
~ 18 mV} sumulating
currént 86 mAfem

and D) standard data ex

cept Bap = — 31 mY

sttmutat ng currene 06>
mAjem
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Fg 4 Effect on crineal slope l'heobast and threshold pormlﬂl i) nfchzngcs of the potential

of the of the sodium. Standard data except vanations of
By, from the standard walue (— io m\) Absassac changes of Bap Ord nates (A) entcal
slopes 11 umits of mAfem fsec (B) rheobase in mAjem  {C) threshold potential (Fe) n mY
The symbols 1n {A) give the range between the computed minimum slope that gave nise to an
action pot:rmal and the computed maximum slope that did not clicit an action potential At
Bay = — 10m\ (standard value) anly an upper humit of this range 1s gnen The extreme values
of the C{mcal slopc 1n umits of rheobases/sec were 86 24 and less than 13 70 rheobases/sec re
spectively

not i IT Thus a very small change of the conditions may change the response
of the membrane radically Table I grves a number of values from the com
putations illustrated n Fig 2T and ITat 1 = 16 mV and also the steady state
values at this p 1 and the corresponding resting values The potential
¥ = 16 mV was chosen because 1t was very close to the foot of the action poten-
tralin I The vanable m was very close to 1ts steady state value at this potential
while # and especially % had not approached as closely to their steady state
values It 15 clear that values corresponding to those gnen 1 Table I vaned
from one p to the other depending upon which difica-
tons of the standard data list were made for that particular computation

The maximum values of the permeabilities and the 10nic currents dunng the
action p were

higher i to step current shmula
tion than in response to sumulation by linearly nsing currents of a entical slope
for exertation The sodium and potassium permeabilities reached peak values
which were about 10 and 50 per cent respectnely of those attamed 1n response
o step current sumulatton The peak values of the sodrum and potassium cur
rents were about 50 and 335 per cent respectinels of the peak values on step
current simulations This compansen was made between the computations il
lustrated in Fig 1 trace | and that illustrated 1 Tig 1 trace 8 and Fig 21
Fig 2 1D shows further that the sodium current was single peaked when a
sumulating current of cnitical slope was applied wlule the sodium current has
o maxima on step current stmulatons (Frankenhacuser and Huxley 1964)
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X
: X 33
o
: f
£ f
E 20
~ I
-4
- ‘l Fig. 5 Effect on entical slope of changes of the iactivation
5 17 ofthe sadium permeability Standard data except variations
2 m Bqy from the standard value (~ 10 mV) Absoa
& changes of potenuat ar which the nactnauon 1s half com
I plete sn the steady state (b4} from s standard value
(73m\} Ordinate crrucal slope 1n umts of mA/em fsec
Lo Loy Same a5t dm Fig 4 A
3 5 2
8 Y, (mW)
Repetitice discharges
Repetitnne finng e resp to 1 by step ts of long d

occurred m the standard fibre (Fig 3Aand B) Itscemed that the repetitive
finng would go on for nfinite tune since the same penods were repeated after
the first 20 msec as long as the computation was continued The mactnation
{4) of the sodum permeabihty did pot reach values larger than 01 after this
time Computations of the response to step currents of long duration were also
made when the data were modificd by changing Ba, from — 10 mV to — 11
and ~ 13 mV Repetnve finng conld not be ehated when Ba, was — 13 mV

A few action potentuals (maximum seven) occurred when Bq, was — 1} mV
111 response to step current sumulation (Fig 3 Cand D)

Effects on entical slope of ranations w the constants

The cruucal slopes were affected by changes in a number of constants as
shown 1n Fig 4 to 10 The effect of changes 1 the mactnation of the sodum
carrying mechamsm 1s shown mn Fig 4 A The ential slope 1s here plotted
against the change in Ba, trom 1ts standard salue of — 10 mV The constant
Ba, was changed by as much as 15 mV from 1ts standard value This shifted
the position of the &,, — § curve afong the voltage axus by 83 mV The ex
penmental analysis of the nerve hbres showed that the posihon of the £, — |
curve afong the voltage axts vaned by about 10 mV relanve to threshold poten
tial and that this vamation was mainly accounted for by a \amauon a the
rate constant @, It 1s evident that the criucal slope depended on the rate con
stant g, but that thu depend was rather plex The results from Fig
4 A are also shown 1o Fig 5 1 which the cntieal slape s given as a function
of the potentia] at which the macusauon 15 half complete mn the steady state
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Fig 6 Companson between recorded e
and computed cnit cal slopes Ab- ° o
sassae  potent al dufference ba — Fy

mm\ Ordmates (A) cnucalslope N
1m units of mAfem fsec (B) cratical

slope m unsts of theobases/scc Open. o
arcles experimental results (V allbo

1964 b) Bars computed critical '
slopes from the computations sHlus-

trated n Fig 4 and 5

b

Lt
S ew

(V,) In order to compare these findmngs with the expenmental results (Vallbo
1964 b) the computed critical slopes were plotted agamst the potenttal dif
ference V,— 1, (Fig 6) and the previous expenimental findings were plotted
on the same graphs without any form of arbitrary scaling The ordmates are
loganthmte 1n order to compress the scales As was pomnted out earhter the
45—} curve was steeper m the nerve model than in the nerve fibres It might
therefore not be appropriate to stress the agreement between the absolute values
from the two sets of results The graphs do however show partly how great
an effect vanations 1 1nactivation have on the crinical slope of the nerve model
partly the relation between the 1 the tivation and the v
1n the cntical slope actually found among my elmated nerve fibres The general
agreement between the two sets of results from this point of view seems rather
stnking considening that other factors which also affected accommodation
varied from one fibre to another

The cntical slopes as affected by changes of the membrane potential depen
ence of the potassium-carrying system 1s Shuwn mFig 7A The modificanons

were made by ch Ba and Bg, Iy The shuft of
the rate constants was 12 mV 1n these computations It s difficult to estumate
the of the b 1 d ds of the

P per
meability among nerve fibres m ! the sngmﬁcam potential region {Franken
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Fig 7 Effect on entical slope sheobase and threshold potenhal (J,) of changes 1n the poteatia)
depend f the Standard data except Zay, — — 22 mV (upper curve
A} and — 11 mV (lower curve in A) and vanations in Bz and 28 by the same amount from
thewr standard values (Ba, = 35 m\ Bf = 10mV) Abscisac changes of Bun and B3 Ord
wmates (A) entical slope n units of mAfem fsec (B) sheobase 1n mAjem (Bay = — 22 m\)
7} threshold potental (F2) m mV (fay = — 22 mV} The extrome values of the cnitical slope
‘unuts of rheobases]  were 126 36 and 38 73 rheobasesscc respecuvely when Jay was — 21

haeuser 1963 a) because the resolution of the voltage clamp techmque 1s hmited
1n this range but 1t seems hkely that the vanations among the nerve fibres are
of the same order of magmtude as the changes used i these computations
Computations were made with this type of modification at two different values
of Ba, This constant was — 22 mV n the computations illustrated bv the
upper curve 1n Fig 7 A and — 11 mV 1n the computations illustrated by the
lower curve The effect on the entical slope of the changes in the turning on
of the p per bility was derable and 1t was duffe at the two
values of the constant Ba,

The eflect on the critecal slope of sanations 1 the mactsation of the sodwm
permeability and the effect of correspondmng varations 1n the turming on of
the potasstum permeability were of the same order of size over a large range
but the mactivanon had a considerably greater effect when a, was sufficiently
much shifted to the nght (Fig 5 and Fig 7 A)

The sodum and potassium permeability constants (B, and Py) were vaned
1n the computations between 4 0 and 12 0 and between 0 6and 2 4 < 102 cm/sec
respectively The means and the dard d of these per bl
constants measured on nerve fibres are 83+ 36and 093 + 019X 107 cm/sec
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Fg 9 Effect on cntical slope theobase and threshold potent at (§ ) of changesn the potassium
permeabil ty constant (Py) Standard data except Sax = ~ 27 m\ and variaten 1 the potas
s um permeability constant from 1ts tandard value (12 0 cm sec) Abscissae changes of
Fi.. Ordinates (\) erttical slope 1n un ts of mAjem sec (B) rheobase m mAjem  (C) threshold
potential (F) m m\ Th extrem values of the ent cal slope n unts of theobasestsec 1 ere
104 83 and 64 07 theobasesjsec respectively

(Vallbo 1964 b) The changes of P, (Fig 8) and Py (Fig 9) had 2 moderate
cffect on the computed critical slope It 1s clear that the effects could be some
what different at other values of other constants 1n the nerve model than those
used here ¢ ¢ at other values of Bg,
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Fig 10 Effect on cniucal slope theobase and threshold potenual (V3) of changes m the leak
cenductance {gr} Standard data except Bay = - 22 mV and vassation in the leak conductance
from 1t standard valur (303 m mhojem ) Absexsac changes of gr. Ordinates (A) eriteeal
slope 1 units of mAlem jsec (B) crucal slope tn umis of theobasesfacc (C) rheabase
mA] em (D} threshold potential (F,) 1n mV

The leak conductance (g;) was varied from 20 0 to 400 m mhofcm?® mn the
computations The mean of the leak conductances measured an nerve fibres
1 30 3 m mhojem? (Frankenhacuser 1960) and 209 & 7 6 m mho/em? (mean
and S D) (Vallbo 1964 b) The changes of g (Fig 10) affected the cntical
slope maderately as measured tn unsts of mAfem?¥sec but the effect was con
ssderably Jess on the critscal slope as measured n units of theobasesfsec

Effects on theobase and threskold potential of changes 1n the constants

The effects on the rheobase and the threshold potenyial (V) of changes in
the sarsous constants arc shown 1n most of the above graphs and m Fig 11
These thresholds as measured by a step current of one msec duration were
not much affected by most of the changes The excephions were that a shift of
the rate constants a,, and B, was associated with a marked change of the
rheobastc current and the threshold potentia) The latter changed by about the
same amount as the shift of the two constants along the potential axss (Fig 11}
A change of g, had a marked effect on the rheobasic current about propor
tional to the change i g, but the effect on the threshold [ ! was neghgmbl

(Fig 10)
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Discussion

The problem of d. m the myehnated nenve fibre was dealt
with in the present investigation The bass for this treatment has been the 1ome
theory for impulse generation A quanutative form of the theory sufficently
complete for numerical computations 15 avalable from the voltage clamp

analyss Comp were perf 1 of the resp of the model nene
membrane to slowly mereasing currents This was done m order to find out
how well slow changes in biliry are d 1n the nene

model

The general behaviour of the nerve model 1n response to sumulating currents
of long duration wall first be considered in relanon to the previous experimental
findings then some quanataune details will be dealt with

The nerve model according to the standard data st gave nise to repetitine
action potentials of apparently infimte number when step current sumulation
of long duration was used A slight modificanon of the data hist 1n the direction
of making the nene model faster accommodating changed the response to a
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Fig 10 Effect on crincal slope rheobase and threshold potential {34) of changes in the leak

conductance (gr) Standard data except Bay= — 22 mV and vamation n the leak conductance

from 1ts standard value (30 3 m mhojem ) Abscissac changes of gr. Ordinates (A) ertical

slope 1 umts of mAfcm fsec, (B) cntical slope m units of theobascsfsec (C) rh obase 1n
~mAf cm (D) threshold potential (F¢) 1 mV

T The leak conductance (g;) was vaned from 20 0 to 40 0 m mho/cm? in the
computations The mean of the Jeak conductances measured on nerve fibres
15 30 3 m mhofcm* (Frankenhaeuser 1960) and 20 9 + 7 0 m mhofcm?® (mean
and § D} (Vallbo 196¢b) The changes of g, (Fig 10) affected the critical
slope moderately as maeasured m umts of mA/fcm?/sec but the effect was con
siderably less on the cntical slope as measured 1n umts of rheobasesfsec

Effects on theobase and threshold potentral of changes wn the constants

The effects on the rheobase and the threshold potential (V) of changes in
the vanous constants are shown in most of the above graphs and n Fig 1]
These thresholds as measured by a step current of one msec duration were
not much affected by most of the changes The exceptions were that a shuft of
the rate constants a,, and f,, was associated with a marked change of the
rheobasic current and the threshold p 1 The latter ch d by about the
sarne amount as the shift of the two constants along the potental axis (Fig 11)
A change of g, had a marked effect on the rheobasic current, about propor
nional to the change n g, but the effect on the threshold potential was neghgible

(Fig 10)
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stumulating current increased stowly This is probably assocrated with the fact
that the membranc potential dunng the action potential did not reach values
close to the sodium equilibrium potential and thus the dectease m the electro-
chemica) driving force for the sodinrm current was not neatly as marked in this
case as when an action potential was elicited by a step current The leak eur
sent was by far the largest 1omic current before regeneration occutred during
stinulation by slowly nsing currents (see Table Ij
The P © pond 10 the exp \ w which the
longitudinal currentszera ¢ theload seen by the membraneis zero It seems
clear that the membrane dunng actvity ehated by slowly nsing currents must
be more load sensitive than the membrane when stumulated by step currents
A much smatler sodum carrying rapacty 1 avadable for the regenerative ye
sponse because most of the sodium mechanism 15 macuvated by the slowly in
creasing cusrent
One aum of the present P was to elueidate the problem g
~whach factors aceount for the normal vanaton in accommodation among the
myelinated nerve Sbres from the clawed toad The mott attractive and straight
forward way to tackle tius problem would clearly have been to do a complete
voltage clamp and excitabahity analysis of a number of single nerve fibres The
data so abtained could then be treated numencally However thus has heen too
difficult to achieve The standard datalist used by Frankenhaeuser and Hux
ley {1964) was therefore used as the basis for the present computations This
datalist which 1s lumped together from various expersments mught not descnbe
a fibre with average properties The present computations together with ex
perimental findings (Vallbo 1964 b) showed al.o that the standard data hst
descnibes a fibre wath a slower accommodanon than is usual for the fibres from
Xeonopus {aetns (see g 6) The exp liy d. d threshold p 1
(285 130 mV mean and $ D) was somewhat gher than the threshold
potential of the standard nerve model {204 mV) Thi finding and further
d the defi m the voltage clamp technique
d by Fi h and Huxley 1956%) suggest that the known
errars i the voltage clamp anatysis might well be sufficient to explam the discrep
ancies between the measured and the computed cnitical slopes These errors
scem 10 be equivalent to about 3-~5 mV 1 the constants B and are likely to
be somewhat fatger for the m vamable than for k = and p The computations
of the cniucal slopes and the response of the nerve model to stunulation by step
currents of long duranon indicated i two different ways that the nerve model
according to the standard data bst needs very little modificatson 10 respond
with the same slow exatability changes as the real nenve Sbre
The computations wndicated that almost ev ery constant in the data hst tosome
cuent affected the criucal slope A change which decrea ed the outward ronic
current or mereased the inward 1onic current at potenuals close to the threshotd
potential  made the accommodation slower and a change which mncreased
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the outward or decreased the inward 1onuc current, made the accommodation
faster However pred. of d from the puted steady state
currents and permeabilities was not particularly successful The effect of vana

tion 1 the leak conductance on the critical slope as measured 1n umts of rheo

basesfsec was thus surprisingly small A change of the sodium and potassitm
permeabihity constants changed the critical slopes as expected 1n opposite direc

tions, but by about the same amount 1n the sense that a change of one by a
certam factor had about the same effect as a change of the other by the same
factor Over a limuted region the cffect of changes in the mactivation of the
sodium permeability was of the same order of size as the effect of a corresponding
change of the turming on of the potasstum permeability ¢ equal shafts of
the ko — T and ra — V' curves had the same effect The mactivation had

however a considerably greater effect when the koo — V curve was shifted
sufficrently much to the nght It seemed that 1t was possible to make the nernve
model quite fast dating by changing the f permeability i
one direction but not always to makc 1t very slowly accommedating only by
changing the potassium permcability in the other direcion Changes within
the experimentaily found range of the mactnation were associated with com

puted accommodations almost covering the range of accommodations found
expersmentally A very small change of the mactivation by a shift of the a, — T

relation to the night by only a few mV from the standard curve would probably
give a nene modcl with infimtely low critical slope

The comg heobase of the dard fibre was 0 36 mA/cm® while the
;‘lcobasc as measured from the nerve fibres was 0 22 mAjcm? (mean) This dif
ference might largely be buted to the diffe 1 leak cond which

was 30 3 m mho/cm? 1n the standard nerve model and 20 9 m mhojem? 1n
the nenve fibres invesigated by Vallbo (1964 b) The computations indicated
that the rheobasic current was nearly proportional to the leak conductance
The threshold potential 1n the nerve model according to the ‘standard data bst
was 20 4 mV and that of the nerve fibres was 28 5 mV (mean) Ths deviation
mught be caused by the known errors 1n the voltage clamp method

‘The agreement between the findings obtaned from the experiments on mye
linated nerve fibres and those ot d from the J: p d here
seems to be good enounh to allow a of the specific problem concerning
which factors account for the normal vanation 1n accommodation among the
myehnated nerve fibres A close relaton has been found expersmentally (Vallbo
1964 b) between the entical slope and the nactivation of the sodium mecha
msm (#) The criucal slopc has not been found to depend closely on the sodium
and p per (Py and Py) nor on the leak conduct
ance (gL) No cxpcnmcnm] mformation 1s available concernming the relation
between the eritical slope and the turning on of the potassium permeability (n)
The results of the computations indicated that the mactivation of the sodium
mechanism had a marked effect on the critrieal slope the turming on of the potas
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swum permeability and the two permeability constants had some effect while
the leak conductance did not much affect the critical slope It seems therefore
likely that the permeability constants and the leak conductance are of minor
signuficance for the normal vanation m d that the na 10n
of the sodium permeabihty very hikely 1s the most important factor while the
effect of the turning on of the potassium permeability cannot be entirely neg
lected

The present mnvestigation indscates that the voltage clamp analysis accounts

bly well for the a dation and even for variations in accommoda

tion among the fibres The agreement between the experimental findings and
the results obtamed by the computations was by no means perfect However
the agreement seems surprsingly good m view of the large difficultres to extract

exper lly the rate m the p I range (0 < T < 20 mV)
which s entieal for the accommodation Itis quate clear that although theress
no simple way to account for d the 1. 15 satis

factorsly mncluded in the equations for the 10ome currents The time constant of
accommodatton (#) (¢ g Ratz 1939) has been used to describe accommodation
and concepts of this lind seem useful for studymg excitabihity However it seems
rather meanmgless to use such a simplhfication when the physical basis of ac
commodation 1s considered because this basw 1s clearly of an extremely com
plex nature

Thus imvestigation was supported by the Swedish Medical Research Counail Suftelsen Therese
och Johan Anderssons Minne and by grants from Reservatiopsanslaget harolmska Inst tater
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Abstract

Hervstror K On the bils and and neutral fecal sterord excr tion i man and
rabbits followsn cholesterol feeding Acta physiol scand 1965 63 21—35 The
effect of ¢holesterol feed ng on b le anid turnover and neutral fecal sterod
excretion was studied n rabbits and human subjects In rabbuts the addition
of 1 cholestesol to a low fat pellet diet (on the average 700 mg of cho~
lesterol per day) raused a marked increase of the serum cholesterol level but
a r:du:non of the turnover and the fecal el mination of deoychobc acd

feecing of a. 1 frec diet the serum.

tho\es\uc\ level dtnmtd 10 spute of a further reduction of the fecal bite and
excretion When h subjects recerved a diet contaimng egg yolk | pids.
whichprovided 1 4g eholesterol perday the serum cholesterol level increased
moderately over the control values but there were no consistent effects on
e ther the biliary bile acid compes tion or on the turnover of chol ¢ acd The
amount of cholesterol excreted as neutral fecal stero ds dunng the cho-
lulzrol feeding period corresponded on the average to 80 and 77 ¢ of the
unt of cholesterol given to rabluts and human subjects respectively
Cholosterol and the. lant sterols § sstosterol and methylcholesterol wete
metabohized 1nto neutral compounds that werc the same o rabb t and n

Buman foces Rabbnt fecss contatned propottionally r1ore 3a sterols than
human feces

Dufferent spectes do not react 1 the same manner to cholesterol feeding
Rabbats and chickens become sevenly hypercholesterolemic whereas with dogs
and rats the influence of ingested cholesterol 1s much less marked (hatz and
Stamler 1953) Human subjects respond to chol ! (egg yolk) suppl
diets with a moderate mcrease tn the serum cholesterol lc\cl (Messineer et al
1950 Bevendge e al 1960 and Connor et al 1961) The mechanism for the
regul of the serum chol 1 level and of the distrnbution of cholutcml
1n the body 15 not well enough und d to permit a i of
these species differences Tt has been shown that cholesterol 5 nthesss in extra
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hepatic tissues 1s almost unimfluenced of cholesterol feeding (Gould e2 af 1933,
Cox etal 1904) whereas 1n man as well as in expenimental ammals the hepatic
cholesterol synthesis 1s promptly suppressed {Gould 1951, Tomkns ez ol 1953
Frantz et al 1924, and Bhattathiry and Sperstein 1963) Differences mn the
activaty of this feedbach mechanism may, at least in part be responsible for the
vanations in response to cholesterol feeding observed among species

Another mechanism which tends to counterbalance changes in the body
cholesterol pool has been demonstrated i dogs and rats (Abell et ol 1956
Wilson 1962) These ammals were found to have an increased elimnation of
cholesterol as fecal bile acds swwhen cholesterol nich diets were fed Since the
bile acid excretron represents a considerable part of the cholesterol that 15
elunnated from the body and since the changes were highly significant (100~
200 %} alterations 1n bile acid excretion seem to be an important compensatory
mechamsm for the absorption of il of dietary chol )

In view of the differences 1n ptibility to hyperchol 1 mnduced
by cholesterol feeding apparent when dogs and rats are compared to rabluts
and probably to man 1t was of imterest to determune whether the last two
spectes when faced with an excessive dietary cholesterol intake could ako
elumnate ncreased amounts of cholesterol as bile acids Due 1o the Jack of
reliable methods for quanttatrve analysis of the total fecal bile acids bile amd
metabolism was studied by using a tracer techmque with C! labeled bile acids
characteristic of the different species A standasdized diet was fed which was

hsequently suppl d with chol ol Asan of an earher study
on the effect of saturated and unsaturated fat and type of diets on the bule acids

auolism 1n the rabbits (Hellstrom ef a/ 1962) some antmals were also
- fudied after beng transferred from the cholesterol supplemented diet to a
semusynthetic dret 1n which corn o1l was one of the main constituents

Experimental

Rabbit expenmen’ Adult mal~ albimo rabbuts swerghing between 2 and 3 hg were used
The anumals were kept in single hutches from swhich urne and feces could be collected
separately Each rabbit was prosided with a stomach listula through which brle samples
were collected by introduting a tube mto the duodenurn The fistula which consisted
of 2 polysinyl chloride plasuc tube swas cosed with a stopper and was opened only
when duodenal bile samples were collected Details about fistula construction and bre
sampling techmique have been giien 10 a presvious paper (Hellstrom and Sjovall 1962

The rabbuts were f~d the contral dict the control dret supplemented with cholesterol
and finally 2 serisynthetic diet The controf dict 1 1th a calonic value of 2 5 cal'g and
a fat protemn and carbohydrate content of 35 165 and 493 , by weight respectnely
was the conventional fow fat commerctal pellet ration used 1n the mvestigation men
yioned abote Additon of cholesterol o the control diet was carrted out 1n the following
manner Pellets were partly crushed n a mortar and transferred onto a wray Chotesteral
dissoh ed m a volume of ether larg~ enough ta cover the crushed peflets was added and
the mixture was stired thoroughly the ether was cvaporated at room temperalure
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and the dry det was stored at — 20 C until used The serusyntbesic diet was prepared
from corn oil casemn sucrose glucose salts vitamuns and cellulose Corn ol constituted
269 of the calones (For detarls sce Wigand 1929) The consumption of the first dret
was adjusted to mamtain a constant body weight Subsequent diets were gnen
1socalonc amounts About 6280 g per day of the control and cholesterol supplemented
diets and 48—60 g of the sermsynthetic diets were giien to the rabbuts
The control diet was given to the rabbits for several weeks before the expenment
started Twa weeks after the production of the stomach fistula the rabbits were given
deoxycholic ad 24 C  sntrapentoneally Bile samples were taken every 4 to 7 days
for a period of one month, 2nd the turnowver of deoxycholic acid was determined  Cho-
lesterol s as then added to the diet and three 10 four weeks later 2 new dose of labeled
matenal was adrmunistered When a suffictent number of bile samples had been taken
0 permut the determination of the deoxycholic acid turnover rabbits 27 B and D were
transferred to the semusynthettc diet and the collection of btle samples was continued for
a further pertod of about two months
Feces 3 ere collected daily duning the whole experiment and were stored at — 15 C
unul analyzed The unne was nased off the hutch tray with ethanol each day and
‘pooled 1n 3—7 days portions Blood samples were taken from the margimnal ear vetn
Human experiment The subjects examuned were 3 female cadets (age 20—22 years
body weights 60—66 kg) from the Salvation Army School m Stockholm They were
Iving at the School and were occupred with their ordinary work
Durnng the whole experiment each subject was served & meals 2 day  [he breakfast
and supper consisted of coffee or tea toast and marmalade For lunch and dinner the
subjects consnmed half of a formula portion and frint The daily intake of bread mar
malade and frst was approwumately equal for each subject The intake of the formula
ration was adjusted so as to keep the body weight constant The subjects were mstructed
to consume cach dict portion completely
The formula diet was prepared from margarne (purchased from AB Suaco Stock
holm) shimmed mlk powder {landly supphed bv AB \ljolkcentralen Stockholm) and
water One dav s portion of this diet had the following composition  Margarne 80 g
skimmed rulk powder 200 g and water 300 m! These components were homogenized
with an Ulara Turrax homogenw.er (Janke hunkel 1 Bra West Germany) until an
uniform emulsion was obtained The prepared portions were stored at — 20 (. until
used
During the second penod of the experiment part of the margarime v as replaced by
evg yolk Iipids The egg hpids were obtained 1n the follos g manner Pooled egg yolks
were homogenized with the homogemzer 1n an excess of ethanol for five muutes where
after the muxture was filtered The alcoholic solution was poured onto travs and the
€thanol was evaporated at 30 C 1 a drying oven The batches of eg,, liptd were pooled
and stored at — 20 C until used A daily portion of the formula diet i which egg
lipids were included had the following composition  Egg Lipsds 25 g margarine 68 g
skimmed mulk powder 200 g and + ater 300 mt
The itake of cholesterol with the control diet was about 50 mg,day The marganne
was free of cholesterol the skummed milk po vder contamned 4 mg cholesterol pes 10g
which corresponded to a daily tntake of 20 mg Analvses of bread marmalade and fruit
revealed that an approumate figure for the cholesterol intake trom these consttuents
should amount to 30 mg/dav
The concentration of cholestero! 1n the egg lipids v as deterpuned in the following
»ay An aliquote 3 as saporufied 1n EN ROH 1 50 aqueous ethasiol (1 0 ml per mg.
dr weight of the extract) at 60 G for onc hour The hyvdrolysate was extracted three
ttmes with petroleum ether the organic phascs were pooled washed v 1th 50 °, aqueous
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ethanol in water untd neutral and then taken to dryness under a stream of mtrogen The
cholestero] content s this fraction was determuned by GLC (sec below) The remaming
water phases were combmed acidified to pH 3 wih 6% HCL and extracted three tmes
with cther  The orgame phases were combined washed with small solumes of water
unul neutral and thes dned over N3,SO  The diy wesght of thus fraction, whick con
samed the fatty acids from the abquot analyzed was determned These analyses revealed
that 25 g of the dried egg yolk hpids contamed 1 4 g cholesteraland I2g  fatty acds

After ten days on the contra) diet the subjects recened zn ora) dase of C Iabeled
cholic acd and sts turmos e was studied durng the next two weeks Egg hipid dict was
then commenead and two weeks later the subjects were gien 2 new dose of Crlabeled
chobc 2c:d and sts tumoter was studied agam

Feees weve colfected 1y afier the ad: of the first dose of cholic
aad except for an snterrupnion during the week preceding the start of the second wm
over study

Dreterranation of ble acid tems er The radsoactne bile acds used kad been prepared in
this lab y according ta B et ol (1953} Chobic and 24 C* § 4T was
gnen arally to the subjects and deoxycholic acid 23 C 13 5 4G, was admunustered tp
10 the rabbuts Both acids wore given as sodwum salts 1 saline Bile samples were obtained
by duodena! mtubation An 1y Jose of cholecystokmm (kundly supphed by Prof E
Jorpes and Ds 3 Must harohnska Insututet) was gisen to obtain a free flow of bile
About 15 ml of concentsated bile were collected from the subjects and about ¢ 5 ml

from the rabbity

Analstical procedure
Determination of specific acteesty of bule annds

Droxycholic 24-C The bile samples were sut paper
saphy (Sinall 1949; For determunation of radivarun ity the paper zone containg the
labeled bule 2e3d was eut out 2nd placed directly i saantllation vials which w ere counted
1 a Packard Tr Carb scintilavon spectrometer as descnibed proviously (Hellstrem

Siovall 1962

Cholie and 24-Ct¢ The bile samples taken from subjects I H and U K were analyzed
s described By Lindstedt (1957, The bife was hydrolyzed and the cholic acid 1solated
by resersed phass parunen chromatography using phase systern © {Norman 193 It
was crystallized from ethy} acctate and the 1otope content was determuned according
to Glascock {1932, These analvses wore kundly performed by Dr S Lindsteds

Cholir aad 1n the bile samples from subject A R was ssolated as described 2bove and
analvzed quantitatnels winh GLC fsee belaw; The radioactivtty was determined 1o a
Packard Tr Carb santllation spectrometer

Analvsis of bele acsds ws human bale
“The bile was diluted with ethanol and the preapitate filtered off The sofution was
evaporated 1o dryness under reduced pressure and sapomfied with 2 N soduum hydromde
for 6 hours a1 120 C The free bile acids were extracted with ether the ether extracts
were washed with small solumes of water unti} neutral and then evaporated o driness
An aliquo was disolsed 10 cthey methanol @} and meihyiated with freshly prepared
diazomethane Quanutatnc anahms of this fraction was performed by GLC according
10 the metbod developed mn ths laboratory (Encroth ¢ af 196+ 3, Equipment and
standzrd 4 were Uy a5 d by Sjovall (§962: Riologreal samples
vere dussoli ed 1m0 ate10n- prior (o gas chromatography and 4 gl portions approxsmarely
commponding €0 30 415 of the exiracy, were ngected with 2 10 gl Hamilton supinge Peak
areas were measared I plansmetsy and compared with those obizined for saown
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amounts of appropriate reference standards A Linear response was found for all bile
acids within the hmts used for quantitative analyses of bile acids (0 5—35 ug) 1n brological
extracts

Analvses of feces

Feces collected over 3—7 days were pooled homogemzed for five mmutes in chloro-
form methanol 1 1 (v/v} with an Ultra Turrax homogenmzer and then extracted
contimuously for 48 hours with the same solvent mixture 1 a Soxhlet extractor of siphon
type The extracts were stored at room temperature in dark tightly stoppered bottles
untid analyzed (within 1—30 days)

Deterounation of bile and: 1 rabbit unne ond feces The radioactivity 1n extracts of feces
and urine were d by wet b to the method of Jeffay and
Alvarez (1961) as described earlier (Hellstrom and Sjovall 1962)

The mean daily excretion of bile acds was caleulated by driding the radioactivity
exereted with the mean specific actvity of the biliary glycodeaxycholic acd dunng the
corresponding penod

Determination of neutral fecal stermds An aliquot of the chloroform methanol extract was
refluxed for one hour 1 IN kaOH 1 50 °, agueous ethanol (0 1 m! per mg dry weight
of the extract) The steroids were then extracted with petrolewm ether and an ahquot of
the extract was analyzed by GLC as described recently (ENEROTH ef af 1964 b)

Bile acids in 1abbut blood

‘Hepannized blood (3—5 ml) was added dropwise to 100 ml of ethanol After heating
for one hour on a water bath the extract was filtered and evaporated in the flasks n
which the wet combustion was carried out

Serur cholesterol

Blood samples were taken every wcek from (he human subgects and every second
week from the rabbits The serum d with the T
colour reaction The extraction procedure of FOLCH et al (1957) was used These
analyses were kindly performed by Dr § Lindstedt

Results

Differences were observed in the metabohism of deoxycholic acid by the
rabbits on the vanous diets During the first 14 days after the shift from the
control to the cholesterol supplemented diet no changes could be detected
either 1n the fecal eminanon of deoxycholie acid and 1ts metabolites or 1n the
fall of the specific actvity of the biliary glycodeoxycholic aad However when
the turnover study was repeated after 3—4 weceks of cholesterol feeding the half
hife of deoxy cholic acid had increased and the turnoser decreased n all rabbuts
whereas less marked changes had occurred in the pool size 1Table I} The
Toean values for the half hives on the control and the cholesterol supplemented
chet were 56 and 75 days respectively and for the turnover 854 and 58 4
mg/day respectrvely

The mean value for the unnary elimination of deoxy cholic acid was unchanged
after the addion of cholesterol to the diet but the mean fecal climinauon
decreased from 68 to 38 5 mgyday m the three rabbuts studed (Table 11)



26 AJCLL HELLSTROM

Table I Turnoter of deosehohe acd in rabbits on different dicts

Produc
Ao Hall. Pool  tion Serum
ofdays Lfe  s.e  (mg/ cholesterol

Rabbit Dict onduwct! (days) (mg) day)  (mg/l00ml*
L Control dict 19 65 510 55 58
Control dict + 1 9, cholesterol 27 92 491 37 1809
G Control dict 25 40 503 8 3%
Control diet + | 4 cholesterol 29 45 41z 63 1153
27 Control dict 17 95 83 59 33
Control diet + 1 © cholesterol 37 130 793 g 1383
Com ot - 176 — - 678
(1159200
B Control dict 2 40 508 10% 81
Control diet + 1° cholesterol ~ *8 45 508 91 1040
Corn o1l - 190 -~ ~ 590
£(720400)
D Conrol dict 2 36 61 12t ]
Controld et = | cholesierol 25 64 5u 59 81z
Cornol - 210 - - 457
«(€00—370)

At the beginning of the turno er study

2 Afcan during cach dictary period
4 Half Lfe of the specific acuvity of bl ary glycodeoxycf olic acid when the cholesterol diet had

* bren replaced by the corn oil diet
The values within paranthests represent the first and th last analyses performed duning the

eorn ot d et period

Table I Comparson between the dasly prodution of deovcholic acsd calevlated from half lfe
and pool si.e and the mean darly excretion of labeled bule esds n feces and urine (mgiday

Control diet Controldiet +- 1 chalesterel  Cornoil d et
Caleu Caley Caleu Caleu Caley Caleu

Calcy lated lated Calew Iated lated lated lated
lated frcal urmary lated fecal urinary fecal urinary
produc  excre  excre Froduc  excre  excre excre  excre

Rabtzt  tion ton ton. tion ton un tion ton

27 290 417 (1 470 285 57 1% (13

B 10f0 0 70 a10 20 1 13 81

D 1210 830 22 220 370 23 L9 3

t Based on m asur ments of p of sz and half ble
Total dady radw ctevaty 1 cal or upmary bile acud fracuon divided by th  pretfic ral

actnity of bulrany deoxsch he acd
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Fg I Sem loganthmic plat of the speoific actary of b»harz gheodeoychobe and fecat and
ufinasy excreuon of satepe and changss 1n serum cholessero! level dunay the penod when the
cholesterol supplemented diet was replaced by the sentsyntbenc deet (rabbsz I}

When the chol { 1 d diet was replaced by the hetse
dset there appeared to be an xmmcdmn: effect an the fall of the speatfic acovaty of
the biliary glycodeoxscholic and (Fig 1) Theslope of the line obtained by plot
ung the loginthm of the specific actvaty versus tme became bess pronounced
The unaary eliminavion of deoxycholic acid remained unchanged whereas the
fecal excrenon was further teduced The ratio betwees the mean fecal ehmina
uon of deoxycholic zard on the control diet the tholesterol diet and the serm
synthetie diet was approumately 3 3}

The excreson of radwoactine compounds i feces and unne did not account
for alt of she dmby elmnation of wotope ay caleulated from the wmover of
deaxycholic acd The mean secovery m rabbius 27 B and D on the control
diet was 79 ° and on the cholesteral diet 6 0,

The concentration of hile acids 1 the blood of different rabbus ranged
between 0 429 30 myg per 100 mi (Table III  but large vanatons were
obseried even i the same rabbit when examined at different tmes o con
sistent differences could be refated to changes of diet

The neutral fecal sterosds found m rabbst feces were cholesterol and ss

no} 1 and cop ) the two plant sterols
# sosterol and chot 1 and thew correspond: ol Coprost
anone 24 ethyl and meihn ltoprostanone were ondy PIESCNLIN WAL aMOUNts
The excretion of chistesterot and cholestanol was almast sumdlar on the control
and the carn ail diets whereas on the latter as wefl as on the chalesterol supple

mented diet proportionatly smaller amouns of cholesteral had been transformed
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Table 1T Concentration of bule acsds un rabbut blood expressed as mg of deoarcholic aud per

100 mi of whole blood

RJELY HELLSTROM

Control diet Control diet + 1 % cholesterol
No of Bile acids No of Bile acids
Rabbit samples (mg{100 ml) samples {mg/100 ml)
B 1 069 2 077
(072—-082)
D 1 042 3 300
(1.30-490)
27 2 199 2 092
(087-310) (09°—-0091)
L 2 360 4 470
{2 50—4.80) (220—-930)
G 1 044 - -

Table It Mean excrelion of neutral fecal sterords vn rabbuts on dyfferent duets (mglday)

Copros-

Rabbit  Diet tanol
Control dict 23

i Control diet + 1 cholesterol 129
Comn onf 14

B8 Control diet 109
Control diet + 1 o cholesterol 1250

Corn oil 13

D Control diet 92
Controldet 1, cholesterol 2090

Corn ol 05

Aean Controf dirt
Control diet + 1
Com oif

75
cholesterol 1156

1

Cholesterol
eliminated
Choles Choles  as neutral
tevol tanol sterouds
136 56 215
4430 8 4639
1ne 63 193
51 39 199
4230 4 5520
73 28 14
92 29 213
3280 6 5430
52 38 95
93 41 209
3980 6 5196
80 43 i34

7 Feces collocted over 2—6 wecks dunng cach ditary period was analyzed

and

Calculated 23 the sum of

between

1 1 and chol 0

figure

PP

1nto coprostanol The mean rauos between cholesterol and coprostanol on the
control diet the cholesterol supplemented dict and the com ol diet were 12

34 and 7 3 respectvely
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Table § Extretun of newtral fecal sterads an the huran subyects {mg dav)

b3 T 3

£ H £ =
) - ¢ ©f £% B g

] " g ~* S & -
H £ F : EEE: s P G
- ] g £ f5: EE T £ g
£y T B of EozEii I 3
ER-1 fda 9 [ g 3¢ $E § a =2
UK Cowrst 3 & 3w hH2 48 S 87 % % 18
&t GO~ (230~ (11 - @0~ G-
6} 68) + 1, w8
Egg 3035 B 79 P 110 260 43 M1
hpid (1309~ (31~ (48~ [T T
et 483)  2a8) 16} 2y 12y 18
MR Coswel 3 81 3> 4 1% 0 -39 5% & M
et [C T N [C RN N
W) w8 ELTIE B )
Egg EREL . T - R A
bpad (- (l- (s (39 @ (-
dict #0) 2 1% mo6 9
M Comwal 3 12 W3 ¥ 2 35 -3 83 u 0
et (67 (10~ (@8- (- i~ (4
156) 18) ) 33} 8 1)
Eeg 3 165 ! 1 30 09 13 B
it (it (98- (246~ (20 (ar- (@
diet Wy A E @) iy 6
“Meaa on the controf dhet B 62 om0 w13 M

Mean on theegg hpid it 873 157 8 itls 313 @ 1 oM

* Durasson of feees collecton
Caleulated a5 the aversge of sums of chol t 3t and
Dalych ntake mnus a3 neutrsl fe al sterouds

As was the case with the bule acds the excretion of neutral fecal sterords of
endogenous ongin was smaller on she com ol than on the contrel diet The
mean exeretion of these two diets was 209 and 13 3 mg per day vespectively
The amount of cholesterol a(cretcd as peutral fecal steroads on the cholesterol

l d dset $ Iv to 67 8> and 84 °, of the cho-
lcm‘o! added to the dict gaven m rabbsts 27 B and D rsptcuwd\.

Hun an subjects The effect of the egg hypnd dret on the serum cholesterol Tevel
10 the human subjects was not as marked as the effecs broughs about by the
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Table 11 Tumoter of cholic acrd 1n the human subjects

Daily Serum
produc choles
Hall  Pool tion terol
e 52 {mgf {mgfl
Subject Diet (days) (mg) day) CCDD 100 mi)*
Uk Control diet 23 16D 41D 153 3y 927 247
Cuontrol dict + egg Iipnds 19 10°0 334 120 1 016 231
MR Control diet 272 1240 390 260 1 040 133
Control diet + egg hpids 4, 1582 23 360 1 045 203
H Control diet 20 1900 263 146 1 027 218
Control diet + egg bpids 4.3 2102 375 143 1 047 270

* “ean ratio between ctolic chenodeaxyeh hic and deovycholic acid n duodenal bife samples
* \lezn during the period.

cholesterol supplemented dict 1 the rabbrs (Table VI and 1) However the
serum cholesterol level increased in all subjects dunng the second dictary peniod
(mean ncrease 304 %) The salues given mn Table V for the excreton of
neutral fecal sterouds represent the mean excretion duning the ume when the
turnover of cholic acd was studied 1n addition to cholesterol and 1ts metabo

Iites cop land cop small of plant sterords (£ sitosterol
4f-cthy ) 1 and methyfcof 1) were found After addutson of egg
1ds to the diet the of chol ! and 115 neutral bolites increased

*1 all subjects on an aserage by 168 %, but (hcn: was sery lutle change in the
Sroportional of the duffe bolites W hen only the

elimination of cholesterol as neutral sterords was taken into account the subjects
were in a neganve cholesterol balance during the control period and 1n 2 posive
balance dunng the second dietary period The mean difference between intake
of cholesterol and output as neutral fecal sterords on the two diets were — 370
and + 333 mg per day respecinely

The main bile aads found 1n the human bile were cholic acid chenodeovy
cholic acsd and deoxycholic acid The ratios between these acids were stmiar in
subjects L b and I H on both dicts whereas in subject M R the cholic acd
ncreased proportionally on the egg hpxd diet {Table VI} In addimion to above

ed acids trace of hithocholic acid and smaller amounts of

ureodeoxycholte acid were found 1n most bile samples

When the control diet was replaced by the ¢gg ipid diet the wrnover of
cholic actd mncreased m subject I H decreased in subject M R and remained
almost unchanged in subject U K The half ife and pool sizes of cholic acid
were not the same during the two dietary periods in any subject There were no
consstent changes that could be related to the changes of diet (Table V1,
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Discussion

The turnover of deaxychohie actd i rabbus fed different diets has been
studied earlser wn thas laboratory (Hellstram e¢ ol 1962} It was then found
that diets when compared to the control diet cavsed 2 Jonger half-
We a smaller tumoser and a reduced fecal emnaton of deoxychobic aad
whereas the unnary excreton of bie acds was unchanged The changes
observed were of the same order of magmtude whether the dietary fat was
hydsogenated coconut ol or com ol Since a reduced fecal excrenion of bile
acads was app on fe rabbus to the semisvathetic
dset 3t was suggested that the primary action of thus diet Tught be on the
imtestinal absorption of bile ards and thas the synthesss of these compounds was
depressed secondarily

The changes 1 the deovychohe acid tumover observed in the present study
when cholesterol was added to the control diet were ssmalar 1 some respects to
those found earler on replacing the control diet with semusynthetic chets In
both cases the deoxycholic acid turmever and the fecal bile actd excrenon were
veduced however the cholesterol diet had only a moderate effect on the half
hife of deoxychohe aad Contran fo the rapid smthiatons of changes m the ble
and metabolism effected by the semusy nthetic diets the effects of the cholesterot
dhet were not apparent durng the first 14 days after the start of the diet Thus
could indicate that the cholesterol supplemented diet did not influence primanily
the Infe 201d absorption but that the changes 1 the deovycholie acid metabo-
hsmwere due to an effect of the cholesterol ciet on the hner These changes might
be correlated with the develapment of a fatty Iiver which has been encountered
as & frequent complication of cholesterol feeding i nbbx& {Chalatow 1314)

When the chol 1 ' d diet was seplaced by the
diet the fecal elimmation o( deoxycholic acid as well as the fall of the speafic
acnity of ghycodeoxychohe aaid tn the bile was further reduced (Fig 1)
These changes were quantitamely sumular to those observed in the previous
mvesngauon when rabbits were transferred diectly from the control to the
seousyathetic diets The mean fecal ebrunouon of deoxveholic aad (for 5
rabbits) was then calculated ta be 19 3 mg pez day In che present study the
correspanding vatue on the same semusynthetic diet was 13 1 mg per day

1t fas bren repeatedly reporied that the decrease of the serum cholestzrol
vswally found when d fat 1s rep by d far mn the diet 15
accompaned By an mncreased excretion of fecal bile 2c1ds 1n man (Gordon ef of
1957 Haust et ol 1938 and Goldsmmudt ef of 3960) and m rats {\femil 1909
Nath and Brahmankar 1901) In the p: m 10 rabbats we found
1o correfation between the changes mn the serum cholestero! level mduced by
defferent duetary fats {corn ol and hsvdrogenated coconut fat} and the turmnoter
of drovycholte acd In the current scudy the serum cholesterol fell mackedis i

the rabbuts duning the corn it peniad and the fecal bile acd excreton decseased.
sumultanesusly




32 KJELL HELLSTROM

From work outlined in a previous report {Hellstrom ¢z af 1962) 5t was
concluded that the deoxycholic acid production represents the mawm part of the
cholic aeid synthesized 1n the rabbit and that vanation 1n the deoxychohe 1od
production scemed to be representative of the total bile acd praduction in the
liver The composition of the baary bile acids found 1n this study (ghy codeoxy
chalic and trace amounts of free deoxycholic acd) did not tndicate that the
reduced synthesss of deoxychohe acid dunng the cholesterel and corn ol diet
period was P d for by an d synthess of other bile acids

The human subjects studied 1n the present work had vatues for half tives pool
sizes and turnover of chohe aad which were in good agreement with those
earhier reported by Landstedt (1957) for normal students on aregular diet Inthe
3 subjects no consistent changes i the cholic 2aid turnover or i the composition
of the Inhary bile acids could be related to the change of diet Thus there are
no sndications from the results obtained in the present study 1n rabbuts and
human subjects that cholesterol feeding, under the conditions used resulted
an ncreased bile acid exeretion

In contrast to these results eacher studies in rats by Wilson (1962) and 1 dogs
by Abell et of (1957) have shown a marked 1ncrease m the excretion of fecat
bile acids after suppl of 1 % chol 1 to the diet However duc
to duffe m the exp 1 techmques used i the ab d and
m the present studies the result cannot be used directly for compansons of the
abifities of the different species to handle excessive loads of dietary cholesteral
For instance the human subyjects in thi study were fed much smaller amounts
of cholesterol per kilogram body weight than the different ammals studied
Furthermore the rats studied by Walson were only fed cholesterol for 5 days
prior to the measurements of the bile acid excretion and the hile acid analyses
made by Abell ef ol were based on non 1sotopic methods Despate these expert
mental differences it seems probable that rats and dogs 1n contrast to rabluts
and possibly to humans are able to the hyperchiol 1 effect of

ol 1 feedmg by 1 their bile acid formation and excretion

In a recent report from this laboratory (Eneroth e al 1954 b) 1t has been
demonstrated that the neutral metabolites of the plant sterols # sitosterol and
thylcholesterol found 1n human feces are analogous to the metabolites of

1

me!
f

lesterol 1 ¢ to cop I, cop and chol

Gas ¢! phic analyses led that the 1 neutral
sterords were all present m rabbit feces which, when compared with human
feces contamed proportionally larger of chol { and 1ts analtogues of
plantsterol onigm whereas coprostanone was of minor smportance quantitatis ey

The mean excreuon of chol t i and chol 1w the ralints

dunng the control period was 21 | mg/day wiuch 1s fess than the excreuon of
dgutonin preciprtable sterols (50 mg per day) easher reported for rabluts on o
sterol free diet (Mosbach ¢f al 1906) Itas interesting to note that the :xcrcl:’d

amount of neutral sterowds ong from chol { was apy
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sumlar 1 the rabbuts and the human subjects duning the control pertod when
calculated as mg sterords per kg b w
The daily mtake of cholesterol i the human subjects during the cholesterol
feeding period was 1450 mg (22 mg per kg b w )} The excrenon of neutral
fecal steroids derived from cholesterol during this period on the average
corresponded to 77 3 9, of the amount of cholesterol ingested In contrast 1o
the findings 1 rabbits the ratios between cholesterol and xts metabolites (copro-
stanol and coprostanone) 1n feces did notincrease after the addition of chol
esterol to the diet Thus the intestinal mucroorganmsms i man are able to
bolrze large of chol 1 This 15 of interest since the addition of
corn ail to 2 low sterol diet has been found to have an inhibiting effect on the
transformation of cholesterol into coprostanol and coprostanone {Eneroth
et al 1964 b) In that expeniment the daily sterol mtake (predominantly §

1 and methylcholesterol) d to 400—500 mg per day It 1s thus

evident that the ingested amount of sterol per se 1s not responsible for the
hubnted ch ol fc brought about by the corn o1l diet

Chol 1 an the serum orig; from dietary and endogenous sources

Studies 1 experimental ammals such as rats (Tomkns ef el 1923 Frantz ef ol
1924) dogs and r:xhbus {Gould 1931) and chickens (Sabakida «f al 1963)
have d d that chol ol feeding | the hepauc
synthesis of cholesterol whereas the synthesss in thc exu'ahcpauc tissues shows
little change m response to dictary cholesterol ingested (Gould ef al 1933
Cox ¢t al 1924) The extent of the contribution of hepatic and extrahepatic
synthesis to the serum cholesterol varies among species In the rat and in the

dog the main part of the nond. y chol 1 of end ongmn 15 synthe
sized ntheliver (Eckles et al 1935 Hotta and Chatkoff 1955 Taylor et af 1960)
but 11 man the chol 1 synth d in hep tissues appears to be of

considerable 1mportance (Taylor ef e/ 1960) It secems concenable that a pro-
portionally large capacity for cholesterol synthests mn the Irver could be correlated
with 2 large capacity to compensate for cholesterol loading Ithasbeen suggcsled
that 15—2 g 15 a good app of the rate of chol
synthesis n intact healthy man and that most of this synthesis occurs m the liver
(Gould 1931 Ivy etal 1957) In a recent study of Bhattathiry and Siperstem
(1963) 1t was clearly demonstrated that the hepatic synthesis 1n man was almost
completely inhibited when 4 g of cholesterol had been included i the diet for
lhtec days It appears that the human bver 13 capable of compensaung for
mn chol 1 wntake by p L changes 1n the synthests of cho-
lesterol The maximum capacity for this mechanism can only be as large as the
liver s total capacity for cholesterol synthests
In the present study a pletely effecare p does not appear to
have been achieved since the serum cholesterol level mereased 1 all subjects
Thus mcrease most probably reflected changes n the body cholesterol pool
possibly with an accumulation of cholesterol in the Iiver as has been encountered

365303 41 phynel scend Vol 63
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i expenmental ammals after cholesterol feeding (Gould 1951 Katz and
Stamler 1953) On the control diet the mean elmination of cholesterol as
neutral fecal steroids from the hody pool was 375 (range 487—310) mg/day
whereas on the egg hipid diet the amount of the cholesterol consumed exceeded
the mean chmination as neutral sterowds 1n feces by 333 (range 632~109) mg
per day To prevent a change of the hody cholesterol pool during the second
dietary period the hiver had to compensate for 708 (range 942—437) mg per
day exther by red } 1 hesis andfor by g the
of chalesterol as bile acxds The rcsull from the present investigation does not
ndicate any consistent changes m the bile acid formation after addrtion of the egg
lipids to the diet The egg hipid preparation replaced an isocaloric amount of
margarme i the diet and providing that the minor differences in the fat
composition of the two dlcts (apart from the cholesterol comcm) did not
markedly infi the ch 1 } the i chol ol pool after
cholesterol feeding rmght have cnhcr of the following explanations 1 The
feedback mechanism 1n the hiver has its maxumal efficiency only when larger
amounts of cholesterol are absorbed and the amount of cholesterol absorbed 1n
this mstance was too small to depress the hepatic synthesis completely 2 The
Tiver synthesis was completely depressed but the amount of cholesterol absorbed
exceeded the amount synthesized during the control period Under such
arcumstances this synthess on the average should be less than 700 mg per day
Thus figure for the hepatic synthesis 1s lower than the values other nvestigators
arnsed at by different types of calculatons However the findings by
L Lor e al (1960) that only a relatively small fraction of the serum cho
sterolis of hepaticongm may further mdacate that the capacity of the liver to
bntrol serum cholesterol fesel by reducing 1ts synthests 1s lower than has
ommonly been assumed
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Abstract

Leyssac P P Some charactentstics of the proximal tubular wall related to yeabsorption during luminal
accluston following wnterruption of glomerular filtration Acta phymol scand 1965 63 1
‘The purpose of this mvestigation was to study the hydrostatic pressure changes within and
outside te prowmal tubulcs and 10 study pos thle changes m prowimal eellular volume du
rmg the occlusion peniod following abruption of the renal blood flow and filtratton The
pressures were measured directly using the micropuncture technique The results demonstrate
that th proumal tubular wall can resist a modest positive hydrostatic pressure from either
the imnde or thr putsde of the cellular wall for a short me wmterval Dunng reabserption
m the otclus on penod a positive pressure seems 1o be created 1n the lumen of the proumal
tubules probably due to interfacial tens an  and a positive luminal pressure 35 mamtained
until all the flud has disappeated

The proumal eellular yolume was esimated from the cellular area of cross sectioned proxmal
tubules of snap-frozen kidneys The arca was measured by planimetry It was demonstrated
that the cellular area 15 tte same (within about 10 ) at the various rates of transcellular
transport of sodium associated with spontancous variatians of the rate of glomerular fifiration
and that it remawns unchanged during the whole occlusion period An mcreate of about 50 /
in the cellular volume occurred as soon as the fumnal fluid was reab otbed 1 © about 20
sec after interruption of the renal cireulation The cellular volume then remamed unchanged
for several minutes

In a previous study evidence was presented that the proximal tubular reabsorption
of filtrate 1n mammalian kidneys has the character of a T max process and 1t wat
concluded that changes i the rate of glomerular filtration were brought about by
prmary changes in the proumal T max of salt (Leyssac 1963) This concept imphes
that even such moderate changes i the proximal intratubular pressure which may
be caused by pumary changes 1n the rate of reabsorpuion will significantly influcnce
the rate of filtration as predicted aiready by Brandt Rehberg m 1929 and further

36
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emphazised by Bojesen (1955 1957) Furthermore 1t would mmply some mgidity of the
proumal tubular wall to resist such moderate changes n the luminal pressure induced
by vanatons m the rate of P Hor ever studies by Warz
{1955) and by Gottschalk and \fylle (1956} have shown that in the steady states
mean pressures 1n the proamal tubules are Wdenucal with the mean pentubular capil
lary pressures under different conditions and pressures In the present mvestigation
inteatubular and pentubular capillary pressures werc measured cunng the short
term pressure changes follo ving mterruption of the renal blood flow and filiration
and 1t 15 demonstrated that the tubular v 2ll of the provimal convolutions may resist
temporary pressure differences

Tt was previously concluded that dunng the lummal occlusion of proximal tubules
follov 1ng abruption of glomerular filtration the d atan
rate until no more flwd was left 1n the Iumen (Leyssac 1963) However an mcrease
1n the hught of the cells of proumal tubules with partially occluded lumimna (decreased
diameters) was chserved  As increase in the volume of the cells reflecting changes in
the intraceltular 1on composition and water content 1s a hkel consequence of gross
interference with the active pump mechanism unless permeability changes occur
simultancously as emphazised by \acRobbie and Ussing (1961} Since changes in
the external diameter of the provumal tubules alo occrred during the occlusion
period changes 1n the cellular volume could not be evaluated by measunng the cellular
thickness Therefore in the present investigation the proamal cell volume v as csmated
by measunng the cellular area of cross sectioned prowmal tubules at dufferent rates of
transcellular transport and dunng the occlusion period The results indicate that the
cellular volume 15 umnfluenced within the error of the method at spontaneously
occurning rates of transcellular transport and durring the  hole occlusion penod
However 255000 a3 the lamen 12 emptied of tubular fhnd the celtular 1 olume inereases

Methads

Male or female albino rats about 750 g body weight were used exclus vely The anmals were
anesthenzed with sodium amytal and the left ludney exposed The general sec up and tech
n que for micropunctures and measurement of p essures 1n the fubules and perstubular capd
laires of rat kidneys in described 1n the preceding paper (Leyssac 1964 b) In one group of an
mals an open clamp was fixed round aorta proumal to the renal artenes in such a way as to
permut a total interrupt on and reestablishment of the aoruc ¢ culation with 2 mimmum of
movement of the observed kedney By this procedure the micropipetic fa rly often remamed
with  the lumen of 2 punctured tubule even durng the occlusion of the lumen follyw ng
imterruption of the renal circulation 1n spite of changes occurnng 1 the volu ne of the kidncy
1t was thus possible to follow pressure changes with n the Jumen of p oxumal tubules after
Interrupt on of the renal &1 culation and filtrat on_This measurement, however turned out to
be extremely difficult in cases of peruwbular capillar s partly because the micropipette most
often was displaced from the small lumen by volum changes of the kidney and partly 1t
seemed because the pressure drop was very rapud and could not €auly be followed Suceessfial
measurements were obtaed from only two capillanes following aortic clamp ng 1n another
group of ammals pressure changes were morutored within the lumen of proxmal tubules
and pentubular capillanes after ntravenous myections of 25 ng of synthetic angiotensin (Val
S-angiotens n 11 amid CIBA) When more than onc dosc of angiotens n was admimstered
fo the tame ammal a ume 1t rval of at feast 10—13 mun clapsed between the injections
Two or more control pressures w e recorded from each fwm n before aither clamping the
aorta or injecting the angiotens n

In one group of animals from anather ser cs of exper ments  learances of nulin were
determined from uret ra] unne collections nd plasma samples 33 desenbed previoulsy (Leys
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Iig 1 The hydrostatic pressure declines following
abrupt clamping of the aorta at zero time Broken

lLines p ritubular capiltines Full hnes provimal
™~ tubules

sac 1963) Immeduately after the last collecung period the kidney was snap-frozen in 1 freczing
muxture of solid carbon dioxyde and acetone at —65 C or i wsopentane cooled to about
~—170 C with liqud mtrogen In another group of ammals 2 ligature was placed loosely

" round the renal hilar vessels When unne flows were stable above 1 plfmun the bgature was
qu ckly tightened and the kidneys frozen at different time intervals from higation Alter snap-
freezing the tssues were freeze substituted in absolute ethanol embedded in paraffin sectioned
and stained as described 1n a previous paper (Leyssac 1963)

The lustalogical sections of snap frozen cortical tissue were examined 1n @ Reich rt mucrs
scope supphed with a micro projrction device the pictures were reflected by means of a pla »
rurror to a smooth whate paper surface on the table A constant magnification 1n two per
pendicular dumens ons was assertamed from day to day by means of a micrometer object
The total cellular area of cross sectioned circular provimal tubules were measured by pla
rumetry Each tubule was measured twice and 50 superfictal proximal tubules were measue
m each kidney An enarcled standard tubule was measured twice before each new section
ta assertain a constant magmification from one examuned kidney to the next Ten subse
quent measurements of (e standard tubule gave a mean avea of 770 4 26 4 (stan
dard error of the mean) Since changes in the cellufar volume are more lkely to mamfest
themselves 1n the height of the cells (from pentubutar surface 10 lumen) because of fessre
sistance 1 this direction and are less Lkely to be mamfest m 2 long tud nal direction any
change in the cellular volume will be proportional to changes i the cross sectioned ared

Results
Fig 1 demonstrates that the pressure in the pentubular capillanies drops to zero
diatel: It g abrupt cl of the aorta proximal to the renal arterics

(broken mes) The fact that zero value 18 not measured until about 4 sec after clamping
15 probably duc me-tly to the techaucal difficulty of following such a ramd pressurc
change In the proxumal tubules the imtial pressure fall 1s almost paralfel to that m
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the capillanes However 1t 1s apparent that as the capillary pressure reaches zero the
prowmal cellular wall resists a modest intraluminal positive pressure for a short tume
mtenval since the luminal pressure 15 sull 5—7 mm Hg It then gradually dechnes
10 z¢r0 10 a total ume of 12—20 sec This change i the slope of the pressure-decline
<urve would indicate that a positine pressure 18 built up m the lumen durigg the
occlusion penod in spite of the fact that the fltration process has been mterrupted
and flurd 18 continuously reabsorbed from the lumen Since 12 ~20 sec was exactly
the time required to reabsorb the lumimal flnd in normal kidneys —the occlusion ume
{Leyssac 1963) — 1t may be concluded that a postts ¢ 1ntralummal pressure 13 marnta
wed yntil no more fAlutd 15 left for reabsarption

This conelusion 18 further established frem the changes observed 1n the proximal
Intratubular pressure fallowing an t v ingection of a large dose (25 ng) of angotensin
(fix 2) Angotensin imjected & v such a large dose will constrict the afferent arte
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nole violently as mdicated by the pahng of the kidney and by the slugeishness of the
red cell circulation mn the p I even a total of red
cells 15 often observed here s a Conscquen(e the filtraton pressure 1s depressed to
such a degree that the process of filtraton 1s tmpaired However the reabsorption
of flud continues and as 1 seen from the figure the pressure decline approaches zero
1n 20—30 sec whuch was the occlusion time obsenved after injections of equal amounts
of angrotensin (Leyssac 1964 a) The pressure only occasionally actually reaches a zero
value because the vasoconsmetne effect 1s so shors lasung that the filtration process
18 reestablishied before the tumen 1s empued
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In contrast to the mewtable mtratubular pressure declne the pressure changes
the perttubular capillanes following stmaar of I seen
to acrease to a peak, but on other ovcasions it decreases umtially and then increases
often 10 a value above that seen prior to the admipsstration of angatensin (Fiz 3)
Such an mcrease was neser obsersed 1 the proamal Jummal pressure after angtennn
which would wmndtcate that the nse 1 the capillary pressure 15 not transferred to the
lumen Thesc observations demonstrate therefore that the tubular wall {or Jess hikelv:
the thin film of the capillry wall) does resist a modest positive pressure from the
cutside at least during ths short mterval of pressure change

The hustological sechon from a Jadcy snap-frozen 18 sec afier ligation of the reaal
artery (Fig 4) shows the of
tubules m a state of function at the very end of the occlusion period immediately
before the lumen 1s emptied The hol of et d tubules
from a kidney spap-frozen at the stant of hgation 1 shown in Fig 5 As1s apparent
from the hgures the proumal tubular wall appears “contracted at the end of the
occlusion period the outer arcumference bemng wrregular with several concavities m
contrast to the regular ercular arcumference of the tubules at the mitiation of the
ocelusion penod Furthermore 1t was regularly observed when the lumen was pearly
emptied that nucler were dusplaced iato the humen as of they were “squeezed  out of
the cclls (Fig 41 + huch observation 15 m agreement with the findings of Maunsbach
Madden and Latta (1962} and of Longley and Burstone (1963) 1n cortical tissue the
fixation of which was delayed for  short ime This phenomenon was never seen 1n
sectons from kidneys snap-frozen at an earher stage in the occlusion penod

The cellular area of crosv-sectioned proumal tubules 15 found to be unchanged
dunne the process of transcellular transport tn the occlusion penod 1 e within the
first %025 scc [Fig 6) Using the crom-sectioned area 2s a measure of the cellular
volume the observations mndicate that the volume of the proxumal cells 15 unchanzed
dunng the occluston period However as soon as the lumen 1s emptied by reabsorption.
the volume mncreases conaderably (about 309 ) and then remams unchanged for

several munutes These observations indicate that dunng the pmod of mabsorpuan of
tumunal fluid after cessation of filtration the

water and. mt1s
mamtaned Howcver as soon as there 15 no further supph of electrolytes and water
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from the lumen the active pump mechansm s insufficient to mamtain a normal
mtracellular 1on composttion and the cells consequently swell

Spontancous vanations 1 the rate of filtration 15 shown to be without any mfluence
ou the cellular area of cross sectioned proximal tubules (Fig 7) These observations
demonstrate that in the overall range of filtration rates — corresponding to the rates
of net transcellular sodium transport (STR) (Leyssac 1963) — the cellular volume
maintaned unchanged which indicates that the intracellular water and electrolyte
content 1s not significantly changed

Discussion
It has been blished from that the mean hyd
Ppressure 11 the proximal tubular lumina 1s identical with the mean pressure in the
L . or space and this rdentity n pressures

13 mamntamed when the pressures are raised considerably by increasing renal venous
Ppressure or urcteral pressure suggesting that an inerease n the pressure from outside
the tubules would increase the luminal pressure and that an increase in the lummal
pressure would be transferred to the intersutral space (Gottschalk and Mylle 1956)
‘The present measurements demonstrate that the proximal tubular wall at least during
short term changes 1n hydrostatic pressures can resist or bear a modest positive pressure
Srom both 4be ontside 20d e wnsvde of the tubolar wall These frdungs ate consatant
with the concept that the cells hning the wall of the proximal tubules have the physical
character of a highly viscous gel which at least temporanly resist minor pressure
changes but which will give way to large changes — and posnbly only to large changes
— until the pressure nside 1s equal to that outside the wall This finding indicates
that 1t 1s physically possible that primary changes in the rate of reabsorption may
determine the vanations found in the rate of filtration (Leyssac 1963) since in the case
the tubular wall would give way immediately to any local tendency in change of the
luminal pressure caused by a change i the rate of reabsorption in the single nephron a
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change 1n fummal diameter and not m pressure would be the only result Thus of the
rate of proximal reabsorption increases 1n a nephron the proumal intratubular pressure
may decreasc to such a degree that a pressure difference of a few mm Hg may exist
between the lumen and the bular and bular pressures
wathout changes m the lurminal drameter The mcreased rate of reabsorption thereby
1ncreases the fltration rate by increasing the effective filtration pressure

In view of these observations the range of proxumal mtratubular pressures in the
normal indvidual kdneys which vary within the single kidney from one arca to the
other at a certain time within a range of about 10—18 mm Hg with a mean pressure
of about 14 mm Hyg 1s an indication that the imtratubular pressure in the ungle nephron
13 defined by a control and pressure may cxist between single
proximal lumima and the 1 and pressures Since
however we do not knaw the changes in the glomerular capillary pressure hikely
to occur simultaneously with primary changes in the proumal reabsorption an ac
curate quantitative calculation of the actual changes in the effecuve filtration pressurc
1s not possible at present As a rough esumauon 55 mm Hg may be aceepted as a
likely glomerular capilary pressure VWith an a1 crage oncotic pressure in the glomerular
tufts of about 30 mm Hg the filtration pressure wall be 25 mm Hg At a mean pressure
of 13—15 mm Hg 1n the Bowman s space the effective filtration pressure will be 10—12
mm Hg Vanations of about 5 mm 1a this pressure may well account for the physio-
logical vanations 1n the glomerular filtration rate of 30—40 per cent

The present data do not answer the question of why the pentubular capillary pressure
wcreased to a peak following a large dose of angiotensin which constncts the afferent
artenoles to such a degree that the filtratton pressure 1s senously reduced A most
likely explanation of the occasional increase n the observed pentubular capitlary
pressure 13 a backpressure from an mcrease 1n central venous pressure to thase capil
lanes 1n which the flow 13 not completely abolished This increase i senous pressure
1 a nonspecific response to large doses of various endogenous pressor substances in
cluding angiotensin {Bock and Meyer 1963)

Since the reabsorption dunng the occlusion penod after interruption of the renal
airculation and Fltration was found to continue at an unaltered rate untl no flud
was left n the provmal lumen (Leyssac 1963) 1t may be concluded that the demon
strated pressure difference across the tubule wall duning that penod has not influenced
to measurable degrees the rate of transcellular transport

The tmtial pressure decline 1n the proumal tubules followang mterruption of the
renal circulation and filtration 15 sumply explamed by the
from the wubules the cellular wall of which either resists for a moment the mduced
pressure changes wathout changing the lummal diameter or perhaps even guves v ay
a httle because of the abrupt pressure drop to zero in the surrounding pentubular
capillanes The change 1 the slope of the pressure-dechine curve demonstrates that
a posive hydrostatic pressure 15 created within the lumen during the occlusion peniod
apparently due to some tension in the tubular wall This tension 1s most Likely physio-
chemicalin nature an interfacial tenston  between the tubular flud and the proximal
tubular wall like that descnbed by Burton (1962) and which 18 responsible for the
mimmal or residual criucal closing pressure of 5—10 mm Hg 1 the vascular system
Which could be abolished by ble salts and other surfacc tension lowerng agents
Sinee 1t lasts a few sec unul this force or tension manifests itself m the recorded pressure
decline cunves allowing the proumal mtratubular pressure to drop to 5—7 mm Hg
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1t may be assumed that the internal radus has already been reduced to some extent
At a luminal radiws of 5 ¢ (5 X 10 ¢ em) the imterfacial tension  responsible for 2
pressure of 6—7 mm Hg may he calculated from the equation given for entical closing
pressure {CCP)
T=CCPxr
An \ pressure ding to the critical closing pressure) of 6~7 mm
Hg would correspond to an mterfacial tension of $—5 dyn per em which seems to be
a reasonable value compared with surface tension of plasma versus air of 70 dyn
per um
‘The reason why this phenomenon was not observed m the case of pentubular capil
laries 15 probably that the mternal radn of these sinusodial capillanies are not reduced
durng the occlusion period On the contrary the internal radius increases when the
tubular flid s transposed from the lumen to the mtersiital space (compare Fig, 4
and Fig 5) Furth the bul 11; appear 1o be hinked to the pen
tubular b with q that the capillary drameters are pas-
swvely mereased when the tubular diameters decrease This may explam why the
capillary pressure drops to zero value perbaps even below the renal venous pressure
The observation that the proxumal cellular volume was unaffected during the oc
clusion period mndicates that no serious interference wrth the pump mechamsm has
accurred unless the passne permeabilities might have decreased pan passu Thiy
agrees well wath the previous finding of an unchansed rate of transcellular transport
during this period  but daes not support the suggestion made by Longley and Burstone
(1963) on the mechansm by which nucler are discharged mto the tubular lumen
However as soon as the reabsorption of the luminal fluid was completed a cellular
swelling did oceur (Fig 6) This effect might be duc either to a lack of axygen andfor
to the abscence of luminal flud and/or perhaps even to some still unknown factors
the blood The possibility of celtular ancaa as the only factor seems less likely
» 1t was observed that proximal cells of kidney cortex shices (0 2—0 3 mm thick
{esp) did not gam their ongmal volume when slices were transferred to oxygenated
~anger solutions or oxygenated plasma immediately after cutting On the contrary
 further swelling did accur (Bojesen and Leyssac 1n prep ) Irreversible anowc damage
5 excluded by the demonstration that the rate of reabsorption was even ncreased m
\ second occlusion period 2—3 mun after re establishment of glomerular filtration
ind refiling of the tubules foll the first of occh time after in
ection of angiotensin (Leyssac 1964 a) It seems important that the observed cellular
welling following lummal occlusion may be due not only to lack of oxygen but to
\ lack of lummal flud The problem why an mmpaired lammal access to clectrolytes
mplies a leakage of sodium and water into the cell 1s not understood from the present
ledge of the tular transport k
The present finding that the proxumal cellular volume 15 not sigmificantly changed
within 510 ) m the overall range of spontancous vanations of the prourmal
alt T max (Fig 7) mught well fit the concept that the luminal process of uptake or
permeability 15 the hnuting point i the rate of lular transport in \l
sroximal tubules However the calculated very low intracellular sodium concentra
100 n functioning proxumal tubules (Bojesen and Leyssac 1 prep ) (about 10 meq/1)
mplies that the change i mtracellular sodium content which mght result from an
nerease 1n the electromotive force of the sodium extrusion pump would be too small
o cause any change 1n cellular volume detectable by the present method Thus the
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present data do not pecrmut defimte answers to the question whether the actne sodium
pump determmes the luminal entry of filirate or whether a luminal process is rate
hemihing to the acine pump The mdication of the importance to the pump of the
access of filtrate to the luminal brushborder membrane pomts to the latter concept
as the more Likelv one

These mvestigations 3 erc supported by Grants from Statens almundelige idenskabsfon 1
and Movofonden for which the author wishes to express hus grautude
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From the D of Physiology A han Nawonal University Canberra Australia

Presynaptic Depolarizauon of Group I Muscle Afferents
by Contralateral Afferent Volleys
By
M 5 Devanavpan Brorrra Howwgvist! and T Yoxoras
Recewed 20 Apnl 196¢

Abstract

Devanandan M 8 B Holmquut and T Yokow Pregmaptc d pelant ation of groxp [ muncle
afferents by eont alateral afrent volleys Acta phys ol scand 1965 6 4654 — Presynapuc
depolarzation of group 1 afferents praduced by valleys 1 contealaterat lnd hmb nerves has
been mvestigated. & was found that a traun of volfeys in contralateral muscle orskinnervesd 4
ot alter the excrtability of the Ia fitrres ar the size of the monosymapti. EPSP an motonenrones
theve s no contralateral presynaguc whidntacy actonr onto group fa fibres A tram of
= w contralateral muscle aad sk nerves mereased the exaitabihty of the contralateral
% fibres to the Aexors and extensors The e coune of the mcreased exetabality had a latency
“10-30 msec @ slow nstng phase a hate rasamurm a1 50—80 msec and a duration of abowt
130 msec The erossed presynapuic acuons ongiaated from high threshold (group 1 and 111)
muscte afferens and cutaneous fibres The resulty abio indicate that Ib fibres may have & de
pofanzing achon onto the contralateral Ib nerve termunals

The p p ety exerted by sk afferent volleys onto the group ¥
smuscle afferent fibres s due to a depolanization of the afferent nerve termunals (Eecles
Magnt and Wallis 1962 Eccles Schmedt and Vil 19632 The present wvestigation
15 concerned wath depalanzation of group ¥ muscle afferent fibres produced by contea

lateral muscle afferent and volleys The tech loyed were simidar
to 1hose in the studies of the ipsifateral actions Dorsal root potentials and increased
extatability of the group Ib muscle afferents have been constant findings and 1t was
concluded that depolarzation of contratateral group Ib merve termunals was dem

anstrated
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Fy ! Imbend (B andeon o
tralateral (c) DRPs mvoked by 15 s 28 N »
B voers Bs0pec) anplied & 22T NS N - o3t

the PBST nerve A $hows 06— e e N o Nosar
amultaneses recording from one [ ey

wslateral {upper traces) and B

one contralateral (lawer traces) o) " SO,
dorsal yoot lament at the low N A +o  par
L6 segmental level The bgures o} T o Been past

m each record sndicate the sum
uluy sirength expressed as a

walupie of sirength relanve to 003
threshold for the nerve A shows
a sefection of d which

DRP
the graph 1n £ s denved where By s v R
th heightof the DRPs (ordmate)
15 plotted agamnst the stmulus
strength (logantbmically scaled
absasta} C shows on the same
absassal scale thes zeof the first b 5
wncomeng volley {ordmate) Im o8 bl
mediately after these sents were
taken 1he dorsal roots were cut centrally and the ncomung volleys were secorded mono-
Phas cally dary defh hasic records were taken as a sign of actvity
10 group 11 fibees and the mun mym strength giving this effect are indscated by arrows

ommg Ny u

Methads

These expenments were performed on spinal (L) cats which were | ghtly anestheuzed with
Pentobarb tal sod um. The ventral roots L.5-—S1 were cur on the testmg s de

Twa techuques were mamly employed i testig depol: b v
of the depolanzanon electrotopcally spread to darsal foat filaments {dorsal 100t potennals
DRY) and 2) the meaturerent of eletrical excirabibity of e groep ¥ alferent nerve termimals
f Eccles 1963 196%) Infubition on the T2 pathway was also 1nvestigated by the cffcet on the
ptic EPSP The resemble closely thase previousty employed

10 this laboratory and full deseniptions are givert 1 earher papers

spec al effort was made to relate the avoked actions f om musele nerves to thewr vanous
sub-groups (the Ta 1o 1Y and 1§1 group Fbre systems) For this purpose fhe sizc of the incomung
volley 19 the doral root entry zone was scparately measurcd with the conventional double
solley techn que {Bradley and Eccles 1233 Eccles Excles and Lundberg 1937} In some
Tipenments approprate dorsal roots wert wnmediately cut afier the crosied actions we ¢
investigated and wese mounted on recordug electrodes so that the maamal group I strength
and the threshold of the group 11 fibres could be determuned The late deflecuan i the mono-
gr‘;gc secord fom the dorsal roots was takea 2s an tndication of the actiwity an group 1T

For stimulat ng and eco d ng the following merves have been dissccted and these abbrevia
tons grven wall be sed quadniceps (Q) the whole hamstrng (HS) or its companents s
parately vz posterior biceps-scmutend nosus (PBST) and semumembranosus-anterior bieps
{SMAB) gastrocnemiussoleus (GS) flexo d g toram longus and hallucs fongus (FDHL)
Plantans (LY extensor d grtoram Jongus and nbiaks sntenot (DF) superficial peroncal (SP)
and sural (Sar)

Results

Dorsal 1003 potentials (DRPY) eroked by controlateral rolleys

A stmple method of determining if group 1 volleys from muscle depolanze contralateral
muscle afferents would be to record from contralateral domal root filamenes (Barron
and Aatthews 1938 Bremer and Bonnet 1942 Lioyd and MeIntyre 1949 Bernhard



Acta physiol scand 1965 63 46—54

From the Department of Physiology Australian National University Canberra Australia

Presynaptic Depolarization of Group I Muscle Afferents
by Contralateral Afferent Volleys
By
M S Devananpan Bmrorrra Howmguist! and T Yokora®
Recewved 20 Apn 1964

Abstract

Deanandan M § B Holmquist and T Yokota Pregmapic depolarszation of group I musele
afferents by contralateral afferent volleys Acta physiol scand 1965 63 46—54 — Presynaptic
depolarization of group I afferents produced by velleys 1n contratateral hind Iimb nerves has
been vestigated It was found that a train of volleys in contralateral muscle or skin nervesd d
not alter the excitability of the Ia fibres or the suz¢ of the monosynaptic EPSP m motoneurones
“e. there 15 no rontralateral presynaptic inhibstory action onto group Ia fibres A tram of
~v3 1n contralateral muscle and skin nerves mcrcased the excitability of the contralateral
3 fibres to the flexors and extensors The time course of the increased excitability had a latency
10 30 msec a slow rising phase a late maxsmum at 50—L80 msec 2nd a duration of about
40 msec_The crossed presynaptic actions or ginated from high threshold {group 11 and I11)
muscle afferent and cutaneous fibres The results also indicate that Ib fibres may have a de
polanizing action onto the contralateral 1b nerve termimals

The p: exerted by 1psil 1 afferent volleys onto the group I
muscle afferent fibres 1s due to a depolanzation of the afferent nerve termmals {Fecles
Magm and Wills 1962 Eccles Schmudt and Willis 1963a) The present investigation
18 concerned with depolanzation of group I muscle afferent fibres produced by contra
lateral muscle afferent and volleys The technq loyed were similar
to those m the studies of the ipsilateral actions Dorsal root potentials and increased
excitability of the group Ib muscle afferents have becn constant findings and it was
luded that of group Ib nerve terminals was dem

onstrated
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cases however sumulation of group IT fibres was asoaated with an mcrease o contra
lateral DRPs

Changes 1n exerability of group I mescle afferents by colleys an contralateral ner-es

In order to study depolanzation of whole group I components of pnmary afferent
fibres produced by contralateral volleys the standard techmque for tesung excitabihity
change 1n the primary affereat fibres was applied (Wall £ o 1956 Wall 1958 Eceles,
\agm and Willis 1962) A test sumulus was applied to the mtermediate nucleus and the
antidronuc spike potental was recorded 1n the musele nerves. Thus, 1t was recogmized
that central termunals of group I fibres of the flexor and extensor muscle afferents
were depolanzed by afferent volleys from contralateral flexor and extensor muscles
aswell asskin

The time course of 1ncreased excatability of the PBST nerve produced by the contra
lateral HS vollevs 1s sllustrated 1n Fig 2 For companson, the effect of the ipsilateral
GSPL ncrve 1s also shown 1n the upper left graph When the contralateral HS nerve
was sumulated at the strength of 1 81 times threshold there was a shght increase
exartability of the PBST nenve The harc from the dorsal
root showed that at ths strength group 11 fibres were not sumylated When the stmulis
strectrth was raised up to 3 6 tumes threshold so that a considerable fraction of group IT
was also activated there was 2 considerable crease tn exatabiin Further increase
n excitability was produced when the HS nenve was simulated at the strength of 8
umes threshold Throughout these three graphs illustrated the tme course of the
effects the \| actions onto the cutaneous fibres (cf
Eccles ef af 19642 b) In general the latency of the contralateral effect (10—30 msec)
was longer than for the ipsilateral and the nsing phase was slos er 5o that the summt
was at about 50~80 msec The total duration was about 150 msec {cf Fig 3 4)

In the cases where 2 good separation in threshold and conduction veloan between
12 and Ib fibres of the HS nerve wasobtamed simulation restnicted to the Ta component
was ineffectine 1n 1ncreanng the exatability of the contralateral group 1 afferents
Sometimes an effect was ey oked at the strength of group Ib and a progresive increase
of excitability was observed m parallel with tncreased activation of the contralateral
group Ib fibres. In other cases hov ever a sigmficant increase 1n exaitability was not
observed untl the stmulus strength was raised above the maamal group T and some
tmes maumal group I1 strength When employing PEST or SVLAB vollevs separateh
for conditioning there were al -avs smaller acuons than when sumulated torether

SVIAB ofien had a neghpble acuon.

The action of the contralateral Q merve onto the PL-FDHL 13 shown Fig 3
Fig 5 lustrates actions of contralateral fiexors (PBST) onto extensors (SVAB)
and of contralateral extensors (SMAB and GSPL) onto extensors (SMAB1 As in the
case of the HS nene the effects of these nerves did not appear untl the sumulus
strength was increased so that activation of more than half of group I fibres was achim ed

“The contralateral cutaneous nenves also increased the exatabibity of muscle aferents
In Fig 3C and E the ume courses are plotted for the actions evoked by 2 tramn of
vollevs 1n the Sur nene onto SVLAR and PBST afferents It was noticed that quite
weak stimul were capable of influencing the contralateral group 1 fibres (Fig 3D,
which indicates that the lowest threshold cutancous nerve fibres mediate these effects
s well as hugher threshold ones. \o si-mficant difference was observed 1f other cutanc
ous nerves were used for condit omng

A—63XW3 § o pAyn § seend Bol 8T
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Fig 3 Acuon of contralateral Q and Sur nerves onto group I afferent nerie terrunals Time
couirse and stmulu strength scries for ncreased excitability of the group fibres of the PL-FDHL
nerve are plotted 1 A and B four volleys beung applied 10 the contratateral Q netve Ex

aitability changes in the group | SMAD nerve terminals evoked by 8 condimoning velleys to
the contralateral Sur nerve are plotted 1n C and D T shows effects of 5 condtionsng volleys
applied to the contralateral Sur nerie onto the Ih PBST nerve hbres speaimen records of
which are illustrated in F The anudromic spike m ¥ was that of Ib fibres of the [ BST nerve
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4 Tune courses (G and 1) and strength sencs ( and J) for mncreased exentab 1 ty in the
T DBST fhees when 6 walleys were applied to contralateral HS (G H) GS (J) and ipst
Iateral GS {1} nerves Samples of records from which the graphs are plonied are ifwstrated
above Arrows in H and § indicate threshold values for group I fibres estmated from the Lt

deflection n the monophasic recording of the afferent nerve d scharges
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Fg 5 Exctability changes i the SVAB
central nerve termunals when 8 conditionng
sumuls were applied to various contralat
eral nerves at stmulus strengths mdscated.

Each record in the upper two Tows consists BcS;r(‘? ) B s«(:é ] B<Sur(42)

of 4 expanded traces 2 traccs show theun =70
conditioned discharge csoked by a pulse
apphed m the mtcrmedsate aucleus the
other 2 supenmposed traces (always greater)
show the discharge when condit oned by
contralateral nerves asind cated aboveeach  qoisgv | 60V

record The lowermost row shows the in

© case of the uncondit oned discharge at
various strengths of cod sumulus 1 e, /N
calibrat on senes

Crossed presynaptc action onto Ia fibres

1t 15 well known that after entrance 1nto the spinal cord the Ia fibres on the ipsilateral
side termunate m the mtermedaate nucleus as well as i the motor nucleus while the
Ib fibres do not reach the motor nucleus This apatomcal arrangement has been

1 by applying a squace pulse to the

ployed to test y of Ia fibres sel
region of the motor nucleus Thus 1t was found that contralateral volleys from muscle
and skin nerves (HS DP GS PI Sur and SP) had no detectable effect on the exata
bility of Ia fibses i contrast with the considerable increase {usually more than 130 %}
evoked by 1pulateral muscle volleys (PRST)
Furthermore 1n the 9 flevor (DP and PBST) and 20 extensor (PL-FDHL and GS)
the EPSP was not sigmficantly depressed
by contralateral muscle or skin volleys (HS DP GS PL-ITDHL Sur and SP) while
conwiderable depression was evoked by tpsilateral muscle afferent volleys (cf Frank
and Fuortes 1957 Frank 1959 Eccles Eccles and Magm 1961)

Crossed presynaptic actions ento 16 fibres

The above noted results suggest that the contralateral presynaptic actions onto group 1
fibres described earlier are 1n fact only acting onto the Ib component In order to
examine this postulate the excitability changes in the central termmals of Ib fibres
were selectively tested by the techmque of collison blockage (Eccles ¢t a! 1963a)
Fig 4 illustrates the actions so demonstrated on the excstability of the Ib PBST fibres
by volleys in contralateral HS (A B G H) contralateral GSPL (D J) and spsilateral
GSPL (C, 1} 1t 1s nouceable that the tme course (Fig 4G) as well as the effects of
increased sumulus strength (Fig 4H and J) matched fairly + ell the results obtained
by testing the excitability of the wholc group I component (cf Fig 2 which 1s from
the same expenment as Fig 4) hence 1t 1¢ most Likely that the crossed achon onto
Yhe whale group 1 comp A by 1ts Ib

In Fig 5 another method has been used to demonstrate that extensor Ib fibres
receive crossed actions Sumulation of the central perve termunals in the intermediate
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From the Aero-Medscal Laboratory Institute of Phys ology University of Lund Sweden

Mixed Venous CO, Tension — Determined by a CO
Rebreathing Method Influence of Rebreathing Time
By
G Luvorv and D Trousov
Recened 21 Apnl 196+

Abstract

Lundn G and Thomson D Mised oenous CO_tension — determ ed by a CO rebreathung method
1 fuence of vebreathung time Acta phywiol scand 1965 63 55—357 — The influence of rebreats
1ng time when using a CO rebreathing method for graphical determination of the muxed
venous CO tens on was stud ed An almost ngmificant difference of 0 6 mm was found between
values obtamed at reb cathing rates of 30 and 50 breaths per mun with rebreathing tmes of
22and 13 scc This should give a difference at rost of about 5 per cent when the card ac output
1s calculated with the hugher value when the fast rate s used fo_ the muxed venous CO deter
min ton Thesolub! tyof CO n lung tssue probably doscs not cause this difference

In a previous paper — Jernérus Lundin and Thomson {1963) — a modification 15
described of Defares (1956) indirect method of determining the muixed venous CO,
content and from that the cardiac output The assumption was made that the artenal
blood has the same CO, tenston as that of the end tidal CO, The method involves

by g at a constant fr as a means of d: the muixed venous CO,
and the use of a rapid infrared CO, meter for continuous recording of the CO, concen
traton of the rebreathed gas and of the end-tidal air Given the CO production and the
2 v CO, dffcrence the cardiac output can be calculated by Fick s equation However
in a recent handbook of physiology Hanulton (1962) states that owing to the combina
tion of CO, wath the flwds of the lung tissue 1t 13 impossible to use the lungs as a tono-
meter for determmning the mixed venous CO; tension Hamlton claums that there 15
a constant increase 1n the values obtained for muxed venous CO, tension as rebreathing
ume 13 prolonged this being caused at first by slow mixng slow diffusion and slow
cquilbrium with artenalized fluid n the lungs and later by recirculaton of blood
which has been exposed to rebreathed pulmonary arr This gives an increased a v CO,
pressure difference and thus with long rebreathing umes cardiac output would be
calcutated as low and with short rebreathung times the figure would be high We
found 1t smportant to 1nvesugate whether this ako holds good for the rebreathing
method used by Jernérus ¢t of (19631
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56 G LUNDIN AND D THOMSON

Tastz I Ovygenated mixed venous blood PCO, mm Hg

Freq 30/mn Freq 20)min Difference mm Hg
No of
Subj expts Mean Range Mean  Range Mean  Range
LL 10 528 506 552 ol6 485-547 +12  —14—439
RL 10 482 417 527 475 428527 +06 —42— ;38
Uw 10 212 492--537 513 499—537 —02 ~28—+2,
GL 10 512 478520 506 436546 +06 —25—+42
DT 1 492 45001 4 A8 450513 +035 —1%~+24
LA 10 530 511564 521 48 8—56 4 +09 —14—+44
Mean 60 509 417--56 4 502 428564 —06 —4 244
Method

The CO, 1ension of the mixed venous blood 15 determined by rebreathing in a bag which at
the begmning contaimns about 1 htre of a gas mixture with a composition of about 2 , CO
40 , 0 and58 N The subjects breath 1 and out of the bag the breathing rate beug
governed by ametronome The CQ content of the gas in the bag 1s determuped breath by breath
by means of'a rapid snfrared CO meter (Godart) TheCO tens on in the bag increases gradually
1n an exponential way with the number of respirations The values for CO tension measured
during 11 rebreathwngs from the bag can be used for a graphical determunation of the CO, tension
of the muxed venous oxygenated hlood For detals sce Jernerus Lunin and Thomson (1963)
Six normal subjects were used The rebreathing rates from the bag were 30 and 50 mhalations
per pun and rebreathing times 22 and 13 sec respectively Ten detesmunations at €ac rafe
were done on cach subject Between each rebreathing there was an mterval of about 10 mun
“The expenments were arranged two by ™o startmg with the slow and fast tate alternatelv
‘The subjects were allowed to rest for about half an hour before the start but were not m &
basal state.

Results

The results of 60 expts are summanzed in Table I The average muxed venous CO;
pressure 13 50 9 mm Hg with a rebreathing rate of 30 breaths per oun and 50 3 mm Hg
with 50 per min Thus a difference sa muxed s enaus CO, pressure of § § mm deternuned
with the two rebreathing rates was found Analysss of vanance has been made on the
ongnal values of obser ation with regard to possible differences between subjects  be
tween expenments within subjects and mteraction between subjects and methods
The obtaimed difference of 0 6 mm was shown to be almost signsficant (001 < P <

002)

Discussion

The difference obtaned between the muxed yenous CO, pressure determined with the
2 breathung rates should gne a smaller value for cardiac output with the slower re-
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breathing rate This difference if we assume a CO, pressure 1n arterzal blood of 38 mm
should thus give a relationship between the a v differences of

50938

o=
Assuming the CO, dissociation curve to be 2 straight hne 1n this pressure region we
obtain about 5 per cent higher values for cardiac output deternined wath the fast
breathing rate 1n compansen with the values found with the slow rate This difference
1s considerably smaller than the values piven by Hasuttov who claims ana 1 difference
17 per cent fgher with a rebreathing period of 24 sec compared with one of 16 sec The
explanation 1s probably that the solubility factor does not disturb the exponenual
course of the mcrease m CO 1n the lung bag system  and thus does not influence the
values of mixed venous CO, to the same extent as in the plateau CO; methods The
small difference between the values can however be explamed by other factors One
13 the rearculation of blood which has passed through the lung dunng rebreathing In
our expertments however the CO; percentages of the first 3 or 4 rebreathings are
below the end trdal CO, value which means that the first rearculated blood if any
should have a depressing mfluence on the course of the CO, accumutation 1n the bag
and induce smaller muxed venous blood CO, values 1n the calculations The time for
rebreathing after the lung bag mixture has reached the end tidal CO value 1s with
both breathung rates too small to allow any sigmificant recirculation of blood which
has passed through the lung when thetr ahedlar COy pressure has been higher than
during normal breathung The buffering action of the tissues due to their ability to dissolve
€O, and of the residual blood mn the left heart should also reduce any recirculation
cffect Another factor which 1n our method may have an effect on the mixed venous
€O, values cbtaned could be the volumes changes caused by a gradually decreased
€O, elimination and a constant O, uptake a factor which should be more pronounced
with a slow rebreathing rate Thus last factor could explam the rather small difference
observed between the CO, pressure values found with the two breathing rates The
somewhat large differences between intraindiidual values 1o mixed venous CO
Ppressure partly depends on the fact that the subjects were not always in a basal
statc and partly on the error of the method
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Peripheral R ce Response to Occl
of Visceral Artertes
By
Ore I Nisen
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Abstract

Nissen O 1 Peripheral resistance response fo occlusion of susceral arteres Acta phystol scand 1965
63 58—67 —~ In order to compare the effect of visceral and carotid sinus hypotenston on the
resistance vesscls the peripheral resistance an 3 areas (hind body kidneys and kead) mn the cat
has been nvestigated by means of the constant perfusion rate techmque dunng occluston and
desaccluston of visceral (coeliac superior mesentenic and renal) arterses and of the carotid
artertes In all 3 areas clamping of the visceral artenes provoked a vasodilatatson whereas a
vasoconstriction 1 the hind body and kid 1ev was obscrved durmng caronid artery occlusion
‘The clampings always produced significant rises 1n the general arteria? blood pressure The
pressor response caused by visceral artery occlusion thus 1s produced 1 spite of a widespread
dilatation of the resistance vessels — not as a consequence of a constriction in the same vessels
Denervanion of the carotid sinuses plus section of the vago sympathetic trunks nearly always
abol shed the vasodilatation Stabilising the blood pressurc by means of a compensating
device always abolished the vasodilatation during visceral artery occlusion Under these
¢ircumstances the vasodilatation was not replaced by a vasoconstniction m the penphery It
has thus not b en possible ta demonstrate barareceptor acuvity n the visceral arteries even
under circumnstances where the acuvity of the stno-cardio-aornc baroreceptor refiexes was

elimmated

The existence of baroreceptors in the visceral artertes and their possible tmportance o
the regulatian of the systemic artenal blood pressure has been under dispute since the
work of Gammon and Bronk from 1935 The present work 1s a contrbution to this
dispute

The systemic arterral blood pressure 18 the resuliant of the peripheral hemedynamic
resistance and the function of the heart therefore the present author has chosen to
record the changes in these basic parameters following visceral artery occlusion and
to use thern 1 an exaluation of the possible sigmficance of visceral artery baroreceptors

‘The changes i the former parameter are dealt wath i thus paper while the subject
of a subsequent paper will be the changes in the latter and some obsen ations on factors
determumng the magnitude of the blood pressure nisc follow mgocclusion of themesenter

Ic artenes
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Methods

The were performed 1 cats hetized with 60 mg ciloralose and 210 myg
wscthan per kg3 p supplementary dases were rarely required 1a 2 expts (ladney perfissions)
the cat was decerebrated n ether narcosis at Jeast 2 hours pror to the occlusion tests All
experiments were performes with the eat i the supme positon 0n a heated table the top of
which was used for zero seting of the manometers as Jt was almoast at Jevel with the right
autum A tracheal canaula was mserted routnely
¢ vagesympathetsc srunks were exposed to make ther ready for cutting later i the expent

rent Since the depressor nerve in, the cat runs very close 1o the vagosympathetic trunk cutting
the latter generally also involies cutting the depressor

In some experrments alsa the carot d sutuses were dissected free ready for denervation The
depervanon was performed by deating the commmon and exiernal tarot 4 anenes for nene
fibres at their junction plus excrsion of the first pact of the internal carand artery wath attached
negve fibres

The anerial blood pressure was recorded by means of 3 mogoury manometer connecied
with the night brachmal artery 1 a few cases wath a carotid attery Stk Igagures v ere placed
Tactely around the tochac and superor mesentenc artery around both carotd arterses and
h some cases around the renaf artertes The | gatu ¢s were passed through pohyethylene
tubings the ends of wh ¢b 1 ere s ghily narrowed by flaring Th s was dane to keep the vessel
from bewmg drawn up m the tub ng when occlus on was performed by pultwg the thread
On placing the | gatures 1 yuiry to the aerve fib ts was avorded a3 far as possible
. The dcclusions were mamtamed wnnl maxmal response was obiatfied generally 1f2 ta

min

To elncidate the varation of the peripheral resistance dunng ocelusion of tbe viseeral and
carotid arierics 3 Jarge aveas have been perfused using the consfant perfusion rate technique
with astenal blood from the cat itsell The perfusion pressuse wias secorded witb a mercury
wwnometer connected with a T canoula ierted on the perfusion tubing just i front of the
artery cangula the tamen of which was chosen 21 Ja ge a3 posstble the pressure £} n abas
carnula i2s been about 5 mm Hg -~ varymg with the blood faw Mo cosyections for this
pressure {a1 have been appt &t In one experment the p essure an the subetior caval vesn was
Tecorded with a water manarmeter via the  ght jugatar ven AR pressu of wase secovded on 2
smoked drum

The pump used for pecfusion was of the membrane type the movements of the sembra 2
being produced by a waterfilled 10 ml syrnnge the twole iength of which could be varied
continuously duriog the ecperiments At both the mflow and ontflow of the pump-chamber
the blood passed windkessels consisting of a soft rubber tabmng 339 a small partly arfilled
Rlass ceservor sespectively Both were chosen 50 small that changes tn the extracorporeal blood
volume dunag variations m the mBow and exeit pressure amousnted to anly a few mi In the
small glass rescrvonr a coarse wire gauze filter was 105 ried 10 catch the few blood clots o med
40 3p 22 of the hepaanusanon Besween the outflow of this feservo rand th mfow w the artery
B oo passed 3 glass ap ral mmersed 1 water 3t 36—33  The pston del v ed 48 strokes
Pee wunute and thi frequency mult pled by the stroh  volume gave an approx m te measure
of the perfunon rate S nce the pump was prov ded  th s mple Tubbe mick and exit valves
the pressu « on the inflow side had to he k pt b low th owt@ow pressure I wever oven when
this cond van ywas fulfilled the muute volume of the pump va od a [ e w th both the wput
presure and the catpwt p essure (at the most {us 0 m nut & per ¢ ntw tha change n nput
OF DUtPUY prescure of 30 mm Hgy Th form rxu eofe ror 2sa oided by keep ag the mput
PIRWT {read on a mercury magom te § ontant by w  of a lamp on the polyethylene
tud ng conducting the blood fom & a 1@ 1t the pump

fo ¢ the expriment 1 ted the puzrp- ha be with ¢ bne ¢ug wbings w & filled with

3LBC Wikt careful remo 2% of alt 3 bubbles The atwash parnzed POy v rome
dately hefore connecuon w h the purp Mfte the connecton d no bloud sas admm tered
asTeplacement fo th smuall biood loss dur ng the vpe an nanj the bleedng  n the pump

15 some of the exper m wt the svit m ¢ arte al blood p e e effect vely tahdnd by
Teans of u vompen atng A ve ~ 2 00 ml tansfuson botde pa th flled w th blood —
Wi ch was comnected w th the arterial ystem ot th anm | Th 2 pressu ¢ in the botde
could Be adjusted 10 th  lest ed biood pressur levet

Hund bode perfuson 17 espts The pom pw  nserted on the 03 munal 20 ¢ yust proxsmal
1 the commontla t e [h nfe o wesmen v was generally i gated and at the
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Fig 1 Cat weight 56 kg
tnd body perfusion The
vagosympathetic trunks are cut
the caroud sinuscs are not
denervated  Upper cune
Perfunion  pressure  lower
curve Systemic blood
sure Time marking cvery &
second n this and the fol
lowing figures

1 the pressure bottle i
disconnected 2 occlusion
of the cocliac and superior
mesentenc  arteries  the
bottle is connected at3 4
and 2 combined occlusi ns
of the cocliac and superor
mesenteric artenies 6 the
pressure bottle is discannect

7 occlusion of the coel

1ac and supesior mesentenc
arteries 8  the pressure
bottle 1s connected

level with the divided aorta a ught hgature was placed around the large mntestne and all
+1¢ ble anastomoscs between the perfused arca and the mesenteric vesselt were bgated In one
experiment such an anastomosis (artenial arcade) was open and n another the inferior mesen
tenc artery was not ligated  the results from these expeniments did not differ from the remainder
In 2 of the 7 expts the blood pressure compensating device was used (In these all viuble
anastomoses between the mesenteric arteries and the perfused area were ligated) The blood
w the bottle was connected with the blood stream flowing from the central end of the divided
20r1a towards the pump by means of a polyethylene tubmg and a T cannula
Kidney perfu on {6 expts ) The pump was supplied with blood from 1he left common caroud
y and the output delivered to the central part of the abdominal 2orta divided below the
Tarteries The operation was performed through a lumbar approach on the left side which
sade 1t easter to | zate the aorta above the renal artenes without damaging the splanchmic
and renal nerves The [umbar artenies leaving the perfused part of the aorta were | gated
The hund body Iacked 1ts natural blood supply 1 this type of expenment
Of the 6 kidney perfusion expts 3 were performed with the compensating bottle connetted
with either the superior mesentenc artery or a large branch of the coetiac artery In the former
case occlusions were made on the cocliac artery in the latter on the superior mesenteric arery
Two of these were perfc on d cats
Perfusion of the head (2 expts ) Inflow 0 the pump from the central part of a d vided common
carond artery outflow 1n the perpheral parts of the d vided common carotid arteries The

ertebral arteries were not hgated

In the present work the perfusion pressure is uscd as an expresston of the peripheral renstance
10 the area perfused with the constant output prump This 1s permuss ble if the following cond
tions are fulhlled

1 The senous pressure must be near zero and — more important — 1t must pot alter sign fi
canthy dunng the ceclus ons If this should aot be the case it would be necessary 10 wse the d fer
ence berween parfusion pressure ar d venous pressure as an expresson of the resstance. How
et the cava vein pres ure s low and it dows not alter sugnificanily duning the occlus on
(d resuls ) both conditions may thus be cons dered fulfilled

2 Artcral anastomosss must not exist between the area perfused by the pump and the
area perfused from the artenies which are clamped In the prescnce of fuch anastomoscs the

cxsure diffetence between the two areas suddenly nereased by the occlus on would merease
Fre flow throtzgh the anastomoses and (hus would tend to Jower the perfusion pressure and thy
smulate vasodilatation In the present expenments this source of error has been ¢l munated
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Fg 2a Cat weght29kg
Hund body perfasion The
carotid swuses are denereated

Perfunon pressure  lower
curve Systemic pressurc
With the pressure botile
diconnected 1 occlusion
of the carotid artenes (de
nervation_cantrol) 2 oc
cluson of the cocliac and
SUPCrIor mesenteric artenes
3 pressare bottle 1 con
nected 4and 5 combined
occlusions of the coel ac and
superior mesenterc arteres

acclusions of the cochac and.
supenor mesentenic arteries

Fig b Sawec preparation but the
v go-gympathenc trunks ore cut The
smuss e denere ted Upper curve
Perfusion pressure  lower curve
Systemic pressure

With the pressure bottle discon
vected 9 occlus on of the coeliac
and supenior mesentenc artencs
10 pressure bottle 1 connected
11 occlusion of the coeliac and su

SUPETIor mesenteric arteries

by lgating heactual nastomases (artenal arcades along the mtestm and the inf nor mesenter
Jeantery in the h nd body perfus on experments)
3 'S guificant arterial anastomoses berween the perfused  rea and the svstemic erculation
™UStbe bient 1f they were present a svstem  pressu € rise may 5 mulite a VAsOCONStr ction
1 the perfiscd area or neutralize or redu e the cffect of a vasod lataton n th  area on the
perfut on pressure Tn hund body and k dney perfus ons these anastomoses arc of no quanuLztve
# snificance (besides f the systemuc pressure 1 st blzed th _ource of exror 18 also theoret cally
chminated) 'In the head perfusions on the oth r hand this flow through anastomoses between
the area and the svstemic circulat 30 may be of a cons derable magnitude ( ertebral
rencs spinal arteres) and ths m y have caused erroncously mall falls n the perfusion
Pressure duning clamping of the visreral artenes n these expenments The to-phased course
of the perfus on pressu ¢ curve observed n these cases (¢f  results ) suggests that errors have
been inurnduced by this mechanum  the first phase of risng perfus on pressu  poss bly be ng
2 1esult of the ruse in systemic pressure \ransmutted through anastomoses to the area
That the resistance ¢t anges in the perfused areas should be hormonally €l cited 1s excluded
because the react ons appeared a fow secands after th svstem  p essure fsc 1 € 1n a perind
Muchsho ter than the mean airculation t me through the pump
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Fig 3a Cat weight49kg
Fudney perfusior The ca
rotxd smuses arcintact the
vagt are mtact Upper
curve Perfusion pressure
lower curve Systermic pres
sure

Wath the pressure bottle
disconnected 1 occlusion
of the caroud artery 2 oc
clusion of the cocliac artery
3 the pressure bottle 1s con
nected 4 occlusion of the
carotd artery 5 occlusion
of the coeliac artery 6 the
pressure  bottle s discon
nected 7 occlusion of the
coeliac artery

Fig 3b Same preparation
but the carotid sinuses are de
nervated The tago sympathetic
trunks are cut Upper curve
Perfusion pressure  lower
curve Systemuc pressure
With the pressure bottle
connected 1 occlusion of
the coehac artery 2 occlu
sion of the caroud artery
3 the pressure bottle is dis-
connected 4 occlusion of
the cochiac artery 5 occlu
sion of the carotid artery
6 occlusion of the coelac

clusion of the cocliac artery

It 1s reasonable to accept the resistance of the 3 perfused areas as representat ve for the total
penpheral resistance of the body as nearly all sorts of tissues supplicd by the greater crrculation
are represented 10 natural proportions in the 3 pump perfused areas

Results

The typrcal reaction 10 visceral artery occlusion may be scen from Fig | no 2 and 7
Combined clamping of the cochac and supenor mesentenc artertes provokesa sigmil
icant hypertensor effect in the systemic pressure (lower curve} however this pressure
fise 15 assoctated with a marked fall of the perfuston pressure (upper curve) If the
systemic blood pressure was stabilized by means of the compensaung device (Fig 1
no 4and 5) clamping of the visceral artencsdid not provoke any change in the penph
eral resistance (this fact 1 also illustrated in Fig 2and 3) Likewise if all the classical
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Fg ¢ Hnd body perfusions Responses to occlusions performed on 5 cats
Fg 5 hudney perfus ons Responses 10 occlus ons performed on 3 cats

barareceptors were denervated (Fig 2 b and Fig 3 b) occlusion of the visceral artenes
never produced sigmuficant alterations 1n the perfusion pressure

From Fig 22 no 2 7and 8 1t may be seen that if the cardio-aortic regions alone
are intact {carotid siuses mn the vessels dunng
visceral artery ocelusion 1s sl pmduccd

The typical reaction to caroud artery occlusion {Fig 3 a no 1) consists of a nse as
well in the systemic pressure (lower curve) as in the perfusion pressure (upper curve)
as onc might cxpect the latter nse 15 not abolished of the blood pressure 1s stabilized
(Fig 3a no 4) Carotid sinus dencrvation abolished the rise (Fig 3b no 2 and 5
Fig 2a no 1)

The results of all the occlusions are given n the following

Hind body perfustons Fig 4 shows the fracuonal changes in perfusion pressure (ordunate)
n relation 10 the corresponding changes 1n systemic artery pressure (abscissa) when
different visceral artenes were occluded The systemic control pressures were above
100 mm Hg at all occlusions apart from 3 where they amounted 1097 80 and 91 mm

Hg The results represent only the 5 expts 10 which the compensating device was not
used
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The results of 6 occlusions of the renal arteries are omutted in Fig 4 because of
defects 1n the techmque of occlusion Due to msufficient narrowing of the ends of the
palyethylenc catheters through which the silk loops around the renal arteries were
passed the artenes were drawn mto the catheters almost to their full fength during
the ly these i d ntense rhytrmical oscirllations

¥
in the perfusion pressure in 2 cases minor to medium nises (in the same pressure) 1 2
cases and no changes in 2 cases The reactions have been mterpreted as the answer to
stretch and of the p the ding nervous tissue and perhaps
the adrenals
¥ sdney perfusions The results of the 3 expts 1n which the pressure bottle was not used
are summarized 1n Fig 5 1n the same way as for the hind body perfusions The systemic
control pressures were above 100 mm Hyg except at 2 occlusions (73 and 97 mm Hg)
Fundamentally the recults are the same A rise i1n perfusion pressure when clamping
Lthe carontid artenes and a fall 1in the same pressure during occlusion of the wisceral
teries The t n the heral are not as marked as 1n hind body

A perfusions

In I clamping of the superior mesenteric artery a rise 1n the perfusion pressure was
noted and 1t appeared that a few nerve twigs were included 1n the sifk loop around the
artery and were 1n this way mechanically imtated during the ocelusion Consequently
this result 1s not included 1n Fig o

In 3 expts the pressure bottle was used the course of 1 of them 1s demonstrated
Fig 3 2 of these cxp were pr d on d cats

Head perfusions The results from 2 expts are given n Fig 6 At 6 of the occlusions
the control pressures were below 100 mm Hg (88 86 91 97 95 and 95 mm Hg)
‘The fall in the perfusion pressure upon clamping the visceral arteries was not great
\ost frequently a small quick rse appeared at first followed 1n the next few seconds
by a fall below the control pressure so that the net change appeared to be negatnhe

Cutung both vagi (wathout cutting the sympatheuc trunks) altered the perfusion
pressure responise so that only the first quick rise was present An 1dentical result was
obrerved if only the sympatheuc trunks were cut

Discussion

Gamtmon and Bronk (1935 observed a nervous discharge from the Pacinian corpuscles
1n the mesentery of the cat resulung from an tncrease of pressure in the mesentenc

artenies N0 significant change i the systemic artenal pressure coutd however be
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demonstrated when the supenor mesenteric artery was perfused with wide vaniations
i the perfuston pressure Nor was Heymans el al {1936} able to show — 1 the spinal
dog - any effect 1n the general blood pressure of decreanng or mcreasing the pressure
mn the mesentenic arteres
The opposite view was st forth by Bennatt and Gluggino {1928) who found mdica
uen of the importance of visceral artenal baroreeeptors m the observation that 1n dogs
k d with and chloralose acute occlusion of the large visceral artenies
{n particular the caehac and supenior mesentenc artenies) provoked 2 greater nise in
the artenal blood pressure than clamping of other artenies such as the femoral artery
supposedly receving a sumular fraction of the tardiac output
Samoff and Yamada (1939) found an even greater effect of smilar acclusions 1n
chloralosed cats and they suggested — svith some hesitation — that 1 the cat the
mesentenic Teceptor systen has a greater reflex mfluence on the arterial pressure than
that exerted by the carotd sinus and aortic arch receptors
Siice this work the problem has been reexamuined by several mvestizators withous
defimtive on the ficance of these postulated reflexes most authars
however demy their ewstence and mterpret the nse tn artenal blood pressure as
simply due to the icrease in total pertpheral resistance produced by the occlusion and
10 a redstnbunon of some of the blood prevsously contained mn the splanchme area
Anapproach to the problem bLes 1 the 15)lated perfuston of the hypothetc receptor
area allowing focal alteration of the artertal pressure to be made wathout direct mechant
catinterference with the rest of the crculation Thes method which has had such great
success sn the studies on the carotid sius 13 technically very difficult in the case of the
ochiac and Mesentenc artenes since damage to the Jocsl nerves can hardly be avoided
Yet Yamada (196%) using this method i dogs claimed that an increase i mesenteric
Pressure produced a fall 1n the systemic pressure From this observation and from
occluston expennments sumsltar to those perforined by Sarnoff and Y} wmada wt cats he
aceepted the conclusion of the latter authors on the mmportance of baroreceptors 10
the asea perfused by the cochac and mesentenic artenies and stated that the mcrease
m the systemic artenal pressure obsenved afier occlusion of these visceral artenes
ammals with dencrvated aortic arch and carotid smuses were due to 2 reflex elwited
from these receptors The perfusion method had — as mentioned above — been used
by Gammon and Bronk witheut positive evidence of arsenteric barareceptars
The present experiments show tt at oceluston of the abdomimal arterses in the preseace
af intact sino-cardio-zortic ba oreceptor zones produces 2 vasodilatation 1n the per
fused areas whie clamping of the caroud arteries n the presence of the mta ¢ hypothe
el zanes w the visceral artertes vield & asoconstricton in the perfused area
€ possibility that the vasoddlatation n tte perfused area ss reflexly induced from
Baroreceptors in the yisceral artenes s excluded by the fact that the reacuon disap-
Pearsif the stnoaoruc areas ared o rvated or i the central asteral pressure sstabibized.
by way of the compensating desice
Thus the vasoditatation 1n the pedfuscd acea dunng clamp ng of the vceral artenes
must be a secondary compensatory anywer from the sino-cardio-aortic baroreceptors
0 the b ood pressure nse only this it rpretation 18 consonant with the disappearance
of the \asodutatation f the blood pressu € s stab hized or the classical barorecepror
2oncs denervated
The expenimen.s shoa w th great certamiy that the b pothetical zones in the visceral
actenes must — of they exust at alt — be of minor importance m companson with the

3-653003 {sa phymet 4 Lo &2
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known baroreceptors in the sinus and the aortie region as far as their influence on the
penpheral resistance 1s concerned

Even though the hypothetical zones are of munor importance comparison with
the known baroreceptors the possibility existed that a minor reflex activity from the
visceral arteres could be uncoyered by denervating the classical zones or stabilizing
the blood pressure The last method also prevented an ncreased systemsc mean blood
pressure from acting on other less well known baroreceptors But even with both
methods in use there was no sign of penpheral vasoconstriction during clamping of
the visceral arteries

With the techmque used 1n the present work 1t has thus proved mmpossible to de
monstrate 4 reflex arch between the visceral artenes and the rest of the peripheral
resistance vessels even under circumstances where the smo cardio-aortic reflexes were

elimunated
The vasomotor refiexes described by Heymans ef al (1936 and 1937) in the spwal
dog and claimed to be of a possible for the local b of blood i the

abdonmnal viscera thus scem ta be of no importance for the renal blood flow n the
chloralosed or decerebrated cat (Heymans ¢ al reported splenic dilatation and con
striction when g and d the perfi pressure within the coeliac and
superior mesentertc arteres)

Onnis Shumacker and Bounous (1963) have studied the effect of a Jonger lasting
visceral artery occlusion on the renal blood flow in the dog They measured the blood
flow discontinuously In the first determmnation after the oeclusion — after a few
mmutes — the flow was increased (and the systemic pressure too because of the ocelu
siont of the arteries} but 1 the following half an hour the renal blaod flow d creased
m spite of a steady high blood pressure (¢f thewr Fig 6) Onms et al further noted that
the hypertensor effect of clamping the visceral artertes was not abolished tm dogs
previously (8 days before) subjected to thoraco Jumbar sympathectomy and splanchni
cectomy They suggested that the hypertenshve reaction 15 not due to a reflex vaso-
constriction but 0 a change 1n the distributton of blood flow and a reduction 11 the
cifective vascular bed

Lemarchands et af (1963) reparted that occlusion of the coeliac and supertor mesente
ri¢ artertes provoked an increase in the volume of the enervated dog kidney separately
perfused {rom a donor dog the authors + erc in doubt as to the mterpretation of this
result According to the present work 1t 15 reasontable to mierpret the mcrease as 2
vasodilatatory reflex elicited from the sino-aortic areas

Neil Redweod and Schweéitzer (1949 a) obseried that chloralose causes a reduced

of the vasomator center to b ptor reflexes in the cat but not in the
dog (\eil Redwood and Schweitzer 1949 b) It 1s not a question however of 2n
absolute depression of the baroreceptor reflexes for wstance Ned humsell together
with Ead and Green tn a later work (1922 used chloralose urethan anesthesia 1n
cxpenments in which the baroreceptor sensttivaty to the pulse pressure was demonstrated
by a reflex response Even though the smo-zortic baroreceptors must have tecn actine
sn the present mtvestigations it could not be excluded that the hvpothetical zones
3n the visceral arteries could be bly d d by the chloralose Fer thy 1ea
son 2 kidney perfustons were performed on unanesthetized decercbrated cats The
results of these were indisungwishable from the rest of the expeniments

It must be pointed out that fallin resistance in the hind bady and the head ts the net
result of vesstance changes 1 seieral tssues Theoretically therefore the possiLihity
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custs that constriction in the resistance vessels in one sort of bssue 1 domunated by 2
vasodilatation m another in the acea perfused by the pump during visceral occlusion

Likewyse a specific reflex arch from the artenes to the vessels
or the heart 13 not excluded from these exp (cf however a sut paper)

Apart from these Lumtatons the results suggest however that the blood pressure
nise caused by visceral artery occlusion 1s mamly of a non reflectory pature (which will
be discussed 1n a subsequent paper) and they demonstrate at least that the pressure
e s not due ta of the heral vessels but that st occurs in
spite of a dilatation of these vessels

Yurther 1t has not been possible to demonstrate even a shight baroreceptor actity
from these artenes when the funcnon of the sino-aortic regions were eliminated

The author 1 grealy mdebted to professor Poul Rrubeffer For crsticism on the manuseripe and
todr med Chrstan € o for performung the decerebrated preparat ens.
This work was supported with grants from  “ovo s fond
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Abstract ~—————e

Nissen O 1 Heart rate and blood pressure résponse 10 occlusion of viseeral & lestes Acta physiol seand
1965 £2 68--76 In cxpenments on cats the heart rate response to geclusion of the visceral
and carotid artertes has been i Of69 or separate occh of the cochac
and superior mesenterc arteries6 produced a tachycardia 13 9no change in heart rate occurred
in the rest a bradycardia ocourred OF 32 common carotid artery occlusions 2 praduced a brady
card 2 i 4 no change i heart Tate was observed and 11 the rest a tachycardia was produced
The bradyeardia durng visceral artery occlusion 13 interpreted as a reflex elited from the
simeaortic baroreceptors and caused by the nise i blood pressure It 1s further observed that
the pressure tncrements caused by viscersl artery occlusion have a maximum at subnormal
systemic pressures (between about 65 and 100 mm Hg) Thes 1s contrary to the blood pressure
fise caused by caroud ariery occlusion which as a rule ts greater the greater the systernic pres
sare i accordance with the threshold concept for the baroreceptors

Thercfme at low systeac pressures (below about 110 mm Hg) 2 higher respanse to comb ned
acclusion of the cocliac and superior mesenteric arterses than to carotid artery occlus on ts th
rule the oppos te 18 the case at higher systemic pressures

Stnce the papers of Bennatt and Ghiggino (1956) and Sarnoff and Yamada {1959
have revyved the old problem the hypoth b n the area
perfused by the cochae supenor mesentenic and the mferior mesenteric artertes severat
authory have reinvestigated the problem The mvestigators have ~ as Sarnoff and
Yamada and Bennati and Ghiggino — marmly dealt with the effect on the systemic
artenal blood pressure of a local pressuse change n the Bypotheticaf bargreceplor
region (produced enher by occluding the menuoned visceral artertes of by perfusing
themt at different pressures) the problem has been 1o establish whether the recosded
changes in the systemic pressure are or purely of ) nature {for
exaraple the effect of impostng a new resistance to a fixed cardiac output)

The present author has tried to analyse the hypertensive effect of occtusion of the
visceral artenies and has in a preceding paper (N\issen 1964) reported on the alterations
1n the peapheral resstance provoked by such occlusions These experments showed i1
an unequivocal way that the pressure increments are not caused by penipheral vaso
constriction — 0n the contrary they occur w spite of a widespread penpherat vao-

dilatation
The possitbuliev sull remained open howsver that the pressure merements might

be ~ at least sn part — of reflex nature namely the results of a teflex acuration of the

e
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heart ‘That such a mechanism might be imvolved 1s suggested by Sarnoff and Yamada s
report on the occurrence of a tachycardia duning visceral artery occlusion Since the
of heral and d heart rate would be an unusual

effect of the path system on the )| the changes 1n heart
rate dunng visceral artery occlusion were reinvestigated

Further some obseriations on the artenal pressure increment Caused by visceral
{and carotid) artery occlusian as a function of the artenal control pressure {imme
diately before the pressure rise) will be included

d 4

Methods

Tte have been don 13 cats 5w d lightly with pentob:
{40 mg/kg 1 p minally plus supplementary doses s v later i the expeniments) the others
with chloralose (60100 mg/kg 1p} or chlo alose plus urethan (60 mg and 210 mg/ko 1p
respectively)

 trachea was cannulated and the vagosympathetic trunks were expo ed for cutung later
1n the expeniments In the mayority of the experiments (10) the blood pressure was recorded by
connect ng the nght femoral artery via a T cannula w th two Statham transducers oné (a me
chamcally damped AA 23 transducer) recording the mean pressure the other (an undam,
Dd 23 transducer) the pulse pressurc The pressures were taken down by an Ultralette hght
recorder The heart rate was counted from the pulse curve while the blood pressure was read
from the mean pressure curve In the rest of the experments the pressure was ecorded from
a brachal ora aroud artery with a mereury manometer writ ng on a smoked drum In these
cases the heart rate was counted from an electrocard ogram or directly from the pressure curve
on the smoked paper (qu ck rotating drum)

Through an abdominal m df ne incision silk. higatures were placed loosely around the cochac
and superior mesenteric artenes and n a few experiments around the abdominal aorta below
the renal arteries Each bigature was passed through a polyethylenc tubing th end of wh ch
was 51 ghtly narrowed by flaring ‘This narrow ng was made to prevent the arteres from be ng
dra1 1 up 10 the catheters w} en the occludings were perfo med by pulling the threads Injury
1o the nerve fib es w s avoided as well as possibl and caution was exerted not to enclose any
nerve fbres n the ] gature {otherwise these nerve fibres could be mect an cally imitated during
the occlus ons)

Occtus ons of one or both of the common carotid arteries with bulldog clamps were made
n order to comp re the results wath those of the v sceral artery occlusions In some experiments
ne caroud artery was used for blood pressure recording or to establish connection w th a com

pensating bottle In these cases occlus ons were made only on the other caroud artery

In 6 cxperiments a blood pressure compensating bottle {descnbed n the previous work (\is
sen 19€4)) was connected to the left carotid artery 1n order tan estig te the heart rate response
ta the oc lusions wh n the systemic pressure was stabilized In some of the expeniments the
botile was used 1o obtain different levels of artenal blood pres ure by cont ofled Heed ng and

re nfus on

The occlusions were masntain d unt 1a m umal nd stable respon e w sobta ed generally

fr1210112mn Th blood p es u c1n the period was read 1 the stable part of the cury
The control p essure was th  blood pressure immediat ly before th  oc lusion peniod The
hea 1 rates shown in the figures were generally obtaned for 4 1 2 mn p nod mmediately
befo e the occluson and [ rsm L 1 pe tods dunng the plateau of th p & u e se (Checks on
the ratc in other pa ts of th occtusion pe 1ods e © o closed changes 1 heart rat d viatng
in direction from those observed dunne the plateau
In 3 out of the 13 cxpis (2 n hiloralos 1 in pentobarb ta) anesthes ) the heart rate wa

notd termned inord  to oncentrate  th pres ure nerement  functionof th y3t mc
control pressure d cre sdo n ased b controlled bl edng ayd  nfus on

Results

Changes tn heart rate The results of the occlus ons 1n 4 pentoba bital ancsthetized cats
wereas follow Clamping of the carot d artenies provoked a shight tachycardia 3 hile
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ST RULSE FREGUENCY
[UPERINEN‘I 1CONTROL

a0

Fig 1 Results of occlusions 1 5 chloralose
or chl;

[ SYSTEMIC ART PRES-URE  EXPERIMENT { CONTROL urethan h cats
£ 3

occlusion of the coeliac and superior mesenteric artenes generally produced a shght
by InZoutof 7 bined ocel of the coelac and superior mesentene
1es performed 1n 1 expt. and in 1 out of 5 similar occlusions performed m another

tachycardia was produced

Iwo occlusions of a caroud artery were performed wath the blood pressure effectively
stabilized by means of the compensating bottle 1 these a tachycardia appeared (29
and 63 per cent of the control rates) In ¢ sumilar occlusions of the visceral artertes a
brady cardia was obscried tn 2 (15 and 10 per cent) 1n 1 a tachycardia (05 per cent)
and m 1 no change was observed

Iig 1 shows the fractional chanves in heart rate agamst the fracuonal changes 1
blood pressure 1n the experniments where chloralose or chloralose urethan was used 28
anesthetic The results were essentially as those obtamed in barbnturate anesthesta the
response to visceral artery occlusions generally bang a bradycardia and the caroud
arterv occlusion respanse a tachycardia

Ocelusion of the abdominal aorta 1m 4 out of 7 cases produced a shght bradycardia
n 2 cases there was no change and in 1 a tachycarda

Relationshup betieeen control pressure level and pressor response At the end of the barbiturate
experiments the author became aware of the fact that the wcrements i the systemic
artenal pressure during visceral artery occlusions seemed to be dependent on the fevel
of the control pressure In the barbiturate sertes the control pressures were on an
average 146 mm Hg (range 115—173 mm Hg) Considening separately the occlusions
performed at control pressures below 146 mm of Hg and those performed at pressures
ahove ths value the average rano between the pressure dunng the occlusion and the
control pressure amounted to 118 and 1 03 respectnely
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100

& mmbg

100
Fig 2a Fig 2b
Fg 2a Pressure increments (ord natc) agamst control pressure (abscessa) Combined occlu
sons of coel ac and supenor mesenteric artenes 1n the 8 chloralose or chloralose urethan
expeniments Symbols as 1n Fig |

Fig 21b Pressure mcrements agaunst control pressures of the carotid artery ocelusions performed
on the same catsas n F g 22 Symbols asin Fig 1

For further cluaidation of this relationship the author decided to perform visceral
artery occlusions at control pressures 3 hich were purposely set at different levels by
mtravenous injections of small amounts of pentobarbital or by withdrawal or infusion
of blood These e were all d 1n cats h d with chloralose
as a consequence of these manocuvres the range of control pressures (53—158 mm Hg)
was greater and the average {119 mm Hg) 1 as lower in the chloralose anesthetized
ammals than 1n the pentobarbital series

‘The results of these variations in the control pressure are seen in I'ig 2 a where the
increments caused by the combined occluston of the cocliac and supenor mesentenc
artenes of all the chloralose cxpenments are plotted agamnst their control pressures
The average increment at occlusions performed at control pressures below 100 mm Hg

was 45 mm Hg at control pressures above 100 mm Hg the average sncrement was 17
mm Hg

Fig 2 b shows the corresponding plots for carotid artery occlusions here the rela
tionship is the reverse 3¢ the greatest pressor responses are generally associated with
the highest control pressures

Tig 3 and 4 show increments agamst control pressures 1n 2 expts performed on
respectinely a b d and a cat The blood pressure
was vaned by means of controlled bleeding and renfusion and on each level both
visceral and carotid artery occlusions v ere performed The tendency to get low carotd
response and high visceral response with low control pressure and the opposite with
lugh control pressure 1s obvious Howe er 1if the control pressures were very low the
Tesponse to visceral artery occlusion tended to be low From Fig 3 (left) 1t may be seen
that the responses to 2 occlusions performed at control pressures 62 and 84 men He too
were rather low these occlusions were made a short ime after the animal had been in
a state of mamfest shock for a few minutes
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Discussion

Changes tn heart rate In the work of Sarnoff and Yamada (195 the hrart ruc »as
conunuously recorded with a Water s cardiotachometer Wath the vags intact occlumon
af the cochac supenior and inferor ni arterres caused tack Jea 1n 8 expls
bradycardia 1a 1 and a muxed seaction sath fate bradycardma in 2 exprr Aftee vasot
omy was performed  tacts cardia was observed 1n 3 of the 4 eats subjecied to « fumon
of the same artrnes n the fourth there was no change 1 heart mate {he tachyosdn
was most often more pronounced during visceral arters than duning carotid artery
occlusion whether the vagus nenes were ntact or cut

However Selkurt and Rothe ($3601 found thn shght decreases in heart ratc wsanih
accampanied the pressor eesponse provoked by the combined occlunon o the « sehac
and supcrior mesenteric arteries i dogs the rate decreased from an averag o 161
to 151 per minute but the difference was not cansdered stanatally sgoilicant luthe
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vagotomized and stnus denersated dogs the a1 erage rates before and dunng occlusion
did not differ

Heymans De Schaepdryver and De Vieeschhouwer (1960) reported that occlusion
and desocclusson of the coebac and the supenior and wnfenor mesenteric artenes

ar ) had no effect upon the heart rate n dogs

Also the results of the present work are mconsistent with those of Samoffand Yamada
23 occlusion of the coeliac and supenor mesentenic artentes generally provoked a shight

rdia Only at 6 ocel (in different exp was there 2 shight increase
m 1te heart rate The increase occurred enther ar the first occlusion of an expenment
or 1 occlusons 1n which the contrel pertod had beent very long the lightly anesthrtized
animals showed 1 these instances symptoms of excitation when the bgasures were tight
ened around the artenies In the author s opumon srritation of the peritoneum provoked
1 these occlusions 2 sympathetic outburst great epough fo convert the general tendency
to bradycardia tnto a tachycardia In support of this interpretation it may be mentoned
that in several expeniments st was observed that mechancal imitauon of the perttoneum
produced a rather pronounced tachycardia

Thus bradycardia has been the most commonly reported finding and 1t 1s reasonable
to interpret 1t as a reflex caused by the pressure nise and cliat~d 1 baroreceptors
outside :h: wisceral artenies (mamly the smo-cardio-aortic region) In this way the
b vath the Rall dunng wvisceral artery
ocdmmn demonstrated 10 2 previous work {Vissen 1964)

Relationship betieeen control pressure level and pressor respanse Both the pressure mcrements
due to carotrd artery occh and to artery occh were found to be
fughly vanable One of the reasons for this vamation 15 2 dependence on another
parameter the contral pressure

In the case of the carotid occlusions this dependence 1s well known Thus Prochmlb
Marson and Stutzman (1950) and Hardman et af {1929) reparted that m the dog the
pressure increments dute to caroud artery occlusion were higher the greater the control
pressure an accordance with the threshold concept for the baroreceptors The refaton
was nearly near cutting the control pressure axis at abost & mm Hg 1n the work of
Prochnik ¢t al In the v ork of Hardman ef af the Lineanty s as hmuted to control pre
sures between 100 and 160 mm Hg below 100 mm Hg the cunie was convex towards
th control pressure axs

Bevan Prior and Vents (1961) arrned 1n all esseatials at the same con lusion
from experiments in cats

The present work is 1n accordance with thesc papers from Fig 2 b 3 and 4 1t may
be seen that a fall n carotrd artery cesponse with falling control pressures 15 the rule
{Yetin 4 occlusions of the carotud arteries i chloralosed cats with svstenue pressures
below 100 mm Hg a relatis € hugh pressor response was obtained  the author ts unable to
offes an cxplansuon a umlar phenomenon obsersed by Bevan 7 af i chloralosed
cats was interpreted as carotid chemoreceptor acti 1y )

In the case of visceral artery occlusions a nearly hnear relaton ben cen the pressure
merements and the controt pressures was alsa abserved  but here the highest terements.
occurred at the lov est control pressures Fig 2a 3and 4 Thus there seems to be 3
fundamental difference between the responses to ca otid arten occlusions and ta
visceral artery occlusions tn thus respect At low control pressures (below about 110 mm.
Hg) the ansy er to visceral arters occlusin most often v as hughey than that to tarond
artens occlusion the of posite was the ase at high  ontrol pressures Evidently the
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relationship between the visceral artery pressor response and the contral pressure level
does not fit with a threshold concept similar to that for the carotd sinus baroreceptors

In the hight of the observed relationships 2 number of observations reported 1n the
literature may be subject to reinterpretation

Sarmoff and Yamada observed that the pressure increments dunng visreral artery
occlusion often exceeded those observed during carotid artery occlusion and claimed
~— with som hesitation — that the carotid sinus baroreceptors in the cat were domia
ted by the hypothenical visceral baroreceptors From the Rgures in their paper the
following control pressures for all the occlusions of the cochac supenor mesenteric and
nfenor arteries d or may be read 150 100 90 80 80
75 and 85 mm Hg The control pressures for the carotid artery occlusions were 65 90
90 and 75 mm Hg Fxcept for the 150 mm Hg pressure these pressures should 1n the
present author s expenience lead ta hugh responses to visceral artery occlusions and
low responses to carotd artery occlusions

Selkurt and Rothe has also reported that the pressure increments during visceral
artery occlusion are great and exceed those produced by carotid occlusion However
from their data the average control pressure m the 4 cat expts may be calculated to
have been as low as 72 mm Hg

From 2 series of dog experiments the same authors concluded that in these animals
the pressure increment 1n response to combuned ocelusion of the coeliac and supenor
mesenteric arteries 1s low (average 13 mm Hg) m comparson with the response to
ilateral caratid artery occlusion (average 23 mm Hg) However 1t may be calculated
from their data that 1n this senics of expertments the control pressure was rather high
(135 mm Hg average for 6 expts )

Nesther Sarnoff and Yamada nor Selkurt and Rothe have commented upon the
possible effect of the control pressure level on the results but 1n the opinion of the
vresent author 1t may have been a factor of considerable smportance
. Then there 1s perhaps no basis for the claim of a species difference In this context

~ntion may al o be directed to the fact thatin dog expertments Heymans et al obtain

xlymuch bigger increments in artenal pressure upon occlusion of the coeliac and mesen
etic artenies than those observed by Selkurt and Rothe however no mformation on
he control pressure were given

The nature of the pressor response to occluston of the isceral arteries Only Yamada (1967)

\ave been able to obtan svstermic pressure fall m the dog by perfusion of the mesenteric
ascular bed under high pressure (from a donor dog) Yamada states that the pressor
esponse obtained by occlusion of the supenior mesentenc and coeliac artery n the dog
leprised of the simo-aortic reflexes 1s a reflex phenomenon with receptor organs possibly
n the area of the mesenteric artenies

Gammon and Bronk (1935) were unable to demonstrate an effect on the general

Jlood pressure resulting from perfusion of the superior mesenteric artery at dafferent
resures

Bauereisen Lutz and Pesper (1963) perfused alternately in the cat the supenor

acsentenc and the femoral artery with a constant output pump m order to exclude

‘hemodvnamic  artefarts They concluded that 1t s as not possible by vanation of the

atraluminal pressurc in the superior mesenteric artery to obtain reproducible chances

n the svstermuc pressure

Bover and Scher (1960) conclude from their experiments on cats that no effects in

he systemuc pressure could be evoked by means of perfusing the abdomunal aorta or




MESENTERIC. BARORECEPTORS I 75

the superior mesentenic artery with wide varations m the perfusion pressure
Onmis Shumacker and Bounous (1963) found that the pressor response to occlusion
of the coeliac and superior mesenteric artery was not reduced in dogs by thoraco-lumbar
h and spl Since the hyp 1 b zones
should be d by these op they d that the hypertensn e reaction
13 not due to reflex vasoconstriction but to a change 1n the distribution of blood flow
and a reduction 1n the effective vascular bed
In view of the negatve results obtamned by several authors with several different
methods 1t 15 reasonable to conclude that the pressor effect caused by visceral artery
occlusion 15 not a reflex ph similar to that d by carotd artery occlu
sion
Selkurt and Rothe pont out that a part of the rise in pressure following splanchnic
artenal blockade could be the hydraulic effect of smposing a fixed resstance to artenal
outflow with constant cardiac output In the hight of the relatne high pressure incre
ments obtawed at low contral pressures in the present work 2 mechamsm like this
would be particulatly ikely of the blood fow through the coeltac supenor and wferor
mesenteric artenies amounted to a greater part of the cardiac output, the Jower the
blood pressure was S and Bred (1960) the
distribution of the cardsac output with the indicator fractionating techmque n the
normal rat and 1n the rat exposed o a moderate (10 ml perkg) and a sesere (21—25 m
per kg) bleedmg Their obsenvations showed that the splanchnic blood flow fraction
(fudneys not included) 15 1ncreased some 22 per cent 1n moderate hemorrhage (blood
pressure 90 + 30 (SD) mm Hg) Severe bleeding reduced the flow fractzon a huile
Several authors have not observed 2 favounng  of the splanchnic blood flow m
hemorthage However even the findings of Sapirstemn ef of are unable to account for
more than a part of the great vanation in blood pressure mcrement observed as a
function of the control pressure
At the low pressures \ here the increments are disproportionately fugh 1t cannot be
excluded that the heart muscle works m a state of hght hypowa If the blood pressure
1s raised by smposing a resistance to the arculation {for instance by occlusion of the
mesentenc artenes) this may start 2 beneficial arcle  enhanaing the coronary blood
flow and with that the power of the heart resuling 10 an increment in artenal pressure
out of proportion o that of the imposed increment in peripheral resistance Likewsse
2 dislocation of portal venous blood 1nto the great vemns durmg mesententc artery
occlusion would represent a blood pressure enhancing factor especially i a state of
pre shock where the blood pressure is highls senstuve to small alterations in the effectne
Blood s olume
At hagh control pressures on the contrary a tendency for the cardiac output to fall
with increments n artenal pressures (and left ventncular svstolic pressure) could
possible explain a part of the tendency to get low pressure increments at this level
Inviev of the essential sole plop £ by she basnrseeptors bufienng the blood fresure
the sensitiaty of this servomechamsm may be of considerable 1nportance as a factor
determining the magmtude of the increase in pressure followng occlusion of the coehac
and supenor mesentenc arteries From present evidence (hoch 1931 cited by Hey
mans and \eil 1958) 1t appears that the sensitivaty of the carotid sinus 18 considerably
Tower at subnormal pressures than at normal pressures Although the effect of the pulse
Pressure 1s not taken inta conuderation in these studies 1t seems reasonable to assume
that the great increments in pressure obseryed dunng mesentenc arters occlusions may
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m part be explained by a less efficient counteraction of the pressure rise by the classical
baroreceptors

The posssbality that a sort of venous reflex forcing the blood towards the heart 1s
released by mesentenic artery occlusion was proposed by Selkurt and Rothe This
possibility does not seem to have been further examined yet

Ta exclude that the pressor resy observed 1n chloral b were caused
by a reduced sensitivity of the buffering system owing to the depressing effect of chlora
losc on the sinus b (Neil Redwaod and Sch 1949) 2 past of the
present experiments were perfc 4 in pentob 1 h At the same control

pressures no significant difference 1n the pressor response could be observed

It must be concluded with certainty that the pressor responses seen following ocelu
sions of the coehac and supernor mesenteric arteries 1s not a reflex phenomenon sinular
to the carotid sinus reflex It 1s not caused by vasoconstriction in the resistance vessels
and a sumulation of the heart as 1s the carotid sinus response indeed 1t 13 produced
mspitcolap heral and ashght brad

The author 1 greatly indebicd to professar Poul Kruhoffer for crticism on the manuscript
This work was supported with grants from  Statens almindelige videnskabsfond
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Effect of Nicotine and Nicotine Analogues on Tissue
and Urinary Catecholamnes in the Rat
By
T C %hestrun
Recened 22 Aprat 1964

Abstract

Wefal T G Ef ¢ frcntwer and micotin anal gue on bisue and unnary cal holam nes 1 the at

Acta physiel scand 1965 63 7783 — The tume respense patten of natine and the p co-
tine analogue 3 pyrrohdino-methylpyrdine (W 16} on the noradsenaline (N \) coneent of
hieart spleen kidney and kver was stud ed following miraper toneal achmunsirat on s sats
¥¢ was found that both tompounds produced a transeat but sgn ficant devrease Nacoune
produced an effect that was vis ble within 5 mun wath the \A content renumng o control
tevels n 60180 ms  Mihough quanmatnely different, W 16 p oduced an effect quah
tat vely 3 m Jar 1o 0 cotme The effect of nscotnie and several micotmne analogues an the 24 Eour
unnary excrenon of catecholamunes was also stuched 1n rars Three out of four analogues w
vestigated produced a sl ght increase m the excretion of adrenat ne (1) 2nd V& ar hgh dose
Levels (510 mg kg) At s dose of § mig kg n cotme p oduced 2 gruficant acr ase w the 24
hour unnary exerat on of A bt nar WA

Although the efects of micotine on sympathetic ganoha date back 1o the tune of Langles
{1839} and thas 1t 15 rather well known that nicotine causes & release of sdrenaline
{A} and noradremakine 1\ A from the adrenal medulls Cannon and Hoskns 1912
Stewars and Rogoff {919 Segama 1924 Woods and Richardson 1935 and baser
Bocher and Vearts 1953) there have been few reports on the off ot of mcounc on tssue
catechalamine Jevels In the present study the effect of rcotine and 2 prcotne analogue
Jpytrolidimo-meihy pyndme (W 161 oo the N\ content of heart spleen bsdmey
and hver was m estigated at varous umes following + p admenustration n rats The
«ffect of some wvnthetic ricotne analogues on the 74 hour unnan extreuon of \ and
N4 an the rac were also studied

Postdnctoral Fetlow of tb \ s onal Hears dntt tut Bethesda 3d U S A Present address
Dept of Phiasmacologs WestV gra Ln  Med Crae Aarg niown W Va
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Fig 1 Chemical formulae of nicotime and four picotine analogues

Tanee [ Nicoune analogues on urinaty catecholamine excretion 1n rats (cf Fig 1) (Unne
collected from 4 rats)

005—-01 0o —10 50—100

Gont ol mglig mglkg mg'kg

(n=10) {n=4) (n—4) (n—1H
Compound  NA? At NA A NA A NA A
W 6 303 074 401 038 448 06? 501 10
w123 189 040 21 043 210 043 279 0%
w124 182 06> 279 o8t 348 063 413 209
W—17 230 063 263 072 231 063 304 14

§NA and A vatucs expressed a3 3/hg/24 hrs

Methods

Rats of the Sprague Dawley stramn wesghing from 200—350 g were used For the urine deter
minauons rats were placed 1 indiidual metabolsm cages and allowed 4—5 days for acch
matizavon Food and water werc allowed ad hbitwn during the cxpenments and specia care
was taken 10 keep food and feces separated from the urine during coll etion Normal hyvdrochlor
1c a0d was added 10 the unne as preservative The effect of 6 different doses ranging from
002 to 100 myiky of 4 niconne alkaloids mnjected + p was studied ¢ the 24 }our urnary
A and NA excreton Follo ing these imtial experiments one of the alkalads W 16 (big 1)
together with 1 cotne was chosen for d talled studics The eflect of one selected dos of
each of these drugs on the 21 hour excretion o A and N1 was studied b ord r to prov de
enough data for a statistical companson

A chronic expeniment was carried o1t which micotine (1 mgfkg 1 p 1 was ingected once
per day and unine collected and analyzed on days 2 7 8 and 13

For th ustut studies meoune (85 and 10 mgfkgy and W 16 (5 marka) were ta
gected t p and the rats sacrificed by a blow on the head a1 5 15 30 60 180 and i
some cases 1440 min A and NA determinations were carnied out on heart spleert
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fndney apd bner In the ease of hears and hver 2 of each were poated whereas 4 spl ens
2nd 4 Jidnes were generally pocled for determunaton The tssues ware extracted
with trchloracenc acd filsered adsarbed on alurma and eatecholamuyae desermina
tons cagrted out according to the method of Fuler and Lishazko 13961 MI samples
were 12ad 1n a Coleman Auorometer and the results gien 1n tesms of the hases Lnne
smples were Blicred adsorbed on alumina and determuned 1w the same manne a8

aborve o correction was made for the 10 to 70 anunes lost dusing the procedure

Results

Table 1 shows the results of 4 nicoune alkalowds the cheaucal formulae of which are
sepresented an Fig 1 on the 24 hour unnar excretion of % and S % an the rat The
range of doses atudsed falls wio 3 categores 00>—0 1 93~10 2ad 10 mglg

Esch categony represents che excrenon from 4 rats 1t appeans that » wh a dose of
5—~10 mo kg there was a shight 1nc ease in the unmary excretion of A and possibly
that of WA with W 16 12 and 125 The mos acuve compound seemed © be W 16
cern 2t the smaller dose sanze It exerted 2 greater effect on A than the \ excretn
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Fig 4 Effect of mcotine 0 5 and 1 0 mgfkg) and W 16 (5 mg/kg) injected1 p on NA content
of heart and splecn Abscissa represents time 1 min following mjection Each circle represents
mean of 4 determinations

During all these expenments each group of rats served as its own control prior 10
admustration of the drugs

The effect of the chronic admimstration of nicotine 1 a dose of | my/kg/day 1 p
15 depicted by Fig 2 As can be seen micotine produced a sigmificant increase in the A
excrenon levels The greatest response was seen on day 2 (P < 0001) although there
was still a sigmificant increase on days 7 8 and 13 (P <. 001) Nicotine had no siemt
ficant effect on the excretion of NA

Fig 3 shows the effect of meotme (1 mg/kg) and of W 16 (5 mgfkg) injected 1 p
on the 24 hour unnary excretion of A and NA Nicotne produced a sigmificant
crease 1 the A level (P < 0001) while 1t had no sgmficant effect on the 24 hour
excrenon of NA W 16 on the other hand produced a sigmificant increasc in both the
24 hour excretion of A (P < 005) and NA (P <. G01)

The time response pattern of two different doses of micotine and one of W 16 on
the NA content of the heart and spleen 1s shown in Fig 4 With both doses of nicoune
there was a moderate decrease in the NA content of the heart visible within 5 min
and reachmg a maximum m 15 min The maximum effect was a decrease o 80
and 69 ° of control levels for the 05 and 10 mg/kg dose respectively The level
remained low for 30 mn returing to a level shightly higher than i the controf at
60 mun and 1o pre injection levels bv 180 min With W 16 there was a shight decrease
of the amme content of the heart scen within 15 nun and Jasting for 180 min The NA
Tevels 1n the heart were back ta pre mnjection levels by 24 hours

The effect of these 2 compounds on spleen NA was somewhat greater than the effect
on the heart although the same pattern was seen Nicotine agun produced an effect
vasible within 5 min with a decrease to 68 © of control i 30 min_ Similar to the effect
on the heart there was a greater than normal tissue value secn at 60 min with a retum
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wean of 4 deterunnations

10 pre igecuon values 1 180 min 4 16 was much slower n producing us mavimvam
offect (459 of controly whach was seen m 60 mmn

Fig 3 chows the ffect of botls doses of mcotne and of W 16 an the "\ consent of
kidney and frier Wath regard to the kidney mcotne sn the dose of 05 ww kg and
W 16 produced a decreass m the amune fovels to o vakee of 33 of conteal levels
The response was visible 10 § mun for nscotme and 15 mn for the other compound
“coune n the dose of 1@ mefkg produced a decrease @ 63 of control with the
maxmum effect appeanng i 15 mun

Both compounds produced a sumdar response on Iner A levels vnble within

0 The maxwr um effect was a decrease to 60 of conirol levels

Ananalyss of the A contens of thest vanous ssucs + as also carried out but because

O the small amounts of this amune normally present in the tssues the data are nof
Presented

Discussion

Quanttatne wiormauon on the actnsty of the sympathene adrenergic svstem and
the adeenal medutla can be obiam d by esumating the urnan sutput of  and NA
Tt ¢pe of procedure was wed to provide daia on the scuon of mueatsme as well as
of meotine analogues ¥5 was found that 3 aut of # micatme analogues appeared to
Produce 4 aleght inestase 1 1he unbary excretion of A and powibhy WA i the rat
wWaitatng that thev have an actson at keast n part suwlar to mcotne el When
stuthed chromcally 15 was found that mcotine § oduced 3 sign firant mesease 1a the
ALTTE AN lasung for the whole pesiod f myrenons 13 dave This effect of meotne
o0 extecholamine oxcretion subsiam ates  hat i found n rats afier  heutaneous

A
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Fig 4 Effect of meotine (05 and 1 0 mgfkg) and W 16 (5 mgfkg) mjected s p on NA content
of heart and spleen Abscissa represents tme in min following injection Fach circle represents
mean of 4 determnations

Dunng all these expenments each group of rats served as its own control prior to
admimstration of the drugs

The effect of the chronc adminustration of meotine in a dosc of 1 mgjkg/day 1 p
13 depicted by Fig 2 As can be seen nicotine produced 2 sigmficant snerease in the A
excreuon levels The greatest response was seen on day 2 (P < 0001) although there
sas still a sigmificant increase on days 7 8 and 13 (P < 0 01) Nicotine had no signt
scant effect on the excrenon of NA

Tig 3 shows the effcct of mcotine (1 mg/kg) and of W 16 (5 mg/kg) myected 1 p
on the 24 hour urmary excretion of A and NA Micotine produced a sigmificant in
crease 1 the A Jevel (P < 0001) while 3t had no sigmificant effect on the 24 hour
excretion of NA W 16 on the other hand produced a significant increasc in both the
24 hour excretion of A (P < 005) and NA (P < 001)

The time vesponse pattern of two diff rent doses of nicotine and one of Vv 16 on
the NA content of the heart and spleen 1s shown in Fig 4 With both doses of nicotine
there was a modcrate decrease in the NA content of the heart visible within 5 mn
and reaching 2 maxamum m 15 min The maximum effect was a decrease to 80
and 69 , of control fevefs for the 05 and [0 mgfkg dose respectively The fevel
yemained low for 30 min returming to a level shightly higher than in the control at
60 min and to pre iyection levels by §80 min With W 16 there was a shight decrease
of the amine content of the heart scen within 15 min and lasting for 180 min The NA
1cvels 1n the heart were back to pre imjection levels by 24 hours

The effect of these 2 compounds on spleen NA was somrwhat greater than the cffect
on the heart although the same pattern was seen Nicotine again produced an effect
yissble within 5 min with a decrease 10 68 of control 1n 30 muin Sumiar to the effect
on the heart there was a greater than normal ussue value seen at 60 min with a reture
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work was supporsed 1 pare by a Mational Heart Iesurate pastdocroral £l swibsp Fa-
}-th:\,o:m Tt Cant AF Ergmbys*—zn from the Aur Forre Ofice of Saannfic Research.
OAR. through the Europesn Office Acrospace Research, Lmrod 523 s Aur Force, 2ad the
Swedish Tobacco Co  Stockholm. The anthor wishes 10 express bis apprecsmon o D F
Hasld for placne the picotine analogues at mv disposal.
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Energy Cost of Alternating Positive and Negative Work
Iy
C M Hesser
Recencd 29 Apnl 1964

Abstract

Hesser C. M Energy cost of alternating positue and negatt e work Acta ptync! scand 1963 €3
84—93 — The encrgy cost of wallung up and down a A-shaped 1 m hugh staircase was
studsed 1n 10 male and 10 female subjects in terms of the O requirement for perf>rming the
work under truly aerobic conditions I'no different speeds of walking were used yielding
external work Joads of 4 ¥ 147 and & » 26 7 kpm/nun (£ = body weight of indiidual 1n
kg) 10 both the positiee and negatne phases At the lower speed the net O cost per kg b w
averaged 168 m! min independent of sex at the higher specd the corresponding value was
330 ml/m ntn the men and 32 0 mimun in the women From these  alues the average physio-
Jogical Joad was estonated 0k B2 kpm min for men and women at ¢t e Jower speed and
tok » 162 and k ~ 157 kpm 1o { r men and women, respectinely a1 the §igher apeed
The rato of O costs for the posiuve and negative works approximated 8 1 at the Lwer 1

a0d 5 1 3t the higher speed Dunng each peniod of posiuve work the ealcufated O demand
of 2 "0 kg man exceeded the O supply t the working muscles by abour 60 ml at both speeds
“This O debt of 60 ml could be contracted w thout any ncrement i the lactaad O debt
and supports the noum that a certamn amount of O can be released from (te myogl bn O
store bef re anaerob ¢ processes become ipsolved TheO capacity  { tha aerobic debt mechan
sm was calculated (o be in the Jrder of 3 ml per kg of acune muscle ussue E sdenc 1 pre
sented that, in the steady staie the upper lum t for performing w  k und r truly scrobic conds
uons corresponds to about 70 per cent of the maximal O consumption

Walking up and down a staurcase 2 number of imes implics the performance of alternat
1rg posiune and nezatne work. If the speed of walking 15 kept constant the external
work load ss numencalh the same i the up and down phases althiugh with
different signs, and can be calculated by applving stmple physical laws The energy
penditure as d by the O, 1s mruch less 1n negatse than an
positsie work  Abbott, Bigland and Ratchie 1922 Abbott and Bigland 1933 umussen
1923) The prosent studv was drined todetermine the energy cost of rapydly alternt
3ng pos.ave and ncgat € work under truly acrobic conditions as compared with th

energy cost of conunuous posttne work.

as
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Methods

S bjects The expenments were performed on 10 male and 10 female subjects who were phyn
cally active but did not take part n athletics Age body weight and height are given m Table T
Prior to the all subjects und a chnreal mcluding clinacal
hustory auscultation of heart and lungs . ray of the chest ECG and routne bloed and unne
analysis They showed no s gns of pulmonary or card ac disease

wed ¢ To achere a raprdly alternating poutive and negatne work the subject walked up

and down 1 staircase {see below) at a constant speed the rate bemng set by a metronome Two
scries of expenments were made the first senes at a speed of 160 stepsfmun the sccond sertes
at 88 steps'min The duration of cach single period of pos tive or negative work was 7.25 sec
at 160 steps/min and 4 1 sec at 88 steps/min The work produced or absorbed 1 the 2 types
of work was calculated as the product of b w 1 kg (§) times the verucal distance 1t was fied
or lowered. At 160 stepsfmin this distance was 26 7 mfrun. The external Joad thus amounted
to £ X 26 7 kpm/min in cach one of the 2 phases of work At 88 stepsmin the cormespondimg.
loads were & X 14 7 kpmfmin

All expenments were done 1n the morn ng After a hght breakfast the subyect rested 1n the
rechning position for at least 45 mun The resting metabolic fate was then determuned overaSto
10 min period by means of a hrogh sprrometer placed close to the staircase In the expenments
at 160 stepsfmin ali subyects then made 2 runs 1n the sturcase s parated by a rest peniod of at
least 40 mun The number of completed rounds in the sta rcase was 26.51n the first run, and
40 1m the second run the work periods thus lasting for 3 mn 59 sec and 6 mn respectively
(hercafter called the 4 mun and 6-mun runs) Dunng the last minute of cach run expired ar
was collected in a Tissot spirometer (see below} Immediately afier the work had stopped the
pulse rate was determned and the subject was allowed to rest in the recl mng pos tion The
O uptake a3 then conunuously recorded from the beginning of the 2nd to the end of the 10th
mn of recovery by means of the Krogh sp rometer 30 min afier the 4 min run the metabalic
rate was again determ ned to check that the rest peniod was sufficiently long for restitution of
normal resting values This was always the case On a second day usuallya fe  days Later the
subjeet made the same 2 runs but this tme expired asr +-as collected dunng the Ist min of
recovery of each run. Inadd tion the O uptake was measured continuously from the beg nning
of the 3rd to the end of the 10th min of recovery using the hrogh spirometer

c expertments at 88 steps/mun were performed on 5 men and 5 women all of which had
also participated 1n the cxpenments at 160 steps/m n The same general procedure was used
except that the numbers of completed 1 unds 1n the staircase now were 145 and 22 and the
duration of the work periods 3 mun 57 sec and 6 muin respects el

led the 4 mun and 6-mun runs)

s £ of the crcular f 3 case The stawcase was of the type used i the Nyhn heart function
test (\yhin 1933 1938) Insterd of walkeng up and do m the same sta rase che subject watks
along a curcular pathway of 1 1 m radius Th pathway ncludes v o A shaped starrcases so
that f> completion of a single loop the subject ha to walk upstairs and downsta rs 2 t mes
Each staircase has a semu-circular shape 1if seen f om above The profiles of the  sta reases o
uafolded, are symmetnc and 1dent cal each w th 6 steps upwards and 6 steps downwards and
with the summ t step 1 m above the lowest step at floo e 1

Respiratory mt 1 volume a 4 O sptak dunng the work perods we  measured by collectng
cxpired aur na 100 | Tussot sp_ometer pla ed in the center of the sta rcase on a disk wh ch
could be pass ey rot ted and connected by fow csistance smooth bore tubing to a low
res tance val e assembly with a dead space of about 10 ml Th  xp wa thoroughly
mixed before samples were taken and analv ed n dupl cate f3r O and CO w th a modifi
Haldane apparatus.

The la tserd and alact auf compe ent  f the O debt (Margana Edwards and Dill 1933, we
determuned by analyzing n detail the O uptake data obtained m recovery employing the
method descnibed by Henry and DeMoor 19201 The ndmvidual O rero ery cunves were
phitted semiloganthm cally using the rate of O uptake {10 excess of rest ng rate as a funct on
of e The magn tudes of the 2 exponential components of the O debt were then computed
from t! e cunve constants obrained from the semiloganthmic plots

The arobic o k ¢ pacity + the maxumal O uptake per minut  was calculated f om the
O uptake and puls~ rate at submix malw  k by us ng the nomagram of Astrand (19%0) The
values f>r O uptake and pulse rate were determined as th means of the values obtatned 1n the
List minute of the 4 m o nd 6-man runs Fo  easons of can en enc the pulse rate was deter

m the 2 runs (hereafier



86

© M HESSER

‘Tarie I Data from expersments at 160 stepr{muin

Dufference
“ anable Men Women Men Women
Number of subsects 10 10
Age years 25 239
(19—26) (20~37)
Height cm 1777 1669
(172—186)  (160—178)
Weight (including light clothes) kg 633 597
(610—~760)  ({533~697)
Net Oy uptake duning st wlfmun 2197454 1825446 +372 +7
runute of 4 mun runs STPD 170 146 P< @Ol
mifkg mun 3224041 3064037  +16 £055
sTPD 130 16 r<ool
CV=40 Cv=38
Net O, uptake durng st ml/oun 2227457 1850449 4368 £75
minute of 6 min runs STPD 179 156 P 0001
mijkg mn 3264052 3114046 +15 2069
STPD 164 144 P 00S
V=50 o\ -46
Total O, dept cantracted  ml/kg 317412 369417  —59 421
ta 4omun runs STPD 365 545 r o0
TTotal O debt contracted  mifhy S41417 407423 ~6( 29
o o runs STED 539 728 P 005
! Pulse rate immediately beats per min 161424 1728330 —114 £38
after work 76 93 P 001
Maumal O uptake? Uterman 325:010 2635009  +062501
STED 033 029 1000
mljkg min 476212 442414 +34 118
STPD 365 142 P 00
Gross O uptake during exercise in 739419 778423 —19 130
61 73 FY)

per cent of maumal O uptake

Figures denote means % standard errors of the means and mtandard devianors  Tigures in
Plevel of

3 Calculated from pulse ratc and O uprake durmg exerose by the aid of nor ogram of

brackets denote ranges OV =

Astrand {1900)

it of
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wmned immediately after + ork by measunng the exact tme for 15 pulse beats This scems
Just fiable since the pulse rate does not change appreciably duning the first 5—10 sec after work
(Chuistensen Hedman and Salun 1960 Barr et of 1964)

‘Loctic and determinations were made by using a modification of the colonmetric method of
Basker and Summersan (1941 as described by Strom (1949) The blood samples were taken
from the warmed up fnger tsp just prior to_and 1/2—2 mun after the runs

Barometnic pressure averaged 760 0 mm Hg (range 7.3—776) and room temperature 230
C (range "0—26)

Results
Experiments at 160 steps/min

Mean values and standard errors of the means for the data obtawned 1n 10 men and 10
women are ginen 1n Table T The vahucs for net O, uptake (1 ¢ 1 excess of restmg O,
contumption) w the last muaute of the 4 mun and 6-mun runs were significantly higher
in the male group not only when expressed 1n absolute values but also when computed
mn relaton to body weight In both groups the net O, uptake i the 6th muin {mean
32 b mlfkg in the males 31 1 mlfkg m the females) was somewhat larger than in the 4th
mun (mean 32 2 and 30 6 ml/kg respectively) The difference y 1
(P < 005) 1 the female group when calculated on ddual d but
not 1 the male group ndicating that in the men the O uptake had attaned an
approumately stable lesel by the 4th min of exeraise

The total O, debt showed a small but significant increment (P < 005) 1n both
groupt when the work penod was mcreased from 4 mun to § mn (mean mcrease 2 4
and 38 mlfkg an the males and females respectively) indicating that m neither group
the O, uptake covered the O, demand 1n the 5th and 6th mun of work The O, debt
was sigmificantly larger 1n the females both in the 4 mm and 6-run runs (Table I}

The calculated acrobic 1otk capacity s s higher 1n the men also when computed 1n
relation 10 body weight (mean 47 6 and 44.2 ml O,/kg mn 1n the males and females
Tespectively) The relative working, mtensity during the runs was somewhat less in the
men corresponding to 76 per cent (range 67-—37) of the acrobic work capaaty as
compared to 78 per cent (range 63—89) 1n the women

‘The blood lactate concentration was determuned 1 two of the male and two of the
female subjects For the males the maximal increase 1n lactic acid concentration aver
aged 9 mg per 100 m! blood 1n the 4 min runs and 16 mg per 100 ml blood w the
€-min runs The corresponding figures for the females were 31 and 36 mg per 100 ml
blood The means of the working intensities of the two men and two women corre
sponded 1o 73 and 78 per cent of the aerobic capacity

Experiments at 88 stepsjmn

Table II summanzes the means of the data {rom the expeniments at 88 steps/oun

which were performed on 5 males and § females In peither group did the net O, uptake
m the last munate of the 6-mun runs differ sigmficaptly from that 1 the lase minute of
the 4min runs ndicaung that i both groups the O, uptake had attamed a stable
level by the 4th min of exerasse The mean of the two values was therefore taken a3 a
measure of the excess O, uptake w the stable state of cxerose When caleutated 1n
relation to b w there was no significant difference 1n net O, uptake between the 2
Eroups the mean value for all 10 subjects beng 168 ml/kg min (range 156—187)
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TasLe IT Data from experiments at 88 steps/nun

Difference
Varable Men Vomen Nen Women
Number of subjects 5 5
Weight (including light clothes) Lg 01 593

(66860} ( +7—670)
Net O upuke average for mifhg min 1754036 1024022  +13+000

last mumnute of the 4 min and ~ STPD 125 [ P> 005
6 mun rung Cv=71 Ccyv=31

Total O debt contracted n mlfkg 150408 149404 401409
4 mun runs STPD 185 084 P>01
Towl O debt contracted 1n mifkg 148410 153107 —05%12
G-mn runs STPD 23) 151 P>01
Gross O uptake during exercise in 477477 431126 +46438
per cent < maximal O uptake 60 37 P o0y

Figures denote means + standard errors of the means and standard devaations Tigures sn
brackets denote ranges GV =cocflicient of vaniability P level of sigmificance

The total O debts contracted i the 4 min and 6 mun runs did not dufer significantly
erther withun each group or between the two groups of subjects (Table IT)

The relative working intensity 1n the males and females respectively corresponded
48 per cent (range 39—54) and 43 per cont (range 34—48) of the aerobic work
apacity The maximal increment mn blood lactic acid concentration was determined

m 4 females and averased 5 mg per 100 ml 1n the 4 min runs and 6 mg per 100 ml
in the 6 min runs

Discussion

Oxsgen cost and mechanrcal efficiency

From the obsenauon that at the lower load (88 steps/mun; the O, debt and blood
lactate showed no increments when the work period was increased from 4 min to 6 min
1t mav be inferred that after the 4th min the energy expenditure was enurely covered
by the O, supply It follows then that the O, requirement of this work under truly
acrobic condittons corresponds to the observed stable rate of net O, uptake (mean
16 8 ml/kg min)

On extending the work perod from 4 i to 6 mun at the lugher load (160 steps mun}
the Oy debt increased significantly indicating that part of the energv expended 1+ as
delnered by anaerobic processes [his way the case also in the male group n v huch
the O, uptake levelled off at a stable rate by the 4th mia of work The O, requisement

for performing the sork under truly acrobic conditions may be estumated by adding
the O, ¢ 7 qn lent to the hically released energy to tf ¢ observed
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O, uptake Since anaerobic work with a subsequent aerobic recovery 15 only about 20
per cent as efficient as acrobic work (Asmussen 1946) the amount of O equivalent to
the anacrobically released energy 15 only about half as large as the lactaad component
of the O, debt The obscrved increment i total Oy debt after the 4th min 1 -as almost
entirely due to the lactacid component and amounted to 1.2 and 1 9 ml/kg mmn in the
males and females respectnely  In the men the measured siable rate of excess O
uptake was 37 4 mljkg mun Consequently the O, requirement for performung the
work under truly aerobic conditions can be cstumated to (324 - /2 x 1.2-) 330
ml/kg nunin the ayerage male subject In the women the measured net O, uptake in
the 6th min was 31 1 ml/kg From the observation that the O, uptake during the
adaptation to exeraise changes as an cxponential functton of tme (Henry 1931) the
‘half ime of wiich 1s in the order of 30 sec 1n women {Hesser unpublished observa
tions} thenet O uptake m the 5th min of the work was esumated to 31 0 ml/kg Hence
for the aserage female subject the O, cost of this altemating posstrs e and negatn e work
under truly acrobic conditions can be calculated to 320 mi’kg mn The O, cost for
a gnen quantity of work was thus somewhat less i the females indicating that women
accomplish this t -pe of work wath a somewhat higher mechanical efficiency

Since the external load was proportional to the body + eight the mtenndmidual
vanaton m Oy uptake per kg b w should (1) be smaller than the yanation in total
© uptake and (2} correspond to the variation i mechanical efficiency The first state
ment 1s confirmed by experimental results Thus, v hen ealculated on all 20 indradual
data obtained 1n the 6th mun of work at 160 steps,mun the coefhc of bility 11
net O, uptake/kg was 5 6 per cent and in total O uptake 12 2 per cent The mechanical
efficiency of v -allang up and down a staircase cannot be determmed because the average
load 1mposed on the subject 15 unknown It seems reasonable to assume however that
the intenndividual sanation 10 efficiency should be simular to that found 1 other
t5pes of work 1n which large groups of muscles are used From the data obtamed by
¢ g Wahlund (1948) and Astrand (1922) 1t can be calculated that the cocfficient of
variability 1n net efficiency of nding a bicvele ergometer at loads of 600-1200 kpm min
amounts to about 5 per cent (ranoe 4 3—7 1) Sumlar values for the coefficient of vama
Bility in net O, uptake perkgb» were found 1n the present smvestigation (Table I and
11} The expenumental results are thus 1 accord wath the assumption that the mter
mdnidual vanation m mechanical efficiency of 1 allang up and down a staucase 18
about the same as that of nding a bicycle ergometer

Phisiolo real work load

Mthough the external load in each onc of the tv o phases of positise and negauve  ork
can be esumated by appling simple physical laws such s not the case with respect ta
the average phvsiological load 1mposed on the subject Thus follo s from th fact that
the energy expenditurcs less in negative than in positive sork s sho m by Abbotr Big

Lind and Ritchic (1922 Abbort and Bigland (19531 and smussen 1933 These authors
found i experiments on the bicycle ergometer that the ratio of O; costs for similar rates
of positive and negative v orks increased  wth speed of pedalting and also that the
O cost of negatnve work rematned relan cly constant when the rate of ork as
changed by varying the speed at constant force The experiments were arranyed 1
such a way that the muscle were teuby co bt

n the two
re

murror 1mages S nce the procedure of walking up and down a starcase 1s not
charactenzed by such a symmetny of movements the values for the ratio of O costs
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Tastx 1T Data from expenments at 88 stepsfmin

Difference
Varable Men Women Men Women
Number of subjects 5 5
Wesght (ncluding hight clothes) kg 01 593

(668760} ( +7—670)

NetO vpuke average for mifkg mun 175£056 1624022  +13£000
fast runute of the 4 mun and  STPD 125 00 P>00s
6-min yuns Q=71 =31
Total O debt contracted n mifkg 150408 149104 +01409
4 man runs STPD 18 084 P01
Total O, debt contracted m mifkg 148110 153£07 —05x1°
G-rrun suns STPD 23 151 P o1
Gross O uptake dunn~ exercsse 1n 477427 431220 ~4€=30
per cent of maxmal O up.ake 60 57 1 0t

Figures denote means + standard errors of the means and standard deviations Fagures i
£ of bty P=level of

brackets denote rances OV

“The 1otal G, debts contracted 1n the 4 min and 6-min runs did pot differ significantly
exther within each group or between the two proups of subjects (Table I1)
The relatise working intensity 1 the males and females respectively corresponded
10 48 per cent (range 3954 and 43 per cent (range 34+—4%) of the aerobic work
The mawamal increment 1n blood lactic acid concentranon was determined
?")4 females and averaged 5 mg per 100 mi in the 4 min runs and 6 mg per 100 m!
ur the 6-min runs

Duiscussion

Ouygen cost and mechamcal efficiency

From the obsenation that at the lower load 188 steps mun, the O, debt and blood
1actate showed no increments when the work period was increased from 4 mm to 6 mn
1t may be inferred that after the 4th min the energy cxpenditure was entirels ¢ nered
tr the O supply It follows then that the O, requirement of this work under truly
aerobic conditions corresponds to the obsersed stable rate of n t O, uptake mean
168 ml’kg tn,

On extending the work period from 4 mun 1o 6 rain at the higher load (160 steps mn)
the Oy debt increased sigmficants indicating that part of the energy expé nded was
delivered by anaerobic processes [his was the case also in the male group 1n which
the Q, uptake levclled off at a stable ratr by the 4th min of work The O requircment

for performing the work under truly arrobac conditions may be estimated by adding
encrgy 1o 1he olsened

the O, consumption rqusalent 1o the anartobically released
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“The present observations (Fig 1) mdicate that 1n work ivolving large groups of muscles
the upper hmt for truly aerobic work under stable state conditions corresponds to
about 70 per cent of the maimal O, uptake In Fig 1 the indwidual changes m lactacid
O, debr caused by increasing the work peniod from 4 min to b mun have been plotted
against the relatrve working intensities determined as the ratie of gross O, uptake to
maximal O, uptake No mncrement in O, debt 1s scen unttl the O, uptake rate exceeds
about 70 per cent of the maximal rate and the O debt then shows a tendency to
werease with the relatise intensity of the work From the data obtained by Chnistensen
and Hogberg (1950) 1t appears that also 1n well tramed indiiduals the upper hmut for
truly aerobic work corresponds to about 70 per cent of the maximal O; uptake

x5 en vequirement versus oxygen supply to the workng muscles
Because of the short duration of each single period of positive or negative work (41
sec 21 88 steps’mun 2 25 sec at 160 steps/min) any ¢yche vanation in cardiac output
and m rate of O, uptake from the lungs should be rather small (¢f Barr et of 1964
Herry and DeMoor 1956) It may be concluded then that in each single work pertod
the guantity of excess O, taken up by the working muscles approumated that taken
p from the Jungs and also that thus quantity was about the same in the two phases of
wotk From the observed rates of O uptake this Oy quanuty for a man weighung 70 kg
<an be calculated to 85 ml at 160 steps/mmn and 83 ml at 88 steps/mn For the same
subject the estimated extra energy expended 1n each period of posinne work (hfing
oftheb w 1 m) corresponds to an oxygen demand of 143 ml at both speeds assuming
a mechanical efficiency of 23 4 per cent and a calone coefficrent for oxygen of 49
Thus during each period of positive work the O, demand excecded the O, supply to the
working muscles by about 60 mi at both speeds

Al or the main part of this O, debt of 60 ml must have been repud during the
nsumg period of negative work  otherwase the O, debts contracted tn the single periods
of positive v ork would have accumulated and given nse to a substantial increment of
the 10tal O, debt when the work v as prolonged by 2 mun No such increment was
observed at 88 steps/min whereas at 160 steps/mun only the lactacid component of the
O, debt showed a very s! ght increment It may then also be concluded that the enesgy
corresponding to the O, debt of 60 ml was almost entirely dehivered either by trulv
acrobie processes or clse by anaerobic processes miohved in the contraction of the
alatacd component of the O, debt The last mentioned possibility may be ruled ous
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however 1f as shown by Asmussen (1946) the cfficiency of anaerobic work with a
subsequent aerobic recovery 1s only about halfas great s the efficiency of acrobiey ork
If'so about 120 ml of oxygen would be required to pay hack an oxygen debt of 60 m}
1 under b di This quantity 13 far greater than the calculated

amt;(unt of B3 ml O that was taken up by the working muscles 1n e1ch penod of negatise
worl

¥ this reasomng 15 correct 1t folows that there must evist a mechanism by which an
O, debt of at least 00 m! can be rapidly contracted and repard without eausing anaero-
biosis 1n the working muscles It srems reasonable to assume that the myoglobin plays
an important rdle m this connection As shown by Theorell (1934) the oxygen dissea
tion curve of myoglobm 1s hyperbolic in shape and so related to the O, tension that
on lowering the O tension from e g 20 to 5 mm Hg the myoglobin O, saturation falls
from about 90 to 60 per cent T'rom the observations of Chance (1957) 1t appears that
the cntical O tension aboye which the cytochrome system of Activ e tissues can operate
a1 an undimmished rate 1s m the order of 5mm Hg It may then be inferred that above
ths level the energy expenditure is covered by acroby, processes From the data pre
sented by Biorck (1949) the myoglobin bound O, m the worbing muscles can be
estimated to about 200 m! at full saturation assumung 20 ky, of active muscles A fall of
the O, tenston m the working, muscles from 20 to 5 mm Hg would thus result 1n the
liberation of about b0 m} of O, from the oxymyoglobin or 3 mt per kg of active muscles
In addition about 10 ml of O, would be molhized (rom the oxygen stored wn physecal
solutson

Theoretical considerations thus suggest that i alternating positne and negatne
work an O, debt of about 70 ml can be rapidly contracted and repaid without causing
anaerobiosts provided the werage working intenstty 1s not high cnough to cause the
maomum O, tenston in the museles to fall below 20 mm Hg Arhigher working mnten
sihies the O, capicity of this aerobic debt mechanism will probably become reduced
because of a lower mavimum O, tension in the active muscles This would explaw the
present obscrvaton that on prolonging the work perod from 4 nun to 6 mun, the
lactacid component of the O, debt did not increase at the lower work rate but showed
a small nerement at the Jugher work rate

In experiments on mtermigtent positive work Astrand ¢ of 19601 obtained cridence
suggestuny, that 1n man about 430 mi of oxygen may be supphed to the working muscles
from oxymyoglobin before anacrobic processes tabe place In view of the theoretical
considerations outhned above thisyatue of 430 ml O, scems rather hugh even considering
that the subject studied was mn a physically well trasned condrion and thas as poinied
aut by the authors probably had a higher than aserawe moglobmn concentration

The expertmcantal part of thus study ws carrted our 1t the Heart €1 f Sodersjukl set
Stockholm I am greatly indebred t the late Professor Custay Nyhn v 1 k 1Ty put the et
\ties of hus haboratorv at my d sposal \y thanksare Isc dy « Mrs M Lisderant MisU
Granlund for most saluable and skilful techn cal asisian e
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The Effect of Some Physiological Vasodilators on
the Vascular Bed of Skeletal Muscle
By
T hjyerever and H Opeiray
Recaved 29 Aprd 196+

Abstract

Kyellmer 1 and H Odelram  The effect of some physiologieal rasodilators on the rasculs bed of
skeletal muscle Acta physiol scand 1902 63 94 —107 — The offects of + a snfused ACh
ATP bustanune and bradykinin (and kallid n) were studied on the wsolated calf muscle pre
paration of cats and cempared with the vascular response to graded excrase elicried by stimulat
mg the saane nerve Waih a plethysmographic technique the effects on the res stance  esscls
the capillan filtraven coeflicient {CFC) and the eapacuante vessels were assessed and through
a mere mdirecs approach e ocourrence of an ncteased capilfary permeatbilny was ctmatesd
AIl procedures decreased flow resstance ACh and ATP ncreased CIL approx mately at
much as cxercise and Like exercwse without any signs of tnereased capillary permeabid ty
As a contrays bradyhimin and parucularly busta nine produced higher CFC values at every

of diunished flow resustance together with other signs of increased capillary peemea

yhitie The incresscd permeab hty vanwshed as rap dly as the vasodilator response aficr 1
fis on ACb and ATP dilated the capacitance vesscls but bradykinn histamune and exercise
ddpo 1imconcluded 14 that all procedures studied merease purnn nat blood flow %) that
brachkonin and hanamare produce a prompily reyerubte increase of capiliary permeabilay
m the same dases that arc needed for difatsuoy and 3 that mone of the substances when
wfused t a could exactly reproduce the vascular respanse of exercise

Danng the past fow vears several seports have indicated that vanous vasodilaun”
procedures do not equally affect the different consecutive vascular sections of an orcan
Thus hustameae has been claimed to dilate the arieroles and constrict the sens Haddy
1960) and the dilating acton of the nitntes appears 1o be focused un the capacstarce
secuon whie hyvdralazine acts predominantly on the resitance vessels ¢ \blad and
Afellander 1963 Wath a pleth hie method bined v b disect recording
of blood flow \Mellander 1960 1t 13 possible to assess quantitatneh and umuttantously
the ¢ffects of a drug on the resistance sessels the capacitance sessels and thr capllary
filsration cocfficent CFC  The present wark mdicates that 11 may abo be possible

to reveal increases in capiftary permeabibity

94
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The drugs chosen for thiy study were acetylchaline (ACh) ad hospk
(ATP} hutamume bradykiun and 1 a few expenments kallidin The vascular effects
of these drugs 1n an 1solated skeletal musscle region were compared with those chicated

by exercise because they have been clammed to play a role 1 produting the hyperema
of exercise

Methads

Expenuments wese pesformed on 32 cats wesghing 2 552 kg The apmmals were anesthetzed.
with chlarlose 60—80 mgfkg 3 v after ether mducnon and were furnisbed with a trachceal
canoula Heparm 510 mgfkg was given s v

P paraton The preparation has recently been desenbed an full detaid {Ryellmer 1964)

& paw was temaved 2t the ankle jomt the skin was & vided cirewlarly 23 b gh up the th gh
23 possible and dissected free down to the fevel of the knee jons The shigh nuncles were
div ded by cautery pust prouumal to the knee lPaving the popliteal artery and ve n mtact

The 1ps lateral femoral anery was cannulated and the blood passed theough a perfusion
pump {$ gmamotor model TAI 1) fo the cannulated popliteal artery The perfusion tubung
bad thice s de tubes the first one for at a artera) ifusions ~ proumsl ta the purap ¢ ensure
complete mang with the blood the second one distal fo the pump Ir recording of pump
pressure and the third one distal to the pump for record ng of the temperature of the peclusiag
blood which was mainta ped a1 36--38 C.

Reco 5z The popliteal sem was cannulated and the blood flow recorded with a photo-
dectnc drop counter attached to 4 drop chamber filled with s heone @ The outflow level
7 um the drop charuber could be +a ted and its distance above the ussue corresponded to the
venous outflow pressure

The calf was placed e a and the skin p covenng the th gh was
tsed a3 3 watertsght seal The olume changes of the waterfilled temperature~controlled plethys
mogragh were recorded with a piston recorder The system ¢ hlood pressure was measured
! om the contralatera} f moral artery with a m reury manometer All record ngs were made
on smoked kymograph paper

Drug infus’ ns The drugs studied were acenlchohme (Roche) histamine hydrochlonde
adenosine tripho phate as the disodiim salt — ATP (Pabst laboratones) svathene bradvlanu
{Sandoz) and svnthenc kaltd n_{Sandoz) both as hyd schlondes Equal volumes of D9 per
cont malin and of bradyknimdduent were infised s control experments The substantes
wer dussolved 1n 0 9 per cent saline tn concentrattons betwren { and 1000, g ml The sofut ons
we ¢ wlused mto the perfusion tub ng with 4 constant afusion apparatds at rates varyng
between 00 and 030 m) run 1 ually more than ane deug was stud ed 1 each cat The
@ der of drog adminisirabions was vaned  gart og usually af the Jowest doses.

leut twns Perypheral restance was caloufated by d vid ng the perfus on pressure (pump
P tSsure m nus vencus outflow pressure) with the blood flow ami (min 100 £ and expressed
3 penpheral resstance unis — PRU The misimum PRU value obtumed dur ng infusion
w3t also ealculatedt 1 per cent of control valae

CEC w33 derermumed by suddenlv rauting the venous outfiow pressure (usully by 10 mm Hy»

This resulted 1n 2 sudden imerease i volume due fo v nous disteas on followed bv o gradual
inerease of volume due 10 net outward cap llary filtraron CFC was calculated from the
Sliration fope and expressed = mi tmin  mm Hg  $00g The 10 mm Hg ppled o the
Yenows wide feralted 1 almost the same nse of pump pressure and § was 1 efore asumed
hat 100 pe cent of the appled g sure | as wansmutied @ th capulary devel

Results

Effects on Mood fou, 163 tonc  Mammurn dilation could be obtamed with cach of the
druey The vascular resutance dropped from the contral ievel af 20-—48 PRUL 1o
318 PRU This corvespanded to a masimum d latation since even ser farge adds

* The drug was. generotsh upplied be S ndoz A. G Basel by the ourteny of D \ Cerlewy
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Tasie I Doses producing maumal ditatatior of restance vessels

#glmen #2/(100 g X mm)
No of Molecular
Substance ammals  Mean  Range Mean  Range \ eight
Brady<mmn 9 7 119 12 I~-43 1160
ATP 7 54 15~150 9 27—-278 551
Acetylcholine 11 6 1-11 10 1~24 163
Histamine 9 6 1-13 10 227 153

uonal amounts of dilaung agents or severe exercise did not reduce the peripheral
semstance any further The doses needed for producing mamum dilatatian ace gne
in Table T together with the molecular weights of the substances Only those expen
ments are icluded m this table 1 which the mmimum dose causing maximum response
was d Although there was d 3 b among ammals it 15 evident
that ACh Mstamine and bradykum are equally effectne when compared on a weight
basis while bradykinin 1s equally effective 1n only about one tenth of the dose when
expressed per mole ATP 15 the least potent drug both on a weight and molar bass
The dilatation was usually faidy stable durmg the 5—15 min duration of the
fusions but sometimes the vascular resistance returned towards control level despite
continued anfusion This was seen only rarely with ACh ATP and hsstanune but
occurred i two thirds of the experiments with bradykinin and kallidin
Control infusions of 0 9 per cent sahine had no effects Bradykiun diluent was com

pared with bradykimun in Z expts It caused some vasodiatanion at the highest infusson
rates amounting to at most 20—30 per cent of the dilatation obtaned with bradykimn
It seems possible therefore that a small part of the effect of bradykinin may be ascribed
to the solvent

|/ Effets on eopacitance sessels The left hand panel of Fig 1 shows the effect of ACh

“on tssue volume It produced an immediate increase of volume well correlated 10
time to the decrease of resistance and therefore considered to represent the relasation
of the capacitance vessels [his tnterpretation 1s corroborated by the findings of Ablad
and Mellander (1963) who could correlate this phase of volume gan with an increased
regional blood solume as d with a rad, pe technique ATP produced
the same type of response as ACh with a dilatation of the rapacitance vessels the
degree of which was related to the extent of dilatation of the resistance vessels By
contrast histamme (nght hand panel of F1= 1) and also bradylamin (hig 2) kallidin
and exercise produced only a transient amitial increase of volume that bad passed
totally when the perfusion pressure had reached its new level 1 e na signs of an actne
change of regional blood volume (see discussion) Fig 3 summarnzes the effects of the
different drugs and of exercise on the capacitance vessels 1n relation to the degree of
resistancr change It appears that neither exercise fustanune nor bradykimn (or

Lalhidin) changed the tonc of the cap vesscls evenswhena
dilatauon of the resstance s essels was reached while ATP and ACh produced a graded
ta at most some 0 2—0 3 ml mnereast

3 of the vessels
of regional blood volume!100 g rauscle
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Fig 1 Cat 37 ky The effect of acetylcholing and hustam ne on perfus on _pressure ¢ ssue
rolume CFC and PRU dur ng constant blood flow In this Fig asin Fig 7 the perfusion
PFESSu ¢ 5 represented by the thinner Ln while the systemuc blood pressure gives a thicker
and more irrevular t acms
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Fig 2 A Cat41kg B Cat 39 kg The flect of br dyknn on perfuson p essu e tis ue
volume CFC and PRL dunng  nstant blnd flowin? expts P n | A shows the most common
tPeof responsewh reat ¢ ase of (I C occur ed togethe  th an srreversible sy ell ng

[ihe muscles Pan | Bshows te ath  type of respons with a koder te hange of CFC and
without edem form tion
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Fig 3 The relationship between mcreased tissue volume (cegional blood volume) and decrersed
peripheral resistance induced by ACh (42 infusons 14 cats) bradykinmn (14 mfusions 14 tas)
Hustamne (78 infusons 10 cats) ATP (33 nfusions B cass) and excrcise (19 exercise periods

8 caty)

I fects on copiliary fillration The response of the tisur volume to the drugs imfused
can be divided into two phases The first phase 1s represented by the changes reported
under Effects on capacitance vessels  The second phase ss the one that occurs when
the dilatation of the reustance vessels has attamed a steady state Dunng this penod
ACh AT and everaisc increased tissue volume only Inile and after infuston the volume
dechined to about control level within some nunutes (Fig 1 left hand panel)

Hustamune and bradykimn on the other hand produced a progressive swelling of ihe
museles that took place dunng the whole period of vasodilatation and which perssted
for the remarming hours of the experiment These changes orcurred 1 all tes expen
ments with histamme (Tig 1 nght band panch and i ten of the expenments with
bradykiwn (Fig 2 A) Inthe four bradyk i no such wnercase
of tssue volume during the second phase was obtaned desprte a profound decrease
of blood flow resistance (Fig 2 B) Persistent ussue swelling was seen m twe of the
four expenments with kallidim

All substances studted caused an tnerease of the capiliary filtration cocflicient ((FG)
The magnitude of the mcrease of CFC was refated to the degrer of ditatanon of the
resistance vessels although there was a great varability both duning the same expeniment
and particularly between expennments

It was a conustant finding that at equal degrees of difataucn ACh and AT m
creased CFC about as much as did exercise whereas bradykinmn and especiaily hustamine
produced a much larger increase of CIC This 1s illustrated both in Fig [ wheee the
effects of ACh and b are pared m the same exg nemt and in Fig 4
where the effects of alt the varous substances are compared with that of exercite

The large mcrease of CFC occurmng dunng infusions of histamine and bradybintn
were imanably umultancous with a marked saclling of the tssue of Fig 3 and

2)
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The return of the CFC toward control values was r3pid This holds true for exercise
for drus causing changes 1n tissue \olume attributable to capacatance vessel dilatation
{ACh YT} and for drugs causing irreversible tssue swelling throughout their infusion
Fig 5 summarizes the time course of recovery of GIG and of PRU after infustons of
hustamine 1n 8 cats The earliest mterval afrer whith CFG can be estimated reliably
13 2—4 mimn It may be seen that then the GFC had already returned to 1alues clove to
the control In general rerovery of CI'C afier histamine and bradyhimin (Fig § A)
was correlated closely with recovery of resistance ves. ¢l tone

Discussion

“The feature common to the substances studied 1s their abality to decrease flow ressstance
Since we wanted to compare the composite patterns of vascular response eherted
by the drugs with that of exercise the degree of resistance change was chosen as the
basis of compari on This was cf dered to be a physiol lly more mranngful
type of companison than comparison on a dose basis parbeularly since the doses
needed showed great variability (cf Table Iy

Changes of camliary filtration coefficient (CT'CY can be due to changes of the surlce
area available to filtranon to changes of capillary permeatility or to a combnation
of both  The changes 1n CFC occurning during exercise have been shown to depend
solely on an increase of perfused capillary surface area (Arturson and Kjellmer 1964

In the present studv capillary permcability was considered to be mcreased when
w0 conditions were obtaned simultaneously 1 CIG should be hugher than that
due to mcreased surface area alone 1 e the CI'C value should exceed the GIG rr
corded dunng exereise a dif and 2 The volume
curve should show sustained increase of tissue volume during the infusion wlich did
not return towards resting volume after termuination of the infusion indicating 1 feakage
of protem rich flmd mto the ussues
, ACh and ATP were found to mcrease CLC just 13 much as does exercise 1 ¢ 3
225 fold increase Iurthermore despite the fact that tvmph flow was blocked
nesther of the drugs nor exercise caused any sustuned flud foss into the tssues evert
when combined with a simultancous 1erease in venous pressure As soon as viscular
tone and normal venous pressure were re estabbshed dhe volume returned grdaalls @
control level sugt esting, reabsorption of an essentially potein free Mund from the ossues
1o the blood stream Hence no signs of increased capillany permeatality were present
when ACh and ATP were gnen but these sub tinces hke cxereise evidently open
up presiomsly closed capillaries distributing the increased flow over 1 Irger capullary

surface area
On the contran Rustamine and 1 most experiments  bradyhimn produced ac

only marked mereases of CEC but also a permanent s eliing of the t sue sucgestmg
that 1 fauly protein nch edema was formed These substances therefore fulfilted both
the mentioned requirements  considered to mdicate ncreased permeabuhey can
firming earher findings (Lews and Crant 1924 Tihott Horton nnd Lewss (900
Seurmer and Berde 1963 1t 1s however quute hikely that part of the CFG ancrexe
produced by these substances 15 due to opening of precipillary sphincters makin, [x;
Jarger capllany surface 27ea available to blood flow (€ g 1aldine Thman and Lenthal
1962)
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The CPC values rapidly retumned to control values after all mfunons This was
also wue after fastamune and bradylamn where the CFQ values teturmed hack w
pre nfusion Tevels Targely at the same rate as vascular tone was rerestablished (Dig
3 Aand 5} Tt must be tuded that the or bradylinn induced merease
of permeabibity 15 capully reversible which suggests s physiological change rather
than a true damage to the capiifary walls Thus 1t in keeping with the resubts presented
by \ules and Mides {19a2) who showed with the dye leakage technique that the
creased brbety caused by jermally myected had largely pased
after 10—13 mun They also showed that for some howrs after histamtne the vessels
were ammune with respect to permeabilsty changes to new doses of histasune This
finding tould not be repeated i the present study where iterated wdunons of Tustamine
produced the same results Moreover the present results suggest that the concentra
tions of histamune and bradykimin needed to mncrease caprllary permeabilsty by no
means are Jarger than thoss needed 1o produce relaxaton of vascular smooth muscle
But that thest two ¢ffects appeat to run closely 1 parallel

The capacitance vessels seacted differently to the drugs studied Both ACh and
ATP mduced a clearcut increase of regronal blood volume the degree of which was
releated to the response of the resstance vessels {(Fig 3} Pawsne dutension of the
posteapliary side can be excluded under conditions of constant flow perfusions —
the mean capitfary pressure staying virtually constant — and therefore thrs wcrease
l:fvohxmc must be ascnbed to a true d)hlahon of the rapatitance 1 essels

response to bradyk and everoise differed from that
to \.Ch and ATP Inmally there was a small increase of volume which however
retumned ww tbr resteng value 53 soom as the perfusion pressure had f2%en ta the new
Sevel As this transient volurme mcrease occurred befare the pressure drop was fully
established at way conndered to be merely 2 passine distensson due io the mercased
pressure head then reacking the capacitance section As soon as the perfusion pressure
had faffen so low a3 fo prevent an increased pressure from reaching the posteapillary
sectian there was never any sigmficant inerease of votame that could be ascribed to a

true dilatation of the capacstance yossels as 3 response to hutamine bradshsmn eor
exeraise

The results from the mfusions of ACh are i complete accardance with the findings
of Ablad and \lelfander (1963} who also showed that h)dralazine almost exclusively
dilased the reustanee vessels In thus respect hydralazing seems 10 exert olar effects
2 tustanune and bradybma 1o judge from the present e<penments The findings
that hystasine did not relax the capacitance yessels when blood flow resszance was
reduced agrees with the results of Glover et al (1938) who stated thae che tugh pressure
capacity vesscls but not the Jow pressure capactty vesscls  are dilated by histamune
They suggested however thas these lauier essels may already have reached their
maumal dustenubiity m the sesung warm subject 2 view which was challenged
by \tatson (1967) who showed that the dutensibility could be further intreased dunng
slexp The present results wath ACh and ATP also show that the capacitance vessels
are not toalls devosd of tone mven w a denenvated preparation though no doubr
Wiz tone 1 Jow (see alo Folkow and Oberg 1961} Haddy  1960) an the other band
who did not record valume changes bus measured pressures at varous fevels of the
vasculas tser conciuded from the g ressu ¢ changes that histamine ditates the anenoles
but actuatly copssiicts the sems T v oundd e evse capdliany pressure and per se
mght according 0 Haddv be an adequate explinauon of the edema produced by
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histamme However the fact that the changes 1n volume were not reyersible m the
present experiment, strongly suggests that an increase of permeability with protem
leakage takes place This would explam part or possbly all of the histamine cdema
Moreover the present observations concermng the reactions of the yenous vessels
in terms of capacitance respon.e do not indicate any sigruficant venous constriction
However species and tssue difference may exist here Haddy s expenments being
performed on skin of dogs the present ones on muscles of cats
‘When compared to exeraise hyperemia it 1s abvious that the vasodiator response
i by h and bradyk differs with regard to the CFC response and
the sustained swelling of the tissue while that of ACh and ATP differs with regard
to the capacitanc~ response Thus none of the drues studied could exactly reproduce
the vascular response pattern 1n the muscles praduced by exercise It therefore seems
unhkely that any of them should the d bolite prod the
exercise hyperermia The possibility cannot however be entirely excluded but then
either one of two complementary assumptions have to be made either the substance
1s released 1n such a special way that its actions cannot be imutated by 1 a mfusions or
a combination of substances are released that together yield a response charactenste
of that produced by exercise Until one of these additional as umptions has some ex
penimental proof there are no reasons to assume that ACh ATP hi tamme bradykinm
or kallidin play any major role m cliciting exercise hyperemia

Ths study was supported by grants from the Faculty of Medicine University of Goteborg from
School of Acro vare Medicine AESC through the Eurapean Office Aerospace Research
‘Unuted States Arr Force (Grant AF EOAR 61—47) and from U § Tublic Health Service
(Grant HE 05675 03)
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Differential Supraspial Control of Inlubitory and
Excutatory Actions from the FRA to
Ascending Spinal Pathways
By
D Carvenrtert T Enosero and A Levoscro
Recenned 30 Apral 1964

Abstract

Carpenser D 1 Lngberg and A Lundberg Diff ental wpapinsl ¢t § f mhabutory mrd
x ity cton f m the FRA to as mduig pnal pathway  \eta phymol scand 1965 63 10
110 — In the decerebrate state there is 20 cffcctine tonic sshibition of transmussion from lhe
firvor refiex afferents (FRA) to ascending sp nal pathwavs The retease from this tanse contral
after transyerse Jes ons in the brain stem has been tvest gated «1th transimission to ventral
spinat pathwars A& low pont e fesion seleases transm suon of whibitory actans from the FR A
wheress 2 smore caudal medadlasy les on 1 Tequired for the releass of excitatory aevon  Thiy
parallels what prev austy has been found with symapt ¢ actions to mofon uronss and the
chfferent at elease of tnhib ¢ on and exatation from the FRA scems ta be a gener § rule The
esults 3 e discossed mamly n relaton to the functonal significance of the eveitatory and
snhabiiory zcuons £ am the FRA to ascending spinal pathwavs

\Many ascending spinal pathways are influesiced from thse flcxor reflex affe ents (FRA)
This holds true for at teast one subd of the dorsal ps bellar 1 act and ane
of the spumocervicat tracs tLundbery and Oscarsson 1960 1961 Lundbe g 1963
Neyrancs of the ventral spinocerebedlar tract 13 SCT 1 are usualh inhibated from the
FR X but some secene excitaten (Oscarsson 1937 1960 Eccles Hubbard and Oscars
son 198} Lundberg and O carsson 19%1) “Seurancs of th ventral spmobutbar tract
(the ilateral ventral flecor reflex tract BVERTY predomusantly rece ve excitation
from the FRA (Lundbery and Oscarsson 1967)

There 13 a m the ! controd of from the FRA
1 motoncurones and ascending pathwans This w found both for Wt tonse inhibitory
<ontsol in the decer brae siate Eecles and Lundber 1959 Holmauist and Lundberg
1959 Hotmgrist L undbery and Oscarsson 19602 3nd for the fac Btator acton that,

Present addzess Hanv d AMed  §5 hixl Bost oty

i
1
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Fig 1 In this experiment both ventral quadrants were d ssected 1t the lower thoracic region
but the dorsal part of the spal cord was mtact In A D the upper traces show monosynaptic
sest reflexes 1o G § evaked and recorded in the norve to his muscle Jower teaces a ¢ tono-
1ptic VSCT dis harges recorded in the nght ventral quadrant and evoked on sumutayon
‘,nf the left nerves to PBSt and G 5 B and D show the effect of conditioning volicys i hugh
‘Lhr:sh sld mascle afferents from FDL i the decerebrate state and afier the low pontine Jesion
Tespectively The 11 ne course of the actions 1s shown in graphs E H In E and G the cond:
tioming stimulus applied to the FDL nerve was 28 « threshold while n I and H w was
4% x threshold

can be evoked from the sensorimoror cortex (Lundberg and \ corhoeve 1962 Lundberg
Norrsell and Voarhorve 1962 \fage: and Qscarsson 196! Lundberg Norrsell and
Voorhoeve 1963) It has been suggested that the FRA message of the ascending spinal
paths may be informatne of flexor reflex patterns This hypothess requeres paraffelism
1n supraspinal control and has been further tested in the present mnvestiqation  There
15 evidence of a differential control from the brain stem of the ivhtbitory and excitatory
FRA paths to motoneuranes A low pontine lesion grves release from the tome de

cerebrate control of the snhibstory paths from the 1RA to motoncurones whereas
release of the excitatory paths onby occurs after 2 more caudal medullarv lesion (Holm

qvist and Lundberg 1959 1961 Holmquvist 1961) Simlar findengs will now be reported
with fespect to the supraspinal contral of whibitory and excitatory actions frem ite
FRA to ascending pathways The results will be discussed 1n relation to the functionat
significance of Tseitatory versus nhibutory actions from the FRA on ascendin, spinal

pathways
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Fig 2 Same expenment as sn Fig } The test discharges (unconditioned m A F C H} were
evoked on stmaulation of the Jeft disected ventral quadrant and cecorded from the tight
dssected ventral quadrant. B and G show the effect of condinomne volleys ta the posterior
nerse ta the kiee jowat (J} and D E 1 and J of canditioning volless 1 the nerve to G § with
strengths andicated i il ple of thresholds A J were obtamed with a stcobad sweep and the
interval bets cen conditoning and 1e30ng shown i A ard L were taken at the slower speed
Records 3 E + cte takea m the decercbrate state F J alter the lesion imndicated m Fig

Methods

The expenments were performed cats ratnd at the d
level The fioar of the Ath venticle was exposed by removal of cerebelium and man erse
brain stem Jesions were made as described by Halmgvast and Lusidberg (1961 The ventral
quadrants of the spinal cord were disserted n the lower thacast regon bue th darsat cord
wFerr the descending pach from the supraspmal brawn stem centers s focated was feft mtact
{ef Holmgvast #7al 90 a) 1 b calless from the contralatesal ga rocmemiussoleus & $ and
postesior biceps semstendimosuy (PBS1) merves nere used to evake a test discha g a the ¥ SCT
{Oscarsson 19581 Actnsty an the bVERT was mvestigated on st mu anen of oy aralateral
or ipslateral muscle and joiat neeves. For tesung evestabiliy chauges 1ss bV ERT n urones
the descending monosvnapic conneet on deser bed by Holmaysst. Lundberg and Oscarson
(960 b) a3 used

Monosynaptie reflexes were revorded m ventral £33 or i the perphecal wies ¢ PBS

ad € § Ihe nerves were dusceted 50 permat the pla ing of brt sumulaning ar § rorordhing
electrodes on tem

Results
Releasz of 1whibrtory actions

There was alwavs a parallehss 1 release from the decerebrate mhbnony controt
of mhubatory actions from th FRA 0 motieeur aey ani to asceading pathwavs
InFig §iscompared the effect of onditiamng vollevs 1 high hreshold muscle afferrnta
on monosynaptic test refleses  apper traces A D and m the manossnaptc L SCT
discharge ower tracss A D v ked from 1 b afferents and recorded in the ¢ontra
laterat spinal half In the deccrebrate st te theee 1 as na whihiton of esther the Y SCT
of the G S nucleus record B and graphs F and H  but alter the low pontine {esion
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Fig 3 Release of excitatory action from high threshold muscle afferents 10 ascending pithways
and to motoneurones Decercbrate cat with ventral quadrants dissected sn the lower thorcic
region The left G S nerve was stimulated at strengths sndicated 1n multiples of threshold
above each column Recording from the night ventral quadeant {upper teaces) and from the
8, ventral root (lower traces) The imtial discharge in the upper traces is the monasyniptic
activation of the VSCT from I b afferents Each row of records was taken after the jesion
1ndicated to the left and shown i the nght hand dingram
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Tig 4 Record ng (rom night ventral qua trant (upper traces) and from the dorsal ¢ ¢ entry
zone 0 L 7 (lower traces) The left FDL nerve (interosseus nerve remo eds was stmutated
at strengths ind cated abeve cach column of re ords Each row of recor Is w.as ol 12 ned after
the lesions indicated to the L ft and shown in the rght hand diagram The recor Is shoul 1 be
compared with those of Fig 5 from the same expenment

both duscharges were mhibited to approumatcly the same degree (record D and
graphs Fand Hy The inhubitory acton was evoked from hugh threshold muscle affesents
Graphs E and G show that condioning group 1 volieys in the nerve from flexor
digtorum longus (FDL) had no cffect. Record D also shows that the conditiomng
olley did not evoke any late mass discharge 1 ¢ there 1s no releasc of exataton

actions from the TRA
The bilateral ventral flexor reflex tract (b\ FRT) 13 extited from the FRA i the

«pinal state (Lundberg and Oscarsson 1962) The neurones of this pathway recene &
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Fg 5 The graphs are fr m the same experiment as the records of Fig 4 In all curves the
conditioing volleys are 1n the FDL nerie and the strengths are mdicated 1n muluples of
threshold strength 1.5 bemg maximal for group I_\onosynaptic reflexes were recorded from
th 5, ventral root a1d A shows the inh bitory effect m the deverebrate state by a valley m
T gh theeshold mascle affereats on the € § manosynapuc test reflex In D and E the mono-
synapt ¢ test reflex 15 from PBSt and the curves show the effect of co 1dibsoning voll vs 1n the
EDL nenve after the lesions ind cated 1n Fig 4 The monosynaphe fest discharge in B and C
110 the \ SCT (sumulat on of the PBSt and G S nerves) and the effect of condit omng FDL
solleys 15 shown after each lesion indcated 1 Fig 4 Observe that the refease of 1h b tory

act oh to ¥ SCT 15 almost complete n the decerebrate state but that release of excitation e E
only vecurs after kesion 11

desc nding

atory action (Holmquist Lundberg and Oscarsson
1961) and this monosynaptrc test discharge s as used to imvesuigate synaptic actions
fram the FRA on to the b FRT after o low pontme lesion In Fig 2 there sin the
decerebrate state no effect by condionung volleys in the postersor jont nerve (B)
of by volleys i high threshold muscle afferents from G S (E) However after a low
pooune lesion the same conditioning volleys markedly inhubit the test discharge
(G and J) After transection of the cord there was usually reversal to facthtavon (cf
Holmauist ef al 1960 b) The time course of the mhibition 13 shown wn the graph of
Tig  The refatively shortl: action makes post t hub Tikely

Release of exartatory action from the FR.A (0 ascending pathu ays

A uwumber of ascending spmal pathwavs are excired from the FRA However those
Pathways whick ate located dotsally cannot be tested because of the face that the
descending paths which are tomeally mbibitng transmssion from FRA are also
Tocated 10 this part of the cord (Holmqwst and Lundberg 193 Holmqwst et of
1960 a) Hence the muestigation was hmited to the release of transmussion fo the
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bVFRT The dischirge in this pathway can be recorded in the ventral quadrant
and 15 evoked from the contra and spsilateral FRA. It was found that a low, pontine
lesion that can gise an almost complete release of wntitution to VSCT usually gnes
10 or very hittlc release of transmssion to the BVERT (of Fig 1) In Fig 3 the left
G S nemve was lated at the b d and disch were recorded
from the right spinal half and from the S; ventral root In the decerebrate state there
152 ven effective control of transmussion from hygh thresbold muscle afferents Lesion I
hardly gnes any release but after lesion 11 there 1s a considerable release that somewhat
mereases after lesion T1T Tt 1s noteworthy that release of transmussion from the FRA
5 the two neuronal svstems occurs in parallel

Studies of the rcleass of exritatory and intubitory effects on conditioned mono-
synaptic test responses show essentially the same results An expenment which demon
strates this simulanty 13 lustrated i Fig 4and 5 Fig 4 shows the recording from the
ventral spinal quadrant of the mass discharge resulting from conditioning volleys
1 the FDL nerve at vanous strength of stunulation before and after the Jesions
Fig 5 E shows the effect of conditioming volleys 1n fugh threshold muscle afferents on
flexor monosynaptic reflexes There appears to be a parallelsm 1n the release of ex
aitation from the FRA to the ventral quadrant mass discharge and to the flexor mono-
svnaphc responst In both cases the release of faciitation 2ppears after lesion 1T but
ncreases sull further when the amimal 1s made spinal The inhubitory actions to the
VSCT were also invesuzated for group 1 (Fig 5 B) and the FRA (Fig 5 C) Inths
expeniment there was already 1o the decerebrate state a marked release of inhibitory
actons from high threshold muscle afferents to extensor motoncurones and (o the
VSCT tut there was complete mmhibition of transmussion to the BVFRT The imhibitory
action to the VSCT 1n contrast to the exatatory acton changes very httle afier the

different lesions

Discussion

parallehsm 1n supraspnal control
b been

urse expenments have gnen further evidence of
The has

«of transmussion i reflex paths and o ding p.
concerned with the release from the tome controf that in the decercbrate state comple
tely mhibsts transmission of single 1ollevs from the FRA  After a low ponune lesion
there 13 release of the inhibuory paths to ascending pathwavs but for release of the
corresponding excitatory paths 2 more caudal medullary lesion 1y required  The s2me
differenual release has previousty been found for the mhubitory and cxenators paths
from the FRA o motoncurones (Holmgyist and Lundberg 1961 Holmgust 1%1)
and therefore seems to be 4 general rule

It 15 probable that the descending nhibition 1s exerted at an anterneusonal laet
and that there are separate descending systems controlling the nhibitors and x
atatory reflex paths from the FRA Fecles and Lundberg 1909 Holmgwst and [ und
berg 1961 Carpenter et al 19631 These descending paths can be assumed (0 have
&fferent chemcal speifiaty one making contact only with interacurones of tnhibitory
paths and whe other onlv with mmtemcurones of excitatory paths Thas hypothesis
of chermeal sprafiatics may as will be discussed below  be advantageous in oy

hibitory actions
10 understand the selectne mgoificance of the exataton and the

from the FRA 10 ascending pathways The hvpothesss that the FRA mesage of as-
cending pathways 15 mformatne of acthaty flexor reflex paths requires that the
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descending actions on reflex paths 1s reflected 1 the ascending actnity The expent
ments on the supraspmal control of reflex paths to motoneuroncs have revealed that
there may be functional independence of exaitatory and inhibstory reflex paths from
the FRA (Holmqyist and Lundberg 1961) Hence there 15 need for separate mformation
to higher centres about exents in exatatory and inhubitory reflex paths If as proposed
above a descending action 1s specific for an excrtatory or mhibitory reflex path 1t
follows that information to ascendmng pathwav: conceriung actity in these reflec
paths must be d as and infub pectsel

Tt 1s postulated that the nhibitory and excntatory actions from the FRA to ascending
pathwavs are informatne of inhibitory and exaatory reflex paths respectnely In
hibition €an be forwarded as 2 decrease 1n frequency of a resting discharge which
may be due to an inkerent spnal mechanism (¢f Holmquist Lundberg and Oscarsson
1926) Howeser 1t1s noteworthy that to those ascending pathways that recene marked
hibitory action from the FRA, the \ SCT and bVFRT there are descending ex
citatory paths thay can supply the required background cxcitation VSCT neurones
recene exatatory action from two descending paths {Magm and Oscarsson 1961)
and the BVFRT neurones can be very effectnely monosvnaptically actsated from
2 pathway ongmating i the brun stem (Holmqust ef ot 1960 b)Y

In the spnal state the by FRT recesves predominangly evatation from the FRA
but evidence for inhibitory action from the FRA to these neurones 15 found net only
after alow pontine lesion (Fig 2) but also in the spinal state (Lundberg and Oscarsson
1962) Expenments with adequate sumulation have revealed that excitation and
mtibison to b3 FRT neurones 15 evoked by the same kind of sumul (Landgren
Lundberg and Vykhely unpublished) There 1s mncreasing eviden e that the same
primary afferents have alternati e exaitatory and mhibitory paths to b\ FRT neurones
This parallels the organtzation of connections from the FR.A to motoneurones (Holm
qvist and Lundberg 1961 Holmquist 1961) and ene important function of b\ FRT

neurones may well be t0 mform hugher centers which one of the alternatse paths to
motoneurones 1s actine

Thisin estigation was supported by a grant £ om the Swedish \ed cal Research Counc |
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bBVFRT The discharge n this pathway can be recorded 10 the ventral quadrant
and 1s evoked from the contra and spsilateral FRA Tt was found that a low pontine
lesion that can gie an almost complete release of inhibition to VSCT usually pnes
no or very hitle release of transmusion to the BVERT (cf Fig 1) In Fig 3 the left
G S nerve was stimulated at the hs ind d and disch were recorded
from the night spinal balf and from the S, ventral root, In the decerebrate state there
13 a very effective control of transmission from hugh threshold muscle afferents Lesion [
hardly gives any release but after Iesion I there 1s a considerable release that somew hat
mcreases after lesion TI1 It 15 noteworthy that release of transmussion from the TRA
to the two neutonal systems accurs 1n parallel

Studies of the release of excitatory and inhibatory effects on conditioned mono-
synaptic test responses show essentially the same results An experiment which demon
strates this simlanty 15 illustrated m Fig 4 and & Yig 4 shows the recording from the
ventral spinal quadrant of the mass discharge resuling from conditioning volleys
1 the FDL nerve at vanous strengths of stimulation before and afier the lesions
Fig 5 E shows the effect of conditianing velleys 1n high threshold muscle afferents on
flexor monosynaptic reflexes There appears 10 be a parallehsm 1n the release of ex
«itation from the FRA to the ventral quadrant mass discharge and to the flexor mono-
synaptic response In both cases the release of facilitation appears after lesion 11 but
ncreases sul further when the ammal 1s made spinal The inlubitory actions lo the
VSCT were also mvestigated for group ¥ (Fiz 5 B) and the FRA (Fig 5 C) Inths
experiment there was already i the decerebrate tate a2 marked release of mhbitory
actions from high threshold muscle afferents to extensor motoneurones and to the
VSCT but there was complete inhubstion of transmission to the bVFRT The inhibstory
action to the VSCT 1 contrast to the excitatory action changes very hittle after the

different lesions

Ihscussion

Shese expeniments hase given further evidence of parallelism in supraspinal control
»f transmission in reflex paths and to asrending pathways The mvestigation has been
:oncerned with the release from the tonic control that in the decerebrate state comple
ely mhibns transmission of single valleys from the FRA After a low pontine lesion
here s release of the mhubitory paths to ascending pathways but for refease of the
sorresponding excitatory paths a morc caudal medullary lesion 13 required Th same
Differential release has peeviously been found for the wnhibitary and exatatorv paths
rom the FRA to motoneurones (Holmgyist and Lundberg 1961 Holmgust 1961)
ind therefore secns 10 be a general rule

Yt 25 probable that 1be descending snhbinon s exerted at an anterncusonal level
ind that there are separate desconding sviems controfhng the mhtaton and €x
tatory reflex paths from the FRA (Ecrles and Lundberg 1939 Holmquist and Lund
berg 1961 Carpenter of af 1963) These descending paths can be assumed 1o have
different chemieal specificsty one making contact only with mterncurones of infubitory
paths and the ather only with intemncuroncs of excitatory paths This hypothens
of chemecal speaficiies may as will be discussed below  be advantageous n Irying
1o understand the sclecttve ugmficance of thr excuatory and the hubstory actions
FRA 1o ascending pathwavs The hypothess that the FRA message of s

from the
- ctaty tn flexor reflex paths requires that the

cending pxehuzys & formame of 3
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Fonctional Quahties of Small Blood Vessels un Tissue
Injured by Freezing and Thawing
By
Ora Bopy ar Rywre

Rrotwed 2 \ay 1964

Abstract

Rese O B Fiont_nal qualitues of small blood ressels w # soue snpu of by feesn and thar e Acta
phyol scand 1965 €3 111120 — Rabhut ears were frozente 10 C 2nd thawed w2 ¢
unorma freenng berng secured by ¥astular occhu on dunng the firezing p ocedure Fo owing
thawi g aad re-establshument of blood fow the ears showed arculatacy thanges Hyperenua,
edema formation and wasis with subsequent Tecavery w re observed. Scud o3 were perlormed
1o trst the funcuonal qualines of the small blood tessels of the affected area The sascular
zndmhz:.‘;um We yoooth muscles ad the Sympothtic VAWRORMITCOr Terve §bies ware
pratuees

The endothel 3} regentratve power sppeased unalicred as eveslod by the mgrowth of new
capllanes o transparent ear chambers wserted w the ingured cars. § uradermal hyeccans
of histarm ne and bradylumin Guused a lotal iscrease 1n the exudation of Evan & blue from the
fronb sten blood vessels wherras mtzadermally nyecied acetyic sline did nov St mular &
et smoconirictor nerve fibres or mpavascular snjections of ad enabne p oduced vasoc nstrc
4 % meanured a3 a decensse  blood fow th ough the previously frozesn ear
m:‘ s vor chudedd tha the blood vessel walls have retasred ther furct anad qual v o and that

observed areulatory changes can be mduced by endogerous subscances 1 berated o
aetnat d conseguent 20 wyery

Tissue damaes produced by freenag snd thawing  fallowed by locad < rovlators
changes The developraent of hvperea edema and stawis 53 the  eLlar sequence
ofevents (hrryberg 19% Cnsmon and Fuhrenan 1947} The seveniy of the vascular
disurders wncreases when the freeeing temperatare i lowesed Cohnbein 1873 The
degree of the chauges produccd by frosthute also vanes with the daraton of cotd expo~
sure {Rownfeld ot ol 1949

s most smaromucal structures appeas celat gly unaltered after frerini and fhawing
{Ruchpler 1900) wmmediace offects on the mssue muw be sought n s functienal
chatactensties The siudy of the sascular reactions n fosthite o5 usuathy performed

1t
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by optical techmgq k 1 of the snyured nssue
Rrusen and Essex 1947 Sullvan and Towle 19,7 Reite IS)MJ) Such slud\fg:':)ll;::::
to a descnption of the resulng changes i the dynamics of esrculation and reveal
hittle about the primary site of damage The observed orculatory disorders may be
brought about by vasoactive substances activated or liberated consequent to nuny,
o by dhrect damage to the blood vessel walls from freezing and thawing IF the changes
are mduced by chermcal mediators a funcuonally responsive vascnlar bed 1s required
while a direct damage to the blood vessel walls would be expected to become manifest
as falure of the normal responses of blood vesscls to stimuly

This investigation was initiated to provide iformation about the functional qualities
of a frosthitten vascular bed A standard frostbite was produced in rabbat ears followed
by an examination of blood vessel resp dered as app indicators of
vascular viability The three mamn functional components of the blood sessel wall
the endothelium  the smooth muscles and the vascular nerves were tested

‘The regenerative power of blood vessrl endothelium was studied with the aid of
transparent ear chambers The effect of known permeability increasing substances
on the passage of protembound dye from blood plasma across the camllary membrane
served as a test of endothelial Infc about the 1 qualities
of smooth muscles and vascular nerves was evaluated from changes i local blond
flow produced by of adrenaline and by vasoconstrictor nene

stmulation

Material and methods

Expenmental onvmals Adult I p-cared rabbits weighing 4 —6 kg were used £¢ the implintation
of transparent ear chambers to study endothelial regencranon

The permeability test « as performed on the ears of adult alt o rabbits Thesr bady werght
ranged from 3—t kg

1 asomotor function was studied be th in albino rabbits and i ammals of the lop ear breed

‘The total number of expersmental arimals was

Anesthesta Prior to the actual freezing proccure 05 06 ml 6
{Nembutal Abbotr) perkg b w was imected slowly 1nta an ear vem

Insertion of ear chambers was carnied out under Inc 1 anesthesta produced by | ~7 ml
05 \vlocans (Astra) myected s ¢ Thas agent wasalse u d for a blockde of vasoc nater 1or
nerves to the ¢ar by nfiltration ofa 2 sofution an the ussue at the base (fthe ear

‘Antmals used 10 the expeniments designed to test vasomotor mechinins w r at esthiete b
by chloralosc urethane 3 midure ot 4 mf [ chloralose and 3 mf 25 ur thane per kg
of body weight was appl ed 3/ of the mixaure by v iny ton and the remaning ad 1 mst red
1p The rabbuts were teacher tomized and of necesary addunmibip my wns €3 ol
a5 , urethanc s rved to ma ntan anesthes 3

Standard cold 1mury A bt £ir freesng was mad by adfie csfed ace v a s Juti of
[ the bath m ssured by 8

sodam pentobiebital

sodium chlynde 10+ ater und 1 suroing watd the te nperatur
snere shermometer veactel — 10 C To heep tb temper ture  otant wt the fevel
small amounts of sc 1 um c} londe and erushed e were ad fed s hien require §
In the anesthetized rabbat a 1 ypadermuc needle was s ried throuch the skn ¢t xrl !ns
ar

of theeir n s out rsurface Tt e needle way directed toward th cwrtp n fpah |
in the connective tissue lyer bets cen skin an{ carul g unt 1ot reached v peme st ut hﬂ‘f
Yhe distance from ear base to ear tp In the next step the needl wa pulled bick and ¢ g fac
by 2 oy ) ple This wi pefemd t mmic tog
of the thermocouple yunctirn by dircet condsction from the suerour fng fre 21 slut
through the wire The temperature was rexd at 3 potert m t 1 (Lec fa and & nh(ru; L
% rubber stopper was put 1o the car opeung and a vyl tuting ¢ ed Doscly ar w8 2
the ear and the st pper dutal to the pont where the tf ermocoupl W re prws o thr ugt e
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Xin under careful precantions not o obstruct the blood flos  Afier + etung the rabbts car
e e et wns sitbrmerged s the f cezing Bath tip 1o the level of the polyvumy L tub ng
The blood flow to the ear could now be shut off simply by ughten ag the tabing

Withis 34 mup the temperature ms de the ear bad faflen to — 10 € and was equal 10
that of the I eezing solunon The ear remaimed tr the bath Tor another munute with the tempers

fure mamtamed at ~ 10 C Subsequently the freez ng bath way taken away and the ear
drpped ama water of 30—40 C. When witdrawn after 23 mun the cac bad attawed @
temperature of 30 C The polyvinyl tubing was loosened and the rubber stopper removed

Transps ent hamber echnigue The 1ransparent ear charmbers were wserved s the flat porton
of the ear at about two-thsrds distance from base to up The opesation was performed + ythin
the first 7§ hours after thawing The chambers used were made in the Institute & own t orkshop
afier 2 mudificanon of Sandison Clask s sound table type (Clark ef el 1930) wasked out by
Ah rn Barclay and Ebert (1849) Exceps for munor deviat ons the procedure of the fatte
authors were also followed dunng mytallat on

“The mgrosth of blood vessels and thar & fiereavaton were studied at magn fications 10
the arder of 40~"00 ¥ % Leuz Ortholux mcroscope with 2 Leica camera for photeracro-
graphy was ut lzed The rabbnts were sxam ned tn thew natural situng pos 1 o

Permeal ity ¢ st The effect of permeab Lty mc exwng substances on the blood vessels of the
frosth stem rabbat eaz 4 28 tested an the followimg way —

Ay uth 0 the first howr of the post thawing penod T 1824 {Evan s blue) was adminustered 1+
{1amgfkgb w} Subsrquently the sesc preps ations 1 ere ingected muradermally i the fron
b tren ear 1m0 7 ml of phys alogical saline H. tam ne (fostam ne by drochlonde) and Sradykunm
{synthenc) served as substances known to afiect Acetylehol ichol ne
chio 1) which 15 & strong s asod Yatos with mun wmal eficct on peesneabil 1y was used as control
subsecnee

Soree st m lation The ¢envical sympathetic norve which n the abb t runs srparated from
the vasms penve ¢ as dusected free proumal ta the supenor eervical ganghon The sumulatme
electrodes y ere placed on the intact nerve In some ammals the nerve was cut and s penipheral
end 4 Dlanon of the pupil 30 cated that the nerve was bemg stmu.

lated A Grass st muater (model § 4 G) v as wsed for the strmulanon The charactenstes of
she stimutation were kept constant {Frequency 15%sec duration 1 msec ntensay 6 \ %
o wrh I nerve stimylat on were performed ar

AT ent tages of wflammation {rom mmediately after hawing 10 > davs later

44 rmof 7 mection Ad enaline (3 adrenat ae chlonde) was gnen nuavenouwsty (b h a
polyethy lene catheter wtroduced 1 a frmoral ve o The ongmal sofatan (0 1
in physiolog cat saline o a concentzation of 10 agimi

Blood p st reordng A Statham pressure transducer (model B 23 Gbl together w th &
Sanborn care  preampl fe and recorder were used Jor continucus meassremment of ystemuc
arter al blood p essure The peessuee transduver was cornected  ¢h one femoral orery 6 a
paly thylene catheter The cnute m nometer sysiem  an filteet 1 cch heparing ed sahne

M oasw ment [ blovd flez Changes A loeal blood fion ez neasueed ndi Uy nt @ wass

< £ by changes i available isne oxygen o by changss o heat flo fom the ka
Determmat on of 3 ulsble oxvg 1 n tusve  as perfarmed usng polar graph e fin que
{® o9 19t 3% The cathode an uncorered platinum electeode 0 3nm hek nd 2 mm long
was snserted i the subcatancous connect ve Gawaz of the d stal partof theea A sthe —shve
thlond  node was placed under the ka @ the capular regon of the rabbit An lectron ¢
 croampe emeter with butltn powe supply povded dy fixed > hug of 07 % wh h
was apphed berween the leetrodes The  gnals £ om the smper m ter passed through an
AC/DCG preacpt 1 and were teco dud on the sam G vborn end as thas used for th

V was diluted

Blood p esur Prac ton ne o adr natae i ction the  acuviy
of the oxvgen clectsode was tested by 4 bort arrest of the b eath ng clan p ng of the tra heat
canmulal Llect odes not

fa to the a phy we  replaced

fih ea were measured by wele g heat flaw desc
(Hath 101950 The dur  smisced of tellu s ol » eoated on beth Baces with opper gauze
anih dadiamet of i mmand a thickness of 1 5 mm Leads from the copprer gauze were
conaccted to 2 m ¢ ovolimeter Th sgnal w ¢ amplfed n a Sanboern DG pre amplifier
and recarded During the expe went the heat flow disc wa atached (o the kin of the ear

by ttin eetlyfose tape Inorder caobtana table coo dog adden  mavons n rvom wmpera
tur were avo ded

Van tonsinheat S fomthe ka

BGIVOL 4ok phy ! 4 41 6T
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Fig 3 (Left) Photomicrograph obtancd on the teath day afier implantatio v of an ear chamber
1  frostbitten rar Ingrowth of blood yessels started on the seventh day The capillary loops
have already advanced a distance of about 1 mm along the transpareat chamber table Magnt
Fication 28 x

Fig 2 (Right) Photomicrograph from transparent chamber mn a frostbiten car 17 days
after appearance of the first capilary doops The begmning of blood vessel differentiat on
mav be scen The narrow vessel A carties blood to the tusue of the chamber and wilt lat r
become an artery while the blood 13 dramed by the vessel V. which like a nypr afveir 1
wider and has a more winding course Magnificaton 28 x

Results

The (recaing process became visibfy mamifest from opiciy changes in the thinnest
portion of the ear Subsequently t¢ spread throughout the ussue In most casex e
erystal formation had started within the first 3@ sec of exposure The appearance
of opacity was in all expenments obeened before the temperature of the deeper ussue
layers of the ear had reached ~~G C When the ear became opaque a sudden con
comptané Aavoleming oF de o aceared

In the first mnutes afier thay g the exposed ear duplaved no signs of injury
After half an hour howeser the ear « as warm and reddish and during the followng
hours an cxtensise edema developed On the next day blisters were often present
on the mner surface of the ear and the edematous area which at first was stricily
Jimited to the frostbitten tissue had expanded towards the car base

‘Three of the rabbts had already ear chambers with arteries capull:
and veins in one of their ear at the time of freczpy, In these tor ehambers aggregatr
of blood platelets hemoconcentration and capillary staus was obsened
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Fi 3 Redueuonofp0d P02
{ava lable fisue oxygen) fard uris)

2 fostbitten tar as 3

result ofstrmudat on of the

cervical

nerve on the firstday afte 3 3 Tive

hawing o
Symp stm Symp stim

Fig ¢ Dununshed heae
fyw fom a frohen HE8Y flow

ar caused by sumulavan, {arb unts)

of the cerwal wym

pathene nesve Frowbite

produced two days prior

3 % Tme
to bt expenment [l
Symp. stim Symp stim

Typreal signs of mBammaton kke sedness s elhing apd mereased temperatuce
persisted for 4~5 days and thep gradually disappeared In rabints pat used for acutr
experiments and hente not sacnficed duning the inflaramiatory phase the frosthien
ears survined Howaver o addition 1o a transtent hair toss the affected eaes of rabbts
followed for several months after mjur abso showed stems of wreversible tissue damage
wch a8 and val

Blood vessel ¢generai on Endathehal sprouss from Cexsels grew into the
trxnsparent space of the ear chambers where thev Joned and formed loops The fint
eapillary loops were deteciable 510 days after e tanspasent chamber had been
nsested (Fig 3) The ingrowth proceeded and the network of mdothchal vessels
were seen to defferentiate ingo arienes and veins (Fig 2) In 34 werks the formaton
of new capdlanes on \hc \rmsp;mn chnm\xr tshle wae completed

o b hange of T 1824 the dve gradually
ocaped from lhe blood vessels and was accumu]:\red n the ussue of the frostbuten
ar 1 yected b W2 p and bradvlanin 17 ugt e
extravatation of dve at thewr Jocat ute of applicaton This effect was particularly
marked when the test was performed tmmediately after thawing and before onset
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Fig 5 Sumulavon of the cervical sym,
pathetic nerve The frosthatt, r anfilieated with
“ylocam {2 %) at us base Only a shght decrease m pO en ar nfileaied v

Bp 1500 et et
mmMHg ’:Oﬁm
0.

pO.
{arb umts) Fig 6 Decrease of pO in the tissu
3 of a frostbytten ear caused by mtra
sensus mypectins of adrenabin a
few hours atter thaw ng
1 2 Time
2pg Sug tmn)

Adrenzime i v

of extensne edemn  Acetylcholtne (2 ug) did not induce any corresponding merease
1n the passage of T 1824 across the capillary merabrane The effect of hustamine seemed
0 be slightly greater than that of bradykinn

Respors do nene stimulation Sumulation of the cenvical sympathetic nene usually
caused an increase m artenial blood pressure of #—5 mm Hi, In some experaments
thus shight rise of blood pressure was absent

The blood flow through the frosthiten car showed an immediate and mrked
decrease upon sumulation of the rabbit s corresponding cenacal sympithence pene

of the 1 1 cenvical nerve had no effect Results

obtarned by polarographic determinations of available tissue oxygen (Fig 3 andbv
the use of beat flow duscs (Fig 4) agreed closely

Application of the sumulus on the intact nene roduced the same responsc a8
stwp slaon of the penipheral end of the cut nenve

Durng stunulation the ear became paler but the palencsy disappearrd coinudent
with the first merease in available tusue oxygen and skin temperature when the st

ton was interrupted
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£ g 7 Dimint hed heat fiow F om a frostb tten ear following nteavenous meetions of adremaline
The experment was performed two days after freczing and thawmg of the ear

The blood vesscls reacted to nenous stunuls 1n all expenments performed during
the different inflammatory stages

After mhltration at the base of the ear with a local anesthetic agent (2 ¢, \ylocaine)
#ven a prolonged stmulation would produce only a small decrease i avaslable tissue
ovvgen (Fig 5)

Effeess of adrenaline ¥ v imjections of adrenalne (1~5 gy} produced a nse in artenal
blood pressure of 10~~30 mm Hg Within 1-~2 mun the blood pressure had declned
10 1ts normal level

The change 1n blood fow through the frostbitten ear after injection of adrenaline
was smlar to that obtamed by sumulation of the cenvical sympathetic mene 4
marked decrease 1 as evident whether polaragraphic ovygen elevirodes (Fig by or
heat flow dises (F1g 7) were used for the blood flow measurements

Discussion

The rate of wgrowth of endethehal vessels and therr differentiation into arteries and
\ems as observed mn the transparent chamber m frostbitten ears do not dffer from
the findings mn unaffected ears reported by Clark ef ol (1931} Similar rates of blood
Aess 1 formation 10 normal rabbit ears are also obsered duning transparent chamber
studies 1n our Jaboratory (own obsenvations)

M} evidence supporss the view that blood capillaries atways form from the cado-
thelsm of previously eusting blood vessels Blood sessel endothelium from the umn
Jured part of the car would have to grov 2 distance of at least 5 cm to reach the trans
parent ear thamber According to Clarh (19361 regenerzung capillanes undet fangur
able conthlions grow with a rate of 0 1~06 mm a day The newly formed capillarnies
apprared 1 the transparent chamber 5—10 davs after insertion of the chamber m
it frostbitten ear This speaks againse endothelial ingrowth from blood sessels in
the umimjured wrea It s evdent therefore that the freczing procedure used i the
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present study does not impair the regenerative power of blood vessel cndothelium to
any measurable extent
The accumulation of mtravasculaely myected T 1824 wn the tissue of the frosthatten
car mdicates an increased capillary permeability An increase in vascular permeability
following cald injury 1s previoush, demonstrated by scveral authors wusing different
techmiques (Rotnes and hrey berg 1932 Lange and Boyd 1945 I'nhrman and Crismon
1947) The augmented extravasation of the dye which was obsen ed locally mn response
to d of b and bradyk suggests a further merease of
permeabulity at the local site of mnjection
Apart from ther b effect b and also act
as powerful vasodilators (Lewts 1927 Ellrote Horton and Lewis 1960) Datation
of the blood vessels of a normal vascular bed docs not cause vistble leakage of proten
bound T 1824 (Mules 1960) In a vascular bed where increased permeabidiny 1s already
established as nught occur 10 frosthitten tissue a local tncrease 1n blood flow would
be expected to augment extravasation of the dye The mnabihty of miradermath
ungected acetylcholine to produce increased extravasation of T 1824 shows however
that the effect of histamine and bradykinin 1s not duc to their propertics as sasodilators
Histamune and bradykinmn thus seem to mercase the permealbibity of frostbisten blood
vessels This shows that the capillary membrane has retamed its normal response to
these substances and that changes in capillary permeability afier frostbite can be media
ted by chermmcal factors
The blood vessel tonus 1s under humoral and nenous control A sasedilaton like
that observed 1o frostbutten tissue mught br the result of damage to the sympathetc
vasoconstrtctor nerve fibres or to the smooth muscle cells of the blood vessel wall
However the decrease ta blood flow through the frostbitten ear following adrenaline
and I of v nerves does not seem to support such an
explanation With the systemic arterial blood pressure elevated or remarnng comtant
a dumintshed blood flan must be asenibed 10 active vasoconstriction which tmplhes a
funcuenally intact vascular bed
If blood oxygen ten1on 18 kept canstant and there 1s no change in the focal tssue
netabolism the level of available ussue oxygen 1s expected to vary 1n direct proportian
o nutntional blood flove {hrog 1963) The absence of any change in avalable ac
tssue oxygen duning stunulation of the contralateral cenvical sympathetic nenc
shows that the stmulation does not alter the oxygen tension of the artenal blood ftis
unlikely that the obsceved change in avaiable ear tissuc oxy gen following v asnconstrictor
nene i and myection of ss due 1o an increue in the
tocal metabolic consumption of axsgen Morcover the corresponding decrease in
heat flow from the skin of the frostbutten car and the fact that the ear became paler
dunng simulation tend to confirm that the decrease in avasfable tissue oxygen actually
reflects an acthe constriction of the frostbitten blood vessels
of the cenvical P nenve produced a shight drerease m svadable
tussue oxygen alsa wm ears with their nerve supply blocked (Fig 5) Comy ared 1o that
found 1 ears with intact nerve supply (Fiz 31 this decrease 1s very small and may be
due 16 constricuon of the artenies central to the ear base or to incomplete blocking
The experiment indicates that the response @ sympathetic sttmulation 1o ears s sthont
vascular bed 1t looks justfiable
nerve block mainly depends on the local frostbitten vasc :
ta conclude that the frostbitten blood sessels shiw no signs of detenioranon n their

1 2SOMOLOT FESponses
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A great aumber of reports on the patho-physiclogy of frestbite have appeared
recent years but most investigations deal masnly with therapeunes Vascular vaabilig
15 only occasionally commented on and the eusung data are conflicting

Crsmon and Fuhrman {1937) performed murroscopic examtnation of rabbit ears
kept for one munute 1 a freezing bath at —53 € and stated that the vasomotor
acuyiy was paralvzed Quintanilia hausen and Essex (1947) however who studsed
the small blood vessels in transparent chambers mserted 1o rabbut ears found that
blood vessels previously frazen by application of preces of solid carbon dirade directls
10 the window of the chamber for thirts seconds could suill contract as well as the
normal ones of the rabbit vas fnchtened or punched \ enous blood flow i the dog
feg exposed to temperatures of — 2> Cto — 40 G for thirty munutes was measured
by Hardenbergh and Bamberg (1957) The response to 11 myection of adrenaline
was an mcrease in blood Bow while 13 myections produced a sl ght decrease s
discussed elses here (Reste 1964) discrepancies between the different reports may be
duc to differences 1n the seventy of cold exposure

Tn the present work the blood vessels responded to all tests apphed Vascular endo-
thelium smooth muscles and vasomotor nenves the three man functonal components
of the blood vessel wall have retaned thewr viabiliey There 13 therefore no endence
of a specafic damage to the blood vessel walls from freenng and thawang per se that
can account for the obsenied arculatory changes On the other hand the arculatons
changes can well be mediated by endogenous substances acuvated or hberated as
the result of general tissue damage The standard frostbite applied 1n this work mas
senve as an expenmental model i the study of infl. y blood vessel

Th s mvest gation has been supported by grant from The Norwegian Research Counc ) for
Science and the Humanes and from funds donated by sh powner Anders Jahre The author
15 ndebted 1o cand.real Jobn hrog for helpful sumgestions and cnt cisms.
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Abstract

Goransson G and T Olwveerona  The metab lum of fatty ads wn the rat X Olewc and Acta
physiol scand 1965 63 121127 — | &' Olac acd and 9 10-H Palmute acd i rat
serum weze amyected mtravenously 10 fasted and to refed male yats Tre € 2nd the H? radio~
act vty 10 the tissue hp ds was studied at vanous time atervals thereafier Theola aad label
disappeared more rap dly from the blood FFA than d d the palmne acid label The data
indicate th t oletc actd 18 mo ¢ rap dly cadized than palmitic acxd At short t mes a larger
fract sn of the(. rad oact vity than of the H¥radioactivaty of the tissues was in the neutral ipd

fract on indicating that ole ¢ acd 18 sncorporated nto this fraction to a larger extent than 15
palmst cac d

A number of iffe n the h of indmdi

[ fattv acids are known to
eust Thus some studies wndicate that dsfferent fatty acids are teleased and taken up
at different rates (Rothlin and Bing 1960 1951) Indmidual fatty aads are oxidized
at different rates (Lossow and Chatboff 19551 are extracted at different rates (Car)
sten ¢f al 1962) and are also incorporated into vanous lipid fractons wn different
proportions \Dittmer and Hanahan 1959) Furthermore different fatty acds are
probably synthenzed at different rates and some of the fatty acids may undergo inter
conversians to other fatty acids (Mead and Howton 13600 Al these different merabolic
pathways form an interrelated svstem by which the organsm can regulate the fatty
acrd composiion and the concentration of the vanous tissue hp d fracuons

To tovesugate the posuble differences in the m tabolism of indradual fatty acads
we are carryne out a senes of studies of the fatc of labeled fatty acids after intravenous
snjection a8 FF A 1o rat serum This mode of admunstration was chosen since it s ell
known that the plasma FF\ represent the transport form of endogenous fatth acids
mobilized from the adipose tssue stores and are readily taken up and metabolized
By the tssues (Frednekson and Gordon 1938 A previous studs concemed palmine
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acsd (Goransson and Olivecrona 1965) This paper presents the results of a study of
the metabolism of olew acid For companson labeled patmitic atid was simultancoushy
mjected and all data have been calculated as the relamne radioactnvaty of oleic 1o
palmitic atd 1 the tissue [ipids

Olese acd 13 the main monounsaturated fatty acid n the diet It can be formed
1n the rat from acetate via desaturation of steanc acid It s present both 1 the gh
cenides and m the phospholipids 1n alf tssues but always in a higher praportion in
the glycendes The present data show that 1n relation to palmstic acid the oleic acsd
disappeared more rapidly from the blood was oxidized more rapidly and was incor
poraled into the neutral hpds to a larger extent

Methods

The experimental design was 1o grse a group of rats an instantaneous tracerd se of & —«fercand
H palmuc acd 1o rat serum  Rats were then sacnficed at varssas in € intervals gand e C
and H radivacuvty 1n the tissue lipids studied.

1 C* ~oler acid { [he Radinchemical Centre Amenham Fngland speaific actvity 28 mCy
mmole) and 9 10 H palmine acd (TheRadioch_mical Centre sperific achviy 329 mCimm ey
were punfied by reversed phase chromatography (Elosson 195% ) twice and by subseq sert
thin 1ayer chromatography to assure that o)l rads acuvity wasn free oleic and palmstic aait
respectively A solution of the two fatty acids in ral serum was prepared as previ susly descnbed
{Goransson and Oliveerena 1964) 0 2 mi of the srrum was injected to each rat Ti volume
con;amcd approxsmatety 0034 sicq both of the labeled patmitic acid and of the ! beled ole c
acx
All other experimental procedures were identical with th se peviously descrbed (€ 7ranssn
and Ol 1964) The nof C and H radioactuvity was prr
frrmed in 2 Packard Lquid santillation counter (Oliveer ma 1N2)

Results

n all the ~xpenments H? palmitic acsd was injected mmultancously with the G
oleic acd The data obtamed for the palmitic aad 1abel weye 10 excellent a~recment
with those publshed earlier {Goranson and Olivecrona 1964) Therefore the present
results have heen expressed as the rauo of C w0 H radicacuvity sefauve to that i
the injrected fatty acids This approach enables the detection of smaller differences
1n the metabolsm of 1ndndual fatty acids than would the comparison of data from

ents using anly single sotopically labcled fany acds
Bloot radwactirty Table I shows the rato G (H radioscuvts 1n the b xxd Fri
fracuon at short ime intervals after the ingretion The raues decrease rapidly dunag
the first 2 mun in both nutriyonal states Table T8 shows the rauo G (1Y radsoactsnty

1 the blood gheendes phospholipids and cholesterol esters The radicactiity 3t
5 and 10 mun was quute low in afl fractions 20d therelore data at these tieney are pot
sncluded 1n the table The glycendes showed ratios of alightly brlow [ 1n the fasted
rats and about | 51n the refed rars In nether case did the ratio chan,e much with
fume The phospholipids showed low ratios in both nutntional states with a tendeny
to ruse with time The cholestero) esters showed rauos above one at nost ymes and

derably above |

d';;::‘:;ﬂmu’xry Iabde 111 shows the ratio of ¢ H radiogett ity (a chie G ie
1 pads Srom the fasied and refed rats respectively The total rerorerv of radi actniiy
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Tarre I Ratg C YR rad oactivity in the blood FFA fraction n rass afier the 13 syection
of C -oleie and B palounic scad n 7ag serum Each value is the mean of 3ratsand
has bren normatized 10 a ratio 3 the wycered futey ac ds of 1 O

Ma Fasted rats  Refed rats
1 071 83
2 258 046
3 53 30
4 f 51 059
5 047 as53

Tases 1 Rato G [H sadiacumty m the blood 1 p ds in rats after the 14 tngectson of €
olec and H polaubic aod o rat serum The ratio sn the imjected fatty acuds was

takenas 3 O

Fasted rats Refed rats

Cholesterot Phospho  Cholestercl Phospho-
A esters Glycendes  hpids esters Glyeendes 1 s
29 15 99 o1 11 it 13

09 L3] ot 16 16 62
49 25 LA 02 13 15 0z

17 03 02 ~ 14 03
89 18 10 [ 23 1% 04

z3 - 02 27 16 03
160 is 08 02 21 tr o

14 08 Lid 18 13 0o
Pa 12 oF %3 7 16 04

13 08 02 s 12 ¥}

10 lipid soluble form was less for € than for 5 m both nutnuonal states as shown
by the columns  toral wn the rat  Tn most of the indt 1dual nsues the rano G /H
radiaactnity was also below 3 The evceptions were adipost nssue aad muscle whch
showed eatas <lose 0 1 at 5 rum and the heast an the sefed rats which showed a
Taue of 1 4—15 at 5 run and then decreased The cascass hpids which presumably
represent mamly adipose and mascle tissue showed ratios quite close ta 1o sminally m
both nutrinonal states In both the fasted and the tefed rats tus ratio decreased with
time

Atahe catly umes the raue was 2bo € 3 in the Iner neutral kprds and below 1 m the
Isver phosphot pids This was 50 1n both nutntional states In the fasted rats the rato
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Tarte 1) Rato U YH rad oactnaty in assue Iipsds from rats afier the 5 et e fC

olacand 3 palmutic acid mn rat serum The rato an the wrcted fatty aculy was
takenas F 0 Total 1 the £a0 represents the ratin sn the summ < § ¢he radioacts aty
s afl the t surs plus that an the carcas and the b od

Fasted rans
Adrgorse Ad
Ler tsur Musl Heart neyps Lungs Spleen Coreass Te tal
mth
Mm Total NI PLFA Total Tow) Total Total Total Tetal ‘Torad rat
2 Qg0 10> 043 J(9 09 067 0438 044 052 166 00
033 09 033 099 & OF8 0f8 053 042 114 0%
40 0Gl 102 037 (02 154 0P3 05¢ 050 046 [16 09
043 100 ©33 103 103 08 OfF 04, 040 10) 08
320 n3r 074 025 - 0e7 - 053 043 039 o8 04
032 092 028 118 0Ffy 045 0,1 043 041 097 078
Refed rats
3 Qgr 132 @33 070 Ll 142 07 0r3 0ff 099 093
apt 135 0.1 082 G 1 2 4Py Oori 0nz 0t 087
40 U8t 1E7 Do 0+l 0P j24 075 06I 047 01 URs
073 10 049 © 8 IO §2) 072 0f3 65 0N 0¥
5320 071 J.> 04 104 OB 057 09 08 053 417 0w
, 075 140 01 0w U w72 0Py DI Gad wIB O 3
Tasez IV Rats € H radmactiaty i th neuteal I pd and th ft sphotpd fract ns of
wssue Lp ds from faued rats afier he 1y ameetiyr U lesc and B g dnave
acd m rat werum Mran  SIN of 3 rats IVerat w the e ted [t 9 4d
was taken as L0
Min Ener Muscle Hoart hatarys ! ng 4l
2 Newral  1H0_063 1072003 0 0 813 Q7L 407 0e)_ 003 o4t 003
Tpds
Fhosgho- D47 B 083 DUG 037 002 G414 (03 043 0oy 040 003
Lspnds
370 Neutra) 661 07> 063 ©14 0.0 G100k )0l 043=018 017 0N
Ipeds
Phngho- 037 003 037 DOU3 045 603 DY 007 043003 0372003

tods
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decreased with ume tn both the neutral hpids and the phospholpids + hereas w 1e
mamed nnchanged m botk fractions i the refed rats In a separate expeniment the
distsibution of radieactnaty tn the mewtral hipsd and phospholipid fractions i the
cilier tssutes was studsed {Table IV In all tssues the rano v as hugher 0 the neutral
tpid fraction than i the phaspholipsd fraction it fwo min

Discussion

In a previows publication the metabolism of palmine aad after mtravenous ingection.
3¢ FFA 10 rats was reported {Goransson and Obveerona 1964} Thus paper descabes
sinular experrments using olere acd

To compare the fate of the tv o acids they were irjected sumultancoush  the slerc
s labeled with € and the pabmstic and with H? Ideally one should be able to
Rudy the relation between the metabolism of the two aods by falio sing the fate of the
™o wsotopes This hawever requires that the twe metopes be representanve of the
sad 1 which they + ere first focated Olesc acd 35 probably not conyerted to any
other Jong chamm fawy acid to any apprecsable extent (Bernhard Ratbw and Wagner
198 Dittmer and Hanahan 1959 Elovson 1963 b) Palonue acid 13 not comerted
10 other long cham fatty acids to any large extent an fasted rats but 1n refed rats such
comversonss extensne Thus the HE radiwasctivity i the refed rats represents a mixture
of patostse with smaller fracuons of patmitcloe steanc and € moncunsaturated
20ds (Efovson 1964 ¢}

Tt alere seid labed disappeared maore rapidly from the crcwlating blood than the
palmine s label in both nutrional states This indicates that the olew 3ad in the
Bood FFA fraction may hase 2 higher fractional turnoser vate than the palmine
3613 Brednckson and Gordon (1956) inyected labelod FF \ ta humans and calculated
the fractionat turmaser rates from the slope of the disappesrance curve bet een 2
3nd 4 1ap after the mjection Their data shos od smilar  alues for palanue nolerc
and oltic acid Laurel] (1957) 1 sumilar expernments anected pabmiuc and olee acd
He did not comment on the relats ¢ vate a1 s hich the © o actds weee vemo ed but
wspecuon of tus curves indicates that the palminc acd  as actually removed at a
mere vapid rate Lzawa b al (1964 seporied sthat when labeled oleic ond palmine
30d were smultanrously mnjected wtea enoushs to bumans the labeled olew acd
disappeared more rapidiv from the plasma Although the expenments mennoned
3bose have nat consisrently shown the same fates and fo be remo ed the most rapdh
ey cleadly indscate that the indnidual famn acds i th plasna FFA poo} do not
bave the same fractonal tarnoser yates Ths has also been suggested by Rothlin and
Bing (1960 1961) and others on the bass of data on artenio enous differences of
“oncentrason of mndivedual FFA v man

€ rocovery of € raweacny v fron the whol sats s al avs les vhan the
recovery of H* radioacyt ity Thelosset kndsol tleC sadmact  t indscates sudanon
of the fart acid The loss of hyrd sofuble H rad oact t can aceur ¢ ther through
oadavon o through desaturation 31 the 110 poeston In sp te of ths added posst
Bl ty for loss of Mt radioactssity the C radoact 1 de hned faster 1 both putriana)
$3Ues This shows that the olewc a 1 was oudized nore rap di than the palmiue aad

As for palmtc acid the oudauon of ofe ¢ acd a5 more ropd dur oy, the firstfew
Tinutes than lates o Ho  ev a continucus loss of vad oact % orcurres with both
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labels and there was 2 progressne fall of the raua Q /H radwactnaty Thas, the
more rapid oxidation of olerc acid was apparent also at later times

The ussue distnbution of radioactsaty at shorr umes after the 1njection was different
for the o 1sotopes In most tissucs less olesc acsd than palimne acd label was found
and only 1n the heart of the refed rats there was more oleic acid than palmte sed
fabel This 15 true 1n spite of the fct that olesc acid was extracted at 2 Ingher rate
by the cells This can be explamed by oudauon of the fatty acids immediately after
their entry mto the cell bined with a diffe w rate of oxid; of the 1wo
fatty acds Thus explanation 1s confirmed by the finding that the overall oudation
was rapd and that the dleac aad was oudied more raprdly than palmutic acd JF
tn additson differences eusted in the fractions of the Ino fatty acids that were taken up
by the sndisidual tissues can not be decsded from the present data Howeser ot has
been shown by arteriovenous difference studtes m man that the heart preferenteally
temoves ofeic acid from the plasma (Rothln and Bing 1960 1961) and the hich
olere aerd radioactisaty 1n the hearts of the refed rats u supgestive of a stmudar mechan sm
1n the rat

In geperal a lugher fraction of the ©  than of the HY radioactnaty in the tissuc »as
m the neutral pid fraction at 2 mun (Table IV} This indicates that oleic acd »
preferentially incorporated 1nto the neutral bpid fraction and this corresponds ta the
fatty acid composttion of the neutral Imd and the phospholipid fractions (Goransson
and Olnveerona 1964) Actually the rato of © 'H radioactnity in the heart and the
Ier neutral bypnds and phaspholipnds 15 i direct relation ta the themneal amounts
of olerc and palmitic acid 1n these fractions This was not so 1n the other tscues flow
ever the significance of these caleulations 1 difficuls 10 assess since 1t 1s known that
the tssue iprd fractions do not lically b pools (Stern and

Shapiro 1959)
When no exogenous £31 15 present, a1 10 the present expeaments the plasma ghycendes

“ofiginate mamly i the Iner and the Iner and pluma glycendes have a
smlar fatty acd composition (Goransson and Olnecrona 19G4)  The present
experiments showed that the plasma and Iner gheendes also had rather similar
ratios of C* tg H?® radicactivits wiuch was to be expected from the considerations
ahose The blaod and Ier phospholipids did not show identical rabies € H radso-
actrvity but in both fractions this ratio was quite low at all imes Rarmen Whyte
and Goodman (19631 have reported that chylomicron cholesterol ester formancn
shows marked speaifiaaty for oleic acd relame to patmiuc steanc and hmoleic acid
The present data shoy a similar speafiaty for olexc acid mcorporauon relatne to
palmue aaid for chalesteral ester formation from plasma FF 3

15 work was supported by grants from the Medical Faculty in Lund and from ¢ L%
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Acid-Base Changes m Diving Ducks
By
H T Avprrsen, B £ Hustvepr and A Lovo
Recened 14 May 1964

Abstract

Andersen, H T P E Hustvedt and \ Love fad base changes i d g ducks Acta | ool
scand. 196 67 128—137 — The acud base status of ducks ha been stud ed during pr longed
diing The rH of the arteral blond has been { und to drop re ughts 04 pH un 1 dunng ub-
mersy s Last ng § ¢ 10—13 mun The pLO increases continuously dur ny such 3 water immers
st but the tyal CO of the biood plasma rises nly dartg tf ¢ first few s unwtes an 1 v alls
sometimes to sub-resting salues This ph nmenon }as been attrbuted 11 the atrupt ac 4
feati n of the blood.

The large ingrease in the concenteatian of i drogen sans i the oo 1s onty parthy cavwd v
COcretent on for 1t has been shown that as mach 70 mA 1 fr nyelat] scids may
added to the bt wd plasma duning and afier dning

Certan vertebrates + hich depend on tungs for respiratory gas exchange are able to
dise for prolonged perniods of wme (Imang 19,9, Dunng submergence a marked
retrmtion of carbon dsoxide tikes place and lack of oxygen causes excessnve formatim
of non volatle acids espeaially lzctic acd Measurements of the artenal [ H have
shown that the hndrogen jon concentration increases markedly durin pretonmed
submersions (Scholander 1940 \ndersen 190 1961 These obsmanom mdscate
that acute acidosts s snrurred duning submergence but they are nsuflicient for 20
evaluation of the acdotic condition

The purposc of the presmt paper 15 to descnbe and discuss the changes obsened

0 the acd base status of divan., ducks

Material and methods

Sixteen domestic ducks were studied Their body weight ranged from 14 010 "ok
Diving condimons were umuls od by the grocedure previuly described Aadrsen
19592, 1963)

Blood was sampled through a senous catheter 1 d 0856 mm inserted o—10 om
1n o a wiag artery The pH of the blood was measured ar 40 € with 3 Metrotm
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T 1
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Fg 1 (Left) Changes i arter 28 pxygen nmnnon pH lactic acrd concentranon plLO
and total CO beforr dunng and after diviay

Fig 2 (Rught) Pattern of ac d base du:u.rhancc 1 the ame experument as shown n F g 1
uCeess ¢ po ats are sdentificd by Roman nu bers which relate 10 po nts shown n Fg 1 B
Cand D Open symbols Breathu g ar (osed symbols Submerged

H merer Model E-300 usiig & femperature Lot &rolkd m cro glass electrode \!Dde!
EA 137 The content of lactic zad was ding to the m crod
method of Con ay 11962 modified b Scholander and Bradsweer 192, Blood
Fases were analvzed mn the Scholander Roughton Synnge Analvzer Roug on and
Scholander 1943 Stholander and Roughton 1943t Total plasma carbon diowde
{total CO,) » a3 derermined afier anaerob ¢ cemnfuganon of y hole Hiood 21 2200 rpm
for lD mun Thc partial pressure of carbon diox de pLO, and the concentranon of

tated from the equat o ustag ph, =
5 U The huﬁer e for anenabzed duck bloog was d termmed b means of the tono-
meter teehnique described by Steen 1953

&SI Av pAy (A4 4 28
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Results

Sixteen experiments were carned out The rosults ohtamed were very simtlar and 3
sample of typical data has been presented in Fig | and 2

Oxygen saturation

The artersal oxygen saturation decreased rapidly dunng the sninal 2 mun of under
water exposure from a resting value of 85 per cent to 40 per cent, and when only
half the period of diving had been endurcd the artersal blood was already less than
25 per cent saturated Extrapolatian o the end of the dyve indicates an oxygen satura
tion of about 10—15 per cent just priof to ascent The resting level of oxygen saturation
was attamed 1 two minutes or less (Fig 1A)

Hydrogen 10ns
Measurements of ihe pH in artena) blood sampled 1 the prediving period yuclded
values between 732 and 748 Fig 1B shows a pH-drap from 732 10 696 dunng,
submersion tasting for 13 min

Trequently the Jowest pH was recorded upon emersion and not ar the end of the
dive Usually the pH returned to the predsving level in about one hour

Lacte aard
The concentration of lacuc acid 1n the blood nses relatnely slowly dunng duang
compared to the steep increase seen upon g In the

n Fig 1C the lactate level rose from a predaving value of 20to 5 l’m\ill after 13 yan
of submiergence Dunng the imual & o minutes of the recovery peniod an additional
ncrease of 8 5 mM/l was obs rved

Carbon dioxtde

Plasma total CO, and pCO, are shown in 1z {[} It appears that the pCO, rose
steadily during the submersion whereas the total CO, increased only dunng the
mtal 4 min and then fell in spiie of the continuous rise tn pLO; At the end of the
ine the total CO, had fallen below the resting level although the pCO, had reached a
value more than twice that of the predining period Both of these parameters drop
onspreuously durmg the early part of the recovery penod

Aeed base status
T2y 2 adlustrates the complete cycle of changes i the acud base status dunng the yame
experiment as shown 1n Fig 1 presented i terms of a pH bicarbonate diagram
{Davengort 1928} The concentration of bicarbonate increased 10 the first part «f
the dive with ncreasing pCO, and decreasing pEf The fine § 1T does not follow che
Buffer liae for arteriahized blood but ascends at a steeper slope In accordance with
the decreas= mn o¥sgen saturation At point B the curve turns ayound showing a de
crease 1 the hicarbonate concentration although the pCO, cantinucs o nse

Dunng the il stage of the recovery period the pH remained low and the [REe N
decreased markedly from 100 to 32 mm Hgan approximarely 7 pun the lattes nlu;
beng 15 mm H~ lower than the resung {see abo Fig 1Dy The concentranon of
tncarbonate fell smultaneously from 220 to 75 mdM (1N V) T'he vertical dn:nn(e
1V shows that roughly 20 5 mM 1 of non volatile acid had been added (o the platna

dunng the exprament
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Inscussion

Prolonged sub asphyxia 1s a by sesere acidosis The and base
changes observed in ducks dunng and after extended penods of under water exposure
progress 1 a cyche pattern when plotted w & pH hicarbonate dagram {Fig 2}
Tous peenliac development suggests that the aodotic condition 35 successively respira
tory buned yesp y and nan v and finally purely non respiratory

During the fisst nunutes of sub the resp: aaidoss 15 p
This stage 15 1llustrased by the hine T 13 39 Fig 2 In this periad oxygen 15 consumed
ata rapd zate from the lung air which 15 the mam oxygen store i the duck aud
the carbon dwade formed accumulates (Andersen 19592 b) These changes arc
closely paralleled an the blood by decreasing artenal saturauon {Fig 1A) mcreasurg
#CO; and wtal CO, (Fig 1D} and the pH fell O {2 pif unuts (Frgs 1Band 2)

The retention of casbon dhowde forces the reaction

€O +HO 77T H,C0 7 H + HCO &

frow eft to Tight and the bicarbonate concentiation rose \Fig 2 11D Thelne 111
ascends at a steeper slope than the normal buffer kne m accordance with the con
19uous decrease . artemai saturavon The latter fell to less than half the restng
value dunng the first couple of munutes of submergeace (F1g 11) Tous s reasonabile
to suggest that anacrobic processes start 16 operate m the early part of a dive espe
wally in organs and ussues where the circulanion has been stowed down dunng sub-
mergenee Aost of the non volawde acids formed are retamed 1 these tissues uned

bmergence (Scholander {940 And 1961) but a certain amount of fixed acsd
may leak out wto the grneral circalanion

Inally dunng diving the raceease in blood lactc acid 1 as moderate but after
2bout 5 min of submergence the resting value bad bren doubled (Fig (C) For the re
maming period of the dive the non resp y ponet of the acidosts pi
over the respiratory  After 4—5 sum of submergence mast of the oxvgen avaable
had been converted carbon dioxade but the pH dropped steadily due 10 the increase
M non velatie acids (Frg 1B and ) Hyvdrogen 1ans  excess are formed when these
relatively strong acids distoctate the reaction £ is forced from neht 1o feft ani
3rban dioade 1 consequently hiberated This explams how the 1o1al CO may decrease
whle the pCO, increases (Fig 101 The correspanding fall @ the bicarbonate con
Centration 13 represented 1 Fig 2 by the tne 1T 11 IV

Upen emersion the ircuiators ady sments from the dssing prrsod are abolished
2nd the blood 15 charged vath la tate 1F1g 101 ang other nan  olante acids 'compare
Fig 2 1% ) These conditions trgether wath a worous  entlation of the tunvs and
215255 cause @ remarkable decrease 1n the plasma b carbonate con entraven (fig 2
BV V) Thus the recoverv perod 15 characorized b pire non resp raorv acidosts
asshovman Fig 2 by the braken bne V1 L

Thirstudy has been upparted by 2 tfron Norsk H deos Fond o 4 censkapel ¢ F rikrueg
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Glucuronidation in Rats of Different Ages and Stramns
By
J B HurtuveN and T A MIETTINEN
Recewved 20 May 1964

Abstract

J Kk Huttunen and T A Mewnen Gluwromdation 1 rats of & ffrent @ es and strams Acta
Physiol scand 1965 67 133—140 — Wistar rats excreted mofe glucuromdes into the urme
n Sprague Dawley rats both in the basal state and afier oral menthol loading The bver
and kudney of the former strain had hugher undine diphosphate ghucose dehydrogenase (UDPG
dehydmgenm) and § glucuromdase levels than the corresponding organs of the latter train
i UDP gl actrary was also
hxghzt n the 1 ver of Wistar than of Sprague Dawley rats the sttuition bemg opposite m the
dney The actmty of UDP glucuronyltranderase was h gher m the Irver and kidnev of
young rats than of adult rate the response produced by ethylene diamune tetra aceuc acid
(EDTA) in the iver being mmcwhzt dcpendcm on the age and sex of the ammals The activities
aad (UDPGA) measured as the
nlnsc of inorganse. tm,;\m (mm UDPGA 1 the presence and absence of EDTA duffered.
only shightly 1n the different groups

Rats of the Sherman strain have been shown to excrete more glucuronmc acid but
Iess ascorbic acid into the unne than rats of the Wastar stram (Mossbach Jackel and
Rine 1950) We have observed that the rate of glucuromdation of 5 hydroxytryptamine
occumng in thelner kidney and intestine 13 different in rats of the Wistar and Sprague
Dawley stramns (Awraksinen Huttunen and Miettinen to be publshed) These findings
have prompted us to make a more detaled study of the glucuromdation process n
these two strains Since 1n prehmunary studies rats of the Wistar strain were found to
exerete more glucuronic acd than Sprague Dawley rats an attempt was made to
¢lucidate the derl this on the Ievel by an
e stud  of the following reactions in the two strains

(1) UDP-glucose + NAD UDT glucose dehydrovenase { pp

NADH,

(%) UDP ghucurome acd + pniesphenot LDP clucuromyliransferase | ophenot
glucuron de +
Upp Phosphatsse 6) 11 o p

acad —
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Tapz T Vnnary excrenon of glucuronic and 1 seven week-old rats in the basal etate and
after oral menthol loading Mean values 4- 5¢

sl Menthot

asal state loading "0mg

Stram {mg/4 hrs) (mg/4 hry)

Sprague Dawley 0404 006 IRIES 31

Vysstar 068 4 003 2914073
UDpP gl t

(3) UDP g acd acid pyrophosphatase w1 curome acid |

phosphate + UMP
glucuronic acid  phosphate phmphamjfsl glucuronic acid + P,
Ursp Bhosphatase () 5 4 p
b
) pt I e B glucur phenolphthalen + glucuronte acid
Abbreviations UDP = undine diphosphate UMP = untdine morophosphate
U = undme P = inorganic phosphate NAD = miconnamide adenine dinuclrotude

Matersal and methods

Eight male rats of both the Wstar and Sprague Dawley strams of the same age (7 wecksh
and weight (125 g) were placed 1n indviduat metabolic cages and urine was coflected T 1
two 4 hour periods Four ml of water and | ml of ahive ol were gien to exch ammal in the
inning of bath collections The akve ol given far 0 ¢ latter period contatned 20 mg of
entho! 1n addiien Uninary glucuron ¢ acid was analysed by Disches carbazole mett xd
1947) ar modificd by Biticr and Ewins (1961) The ammals were kilied by decapration
and the Iver kidney and intesine were homogenized and analvsed 1ot wridine diph sphate
glucase d hrdrogenase (LDPG dekvd ogenases uridi ¢ diph phate glucyr myttransfera ¢ (U DP glocurons)
¢ ansferase) unidine d phosphate glucurms  acd pyrophosphatase (LDFC A prropha phatae and 4
pglucyromdase acuvitres with the methods previousty presemted mn detaid IMiethinen and Leskmen
1963} The reactiont (2) and {3 were studied in the same ncubatsn mixture by unng u 1 dme
diphospl ate glucuronic acid (UDPG A} concentrations of 0 and 1 § mM it the presence
and absence of etfiyfence dramine tetra acenc acd (0T 4 ¢ Gmify Them rganic phoapi «
and p-mitrophenol glucuronide f rmed  ere determined The latier i evsures UDY ghu ur md
transferase actinty Thus enzyme s stimulited by FDT A en a ¢ unt of better subyir tes tura
tion 1 the | ver {Pogell and Lelois 1961) and esproially i i e kidney and intestine (My ¢t nen
and Leskmen 1972 of the ra; Since FDTA inhibuts p Toph sy hatase (Pugel) and hniman
1960, the innrganie phosphate rcieased 1n the presence of EDT\ me ures the aen 1 ke
phosphatase (s! sphtung the UDP formed by tramsferase n ea tum 7 Trein e nmn
organic phosphate in the absence of FOT Y measures the et tes ol LDEC A7 phoag barase
and phosphatases of zeace. 0 (21 [t appy ent that accurate determ nat on of UDPC A pyro-
phosphatase 1 not possible by tte method used alth ugh both e t 13} rele se fn mOMC
phosphate in the absence of EDTA ndthe hange cansrd by EDIA G afar) g Ien
f this enzyme
m:;(::ddmon ?aduh male rats of ca } stran fake 1 onths nd averag w g1 ¢ 270 g were
weluded o urmary glucuronides were determned Fhe dver ludney amf niest e¢ were
tted for UDP glucuronltransferase and LDPGY puropd wpliat s t s abe ¢
cccept that intestinal homegraate was prepared frer the o tatedd . wm 3 L ran ssted

of from picces of whole gut
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Tusz 1 UDP-glucase debydrogena ¢ actsvaty i the Iiver kdney and mntestine of seen
wee ~old rats Units (Strominger etal 1957) per 100 mg of wet tisue Mean £ SE

Stran

Liver Kadnev Intesune
Sprague Dawley 462066 waL10 252 466
Wistar 704491 20638 288452

Taste 1E fglucuromdase act ity mn the luer kudney and ntestne of seven week-old raus
Fushman units (Fishman 1937) per 100 mg of wet ussue Mean values £ SE

Stwan tne Tudner Intestme
Spraguc Dawley 562 = 121 17445 215413
Wistar 949 & 29 19t £ 4 174213

TAuz I\ Glucuromdaten of p-mtrophenol 1n the Iner of sexen week (eight anmimals) and
fve month (6 ¢ aumals) ofd Sprague Dawley and Wistar rats Mean volues + SE
The assay micture was € ther 0 5 or 1 5m\ for UDPGA 0 SmM for pnstroph mol
35 contamed 5071 (16 7 mg of wet ¢ ssue) of 2 000 g supematant of I er horo-
g natean a final olume 6f 0 1 tal in O 125 \f tnethanolanune buffer

prrol $ x 10 3 of ponstrophenol glucuronide formed per 100 mg
of wet lner per 30 min
c (m\{) of

wicubat on mixture for

Wistar rats Sprague Danley rats

EDTA UDPGY  ‘Yorng Adult Young Adult

0 05 55 £ =3 L) 92

kol 05 39 =3 80 =4 574 4 =t

o 15 120 + 8 80 =3 85x > 67+ 6

40 15 75 =02 8x3 70 £ > 6=
Results

%3 shoy noin Table T Waustar rats excrete more glucuronie aad into the vnne than
Sprague Das ley rats both 1a the basal state and after oral mentbol loading

The actnties of LDPG d hvd o enase and § glucwromdas  Table 11 and UL were
b her n the Incr and kidney of the Wistar rats

LDP glucure slivansferase actaty (Table IV and Fig 1) was hkewise hugher 1n the
bner of the Wstar strain in both age groups adult rats ha tog a fower activiey than
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KIDNEY
Fig 1 Renal and intestinal
glucuromdation of p-mutrophenat
(mean values 4. SE)ofth same

%o ammals as in Table IV UDP
glucuromic acd concentrition
15 mM Incubauon myvture
otherwise the same Values for
the intesunc of adult animals ob

tamed from the 2000 g super
natant of ssolated mucous mem

. brane homogenate Total bar
mdicates comugation m the pre
2 ! sence and white bar in the ab
sence of TDTA § = Sprague
w Dawley W = Wistar

YOUNG  ADULY YOUNG  ABILT

P=NITROPHENOL GLUCURONIDE
HMOLES x10 100 MG WET TISSUE 130 MIN

young rats In the hidney 1in contrast to the hver glucuromidation was higher 1n the
Sprague Dawley than 1n the Wistar rats but even here was lower i adule than in
young ammals Intestinal conjugation was the same 1n bath strains
Hepanc UDP glucuronyltransferase was activated by EDT\ tn adult rats in the
presence of the low UDPC A concentration but inhibited in young animals in the
presence of the high UDPGA concentration Renal and imtestinal glucuromdagion
was strongly tated by EDTA of the of UDPGA
Ths actnaton was relatvely hugher however in expenments with the low than
1th the igh UDPGA concentration 1t 1s apparent that the UDP glucuronyltransferise
issay employed 1n the present study gives more relable results in the presence than
n the absence of EDTA 1 the kidney and intesuine whereas this 13 not always the
ase in the lver
A threefold increase of UDPGA concentration from 0 5 to 1 5 mAin the incubation
rmixture produced on the average a twofold increase in p nitraphenol glucurorudaton
in the Iner and a somewhat greater increase i the kidney and especially in the mtestne
In the presence of EDTA this increase was fess marked and was ssigmficant m the
liver of adult animals
Some expenments with female Wistar rats suggested that EDT A inhibits hepatic
UDP g} actnaty of the aze of the ammals and that
as 1n male rats hepatic and renal glucuromdation 1s hugher 1n young ansmals than 1
adults Further renal conjugation appeared to be hugher than in male rats
The release of inorganic phosphate (Tig 2 and 3) which was used o measure
UDPG\ pyrophosphatase wcreased 21 23 and 28-old n the fner kudney and
tesine respectively when UDPG A concentration wncreased threcfold The actsuty
1n the haer was the same in both strans but tended to be fugh rin adult than @
young Wistar rats Only verv small amounts of phosphate were refeased n [T
experiments 7 of UDPGA con ¥ n This sndicates that EDTA inlubats
not only hepatic UDPGA h but app Iy also the phosph »
sphtung the UDP formed by transferase Renal LDIG A pyrophost hiatase actity
was Dike that of UDP glucurony liransferase somewhat lower in Wistar than in Sprague-
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Z a00 RATS RATS
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i
Lo
Fg 2 The release of morganic 2 2 50
phosphate (mean values :SE) 9§ 9
from UDPCA 1n the same 1n § £
cubation as in Table IV Total £
bar indscates valucs obtamed 1 4
the absence and shaded barm o 2°
the prescnce of EDTA Concen u v
taation of UDPG 3 on the ab- [
susa S = Sprague Dawley =
W= Watar
QoM tomM aaeM 15mM
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H
o
2
o
a 1500
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Fig 3 The release of morgan ¢ & §
phosphate (mean values + SE) & &
from UDPGA i the same n = 2 o
cubation mixtute as n Fig | x seo
Toul b r mdicates values ob- o !
taned in the absence of LDTA F
and shaded bar those obta ned 2
n the presence of EDTA § = i ! !
Sprague Dawley W = Wistar hd

QuNG ADUL ouva  ouLr

Dawley rats Release of phosphate was markedly nhibited by EDT A especially in
young amimals The amount of morganic phosphate released in the presence of EDTA
was h gher i the kidney than could be expected to be released from the UDP formed
by fe UDPGA h activity was the same in intestinal prepara

tions of both strains the acti 1ty being considerably higher in the mucosal homogenate

\gain a strong EDT A inhibition + 23 observable
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Discussion

it 15 wefl known that drug metabolism varies mamly quantitatively  between strams
of the same species of ammals Good examples of this are the hall time of antipyrine
in various rat strams (Quinn Axelrod and Brodie 1958) and the effect of heobarbtal
on different mouse stramns (Jay [955) The age {Touts 1962) sex (Axelrod 1954
Davison 1955 Quinn e af 1958 Inscoe and Axelrod 19G0) 2nd nutrtiont) staie
(Fouts 1962 Mictunen and Leskinen 1963) are factars affecting drug metabolism
even within the same strain Newborn mammals have a poorly dev cloped glucuromida
tion capacity {Hartiala and Julkkinen 1955) mamly owing to low UDPG dehydro-
enase and UDP glucuronyliransfcrase activities in the hiver (Dutton and Grerg 1957)
After birth the level of these enzymes increases rapidly to adult values (Brown Zuclzer
and Burnett 1958 Dution 1959} The behaviour of UDP glucuromyltransferase m the
present study further suggests that glucuronidation 1s highest 1n young rats followed
by 2 decrease with advanting age mn both sexes Mo conclusion can be drawn from the
data as to whether this 1s duc to sexual maturation or ta aging of the animals Harviala
and Pulklinen observed a sigmificant decrease in the glucurontdation capacity when
the Liver and intestnce of I month-old Wistar rats were campared with the corresponding
organs of 4 month old rats but they could not detect any difference in the level of
1 rase (personal tion 1964) The mucrosomal glucuromda
tion of 0 ammophenol tn the liver 15 lugher in male than in female rats and 1s stimulated
by testosteronc in the latter and depressed by oestradiol in the former ammals (Inscoe
and Axelrod {960} Some of (he sterord hormones are known to infubit transferse
actvity 1n atro (Hsia Riabov and Dowben 1963) The slightly thTerm': r;‘spon::('
of glucuronidation 1n the liver of the adult male animals to ¥ DIA and high r":jn
conjugation in female rats are apparent sex differences recorded 1 the present study
As far as glucuronidation 1s concerned Gunn rav:d form b“{“ x;,\‘o':l t{zl::::;,;:r:::;
thin rat strains These amimals are enable to produce Bilirubn g
other glucuromdes 1in small arounts owing to low UDP glucuronyt
N efere o f 1 uoned the glucuromdation
tramsferase actisity (Schmud ef af 1952) As al rc?di" :na\.‘\ular - :‘;Judgnl e
ot o sinessame 20 scbrenon (Memiach Jacke and b 13501 Ac
t;‘:dmg 0 the prbvstm study the l.m;r ul:am hanglhc ouxg;!‘:::x!"f:ﬂ: Pax ll,;:::r
n; lucuromdes than the Sprague
e Eopama eve s pombie. e he et both UDI . deydronen o
and UDP glucuranyliraasferase actislies are hagher in the Tormer I,):an mnw;r ’:,:‘.::
strain High renal transferase actnaty 10 Sprague Dawley rats m:?m ;::‘:‘ Ly;;“"
T Lot e s s i
woduc:“: - I‘Tl:nt:lalllj‘;?r:;::rrgwunil: that Ol'ylht lver LDIGA pyrophosg hatue
o e n“d.‘c:ted aither by release of inorgamc phasphate from IS or by e
S MD."II‘A 3t was the same 1n the lver and intesune 1nd only shghuly different
c“:;:“{;‘;‘nq nfotht two strans Nothing 1 known of the sigmficance of this enryme
w
or of f-glucuromdase i glucuromdanion mh\m; [
Foll and Lelor (001 oo o ot wiwed b TDT 3. The farmer et
transferase 18 apparently both sctnated and infubite ‘7 T accoent of LDITA
dered 10 be due 10 & better substrate saturatio TITA 120
e whibimion S and Dutton (1962 ceported hat

PYTOF
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mo effect on ntestinal glucuromdation m the guinea pig 1\or had this compound

any influence on the activity of solubihized punfied fe provided
that no Mg orCa was present {Isselbacher Chrabas and Quna 1962) On the
other hand under certan cr FDTA can solubil 30 leading

to enhanced conjugation (Halac and Bonevardi 1963) Acuvation moderate in the
liver and more prominent 1n the Lidney and intestine was observed by us 10 normal
rats {(Miettinen and Leskinen 1962 1963) but not in the hyver of: nephmuc or lhyrmunc
treated rats despite marbed af UDPGA

data) In the present study an age-d + the cﬁ'tct of EDTA
was obsenved 1n the Iners of male rats but the most promunent enhancing effect was
seen in the kidney and 1ntestine of all groups Ananhibiing action clearly demonstrable
i the Tivers of female and young male rats may correspondingly decrease but may
be expected to be detectable in the kidney and intestine as well if sufficiently high
UDPGA concentrations are used On the other hand EDT \ produced a remarkable
activation of 5 hydroxytryptamme glucuronidation even mn the Liver at high substrate
concentration (Arraksinen  Huttunen and \lietunen to be published) Thxs wzs

conndered to be duc chiefly to cony ersation of labile 5-hydroxy
by EDTA EDTA may swmlarly sehibat the of other g d
Evidence for this has p 1y been p d for phenolphthalemn gt

(Micttnen and Leskimen 1963) EDTA “thus seems to have at least the following
effects on glucuromdation w citre 1 It inhibats UDPGA pyrophosphatase leading

via better substrate to increased gh d. (Pogell and Lelmr 1961)
2 Protects certan agamnst de 3 TIncreases gl tion by
lub UDP g ferase (Halac and di 1963) ¢ C
the inhibitory effect of Ca  and Mg  on transferase (Isselbacher Chrabas and
Quinn 1967) 5 Inhibits under certan («f Pooell and
Lelorr 1961)
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Relationship between Osmotic Reactions and Active
Sodium Transport 1 the Frog Skin Epithelium
By
Haxs H Ussine
Recened 28 May 1964

Abstract

Ussng H H Relationsh p between osmotic react ons and act te sod um § ansport wn the fr g skwn epuihe

{um Acta phys ol scand 1965 63 141—155 — The osmotic behaviour of the skn epithelius
of the brown frog (R temp ) has been ted by of thickness
under different of skin potenual and
short-circuit current were made Epithelial swellng was mduced by hypotonsaty of th e inside
but not the outside bathing solution whereas shrinkage was brousht about by hypertoniaity
of exther ins de or cutside bathng solut ons although the tonscity of the inside bathing solution
domunates the psmonc reponse Shrinkage can also be 1nduced by lowering the potassium con-
centration of the inside solution. Complex shrinkage and swelling reactions are produced by
addinon of diffusible substances hike urea to either bathung solution In pracucally every 1

stance shnnkage leads 10 inhibition of the short- rewt current (and thus of the actn ¢ sodium
transport) whereas swellit g of the epith lum gives Tise to increased actve sodium transport

The skin potential s related to swelling and shrinkage in a more involved fashson In gencral
Byperton cuty of the outside b thing solution 1 ads to a violent drop in skin potential The
observ ¢ ons ind cate that hyperton ¢ ty of the outs de solution increases the permeab hity of the
outer ep thelial boundary to passively diffusing electrolytes and to wat r

In a previous study (MacRobbie and Uss ng 1961) the esmouc behaviour of the frog
sk epithelium was tgated by P of 1ts thickness under
different 1 d The setup il of
epithelial thickness and either skin potenual or short-circuit cutrent but whereas the
esmotic reactions were studied 1n cons derable detad only cursory observations of the
electnical parameters were mentioned This paper deals wath the relatonship between
volume changes and the electrnical parameters potential difference  short-circuit
current and d ¢ In the d bed below the epithel um of the
skun of Rana temporana have been induced to undergo both swelling and shnnkage by
vanations in the composition of inside as well a3 outside bathing solutions The results
showed that na matter how the volume changes were brought about, there usually was
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Tasre I Jon concentrations 1a the Ruinger s solutions used (m\{}

Chlonde Sulphate Gluconate R free

Runger Ringer Ringer Ranger
\a 135 1135 135 154
I 188 188 188 0
Ca 1¢8 108 108 1¢8
[V . 115 o 0 11
HOO; 24 74 24 24
S0% o 33 o °
Gluconate 1on 0 [ ns 0

for each mdividual skin a close correlation between the epithelial volume and the rate
of active sodium transport as measured by the short-circutt current Also the skin po-
tenual and the d ¢ resstance underwent dramatc changes 1n association v ath the
osmotic responses

Methods

was that descnibed by MacRobb e and Uss ng (191 The thickness
red mucroscopically with @ water smmers on system (nbjective
atz 72 = eyepece 125 ) The was d by focussing vpon
fixed point on the surface of the epithelium and one just below the epitheliury Th distance
read on the fine adsustment screw of the micToscope I e clectrical arcuits used T short
tarewting or potenual readings duting the expeniments were those desenbed by Lanng and
wan Thager (1964; The circuis permst autommate recording of exther potential of short-arcun
curvent oad the voltage can be clamped at any desired potenual lesel The exposed area of
skin wasin all experments 7 0 em and the shoft circurt currents gn en in (he figures ref 7o that
area The pnnciple for the h was that dexeloped by Mullins (19,8)
current mav ehet potential transienss (Finkelst 1 1561

Since sudden increases 1 ingoung
Usuing and Windhager 1964) resistance measurements were routincly obtained from the rati>
of the sncrement i potential asociated with a sudden decrement n 1ngoing current (s

Ussing and Windbager 1960

The experimental setup
of the epithelrum was measu

Results
SWELLING DUE TO NYPOTONICITY

a Sulthate Runger
Fi~ 1 shows an espenment where 1tally
phate Ringer The potennal 18 recorded con!
thelium and the short-circuit current fand d ¢ resist
stesnals At the st vertical Line the sulphate Ringer
half strength with distilled water There 13 a rapid swelling
2 maumum of 61 g which 15 reached after 20 min whereal
Yvhen a1 the sccond verucal ine the outide bathing solutiol
there 1s no sigmficant change 10 cpithelial thickness Neither
when the outside medium 13 3gaim made ordinary sulphate R:

both sides of the skin are bathed with sul
unuously whereas thickness of the ep
nce)j are determined at 5 mi
Rushing the waside 1 dituted to
of the epnhelium from 46 10
fier there 18 a slow deeline
n 13 diluted to halfstrengtl
does the thickness changr
1n.er at the chrd verteal
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Fig 1 Effect of hypotomaty on epithelial thickness (i) short-aireut curtent (4A) and skin
potential (mV) (Rana temporara) Exposed arca 7 ¢m  Abscssa Time each divis o
x = half an hour Both bathing solutions imtially sulphate Ringer (sr) At first verucal kne m
side solution diluted with an equal volume of distilled water (Y sr) At second verucal line both
10t de and outside bathing solution are made half sulphate Ringer \t third vernical hne the
outs de bathing solution 15 again made full sulphate Ranger whereas th e 1ns de solution remams
balf sulphate Ringer At fourth vertical line both bathing solutions are made sulphate Ringer

lne When ho cver the mude solution 13 changed from half sulphate Runger to full
sulphate Ringer the yvolume drops rapidly If we now turn to the short-cirewt current
#t1s seen thatat undergoes variations which 1n almost every respect follow those of the
epithehal thickness On ditution of the 1nnde solution the short-circuit current starts
going up and 1t reaches 1ts maxumum at the same ume as does the thickness The
changes of the outside solution to half strength sulphate Ringer and back again
have 1o effect on the short eircuit current whereas the change to full strength sulphate
Rmger on the imade brings about a drop in current pan passu wath the thickness The
changes of the potential are mote mvolved On dilut on of the wside sotution the po-
tenual drops rapidly from 126 mV to reach a munimaum after 20 mun just at the time
when the volume reached ats maximum During the sight decline 1n volume n first
ncreases to 81 mV and then starts on a slow decline The latter 15 turned into another
increase when the outside medium 15 diluted to half strength A new potential plateau
at 9% m\ 15 reached but when the outside medium 15 changed to full sulphate Ringer
the potential starts dropping agan and the drop continues when the s de solution 18
made full sulphate Ringer The d¢ resttance finally 1s very high maually (11 500
2 ¢m?) and drops sharply t0 2300 @ cm at the ume of the maximum swelling of
the epithehum From then on 1t increases steaddy vartually unaffected by the changes
n the outside medium but increases sharply to nearly 1ts onginal value after the change
of the 1nmde medium from half to full sulphate Ringer Thus both the short-circine
current and the d ¢ res stance seem verv closely corrclated to the epithelial s olume
whereas the potential seems to be a more 1 otved function of the changes m bathing
solutions In view of the fact that sulphate 1s known 10 penetrate the shin exceedingly
slowly and that other 1ons wcluding hardly to the
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Fig 4 Dependence of response to hypertontaity of autside solution upen the mature of thy
gsmaticatly ach eagent Epahclial chickness {#) skin potental {m\ ) xrﬁ;‘xhan circut cur!en:
{n\) are recorded hxposed area 7 emyt Ordiiate time Inside bathing sofutton s ct§ rut
Runger throughout Outs de salutian first chionide Ringer (o 1) then double strength Runger
(22 1) back to chlondc Runger (o 1) then chlonde Ringer made hypertorne by adlut n
of 230 snmoles of urea per bier (o r + u) again chlonde Ringer thea chlond  Rirger made
F)P(ﬂomc by adtinen of 230 mmoles ethylalcohol per hter (r alc} anl baally ctl e
nger

At the third vertieal hine the hypertonic solution on the iastde 13 replaced by sulpt ate
nger The epithehum swells from 30 ¢ to 48 y and the short circust current ereases
32 A to 143 43 The poteatsal first deops ta [ mV ard then yeturns 10 1o mb
and stabilizes there The pet effect on the rewstance 13 a pronounced drop
At the fourth verucal hine finally the hypertonic solution on the outaide 1s also re
placed by ordmary sulphate Ringer There s a shioht but sigasficant swelling and the
current as welt as the potential both mcrease somewhat The experiment shows finth
that the epsthehial volume and the shori-circunt current are closclv corret tted and sec
andly that hypertoncrty on the outnde of the skin has hutle cffece on thickacs an t
short-ctremt current but reduces the potential and the d ¢ sk resistance nibstantalh

& Chlorde Ruinger made kpertonse fon the outside; with ta tous substances

It was demonstrated by MacRobbre and Lssine 11964 that there v vistually noy lume
respanse 1o dilunton of the outsde medium Thrs conclusion u also bom ut in the
ratenal presented abose see Figs }and 20 If however the outnde medium i made
h a more or less ¢ d & 15 seen The phesomenon ss il 4
n Fig 4 Imually both sides of the skin are bathed wath cblonde Ringer otential &5
recorded continuousty whereas thickness and short-ircust current are rreorde i at about
five runutes nterval At the fist verueeal line doublestrength Ringer s laces de
ordinary Ringer in the outnde compartment The epithehum shanky frem o0 ot
37 u The current fisst nses a Intle and then drops sharply  Yhe pot ntal drops im

ediately after the change of solutton from 34 to 10 m\ The remstance imtally drops
from about | 150 © cm? 10 250 2 ¢m3 and then increases somcwhar
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Fig 5 Lack ofshort-cirewmt cur
rent (uA) response despite good
potental’ (mV) response to hy

pertomenty of outs de solution v FA|mV i i >

siin which gives only minute re o lo m 3 o

sponse of epithehal thackness ()

Exposed arca of skim 7 em? scofne | w1

ordmate, tme Innde bathing L -

solution chlonideRinger through 500790 \ B — I

out Qutyide solution first chlo~ Az '

;ﬂe Ringer (o 1) then chlonde 400170 "~ &0
wnger made hypertomc by ad b

o of 230 imele of manm  300}50 P Toon] L oo » 501

toles per liter {o r -+ man) then
chlorde Ringer (o 1) chlonde z00}30 hia
Runger made hypertomie by ad

dition of 230 mmoles of urca per 100

lter (o £ +u) and finally chlo-
nde Ringer

o T S N,

2% e Y e w50

At the second vertical line ordinary Runger 15 rentroduced at the outside of the skin
and volume as well as short-circuit current potential and resistance all go up to shightly
more than control values The current thereafter tends to dechne agamn

At the thurd vertieal ine the Ringer on the outside 1s made double isotome by ad
dition of urea “The epithelium again shrnks but only half as much as with NaCl
There 1s a shight hump 1n the current curve but otherwise it continues uts slow decline
The potential drops sharply from 4> mV to 14 mV rses a httle and again drops slowly
dunng the remaming part of the urea period The resistance undergoes a steep drop
from 1330 © cm? to 450 2 cm® then mcreases to 700 2 cm?® and decreases agam
dunine the rest of the period

At the fourth vertical Line ordinary Ringer replaces the hypertome solution and the
‘olume returns to the control value So do current potential and resstance After a
Pause dunng which the solume and the potential stay constant and the short-curemt
current drops (and the resistance increases) steadily one per cent ethylalcohol 1 added
% the outside solution. The volume 13 hardly affected and the current shovs only a
sight hump but the potential 15 reduced percepuibly and so 1s the resstance This
ffect 15 reversed when alcohol free Ringer 1s reintroduced The expenment shows
that hypertomeity on the outside grves nse to shrinkage + hich scems to be less pro-
Nounced the more diffusible the osmotically ach e agent s Furthermore there 1s a
sharp drop 1n potential and a drop 1n short-ciremt current which 1s also smaller the
more diffustble the agent 1

Whereas all sluns shrink verv substantially when the inside solution 15 made hvper
toruc they vary appreciably as to the extent of shnnkage  hen the outside solution 1s.
made hypertomc Fir 5 shows results with one of the least sensiis e skans Imtially both.
tides werce bathed with chlonde Ringer At the first | ne the outide was made double
1otonic by addition of mannitol The shrinkage is barely perceptible and although there
s a drop 1n current the effect 13 hardly sigmficant The potential on the other hand
drops from 95 m\ to 66 m\ after 30 rmunutes Thus the skin resistance has dropped from
41600 cm*1030%0 2 ecm? When, at the second line the hypertonic outnde solution
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Fig 6 Effect of potassium frec Ringer and half strength potassium free Ringer on skin pr tential
(mV) short circutt current (u4) and cpuhiehal thickness of shin of Rana temporarry T posed
area 7em  Abseisa ume in minutes Both bathing s fat ns imitially ehinnde Runger At firt
vertical line both bathing solutions changed to b free Ringer At second verti al bne the potas
swm free Ringer on the outside d luted with disulled water to baff strength { K freer) At
third vertical hne the same 1s done with the inside solution At Durth vertica] bine ordinary
chloride Runger 1s remtroduced on bath sides of the skin

4 replaced by Runger there 1s a shght swelling (by 3 4} and the current shos s a slight
v to increase The potential nses rapidly and s stll increasing when at the

rtical line the outside sotution 15 made double sotonic by addicon of wrea  [he
shrinkage 1s shght (4 ) and the current 1s unaltered or perhaps shightly 1nlubited Thr
potential howerer drops very sharply \When urca is removed there 1s a hardly per
ceptible sweling 0o sigmificant change i current but a rapid recovery of the patential
The cxperiment shows that when the swelling 1s shight the changes in current are alo
slight and furthermore that hvpertaniaity on the outside reduces the potential and 1he
skin resistance even in cases where the current response 18 ml This strongly suggests
that the drop m potential is duc to an mereased shunt rather than a reduced elececo-

motwe force of the sodium transport battery

EFFEGT OF SIIRINKAGE DUF TO LOS$ OF KCL
According, to horfoed Johnsen and Usung, (1958) and MacRobbne and Usang {1%1)
the inward facing side of the epithelium s permeable to Class cllasto k. Consequenth
1f 2 sk 1n equibbrium with ordinary Ringer 11 placed in solutions lacking potissum
chlonde or boths KRG must be lost from the epithebum and provided 1he solutions do
not contam other 10ns which can enter as fast as RClis lost a shrinkage sheuld ensue
Fig 6shows an example of thus phenomenon At the outset both sides are bathed with
chioride-Ringer 1 the firt yertical hine the Ringer on both sides 1s replacedt by N frer
Ringer The thickness of the epithelum drops slowly by about 10 st otenust and
current both undesgo a sharp mse in the K free medinm 0 aceord with the hy pock

of hocfoed Johnsen and Lssing (1958) that the diffuvion potential for K towards
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Fg 7 Effects of urex added 1o the solut ons bath ng the inside and outside of the wolated frog
skin upon short.circunt current (xA) skin potential {mV) and ep thel al th ckness (#) Exposcd
area 7em* Abscissa time Both bathing solutions imbially chloride Ringer At first vert cal
fine thenside solut on 18 made hypertonic {1 1 - u) by addition of urca (230 mmoles per hter)
Atsecond vertical 1 ¢ also the outs de solution 1s made hypertontc with urea At third vertical
line ord nary chlonide Ringer 13 re ntreduced on the nside of the skm

irside provides a sigmificant part of the electromotive force of the skin With ime how
€ver both current and potential decline and after 90 mun both have virtually vanished
Then bath the snside and outside bathing solutions are diluted with distiled water to
half strength The epithelum swells about 20 4 and both potential and current rise
sharply and remain at fair levels for almost an hour Then both bathing solutions are
made ordinary Ringer (with normat k. concentration) The epithelium shrinks and both
Potential and current drop somewhat The current ho ever seems to nse again toward
the end of the expentment and at the same tume there seems to be a shight increase in the
pithelial thickness

Tt seems a fair conclusion that the depression of the potential and the short arcuit
current which 1s known to occur in ks free solutions in part at least is due to the shnink
A%¢ sincest can bereversed by dilution In this context it may be mentioned that skins i
K free sulphate Runger do not shrink and although their active sodium transport 15
ultimately inhybited they stand up much better than the shins in h frec chlonde
Runger

In the expenment with gluconate replacing chlonde shown 1n Fig 2 we apparenty
have another example of thrinkage due to loss of KCl Here however 1t 13 chlonde
which 15 laclang 1n the medium and thus reduces the actvity of RCl to zero Whether
the sharp drop in short cireuit current resulting from the switch from chloride to ghico-
Nate can be attnibuled to shrinkage is uncertain 1t 1s however s ggestive that when
At the fourth vert cal 1 ne the half strength gluconate 1s replaced by full strength chlo-
nide there 1s first a shrinkage probably due to loss of water follos ed by a swelling
which must be duc to uptake of chlonde Thus latter swelling ts accompamed by ap
ncreased current
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COMPLEYX SHRINKAGE AND SWELLINC PATTERNS
a Chlonde Rnger, made hy pertomc with urea
As mentioned above there are indications that urea can proetrate to some extent into
the epithelium when added from the outsde When urea 15 added 1o the made jte
ability to diffuse 1nto the cell becomes even more apparent and gives fise to complex
shninkage and swelling patterns Fig 7 shows a typical expeniment The current 13
recorded continuously whereas the potential 1s read at the tmes indicated with crosses
At the first verucal line the mside solution 1s made double 1sotome by addition of urea
(220 mmoles per liter) The epithehum shrinks for about 10 mun but then starts swell
ng again probably due to entry of urea 1n the cells It 15 seen that the short arcurt
current follows the changes 1n epithelial thickness quite well Thys cYXpenment seems 1o
indicate that 1€ 15 the volume change rather than the hypertorucity per s¢ which 1n
fluences the short-circwt current The potential changes seem to parallel the changes
1n current At the second yertical hine urea 1s also added to the outside medum  There
15 a shight shninkage but both potential and current mcrease somewhat and then re
main constant We see here for the first time a deviation fram the rule of a close cor
relation between current and emithehal thickness So far such deviations hase only
been seen 1n some but not all of the expeniments with urea added to the nside The
significance of this phenomenon will be discussed below At the third vertical bne
ordunary Ringer replaces the hypertonic sofution on the mside The skin first swells
and then shnnks just as one would have anticipated assuming that the eclls would
first take up water and then lose urea Thesc changes are associated wuh sumiar
changes 1n the short-cireunt current

The potential reacts in a most spectacular way dropping first steeply from 102 m\
to 45 mV and then levelling off at 22 mV Thus urea when present on the cutside
only depresses the potential much more than the current In other words the d ¢
skin resistance 1s strongly reduced in agreement with previous observations
 The volume reponses produced by addition of urea to the mside solution fali 1n two
classes Most of the responses resemble that shown in Fig, 4 Some sns after the imnal
shrnkage swell to a thickness defimtely larger than the onginal one This phenomenon
which might be called an anomalous swelhing has been observed in 10 cases all in one
batch of frogs The thickness at the maumum of swelling exceeded i these skins the
onginal thickness beforc urea by 10 gt + 3 1 The phenomenon was reproducib! n
the slans which gave st. We shall return to this phenomenon 1 the discussion

b Chlonide Ringer made hypertoric utth § €l

According to MacRobbie and Usung (1961 the 1nward facing side of the epsthelium
must be permeable to chloride as well as potassium beeause the ephelium swells when
part of the Na i the Ringer 13 replaced by potassim in the mnde solution  hrrefore
C should behave rather like urea when 1t 13 added to the mside <hlonde Ringer 1o
make 1t hypertoruc This 1s usually what happens Fig 8 shows a typreal (xpenmﬂ‘!l
Ongunally both sides of the skins are bathed with chionde Ringer At the fint verucs

line the 1nside solution 15 made double 1sotonic by addition of 120 mmoles of jNe&) pn;
liter The eprthelnam shrinks about 10 41 1n 10 min and then slowly swells 10 1 ongins

solume The short-ciraut current first s stronglv depressed but as the volume increases
again the current recorers partly When ordimary chlonde Ringer replaces the hgw«"
tome solution at the sccond vertical lne the epithehium swells about 15 g afier 6 mu
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Fig § Effects of hCl added to the Rmger solution bathung the mside of the frog skin (Rana
temporana) upon short-turcu t current (#3) skin potenual (m\) and epithelial thickness
{#) Fxposed arca 7 em  Outside bath ng solution 18 chlonde Ringer throughout Inude
bath ng solution imunally chlor de Rinwer At first vertical line 115 mmoles of RCl per | ter are

added 10 the 18 de solution At second vertcal bine the made soluuon s agamm made ordinacs
chlonde Rin er

and then dechines again to reach the control value after about two hours What happens
evidently 15 that the cells first swell because water can enter faster than KCl can leave
the celfs Dunng this sequence of events the short-cucut current follows the volume
changes and d 1ng as the epithelial thickness does so Also the potential
undergoes vanations which seem closely related to the epithelial \olume

Tn this expeniment 1t may not be justified to equalize short-circunt current and acte
sodwim transport, hecause duning the peniod of increased hCl-concentrauon on the in
side the diffusion outward of chionde may havc increased the current more than the
diffusion of potasstum has reduced 1t The close correlation between volume changes
and changes 1n short-circwt current 15 however very spectacular One case of anom
alous swelling was seen 1n five experiments of this ty pe

Discussion

A comparson of the different volume responses presented above makes 1t apparent
that they can be predcted at least qualitannely if we male the following two as.
sumptions 1) Swellin increases the acuve sodium transport whereas shrinkage decreases
it 2) Hypertomaity makes the outward facng boundany of the epithehum more
leaky to water and passively diffusing rons

With respect to the first mentioned thesis w seems obvious that a close correlauon
sts betw een changes in cpithelial yolume and changes in the rate of active transport
of sodium as measured by the short-aireuit current

This finding has a beanng on many types of expenments with frog skin preparations
For instance 1t has long, been known that the frog skin potential is depressed i the
absence of potasium mn the mside medium (Fukuda 1947 and that the active sodium
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transport depends on potassium 1 the mside medium (Huf and Wille 1951} 1t now
appears (sce Fig 6) that the lack of potassium wthibues soduem traasport atleastss part
Dy way of the shnnkage which results from loss of RCI from the eprthelial eefs, This
conclusion 1s stronglv supported by the fact that the sodium transport retumns when the
epithelium 13 1nduced 10 swell by dilution of the h free Runger It 1 nigmficant that of
N free sulphate Ringer 1s used, there 1s no shnnkage for many hours and although the
sodwum transport 1s ulumately mhibited, st takes nany hours of A-defictency

At Brst sight the finding that the sodum transport can go on for hours 1 k free
sodwm sulphate or difute Nall Ringer mught svem to be definste proal agunst the
Na’h exchange hypothesis (hotfoed Jobnsen and Ussing 1938) Such an argument
would bevalid of the mside bathung solution were 1 direct contact with the transparung
cells Thus 1 probably not the ease however Much evidence has accumulated (Lsung
1964 Lseng and Windhager 1964 Farquhar and }alade 1964) thatat is the outrrmest
Inving laver of cells 1n the epithelim which forms the sodsum selectne potassium
permeable bammier in the skin. and that sodium ean diffsse from one cell to the nest
by way of imtereellufar bndges According to Farquhar and Palade (1964) and Wing
strand (personal communication) all the ATP asc of the epithelium 1s located at the
cell brane facing the p f the eprthclium and not the basement membranc
This mught incicate that the acine sodiwm tranyport pumps sodnun w10 the inter
spaces which commurycate through opemngs between the basal cell layer with the i
side bathing soluton If the potasuum exchance with the celly 1s also located tn the
mterspaces thi 1on mught therefore have a measurable concentration at the level of the
“pump even when the mude bathing solunon i K free Thus 1t remains an open
quesuon whether or not the sodsum pump of the frog skin 15 2 “a—h exchange jump
- While the eprthcdium shrinks when the nside K concentration is lowered it suell

hen mude \a 1 replaced more or less complesely sath A Je bas bren shown by

cher tal  1%3 that with \aQl Runger outsde and KQ2 Rancer inside tere s

short-cirtusr current of almost normal magmitude due largely to acinse fransport of
sodsum imward This current mcrcases with ume The same authors Laung etal 1n
preparauon later showed that o the swelling 1s inbubated by usine sulphate in stead of
chlonde tn the bathinw solutions the short<careuit current does not inerease with tme
If howeser antdiureuc hormone 1s added to the potasuum sulphate Rin~er on the
15:de the eprthehium starts swellin, and the short.croust current increases Thus ibe
relatienship betw cen short-aircuit current and eprthelal volume manfest el even
ths peculiar system

The expenments weth Ivpereopicn produced bn glurose on 1be anmide and with
dilunon of the inside solution call for i comment The correlation Letween ve'ume
changes and chanes in short-Greust current are vers 2pparent and n 5 alsoseen that
the correlaton betnern solume 2nd patenual 13 much Jesy apparent Irdeed 5o te
cxpenments with didution of the wsid  solution the correlanon betwern volume amd
potential 15 very poor while the correlation volume cusrent 1s excellent [ they stody
b diluuon bas not been camed bevond that of  half sulphate Ringer The sk
often suffer wreyerable damaze au hizher difutoas 1 ith resoect to the Aflce od Vprt
1omen on the ousds there are characieristic differences betwern the ofTrcts of the
ovor wally actne agents used Thus the shrkane srems more pronounced when the
tvperosmolarsts 8 produced ks swzars or \aQl lews pronounced when produced by
more diffusble subs.ances bike urea and gheerol and totalh absot with etinl ajrobnt
Gyrmalardy the wtubition of actne sodum ransport o onl s n the ases of the br
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diffusible substances Indeed with urea there 1s wsually no nhibiion whatsoever
(Ussing and Windhager 1964) Thus one gets the impression that the degree of shrinkage
1 determined by the cffectss e osmotic pressure and that the shnnkage w turn determnes
the reduction of the short-circuit current It should be mentioned that 1n rare cases of
the hypertonicity on the outside produced by urea there 15 an increase 1 short-curewit
current despite a shght shnnkage {see Fig 7) This might indicate a stmulating effect
of urea on the act ¢ sodium transport which 1s normally compensated by the inhibstion
due to shnnkage Howener the phenomenon may have a different explananon
The setting of the rate of the sodium pumping by the cell volume would under most
tonditions give a feed back regulation of the y ater and electrolyte content of the cell
The physico-chemical reasons for the relationship remam to be clanified Shrinkage of
the cell membrane might close the pores whereas pores may he opened by stretching 2
Furthermore the viscostty of the cytoplasm probably depends on the water content of
the cell and would determine not only the rate of diffuston of sodium but alkso that of
ATP or other ¢ 1l constituents necessary for the acuve transport
Clearly the fact that the active sodum transport usually vanes 1a concordance with
the degree of swelling of the 1 hole epithelium docs not necessanly mean that 1t 1s the
total thickness of the epithellum which determines the rate of transport It stands to
reason that all epithelial cells have stmular osmotic properties so that as long as thev
are exposed to similar conditions they react osmotcally m about the same way Now
as already mentioned there are reasons to believe that all layers of epithehum cells in
the frog are m diffusion contact with the inside bathing solution via the mterspaces and
the relatively permeable basement membrane Therefore 1t could very well be that the
control of entry of socium mto the epithelium from outside depends on the degree of
swellin of the outermost living cell layer but thatats \olume happens tovary roughly in
Proportion to that of the entice epithehum when the osmotic condwons are changed
This interpretation gains support from the observation {Hoshiko 1961) that the maimn
resustance of the shin 13 located towards the outside Also the few cases of apparent lack
of coreelation between volume change and change 1n active sodm transport may
find a natural explanation if we assume that the actne transport is controlled by the
outermost cell layer This may become more apparent when we have discussed the
second one of the above mentoned theses that hypertomaty makes the outward
facing boundary of the epithelum more leaky to water and passnelv diffusing 10ns
That the water permeability 1s ncreased by hypertonicity 1t esident from the fact
that there 13 no measurable s\ elling + hen the outside medum 1s made hypotonic
whereas hypertoniaity of the outside medium does give nse to shnnkage This agan
means that whereas the mner boundary of the epithehum 15 normally more permeable
9 water than the outer one (MacRobbie and Ussing 1961) the opposite 1s the case
when the outside medium 15 hypertomc Such an effect of hypertomany would also
explain the phenomenon of anemalous s ellng + hich 1s somettmes seen when the
1nsde solution 1s mads hypertonic with ureaor KRGl If hypertomaity makes the auter
epithelial border more permeable to water than the inner border a swelling will ensue
1f two conditions are fulfilled Firstlv the substance making the innide solution hyper
tonic should be able to penetrate nto the cells and secondly the substance should

Ths\ ould unply that sw [ ng and sh mk ng bo hould affect the cellular permeabiity to
water nd passi ¢ ns The ep thelal permeab ! ty for these ubstances s however bk Iy to
prssessboth ¢ fulsrand i reetlula  on pon nis In several of the conditions stud ed here the
It ron seemstodomn teth p cture



134 HANS I USSING

not leak aut too readily through the outer boundary Anomalous swelling should on
the other hand never oceur if the hypertomeity s produced by substances which can
not p mto the cells A lous swelling has indeed never been observed 1n a
large number of expeniments with glucose and suerose but only with the relatwvely
diffusible substances urea and KCl Hypertoniaity on the outside as well as hyper
tomaity produced by urea and KCl on the mside thus increase the water permeabiliyy
of the outer boundary of the skin
Hypertoniaity especially of the outside solution also increases the passn ¢ leakage of
1ons through the skin. With hypertomaty outside produced by urea (sulphate Ringer
on both sides) the passive leakage of sodium outward as well as the leakage of sulphate
mward are enormously increased (Ussing and Windhager 1964) This leahage rep-
resents a shunt for the sodium transport battery and 1ts effect 1s reflected 1n the
viclent drop in potential 1n spite of a virtually unaltered rate of active sodium transport
Other osmotically active substances like NaCl and sugars also mcrease the shunt when
added to the outside solution as evidenced by the fact that they lower the potential
relatively more than the short curcunt current (se¢ Fig 4 and 5) Thus fact makes it less
attractive 10 try to explamn the d shunt p by hy, m terms of a
speatfic chernical action In this context 1t may also be pertinent that if uren 1s first
added to the 1nside solution of the skin and allowed to equilibrate addition of urea to
the outside does not gwve rise to the customary breakdown of the potential despite the
fact that the urea cancentration at the outer boundary must have been as high at fease
at the outer boundary as when urea 1s added at the outside only As an alternatne to
1he assumption of a chemucal effect on the outside of the shin of the osmotically acuve
substances one 1s therefore tempted to look for an osmotic mechanism [t 13 for an
stance possible that psmotic shtinkage of the outermost layer of cells might put a strun
the seal between them so that 1t becomes leaky Hypotonicity of the outstde solution
' 1d on the other hand make the outermost cells swell shightly which should make
he'seal nghter According to Farguhar and Palade (1964) the interspaces are normally
“closed towards the outside by close attachment af the cells of the outmost layer to each
other If the permeability of this seal can be increased when itas put under mtclm:n’ul
steawn we would have a simple expl: of the t n water
and electrical shunt It may be pertient 1 the context that according to Motokawa
(1933) the potential across a skin with ordinary Ringer on both sides wilf drop rev erubly
when the skin 1 made to bulge by applying a hydrostatic pressure hiead on exther inude
or outade Such a treatment would also tend to stramn the mterceflular seals
I the cells of the outermost fayer extubit such a  vale effect  clostng the inter
spaces toward the outside as long 1s the outside medim 1s hypotonte towards the cells
but operung a path from the outside to the interspaces when the outude ﬁll‘;D;ﬂ:
hypertome the permeability changes 1o water and passucly diffusing 1ons m:;- 4 u;
2 sunple explanatan  Electron mucroscopic s are being planned o xm ,ac :
whether the predicted 1olume changes of the outermost cefl fayer do indeed t.xde pla .
‘As menuoned above some of the rare eases of lackung correlation betwcen rhg:r; o
swelling and short-carcuit eurrent may find a natural explanauon if we ;u:ur;'xt l’ " lr -
the csmonc reactson of the outermost cell fayer which determimes the o )Dr‘ I’d i
current If we consider for instance the response to additon of urez on l))tlhu 3 e
Fig 7 at the second vertical hine there wa slight shrinkage but the curren mrrv’m
{ls to urca and water at their
However the relanve permeatulities of the outermost cl : e when
outer and nner boundanes might well be such that they attam a larger v
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+~cposed to urea on both sides than when exposed at the inde only Howerer for the
‘ume being 1t cannot be excluded that urea besides 1ts general osmotic action does m
crease the permeability of the outer surface of the epithehum to sodium [fso the effect
would normally be just about balanced by the snhibition of sodium transport produced
by the slight osmotic shrnkage which this solution produces

The author 1s mdepted to Mrs Inge Rarkeby Mes Laila Tolso and Mr Poul Hansen for
technical assistance
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The Utihization of a Presumably Low-Cariogemec
Carbohydrate Derivative
By
AR~NE Danvgvist and Urr Teeestus
Recerved 29 May 1964

Abstract

Dahlqvist A and U Telenius The sty ation of @ presumably low-cars genic sarbohydrate ders sine
Acta physiol scand 1965 63 156163 — The digest on and absorpt on of s presumably § w
canogenic carbohydrate d a h partial b of starch 123 bern
studicd This contass free sorbitol plus disacchandes of gosacchanides an t dextnins m whoict
e molecule which had a frec aldehyd group prior to hydrogenaton | 2 been reduced
ol The dexinins present are rapidiy hydrolyzed by a amylase under tf ¢ frmaton £
and oligosacchandes Those disacchanides which are composed only of glucose are com
«tely hydrolyzed by the itcsunal duacchandases and rapdly utilized mn the body The
—sscchanides containing one molecule of glicose and one of sorbitel cither initialty present ay
disaccharide or frmed on the enzvmatic cleavage of the dextriny and oligosacel an les are
very slowly hydrolvzed The glucose bound in thes way largely escapes absorption The sorbt |
whether free or bound 1 sery slowly abrorbed

A new kind of carbohydrate matena for ihie fabrication of sweets has recently appeared
which 1s prepared by the hydrogenation of partially hydrolyred starch Thus substance
has been found to cause hntle or no pH fall in the dental plaque matenal on oral ap~
phcation and 1s therefore believed to be low-canogeme (Feostell 19631 In the present
investigation the utthzation of this modified carbofydrate matenal has been studied in
rats Some tn wifro incubations have also been performed v ith human enzyme prep-
arations 0 order to obtam snformanon about the digestibality of the hydrogenated

starch hydrolyzate 15 man

Materials and methods

Carbobyd ates
Substence S 15 the new carbr hydrate matenal  btamned by the hvdrogrnatn {astarch }n;h

Iyzate It contains scrbitol plus 3 mixture of i and oligmaccharides and destaiar :; w! u,
\bat g ucose component which previously had a frec atdehyde group bas been reduced 12,37

126
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brol Substance G 15 the starch hvdrolyzate from which substance S 13 prepared Substarce G
contains glu ase di and ol gosacchardes and dextnos Substance S and substance G were
abtained m 1he forra of spray-dned powders from Lyckeby Starkelseforadling AB Lyckebs,
Sweden

Drsaucharide S 16 the disaccharide fraction from substance § Dectrin §13 the obgosacchande
dextnn fractian. i and hugher des plus dexinns) from substance S
Destrm G 1w the (m and hugher) ohgotacchandedestnn fractio s from substance G Thes
were nolated by casboncelite colsmn (Whusder and Durso 19:0) and

per ow)
Starch (amylim ofubile_swoum_mach Zulkestshy) veas obtamed from Merck AG (Darmstadt
Germany) glocose from B Ler Chenucal Co_(Phull psburg N L, U SA) sorbiel and maltose
from Planstiehl Cherical Co (Wankegan 11 U'S 4

Ammals

b na rats of the Sprague Danley stran were used They were fed a coromeresal peliet diet
Before the cxpent ents the aninals were fasted for 20 hours w t frer allowance for water

nalyteal methods

1} Free glucose was assayed with the ms-glucose omdase reavent (Dabiqust 1961) Sorbtol

does nat react with tha reagent

21 To ! glavie(frec phas bound placose) wat asayed stk cther one o the ollow ng two
e

1o 33
2} With @ € tns-ghucose gudase reagent after that the preparation had been boided wah 1%
Clfor 60 m n 2nd then neutralized with NaOH

) Wi h the anthrone reacuon performed as descnbed by Seott and Melvn (1923) but wath
heatng at 100 Cfor 75 mn Sorb tol does not react wiit the anthrone seagent

3 glucase was calaated as th e difference bet veen tntal glucose and free glucose

4} Sorbisef was aszayed with the method of Corcoran and Page (1944 ) after that the preparaton
had Been hydrolyzed with acd as for the assay of total glaense described above Glueose
will abo react with the periodate ~ ehromotropie ac3d reagents used for the assav of sorbitol

ut the resction of glucose 1s slow and the evtnetion coefficient obtamed for glucose was
ouly 4 of that for soritol whach unplies that sorbitol can be assaved specif cally 1n the
presence of up to 2—3 urt 3 the same amount of glucose Free and bound scrb tol sere not
asayed separatelv

Redicr g paer was as.ayed with the 3 5 n trasaheylate reagent (Sumner 1924 Hostentler

Borel andt Deu 1 1921) Standard curves were prepated both with glicose and maltose.

6} Paper chromatography of mugars Descendent chromatorrams weye run on Whatmia No 1
blter paper using n hutanol eiber water {30 10 50 upper phase) as the sohent Tre
dr ed chromatograms were spraved » th a o ueture of equal pars of 0 £ N Ag\O and
5 NH OH an3 heated for »~10mn (Parndy 13481 Sorbtol and sorbitolcontarming
ol gosacchandes react equally well s reduc ng sugars

7} Protern wan assay ed wath the method of Lowry et al (1951 wath the mod ficat o mtroduced
by Eggstein and hrewtz {19955 A standard curve was prepared with freshly dussolved
human serusmt atbuimn (AR hab  Stockhalm Sweden)

5

Drgeston studies in vateo

Homogenates of rat small mtestimal mucesa rat pancreatic tssue and human small

ntestinal mucesa (obtaned from a prece of suryially remon ed human lower duodenum
and upper jejunum) were preparcd with an Ulira Turrax homog nizer The tube was
ehilled with 1ce dung hom wemzaton Human saliva was collected after mnsing the
faouth with water The preparanons were diduted with y ater or 09 NaCl to gne
an prate enzyme and then with the different carbo-
hydrates susdied Incubation was performed at 37 € i exther 005 M sodium maleate
bufler pH 6 5 or 025 \ sod um potassium phesphate buffer pH 69 When starch

substance § substance G destnn S or dextun G was used ay the substrate sufficent
sodium chlonde was atwavs added to ensure the actvanon of w amylase (Meyer Fischer
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and Bernfeld 1947) When incubation was performed for more than 1 hour toluene was
added as a preseriatne ‘The mcrease 1 seducing power was assayed with the 3 5.4,
mitrosalicylate and the amouns of glucose Isberated with 1he tras glucase oadase reagent

Digestion and absorplion studes sn vivo
1) Iatestinal digestion and absarption The same method as has caclier been used 1o atudy
the digestion and absorption of sucrose maltose and trehalose 1 the rat uiizng poly
ethylene glycol as an unabsorbable reference substance {Dahlgvist and Thomson 1963
a~b) was used to study the digestion and absorption of substance $ and substance G
‘The rats weighed about 200 g and cach animal was fed 0 800 gram of the substanee to
betested The assay of sorbitol and free and bound glucose in the samples obtamed was
performed with the methads deseribed above Protein precspisatson was not performed
amnce this in prelatunary expertments was found to remove pact of the dextnny
2) Deposttion of liver gheogen Fastung rats weighiag 250300 ¢ were hghtly an
actthetized with ether and fed 1 50 g of either substance § or substance G in 5 ml of
water by a stomach tube Controf ammals were fed the same solume of 09 NaCh
After 4 houry with free access o tap water the animals were kafled by a blow on the
head The fiver was wnmeniately removed and cut into ymall preces an a tube with 36
AOH The tube was weighed before and after the addiuon of the iver and the wer
werght of the liner was caleulated The 1ubes were then heated i 3 boihing water bath
for 2 hours cooled and thor contents dituted to 100 mt with wates  The ghcogen was
then assayed i the following way  an aliquat of the solution contatning 50—150 s,
glscogen was dituted with water to 1O m! and 16 ml of 95 cthanod was added
‘The tubes were left at room temperature for 3 hours  Then they were centafaeed ar
1000 x g for 10 mun and decanted The sediment was suspended i 7 o m) 60
~thanol and the tubes agam centrifuged and decanted The preapitate was dred a
© suspended 0 20 mif of water and ke ghycogen assaved wath the anthrenr
Yeagent A standard curve was prepased with glicose 90 g of glycogen gnves the same
ading as 100 pg of glicose

Results

Compostion of subistantt S and substance G
Substance 5 contasned na detectable free glucose 642, bound glucose and 282
sarbnol (free plus bound) It has a sery weak reducing power 1 ma had the same 1e
dueing power as § 007 mg maltose
Substance G contaned 71 free glucose and 914
atwely swong reducng power 1 mg had the ame reducing power as 0 7 mg aualtose
On paper phy both G and sub S shov od ane mons-
sacehande spot (glucose and sorbrtof respectncly) one duacchasde spot and a vraes
of ohgosacchandesdevtn spou

bound glucose It hasa el

Digestion studies ta £2ir o
It tnusting

1) Digestuon by a mucosal homogena 2 of vot sma .

Fig 1 shows the cound of the hydrotysis 1 rifro of substance § by a mucnsal b mu:’:m;:

from 73t small intestine fn the beginnng of the reaction the mcreaw 0 r{ ru:m»

powes per Lume unst was rnuch larger than s hat correspondrd 1o the amaunt of gl
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P
2
/ Fg 1 The hydrolyss of substance § by

"
3

a homogenate of rat small intestnal mu
/ cosa ‘The reaction mudture contuned 10
o

~
3

mefenl of substance S and 16 motm) of
mucosal protein 10.0 0> \l sodusm maleate
Inffs pH 6 Italio comtamed 04 mefmt
of NaCl which actvaes the « amylase
S w2 ® Incubation was performed at 37 C The
S i crease n reducing pawer was measured
with the 3 S-dimsosalicylate seagent and
the glucase liberated with the tris glucose
oxdase reagent

P
5 o

3

SUWCOSE MATRAED 1 13
».

o
-3

0 0s » 1® 22 HOURS

bberated Presumably ths 1s caused by the acton of @ amvlase which hndrolvzes the
dextnng to reducng di and oligosacchandes Then the oligosacchandes were hydro-
Iyzed ta glucose by the mtesunal disacchandases and the curves for increase 1n reducing
power and free glucose approached each other After 2 hours 50 ¢ of the glucose bad
been fibrrated O prolonged incubation the reacuon stawly proceeded further but
sull after 20 hours only 80 ©4 of the total ghurose had been hiberated both as calrulated
from the reducing power and from the enzymatc 233y of free glurose

Onincubanon with substance G under the same contdstions the veloaty and pattesn
of the 1agtaal phase of the reaction were the same as for substance S but in 20 hours the
Eydrofyns of substance G 1o free gl acose proceeded to 100

Tncubavan with the wolated dextna § and destnn G respectnely gave the same
results as for each of the corresponding substances above

Incubation with the wolated dasacehande S revealed a very slow Indrolvms of this
subs rate Trunng the hydrolyss of disacchande S the rate of glucoss Librration was
only 160 of that from maltore ncubated under the same conditsons Since dwacchande
§ eontany only one moleculr of glucose and maltose contains two this means that m
T3 of the number of glycomdic linkaees spht the hydrolysis of substanre § proceeds
with a rase whieh 13 1730 of that for maltose On lone incubation with concentrated

erTyme the bydrolysis of s ®
1t was also 1 csigated whether disacchande S whibats the maliase actwats of the
nucosal b In this thereac d esther (0mg mi

of maltose or 10 myg/mi cach of maltose and dusacchande § 0 04 mg mi of mucosal
proten and 0 03 M sodium mateate buffer pH6 5 Incubation was performed at 37 C.
The amount of glucose berated when only maltose was present + as 126 ug'm) reacuon
mithreghaur and + hen maltose and disacchanide $ were present an mixture 108 ug

K bo“: u‘nder these conditions disacchande S only nfubited the maltase acuvite by
M,

") Digestion by @ muasal homo enate f om human small ntestine
A homogenate of human small intesunal mucosa hdrofvzed substance S m the cor
cesponding way as descbed for 1t rat mucosal preparation above The hvdrotvsis of

duacchande § by the human preparation proceeded with a rate which was 140 of
that for malsose
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Tig 3 Mean amounts of glucosc (free and bourd) rec nered frem the dul rent garts of th e
gastromntestinal trict aficr the feed ng of 0800 g of substance € 1> 200 g rats

Fig 4 Mean amounts of glucose (free and bounds and ssrbutol (¢ tah recovered fr m Ul e
different parts of the gastromtestinal tract afier the fording of 0 800 g of sbstance S ¢ 00 g rats

3) Dugestion by a homogenate of rat pancreas
The reaction mixture contamed 10 mg/m) of substance S substance C or starch 0003
mg/ml of tissue protem 0 02 mgiml of \NaCl and 0 075 M sodsum potasium phospl ate
buffer Incubauon was performed at 37 C The increase in reducing power when
substance § was used as the substrate was about 1 3 of that when ntaech was used
“The hydrolysis of substance ( proceeded at about the same rate as that of subntance §
and thus the slower hydrolvsis of these substances as compired with starch seema 10 be
caused by their smaller molecule size Paper hy showed handes to

be the main hydrolys:s product
Afaltose was hydrolyzed by the pancreanic homogenate with a rate which was only

1/3 000 of the rate of hydrolysisof starch expressed as the number of ghyrondic brkszes
split per ime unit Disaceharude S was got bydrolyzed at a measurable rate (st than

1/100 of the eate of hydrolysis of maltaset
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Taste 1 Deposst on of hver glycogen after the feed 1 of 1 50 g of substance G or substance
S to fasting rats

Total amaunt Glycogen as
Wets mght of glycogen © of the wet
of Iner found warght of the

Substance fed (g} (mg) L er

NaCl {controls) 959 25 0%

10 13 27 027
873 3 o33 [ 032
961 39 041

Substance G 987 200 295
1064 250 235
947 367 3gg | 34
1134 530 469

Substance § 983 350 365
87 364 410
1167 367 315 [ 374
1123 453 $04

4) Digestion by humn salica
The reaction muxture for studying the hydrolysis of s G and

starch contained 0 007 mg/ml of protein The mcubation conditions were the same as
described for the rat pancreatic hornogenate above Like the rat pancreabic homo-
genate the human saliva hydrolyzed sub S and G v1th a rate which
wns about 1/3 of the rate of hydrol of starch Paper showed that
hanides were the mam hydrolvsis product
The saliva had yery weak maltase actvaty 1/10 000 of 1ts amylase actvity and no
detectable activity towards disacchande S (less than 1/50 of the maltase activity)

Digestion and absorption sn vize
1) Intestinal digestion and absorption

Fig 2 shov 3 the total absorption of the 0 800 g dose of substance S and substance G
when fed to 200 g rats The absorption of substance G proceeded rapidly aad the
curve \-as similar to that earher obtained for glucose and maltose (Dahlquist and
Thomson 1963 b) The absorption of the glucose and sorbitol components of substance
S were studied separately The glucose component was absorbed rapidly untl about
85  of the total glucosc had been absorbed Then practically no further absorption of
glucose occurred The sorbatol component was absorbed very stowly  After 4 hours stll
only afesw  of the sarbitol had been absorbed

Fig 3 and 4 shov the amount and kind of carbohydrate recovered from the different
parts of the gastromtestinal trace after the feeding of substance G and § respecunely
Alfter the tngestion of 0 800 g of substance G very hittle sugar was recovered from the

N—65%03 4 Ay of & Pel 63
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distal part of the mtestne but after 0 800 g of substance S large amounts of sarbutol
and some glucose reached the lov er part of the small intestine and the large mtestine
Essentially all of the glucose that reached the Irge antestine was bound glucosw and
there seems to be reason to assume that this glicose represents the fraction which 15
bound dircetly to sorbitol sinee the i 1utro expeniments showed that thus Ik 1s sphe
very slowly

The ° absorption of the carbohydrate m the samples obtamned from the diff tent
parts of the intestine caleulated from the amount of polyethylene ghcal recovered
agreed very well with the data above Afier the ingestion of substance G over 90 o
had been absorbed 1 the samples which reached the lower part of the small intestine
and the large ntestine After the ingestion of substance S 75—80 4 of the glucose and
only a few °, of the sorbitol had been absorbed 1n these samples

No difference could be seen betwcen the rats fed substance S and those fod substance
G n the rate of stomach emptying calculated from the polycthy lene ghycol The passage
fiom the small intestine mto the large ntestine was somewht more raprd when sub-
stance S was used

2) Deposition of luer gheogen

Table I shows the amounts of Iiser glycogen deposited 4 hours aficr the mgesuon of
150 g of substance S and substance G respectisely to fasting rats The increase in
Inver glycogen content was equally large after both substances

Discussion

Both the o tire and i wio expeniments show that 80 of the glucose in substance

,which equals half of ats total 1 exght) can be casily sphit off by the digestne enzymes
and absorbed and utihized i the body The hydrolysis oceurs in (wo steps first the
dextrins are split into di and okgosacchandes by the a amylase and then those of the
di and olisaccharides v huch are compased only of glucose are hvdrolyzed to glutose
by the mtestinal disacchandases

‘The disacchandes composed of one glucose and one sorbrtol molecule 1 contrast
are spht very slowly and the glucose bound 1 this way Jargely escapes bang absorbed
1n the small intestne Whether tn and lugher ohigosaccharudes containing sorbitel
also are spht more slowly than the corresponding sugars talt up of only ghicose carnct
be stated at present since these have not been 1solated

The sorbito] whether free or bound s absotbed veny stowhy

The fact that yabstanee S 15 spht by camalase in the sabna under the Dremat m «f
maltose and refated ofy, osacchandes and aexcrthieless docs not devrease the j H (T th

ne matenal opens the question « hether the maltaw acuan or et »

dental plaqg e

e reaction sequence s 1he dental bactera are mhubited ty sortutol or som
sorbitol-contammng sacchandes Thus paat calls & 5 further myesticanon The intesnnal

saucosal maltase actinaty was found 0 be oaly shafuly inhibited by the glue n s rt ol
disacchandes
Thes tra cxtsg 1110 as been supperted by granisfrm § veheby Stk hef catlng 418 Aein

Sneden
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Comparative Aspects of the Respiratory Gas
Exchange of Sea Urchins
By
Jonar B Stees
Recerved { June 1964

Abstract

Secer } B Comparar ¢ aspects of e respiratory gas esehange m th sea urchin tcta physof scard
1965 63 164—170 — Respiranon of the sea urchin Stron, yoce 1 otus droebakiens s has bees
studied with measurements of oxygen uptake at d flerent amb ent temperatares and with
parts of the surface ergans selectively covered with wax Tt was confitmed that the tube fe ¢
serve 35 the main respiratory organ At 16 Cthe axygen uptake s reduced fasmallpr j ne o
the tube feer surface area 1s coserod or if th external oxygen tensian 1s reduced At € a
larger decreas  of ped at area or tension 13 niceded to reduce the xvg b uf tike 1
stated oxygen uptake based on podial & mensiors 1nd measured ovygen tenson 117 rences
«about ten times farger than the measured oxygen uptake The mability of the sea urchm ¢
» Bhlize 1ts theoreucal respiratory capacity 1s tentatively explamed as a conaequenc of nis pe rly
developed circutatory systemy with the Iack of 3 sespiratory p gment Companun of the re
spiratory daty from sea urchinsy ath sumilar data from the eel reveal some trends in i} e evoluten

of respiratory mechanssms

During the evolution of aquatic respiration highly efficient conditions for gt exchanye
have been achieved in the teleostean gl Here s ater and blood cxchange gases as they
Pass countercurrent to cach other at the respiratory membrane (the lamellae Lhe
presence of hemoglabm greatly mereases the otygen capacity in the blond i aly
influences the axyyen tension difference across the gill membrane in a favowrati way
in that relatively much asygen may be tahen up at 2 small incre ve 1n the Vond corgen
tension

In comparison the respiratory svitem of Echinoderms s far mose prin ¢ Iode
starfish and the sea urchin the podia (tube fect) consitute the only tespirat 1y surface
of significance 1Roller and VMeyes 1933 Farmanfamaian 1 58  Lar these ammals
the external medium ts renewed onby by movements of the podia while the nternal

areplanon 18very pnmane (g 1

164
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RADIAL AMSULACRAL eacaneous
canat

&

RESPIRING T SIUE

Tig 1 The ¢ reulatory system of the sea urchin with sechan through ot podism and tts
ampullae connccted to the radsal water canat

The errcubatory fwd of sea urchins does not contan any respiraiory prgment. In
contrast 1o eed biood which when saturated with air at a normal pH may contare 14
vol o oéygen {Steen 1963 2) the ambulacral fud wall hold no more oxygen than the
006 vol 4 which ss contamed 1o salt water saturated wish 2w or more than 20 nmes
fess than the blood of the eed

In the present anvestigation an atterapt has been made to obtam quanitaiine data
on the respiratory capacty of sea urchins These data have been compared with similar
data on the cef 1n order to clucidate the different ¢y pes of respiratory systems found 1

these ammals and possiily contnbute to our understanding of the evolution of re
Ipreatory systems in geaeral

Matenal

Sea usch a3 §t o gylocent tus f orbak enses wese obtasned 1 the Oslofjord dunng Febroary and
March Thev were kept 1 natural sea wase cooled f0 4—6 G

Methods
(‘)%Kmm ugtake war measared by the wod fed Schalinder  asprrometer (Seeen and Iversen
'

The oxyg » content of the ambulacral flu d was mrasured accord 10 the techn que of
Schol ndes etal (1953}

Alelted Hustowax was u od to cover _lected parws of the external surface of the an mals. In
aderto edy o} effects of the heat s 116l w3z poss ble was apphied a1 8 Lme This some
¢ mes resulted ) incomplete eovenng

Poidsa and pbls were fixed i sitn by mmers on of th an ol w B u e flusd To obtz o exe
tended podsa fhe ammal was (i ancih nzed nasslutonof | urethane m sea water where
upon the an m3! was wansferred 10 Blow ns fin d The z ca of the pod _ surface was cstumied by
count ng the puda and measanng vade T croscape the  external dimensions 1 { ving fpeci-
ma
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Fig 2 The effect of corerng varywng proportsans of the
ém ——— —7- ke 8 tube feet surface of sen unchias 306 Gandatit G
5 ATST t ~ o The oxygen uptake of antmals with aff podta covered 55
due to incomplete contact between the poditant the
wax
s e e S
0 8 6 4 2 9
UNCOVERED ROWS OF PODIA

The steucture of the respiratory and cireulatory system
The sea urchin 13 cosered by a calcarcous shel! 2 test with polar epenngs for mouth
and anus Around the meuth small fingerhke structuses protrude These are o3led gilts
although their respsratory funchion 1s doubtful The podia or feet are found 1 5 double
menchan rows Each podium penctrates the test by a two-holepore 15, 11 Inside the
test the podium ends in an ampullae The ampullae from neshbounng poia ke
tightly side by side and conneet to a common radsat canal The five radial canale con
nect 10 a arcular canal around the mouth The fld wside this system (ambutacrl
Blusd) s arculated by chary movemens Simuttancous mosements of Quid m bath
dircctians is casily obsenved sside 4 podium Tt is thought that fhad prues from the
mpuliae into the pediom through the onc hole of the pore and back asam shrongh
e other The csreulatory sysiem of the sea urchin s thus compased of se eral murow
, reulation umts each conusting of a podium and an ampullae Lhere 1 ny capsllary
ystem Gas exchange probably occurs directly between the ampulise and the coclomic
Sfhard which fills the saternal spaces of the ammal not occupred by ather orans The
coclomic susfaces are all @ihated Neshes the ctrcutatory Autd nor the coclomae fhnd
contun respiratory prgments isce Hyman 1925 pp 468—47%

Experimental results

Lxperment £
In the first senses of experiments the oxygen uptake of sea urchane at different tes ipera

fures s as related to the area of ther respratory membrane The area wav vaned by
cosvenng mereaning proporions of the podia by wax

‘The expenment searted by continuous measurements of the oxyeen uptake W intact
animals untd the uptake became sable usually after |1, hivs Four stxare Lht rows of
podua were then covered and the ac gen uptake again secorded fnally the rema g
podia 1 cre covered sepise and the oxygen uptake recorded afiey exch lre.umm:]
“The expenment was performed a1 16 and & € No reduction sn oxigen i 1ake rouk
Be demonstrated fullowing waxing ol inter podial aress or the glls Lonering the cnu’yv
armal reduced the ovgen uptake to 2er0 Fig 2 sthawy the ipflurnce of conenng the

podia
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The effect of covering increasing proportions of the podia clearly depends upon the
temperature and thereby upon the o‘yg:n demand of the ammal At 16 C the oxygen
uptake 15 1 to the of podia At6 C howeser 4/5 of
the podia can be covered without any measurable effect on the ovygen uptake Only
when the fifth and last parr of podia rows are covered does the oxygen uptake decrease

When the waxwas remon ed the o¥ygen uptake would in most cases ncrease although
never to the value recorded before any wax was apphed

‘The results indicate that the respiratory membrane area 1s a hmiting factor for oxygen
uptake in the s¢a urchins only at a farrly high oxygen demand At6 Cthe podual surface
1s apparently 4 tmes larger than required ta cover the oxygen demand One mught
expect therefore that at the Ilugh temperature the ammal had mobihized all the
mechamsms whereby 1t obtains maximum respiratory capacity I this 13 correct a
reduction in the oxygen tension difference bets een internal and external medium
should reduce the oxygen uptake at 16 Cbutnotat6 C

Expenvment 2

The sea urchins were placed mn respirometers filled with aerated water The syrnge
which normally contains oxygen was filled with mtrogen so that oxygen consumed by
the amimal was replaced bv mtroven The oxygen tension was thus reduced as the
expeniment proceeded The oxygen uptake was measured continuoulsy until 4/5 of the
available oxygen had been used This type of expeniments + ere performed at 6 and
16 © The results are shown in Fig 3 At 16 C the oxygen uptake 1s directly propor
tional to the external oxygen tension 1 hile at 6 C a reduction of external oxygen
tensions down to 4,5 of the air valuc did hardly influcnce the uptake at all

At the end of the experiments the podia did not move as much as usual However

when the ammals were transferred to acrated sater thes soon regamed therr normal
vitatity
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"15 1 {'Ag 4 A longstuhnal section through a set uret n fube
faat

Determination of respiratory capacity

The foregang expennments indicate that ara temperature of 16 G the sea urchins utihze
therr fi 5 ¥ capacity completely For further analysis of this capay a
calculation of the ox) gen uptake was attempted The parameters roquired for s e}
cufation 1e the area and thickness of the resprratory surface and the difference in
oxygen tennon cusing across it were determined

Numerous esumanons of the thickness of the podia wall gase an averayr of 15 »
Tig 4 shows part of a longitudinal section of a podium A 70 g sea archin kas abioat
1000 podia When fully extended shry may be 20 mm lone and have a diameter of
04 mm This gives an arcaof J14 - 04 % 20 1000 = 25000 mm? 50 em?

To deterrmne the difference 1 0%y gen tension acttag weross the pedia mendbrane
one should ideally know the oxygen tension of the ambulacral fhad as st enires and ava
feaves the podia Unfortunately such measurement could not be carrted ot s ath our
methads Instead we measured the oxyren tension of the coclomic fusd s oxygen
tension will certanly be lower than that of the fd entenng the e from the am
putlae since the coelomsc fusd fills the space bets een the ambutscral syst m and she
respinng usiwey (Fig 1

The vxypgen tension was determined sndirecthy Dirst the yelaton beiween s xyirn
tension and ovygen content of the coclomic flusd was estabilished by analisis T ud
wamples with known tension This flud was found to have the seme oogen sclubilin
9 water of the same sahinity and temperature Samples of corkemue thnd were then
taken anacrobically from ammals Inving 10 well aerated  ater ach Coand 16 € wnd
thesr oxygen cantent measured and the oxgen tensim obtamed For three ammaly
6 C axygen teaston varted between 002 and 0012 amm whilr { 1 three mnials a1
16 C tennions wese between 003 and 004 atm

If we assume (hat the ambient axvieen toasion 1 0 71 ;i and that the ambulaer 3
Huid has an oxygen tension of 0 03 a1m 23 1t enters the podia and 8 Masittes o th

6 ont
will be @21 ;

avcrage oxygen tenston actin., across the podia my

~ 013 If we use the diffusion constant for muscle assue af § 14 @t O e 3

atemfpr (hrogh 1941 p 11 the wsal diffuston Drmula we get

72008 B mo

a
Vol O, 014

In companson thr bighest oxvgen uptake recor fed m this myvestdtsn w3

s
1 ihr

for a 70 g anwmal at 17 € }
Tius decrepansy briween caloulated and measured reapurat norap ar w3 be

reasonably explamrd by the following facters althow b th w celate 1y ranc 18

difficult 10 evaluate
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Tasce I
Re piratory membrane Resprratory capacity
Oygea  (m19 jom )
Arca Thickness  gadsent
(cm ) ) {atm) Catculated  \feasured
Tel glts 530 75 013 015 o1
Sea urchin podia 250 > 013 002 e
8 au chin ampullac 63 1> 004 oots 003

Turst 1 the calculation we assume all the podia to be fully extended Directobserva
tions show that thisis not the case Itis however very hard to find an average degree
of extension  Secondly we assume the thickness of the podia + alls i Mstological
sections to be identical (o the actual diffusion path The tissue had however probably
undergone some shrinkmg during fixation and 1mbedd h 1 of
ambulacral fed and renes al of external medium mav be wsufficient whereby the
actual duffusion path becomes larger than the anatormcal The lack of separated
arculaton paths from podia to tissue and back agam may abo act to render the actaal
©ox)gen tension grad ent smaller than assumed 1 the calculavon There may thus be
mixing and gas exchange between the fluid streams moving  ounter current 1o each
other in the same podium

One can also estmate the oxygen diffusion from the ampullae nto the coelomic
flurd Dissections sho v that about one third of the mternal surface of the sea urchin 15
covered by the podial ampullae In a 70 g anumal with a radins of 4 cm this corresponds

t0 an area of about 65 em  The auerage oxygen tension m the ampullae 1s maximally
020 —00t

= 008 atm, which grves a tension difference < 1¢h the coclom of 0 04 agm

Inserung these data i the formula and stll assuming a deffuston distance of 15 o « €
fet an oxygen diffusion of about 1 mljhr

Discussion

The podia of sea urchuns are locomotne and sensory organs besides having the ¢ re
spuratory function Such multple funcuon of one organ gnes a prmt e condrtion
\ hen compared 1ath the situation m more speciahized orzans as gills The organ 15
only partially adapted (o each of us funcuons Thus the v all of the poddia 15 about 13 ¢
thick as compared 1o 7 i for the resprratory epithelium of the eef gl Steen and
Rruvsse 1964) This thickness may be necessan since there are both nerves and con
sracule clements in the podial watl

Tn Table [ data from the present imvestiwaton are compared to sumilar data obtamed
10 the eel {Steen and hruvsse 1964 1t can be seen that there 1s a major difference be
© cen the t80 respiratorv orzans the prmun © podsa and the specialized gills ovygen
uptake m the eel may actually reach values corresponding to the theoretscal resprratory
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capacity of the gills whereas maximum oxygen uptake 1 the sea urchin s only about
one tenth of the theoretical capacity of their podia

As d earher this Y 13 probably related to the poorly
P for of external and internal media The movement
of the crrculatory fluid as effected by cilia 1s less efficient than that caused by the ver
tebrate heart In the sea urchin there are no well developed distnibuting vessels and
capillanes There 15 thus a rel ly ineffi 1 for dustnit of oxyge
nated fluid to the tissues and for deoxygenated fluid back to the podia The fact that
flud 1nside the same ampullae or podium moves sunultaneously 1n opposite directions
must certanly contnbute to render the system inefficient due to cross diffusion and
fluid mixing Moreover the ect blood contas hemoglobin whereas the circulatory
fluud of sea urchins have the oxygen capacity of water only The advantages of thiy
20-fold difference 1n oxygen capacity together with the evolution of An adequate
arculatory system are mamifest They have reduced the energy needed by the fish to
achieve gas exchange and they have enabled the fish to reduce 1ts exchange are1 with
the surrounding milien  This latter factor may have contributed to the devclopment
of an internal osmotic environment different from the external one thus making the
organism partally independent of onc element of sts environment

develoned

I wsh to acknos ledge excellent assistance from Mrs J Hawe Cand rexl F Walug fthe
Brological Station of Drobak very kindly collected the materal The mvestigation was sup-
ported by The Norwegian Rescarch Council for Science and the Humanitics and N rik Var
knigsforsikrings Fond
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Modermzed Scholander Respirometer for
Small Aquatic Amimals
By
J B Sreen and O Iverses
Revaved | June 1864

Abstract

Steen J B and O Iversen Vodem sed Scholader espn omeler for small aquatic animals Acta physiol
scand 1965 63 171—174 — A method 15 desnbed fo measuring oxygen uptake of small
aquatic amimals us ng from @ 1 to 20 ml oxygen/hr The water contamung the amimal s connn
uously equilibrated with air n a closed system and respiration 18 measured as the oxygen
necessary to ma ntam a constant gas volume 1n the presence of a carbon dioxide absorber

The oxygen consumption of an animal Lving 11t water can be determined mn the gas
phase of a closed system provided the water 15 thoroughly equilibrated with the gas
phase The respirometer to be described 1 the following was deyeloped for studying
respiration i sea urchins (Steen 1964) Ttis based on the same principle as that employed
by Schelander (1949) The present modification s hoy ever more rugged rehable and
simpler to operate than the ongmal version The resprrometer perouts measurements
over a s 1de rane of oxvgen consumption Ses eral ones can casily be arranged 11 serics

Principle

The ammal 1s enclosed 1n a respiration chamber where the water 1s continually equls

brated with the air above 1t The gas ph from a chamber
by a flud manemeter and 15 connected with an oxygen filled syringe and a carbon
doude absorber The avygen consumed by the anunal 1s replaced by oxygen from the
svringe ta maintain the manometer meENIscus at a certain posttion Oxy gen consumption

1 therefore read directhy 23 the difference i synnoe Aolume over suitable penods of
tume

Apparatus

The apparatus has the following parts (Fig | Manometer block glued to the hids of a
respiration chamber and a compensation chamber rubber sealing nees closing frames
motordniven magnet for drving a surnng paddle at the water surface carbon dioude
absorber oxigen svinge and temperature-regulated 1 ater bath
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Fig 2 Photograph of set up with five resp rometers Ta the left 13 seen a resp rometer fastened
10 the side arm to the far nght 1 seen the stirver and the bucket with water beng cquilibrated
Four respirometers and onc vacant place 1s scen m the bath

Operation

The umt 1 first screwed on to a side arm of the supporting rack extending outside the
bath {T1g 2) The resprration chamber 1s filled v 3th equihibrated water from the bucket
1 the water bath (Fie 2) The animal 13 pat 1ato the chamber which 1s closed by means
of the nghtening frame

Fhe unit 15 then transferred to the support in the water bath To protect the motor
s wise to disconnect and semose it dunng (s procedure By ansertine a pre de
termuned length of suction tubine into the carbon diovide chimney the water level 15
adjusted down to a height gning the maximum equilibration efficiency (1 ¢ the best
compromise between sttrnng and whippine) The motor umt 1s put 1 posiion and
connected to a 45 V battery If are ta be conducted with aie
sater the carbon dioxede chamney 13 left open for some minutes 1 hile the stirrer works
Then the rubber stopper 1s 1nserted to close the compensation chamber and the carbon
diovide absorber 15 fastened n the chimney The syringe is filled with oxygen fitted to
1he ammal side of the manometer block and 1ts top ealed with a drop of parafin oil

At anterials the volume of oxvEen needed to reset the manometer meniscus 10 its
mark s recorded The volume must be corrected to standard condition using the
temperature present 1n the syrmge not m the bath and the barometnic pressure at the
moment the compensation chamber was closed For this reason one should use small
ssnnges for oxygen refill and care should be taken that the room temperature be as
constant as possible

The present desi,n appears to have several advantages over the onginal onc proposed
by Scholander (1949) Each umt can be served separately and th chambers are sealed
B\ 3 metad frame thus not requinng a rwbber stopper to-glass connection which mas
shp In addition this sturrer unit 18 more compact with no possitalities of leakage (in
the old edition grease from the capdlary frequenthy centered the ammal chamber)
Ve also find 1t con enient that the carbon drostde absorber may be removed or intio-
duced 1 1thout d the block An add 1 injection stopper
makes 1t possible to introduce substances (f ¢x poisons hormenes) dunng experiments
as well as removing gas or fluid samples for analvsis \When the motor untt 1s remoed
the rest of the unet can be + ashed as any other pece of plastic and glass The present

version has been used for contnsous 74 hour expeniments and has proven very rebable
duning daily routine work
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Fir 3 Absorpuon of air into 200 ml of 9
awrsaturated water at 17 €. Tws parallel e
of measurements are shown  According to the
sclubnbty coeffiaent [or a1t 1n warer {1975 m)

100 ml at 17 L) 099 mlair should have bren
absorbed. The somewhat smaller measured ab-
sorpton of D91 ml 1s due ¢o incomy lete deaers

tiont of the water

AR ABSORTED Ce(5TPO)
3
¥

2 4 6 B W B
N
The resprrometer mas consemently be used also to measure ovsgen uptake of smalf
airbreathing anymals.

Accuray
Blank runs indicate that with J00 m! arrated water the svitem is stable 1o within 00)
ml per hour as measured with a 1-cc tuberculine syrnge Analyss of the oxyvgen con
tent (Scholander eraf 1835) in il d water of the resy dunng ex
pinments showed that the oxyzen content was within 2 of the theorencal  alue
Dunng the expenments with sea urchins we somrtumes obtained a poartne readin
from water 10 which an ammal had stayed for hours due to ex~y sprnn and picay
of alzar cjected by 1t and to the mucrofauna bving o 15 surface Careful clezmng of
the respiration chambers between exp 15 therefore ded
The cfiarney of equilibrauon was (ested a3 desenbed ta Sctslandrr 1947 bnosube
an equal amount of deaeratrd water for water 1 th ¢ completely equilibrated
2and recording the ime required for restatalization As shown in Fig 3 con plete
,ulbraton 1 reached within 6 mm  The solume of 211 taken up arens losely watt
by volume expreted from the air solubihin m water at tat temperatur
From Fig 31t can b sern that the 1uual rate ¢f air abrorption in 90
water 15 060 mt oun Due 1ot solubiines of oxveen and niroren m water about
359, of this awr would br oxgen Thin about 070 m} oxveen 1 abwrbed per mn
which s probably plenn for amy arumal that can be fitted 1010 the resprrom ter
The cffiaencs of CO; atsorpuom was tsted In myrcung L ol 108 Oy e o -
33 Fhase throunh the smyrction stomper while eomprnuanng with ¢ e svapne 7 of
the CO, was remored within 3 min
The reprrometers are commerceally svalab - from Afr O hienmar o vt
of Zooptvsio ozv Lanerun of Oslo Flindemn N omway
Ve wuh U acknowledz  the entbusgs ic an vance 4 \Mnu ) Haasse and it terkn
AN O Brntaidsnsd and AMr P Savalov The 1o e =aton was upp med by Sk Sar
krdmimrm Fordard by Th N ommezan Rerar b G e )faSamnecanitde Hr arte

raturated

1t
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From the Insut ite of Phys ology Linnversity of Uppsals Sweden

The Transmucosal Migration of Water and
Hydrogen Ions 1n the Stomach
By
Rart Joman DRk and Mancarera WALLER

Recewed 6 Junc 1968

Abstract

Obunk K J and AL Waller The traotmy osal m gration of water and fisd ogen ans 1a the stomak
Acta physiol scand 1962 67 175—$85 — A preparanon consuung of an nolated Aap of e
ventra) wall of a <2t £ stomach u-uh an tacs blood mppzy was 1o znted between two pesspex
chambers Th 3 prtent e mucoss

and the curcent regstrerad, 4 rmxm!: of HCl and \a,so, wasnsulled i the mutusal chamber
and the duappearance rates for 1 € hydrogen and salphate ons were determuned The quotient
between these two (m was caluiated. Na stimulation o secrenion of HCT was given but a
complete sa.recory rest could not be garanterd  \ shght secretory acuvity tended 1o give too
law values of Qm The highest values of Qs comerded w th = smsdar quotient for 2 cetlophane
m mbrane Q¢ whi h was cosidered to mehcave that hydrogen wns dissppeared through the
£2s 11 mucvaa 1 the ssme way as did the sulphate ons whith were dhought to m grate by
way of a0 tercellular dfuron The resulis were fhought £ supgost the hffus m hyposhests

that

of Tevrelh Stontlar wich tnwsted 4 pex cent of the water
rmeTation  transceltular

1183 et known that the hydrogen 1on cencentcaton of an acd solutton nsulled na
non secrcung stomach d ceeacs exponenuath (Teoredl 1933 Obrink 1948, Teorell
destribed Qus decrease 35 analogous 1o 3 diffusion process bue this formal wav of
presentiag the ervent s of course no proof for diffusian Later other authors adopted
the diffumon theary 1¢f Friedman 1351 1952 There are howaver ather possitabities
tor a decrease mn [H | ¢ g 2 acutralizat >n wity ammenium formed by the gastrne
urease from wrea s Frzgerald 1946 §700 Fuzecrald and Murphy 1948
In addiwan there w the well known
(19381 wiuch annbuts different Jov

of Hall «
H -concentratons to dxH‘n’ml degrees of ad
mixtuee with a non acid componentaf th wastne jus © possbl contamng braarbonate

1n the last 30 vears acdiny regulation has been awenbed to mamy factars The fact
thas the permeabulits cocfinent tor B n 2 notsecretng stomach €an account
complerely Far the anchty  secretion rate relavon 0 3 bistammac simulfated pouch
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(Obnak 1948) bas been taken as evsdence that diffusion of ndrogen sons throuh the
ERSINC ynucosa 15 2 mam factor in acidity regulavon. Howmer more expenmental
evndente shold be presented for the “difusion by pothesis before results from diffusien
for-xlnhu!zs can be safely applied 10 actual biophysical processes

¢ presesit paper presents further madence for the exast f
et o prews funhes wstence of sizmifieant H aon

Methods

Cats wrre ued. Thev had been starved for 12—18 Fours Anarstesis was indured w
— 1h ¢k ro-

form and then chdoralose urethane (1 10, was green sntravencusly

Surgwal proceture A smudline incmion was made. The prionn mas lzated and diided Al
vessels 5,ppl 1ng the greater cunature were Lyated 23 well as thr a ventnculs domali. 3
coronaria sentcul which passes along 1 ¢ Jaser cunvature and § s the prral ven shortly
afier paging the palorus was dusected free

Theaz gastnca snstra was dissected free together with v gastrolirnal s accompamang it
The brand! es from thesc v essels supplytog the crznial par of th stamach were | zatrd and cut
Sotne small vessels of the 2 Lienalis g ing to the stomach were dnaded Finally the orwmhagus
was Lizated and the stomach cur free.

Now the mudd] and caudal part of e ventral surface of the g1 mmact was the only part
supplied with blood.

The nomach was opened alung the grester curature and Fxed 15 the lucrte chamber m

g 1

The chamber was fixed with the mutess ;2 ertical pos o, The vesse) (m ieft the chan
ber (0) through an operung that was tightened by plang cott m w o) arsund the csel  en
carelully 50 that 1o s.aus wes Produced, and then by covering tle cottn w 7 | with vasel
This procedure gave a water ught throuzh wav for (hr vesset witt out iInterdening waet ge bl A
fow

! groredare

. srrozl pan of the chamber (o was filled wath 52l ne a1 berdy temperatase 1 4

Yisene tube n e Up bl Th tubr was comnected 10 a temperatur resuated s (o

Ao (about 31 By means of 3 S ema purmy the sal ne was creubated o rough ¢ s atem.
The return tube krpt the sl 212 coutz thn 1 2 b hamber The terper s wa
rezulated th changinz t ¢ rat of flow and was amtrol /d In 3 fezasior

To keep the salne concentratin 1 a constant Inel a condy temenc relay orwrated
dlmctnc sypcack which delt ered distuled water 1 1 ¢ tabine S3ter whenever the mduet 1
ancfezsqd da o evaponaum.

The grom appearants of U+ & rrach sheet could be obarmved ¢ ugh the fuc
Pulsatwsms and ool s weve 1n 2l cxpenmensontr bd Dunnz it exprr meru sy stmulat -
o gastne $rCTCLON W2R €1 ene

The mueml chamber 1+ wes €1 rdw h 320 anof the mucns was s g ol ez~ ¢ 14
recenered f A Lo surery wuz v 1 =31 ur At wbipon w st et fu 4 -
voried fregn 5 1 7 £i) dependare o7 the thirkness and degrer A1 o Aet woma Jw
08l sa3rp 73 were p ot od from the tost 3 Latyes meny 00 or 0 ran £ anal 4 Trar ‘
the prilia s 3 Lor ruees and s o ane 8 mrliyanexsz mnontt rwoa
char ber was comidered not proesan

Aftrr tormaunn of the apnowot €
praroctl mds se TH moe mad darhe o way e~ pumt and t !
15 2l ermmeny wih sarcadul praydas Leos e s wer

m Yerzan ke cham o7
i foim i wat rorasared with tn aborord clrctrondes w1 -
o savrated R(J-brrters thrv s> b apd b Seefug 1 2od 330wy 3 R
g tmtpof (B by e scoew ¢ The pteasal wan irgr !r'v'dm‘a Gram g :'n’; o

e s JPL The prtentiad was usialts Lo gr oetaa by 2y st omes o b
B 2wy vl n armt ooc 13 3 bns

he at wa g o about 01 S5 aet am o
srertim £ HU tmnr?
| overet HOI e

¢ tamoes
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Fig 1 The persp x chamber with the wtact flapof , stric
mucosa

) \ vertcal cross secton of the chamb r (a) =
the gastr¢ wall {m) = blood ves cls (0) = out
side chamber (s rosal s de) (1) = nside chamber
(mucosal sude) (g) =2 thick multilayer cellophane
membrane 5 parating the test solutson n (1} and
the sal ne n {o) from the salinc tn (k!
b) \ side view of the chamber (1) = one of 4
screws keeping the 2 halves of the chambe tog th
er In the figure are seen th two big sl silv
chlor de electrodes (&) that were sed for the short
rcuit g current [ om a batters connect d 10 the
electrodes at () For (b) and (c} see Fg 1d
© Atop view of th _chamber Fwo plasti lubes
{h) e scen ext nd ng into the chambers Thes
conta n satur ted R salut on
d) Sde i of the hCE brdge connected through
(b) with a calomel lect ode With the serew (¢
to the up of (h)
o

i

€

ND O NO WL Nall
Ns,SG

th KClcould be arcfully moved exactly

A schematic v ew of th_electr cal ¢ rewt ng In some experim nts the content an (1) was

changed to HUI n triuated water
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In the eas~ of HCinsulled the snstial conditims will be H = Hofort=0
Thsgnes

‘This 15 & generalized equation contaning several special cases
Caee ! p=bgnes

{

This describet the well known hyperbol ¢ relatiomstup between the acidity an 3 the secretion
rate otz that £ has duappeared from the equat n which means that the aadiry w I be the
same wrespectne of the ume the Juice remains in the stomach 1€ whetd er the yuure u running
Ireelv from the stomach or withdrawn at regular or iregular interealc
Case 2 H, =0

Tha n the case treated by Teorell {1932) and gres
[P

] ®
s

g

Also thes equation 1 reduced 1o (7 whenp = Oor e = ~

Case 3 t=0gra
H=H,

which of course follows from the in tial condiuons
Cue # ¢ =~ o gnes

Co
H= I B
Ly

This 15 the same as p = 0 because when ¢ = o the influence of H has cor pletedy d v
appeared
a5 r=9

Tb{s 18 the condstion best surted 1 ¢ d flunion studses. The transf rmation 4 6 mad: aw
may perhaps peed a mme dew fed descripucn

Eg (b) can b rewnitten as

L
ok
« v . s
H=—"p - T
- -
T
p
Fory =01lq (9 gnes "
“0-0 tm % »
h
-5
o . " ) y
Gretm At-g) e 3 e i 3
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4 —T - T

Fig ? The expected change n hyd ogen o
cantentrat n vt the mucosal chamber An 85 mN{

oo
HCl solutton was ipstelled The permeability
coefl czent was assumed tabe 0015 mlfmn oogs |
and the primary ac dity to be 170 mM

Qoo
The H concentration will change differ goor
ently with different secretion fates © of the

stomach At a rate of 0015 mijmn no 1
change 1n concentraion ca 1 be expected
Only for v = 0000 mlfmm wall a s mple

exponential curve be obtained The general 2
appearance will follow equation (6) (see
text) N
0 y 3 > ]

Acco ding to the fact that
Lm (1 + E) —e

now
g (11) turns out to wnte
H 13
Tees
or
®
H=Hye p

which was our equation (1}

F om the above theoretical deductions 1t 15 evident that whenever veo the acidity man
wmstilled volume will not follow the s raple equanion (1) but rather the more complicated
5

eq (6}

The of the Tom a secreton on the acd ty m an
mstillayon expenment can bescen n F g 2 Here the param tersineq (6) ha ¢ been asumed
to have the following values Co = 170 mM H =8> m\ and k = 0015 ml/mun Different
values for o1 ere anserted 1 eq (6) and H = [(1) determined For only v = 0000 could the
sunple exponent 1 fall i acidity be expected I the other curves w ¢ treated as if ¥ =0
then a 100 Jow k value would be calculated In the particuls case when v =k th aadiy
would pever change but remain at the H, level Generally 1t should be expected that the
acidity would not change when v = a_",_l where a
no aod 1y ¢

v =12

fi; Ip the figure a = 2 which means
hangevhnv =k Ifa=3(H % 5 m\) milar ond tons would occur for
at means that the lowe the H  the more important will the nfluence of the
scrctonbe Ifv 7 thenthea d 1y will exen increase aboue the Ho (see fig 2)

The erro 1 determuning the permeability coeffic ent & wall thus tend o decrease the alue
1Mo or mo ¢ cxpenments apy performed an the same stoma b the h ghest L “alue w7l p obably
be the most correct one if the siomach was not at a complete secretory est

Resulte
Transmucosal poteniral and sportes eustin, current

The potentials ymmed ately after the surgery were usually low but inereased dunng
the next couple of hours The saline 1n the mucosal chamber was then changed for



182
RARL JOHAN 8BRINK AND MARGARETA W ALLFR

Taytz 11 PD in the gastne mucors

Natt i the mucosal chamber HGLm the mucosyf chamber
52 the svors Approt short
Heermstdls Atth end of circung

of heexp  After recovery uon of HC  the exp {n \lmlr )g fens
8 20 (203 3y 36 13-

10 26 (135 mum) 40 42 14197

15 42 (97 mun) 5¢ 38 197

20 32 (36 mmn) 40 5¢ 21~ 183

$+# 60 (45 mm) [ 65 233904

i 36 {170 mun) 48 36

12 42 (50 ymn} 53 46 H

20 52 (42 mun) 62 (64) 60 -

Tasre (11

The quots nt kyyfksn 10 experiments wah

Cetlophanc membrane (Qrl € astere mucosa Qen}

361 30
3350 348
299 191
33 319
34} 244
308 (not shortcrtwted) 303
30{  (aotshrreireuited) iz

ry

Qe =318

the test solution Thus smmediately inereased the potenual dfference due to the add tion
of 2 duflustan potential created by the HCl The potenuals and the shortcrroutting
eurrerss from the HCIsulphate instilfation expenments are shown 1 Table §f

Comparson of transport sates for H and SO sons

A solynion of about 85 mM of HUY and A8 mAt of Sa S0, wasinstdled in the diffuston
chamber The result from an espenment with & gaste mucosa 18 seenin frg 3 o
noticed the faster decreast 1n acidity compared 1o suly 5at duappwarance The ki bva

from the mucond exproments Om  as well as those wath 3 eellophste membrane
{Qe) are coliecied m Toble 111 There s seen that the Qr 11 somewnt at scatterad
around 4 mean valuc of 33 The Qm showed a greater doviation but had w me vafues
1n the same fessont a3 Q¢ (abose or equal ta 30 Tte ehlonde concrntratirn 3% a0
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™|

&l

weg

7
o *r
Fg 5 A wpdtapementwih muliaton of amartare
of 85 U HCI and 50 m\ NaSO 1n the mucosal
charmber
s ear me-ssresr

com
~Jws000
e
48700
4008
Fg 4 Aiypcatexpe mentwith nsuliation of a 170 mt
15CI sohut on rontaning Wt ated wate

Fig 3) sose towards a steady state value that was wgmficanth higher than that of

plasma {110 ro\l) This phenomenon has been discussed elsewhere (ef Hleinz and
Obnink 1923

Compartson of transport aies for H and HTO

In sdenucal types of expenmenss the duappearance raies of B 10ns and mtated water
(REFO) were compared The results from a typcal expenment are shown m fig 4
170 mM HCI contaimng 13 000 cpm HY v a3 intreduced 1n the mucosal chamber i
expeniments both vath a gasine mucosa and with a celfophane membrane, Table 1V
gnes the collected results Qm averaged 7 3 while the corsesponding Qc was 0 59
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Tantt 1V

Whale stomach

Gellophane membrane (Qc) Gastric mucosa (Qm) (pot shorserreuted)
052 (not shoncrrcuted) 179 2386
065 (not shortesrcusted) 158 257
066  (not shortoreuted) 234 214
067 (not shorterreuted) 267 245
063 = Average 337 248

240 2y
062 220 (not shoriewrcutted) 166
057 2720 232
060 188
036 187

21
059 = Average 231 = Average 223 = Average
Discussion
ne b 15 # for b and sulphate 1ons hive been compared

Y
|t 1solated and electncally shorteircunted gastric mucosa membranes i erv I no
driving forces other than the chemical potential gradicnts were reponsibie for the
dissppearance of these 1ons from an tnstdlate and (f the resistances 10 Jon movement
were the same for both tons one would expect the permeatuhty corffictents 1o be
proporuional to 10nc mobilities The 1omic moluhities 1n very dilute solunons at 2y €
have been calculated 10 36 2 ¥ 18 emysec for hydrogentonsand 827 10 cmysec
for sulphate sons 3 € 1 tau0 kyfkso, 44 For higher temperatures this ratio will
decrease somewhat For less dilute solutions the mobylity figures cannot Foweses
be safely used In electrolyte mixtures like 1 the present expeniments the refation
between the two permeatnlity coctficients will be even more unpredictat le

“The reason 1s that 1n a complex svstem hike the present one the fluxes of the different
1008 interfere with one another The degree of interference depends on several facton
such as concentration size of molegules or 1001 in (he tolution an it pil e g affecung
the fixed charges of the membrane; 1t 18 therefore safer not to rely upon the abone
grven molnlity figures but to compare systems as 1denticai as posaibyle but withy different
separatng membrancs (stamack mucosa and eellophane membrane

\s was shown in Table 111 the ky kg for thr cellophane membrane Qc) was
about 33 whereas the same quotient for the muco.a Qm was ax an avera ¢ {ower
than Qc As was discussed above | “Fieoreeal p 7 ibe errors an drlrrmm;m! llu
11 the stomach tended fo grve 100 Jow salucs The hughest val es st auld therelee be
a be the most reliable ones
w‘[‘::d:' nd;,,:.,y,,,m.mmed gastne mucon thr elrcincal potennal ou bt to rnL)::l:
the flux of SO, tons but retard that of H #oas Jn the shonareuiting expen
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there was no garantee that the current density at the membrane surface was absolutly
unform. It could therefore happen that only the middle portion where the trans
mucosal potential was recorded was brought to zero potential whereas the penphery
of the was only partly shor d In this case the ky would again be
somewhat too low and the kso, ~ 00 high resulting n too low Q values

The haghest values of Qra were 1n fact almost equal to the Q¢ which seams to indicate
that the duappearance of H from the stomach lumen depends on an intercellular
diffusion (SO 1 considered to reman exclusively extracelhdar) I so one could
explain the disappearance of H from the gastnic juice as a diffusion process as was
proposed 1n 1933 by Teorell

The second finding that kype/ky for the stomach was higher (2 3) than for the cello-
phane membrane {0 53) showed that the penetration of water was highest m the mu
cosa As no hydrostatic pressurc gradient was present (especially not in the direction
lumen blood) and as no marked changes n the volume of the mucasal chamber
occurred 1t seems as if the diffusion area for HTO was 2 3/059 = 4 times larger 1n
the mucosa compared to that i the artificial membrane If the above conclusion of
wntercellular diffusion of H 10ns 1s correct 1t points to the probability that 3/4 of the
water flux took place in a franscellular route and only 1/4 1n an wiercellular one This
13 perhaps not g but 15 of 1mpy n the d of the engm of the

volume secretton  accompanying the output of HCl

Thus work was supported by the Swedich Med cal Reseatch Councal and the foundation
Therese och Johan Anderssons M nne and  \agaus Bergvalls suftelse
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From the Deparements of Chimcal Brochemustry and of Phvaic logy \ clenmiirhogske lan
Stockholm Sweden

Further Studies of the Thyroidal Respanse to Local
Cooling of the “Heat Loss Center”
By
B Anpersson A H Broow® and L Enaan
Recaved "0 June 1961

Abstract

Andersson B 4 M Brook and L Ekenan £ ther studies of the thavardal ¢ po v 10 loral ool ng
of the heat loss center \cta physis] scand 1965 63 1Bf 197 Tlerse m plun a protem
bound 14 (PBI4) which occurs dussng local cooling O i3 e prevpr s asser o }ope thalas
segron in €h - goat was found 10 be accampanied Ly a cormespond ng cue o tatal serem pr fem
bound 1odine (PB) confirmuag that such oofing may cawse s onsn v ustn re s nalyr

{ hormone scceetion  Expenments imvol sng graded central cos fing revealed that moderare
cool ng of the preopuic anienor bypothatlamc vegtcn was e sent ¢ ehat 1 fulf thy  nds}
response wheeeas deeper cooling n coTia Grcu nuancex may be compd v 0 flecct
“Thiy suggests that the thyrardal rraponse 1o such cooling seflects » true physs Jog cal merhy
nim operaning alrcady a1 a moderate generat vpotterma Local < tag (1he beat dny
center  wath the ammaf in 3 £ ot enveament reyealed that the thvemdal resp e s F1a ned
oven in the absence of prrpheral ¢ 1d mfloe

1 nas presiousty shos nthat Jocal conling of the preoptic anteniac hypothalamse sess n
{the hear Yoss center of Magoun etal 11933 cansed an often consprcuoms mise in
plasma proten bound 19 FBE® an goats pre treated wnh radiodine s e fa}
rexponst to central coolmg v as temporanhy blovked by the adruastration of thys wine
and was permanently abolished after Irsions of the median rounence Anfervon of ¢

1963 2 and b) Dunng Soca} cooline of the  heat Joss center there was alw an in srae
1 unnans cxereaon of adrenahne and nordrenalime Andrnwm diaf $R s b thew
studies it wat further pbarn e that Jorad warming f th same part af the bran § ad Qe
raene effece ¢ ¢ @lubard the thvendal and the sungatis ~ adeen aedullany
resporises to 2 genesaleold s ress Tt was therefore surgested chat cemiral warmth deter

tors n the rostral hypothalamus not only sene o Tahir ghvee alheartw nechs

& todastal Py b O gan zar n st nte

3 Holder of 3 Commenweald Scieant \ustrsio

on frave from Jan (lun &s Rom Animal Revear hlatens ws frapers N 80
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msms dunng hyperthermya, but also excrt a brake on both neurogence and hosmonal

cold defenee wechanums at norwal hran temperatuses {(Andersson  Gale and Hok
felt 1964)

In the previous studies Jocal coolmy of the “heat Joss center  was m most antmals
found to cause a very smarked nscn plasma PBI™ In a few goats however the nse
1n plasina PBI™ was small It therefore seerned 10 be of mterest to determine whether
1he nse m plavna PRI dunng central cooling really msmics the setease of hormone
from the thyrod gland, and whether vatiations i the intensity of coobng or munor
changes 1n the placement of the thermodes would safiuence the plasma PRI response
Froally the heat loss centes  of a goat plaved in a hot envuroument was codled to

find out s 3 thyrowdal response would be obtmned also 1 the absence of perspheral
cold mflow

Methods

The expermental anumals comprised three aduft £ male goats (A B and T} weigh ng from 3>
1042 kg The ammals tad gold plated sdver thermodes for Jocal brawn tooking permancmily
mptanted medually s the p vopt ¢ antenor hypothalamic region as described eas] er { knders-
sonefof 1963 a) The mtens ty of cooling was determined  ith thermorouples uoptanted close
10 the laseral surlce of the thermodes
cand mr  ment of the ammals The goats were rovunely mamtamed i metabolism cages
m an an mal room at a temperature of 20 23 C. Alf ex ts were done 1n 1his thar
sormal posit on and cusomary envicnment. Galy durng central cooling 11 2 hat evironsaent
{36 2 1 G} was goot A mosed into an adjacent room
T husque feeniaf ooln  la the etpeament designed 10 test the mBuente of a hat enveron
meae and w saree of e cipniments peeformed 10 compare the plassia PBL and serum PRI
sesponses. central cooling was as i earl or {And tal 1%3a)
+ ¢ by perfus on of the themmodes w th rced water ata constant h ghspeed Cooling m this man
ner lowered 1he bran temperatare 1 ram lateral 6 the surface of the thermade @ about 23 €
This ma & tatense <cont al cool ng will be referred 10 as deep centsal coohmg  In the stad e
uwolv ng graded central cool ng the braw temperature 1 nm lateral to the surface of the
thermode was ma ntamned tlose 4o " 31 and 3o T respectively The less mtense bram cool ng
was obtaned by using wazer 2t 22 C and by redw ing the perfus on rae
Stud sof By 1dactty At the beg nming of each ntal pes od th guats were g en 60
oF 100 microcur es of 1 {as carr er free BRI ) by stomsch mbe Thy o dat uprake of rad o
odne total plasma I and plasma PB{* were determ ned as 0 ea Les expenmenns ¢ Anders-
wnetad 19532} Sernmm PBI was deterruned on duplicate ssmples ac ord ng ta the m thad
Ba ker and Huraphrey (1030}
¢ TSH preparation used in the p esent studs was Aetvron  F

L4
At the onclusian of the stud es on endogenous thy mid hormones ¢ lease all goats were su
gically thvro dectomized

Results
1 Plasma PRI and serum PBI lrvels
In the three goats pacalt 1 esumations of plasma PBE and serunt BT were made be
fore dunne and 3ficr two hous penods of lotal tookmy of the  heat toss cent ¢ Fhe
pre.conhing tatsples and the samples taken 4 hours after central cocling showed ven
stable serum PBI values meon 42z 100ml d 02 a 9 o all ammals there
was 2 goad carrclation bew cen the nse 1w plasma PRI ¢ and he s 1n serum PBI ob-

Gr wefula knowledgemenis nad 1 D ( Wwdi1o M D Hadafth Ceniral Labora

ey Dand rvds Sukhus Dant rvd by whose  untes th serum PBE d tectunat ons were
made
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Fig 1 A companson between plasma IB1 * and serum PBI responses to local cooling of the
heat loss center  of goat A (left) and goat B (righty The similanity of the cunvcs confirms that

such cooling can cause a marked ris 10 thvro d hormone secretion

CC = 2 hours of centra) cooling

tained duning and just after two hours of central cooling The average ncrease was
37 ° for plasma PBI'™ and 35 ° for serum IBI The mean of the peak levels of serum
PBI found within 2n hour after termimation of central cooling 1n the three goats was
57+ 024g/100m! Fig 1 shows the close paralfel between the plasma PBI¥ and the
serum PBI levels dunng expenments performed in goats A and B

During the first week after surgical removal of the thyroid gland the disappearance
rates of plasma PBI™ and of serum PBI were simufar

1T Influence of graded eentral cooling and slight differerces in the placement of the thermodes

All goats used i ths study had a high tharoid yprake of I and thewr plasma § B
Ievels three days after the admimitration of radiotodine ranged from 2 to 4 per cent of
the given dose per liter of plasma The only apparent difference i the expenmental
conditiany betwren the three goals was the posnion of the thermodes wathin the [re
optic/antenor hypothalamic region Goats A snd B had their thermodes phiced mainty
1n the preoptic region 1 € abose and 1n front of the opue chiasm The thermod 10
goat C partally overlapped the posstion of the thermodes in the two other animal
but extended further back into the hypothafamus proper asshown i Fig 2

“The goats were all initially subjected to two hour penods of  deep contral cooling

Thus caused a marked ase i plasma PBIY in goats A and 8 but o rue all i goat
€ Subsequent intravenous injection of 11 U of TSH  \etyron  Fernng o g2t
Cdid howerer produce a marked thvrowdal reapomse Fiv 3 mmufar to that abtathed
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Fig 2 A drawing of 3 midline sagutal secuon
through the ciencephalon of the gaat to show
the different thermode placements m the goats
used 10 the present study “ote that whereas
the thermodes in goats A and B were placed al-
most exclusiely 1n the preopucregion the ther
mode m goat C cxtended further back mto the
antenior hvpothalamus  Goae C respended to
‘moderate central cooling with a marked thvro d
actation whereas decp central cooling had
no such effect (Fig 4 left) Ingoats Aand B
both deep 2nd moderate central cooling caused.
raarked thyrod actvation.

¢.a =antenor commissure — ch opt =optic
chasm — ep = ep phyws — hyp. = hypoph
yus — mam. = mammilbry body —m.1 =
massa mntermedia — 3 = the thurd ventricle

Fig 3 Difference between  d
centra cooling™ wn goat B {thermode
almost exclus: ely 1n the preoptic
region) and goat C (thermode ex
tend ng back mto the bypothalamus
proper} “ote the characteruic
thyroid response 1 goat B and the
lack of response in goat C. The abl
sty of the thyroid of goat Cto re
spond 1o nyected TSH mdicates that
no thyrotrophic hormone was re-
leased duringdeep central cooling™
n this anmal.

CC = 2 hours of central cooling
Bram temperature 23 C § mm lat
¢tral to the thermode

TSH = Intravenous wjection of T
IU of TSH { Actyron  Fernng)

3
F

later 1n the same goat dunng moderate central coohng All ammals were then subjec
ted to milder central cooling Repeated experiments mn goat C showed that moderate
cooling (brain temp 31 and 35 C, 1 mm lateral to the thermode) caunsed a marked
thyroidal response whereas “decp central cooling  (bram temp 25 C) never had any
thyroudal effect (Fiz 4 left) A reducuon m the intensity of central coolmg by 10 C
in goats A and B gave approumatcly the same thvrodal response as  deep central
coolng (Fig 4 n ht)

UL Thyrodal response s central cooline 1n @ kot en.ivonment

Goat \ was used to determune of a thyroidal response to central eooling would atso be
obtaned 1n a hot environment. Ten munutes before the start of central cooling the guat
wat moved mto a room heated t0 36 = | C. and subjected 1o 80 run of deep central
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eot” GOATC o GOAT B
BRAIN
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Fig 3 A companson of decp
{Brain 25 C) and  moderate
{Bran 35 C) central conling tn
%0 goats with dufferently pliced
200 =) thermodes Coat G hid s ther
mode placed pirnatly i the pre
;pnc ;rgmn and partually i the
ypothalamus proper TV e ther
for bl made 1n goat I} was attyated af
most entirely 1 the preopre e
gon (hig 2) Note that in gout
both decp ani modesate
conling elictted a thyrowdal 1
sponse whereas 1n goat C only
20 ‘ moderate  coaling was eflrc
_ tve
i 20 i Bramn temperature was recor fed
J mm lateral to 0 ¢ theemodes
CC=2tounsof entral ccnling

:71

-
w

% of dase p ¢ Lter plasma

25

cooling  During this period the goat develaped a general core hyperthermiof 41 6 €
The expeniment had 1o be discontinued at shis stage 10 avord a further dangerous rse
1n body temperature During the 80 mtn period of local cooling of the  heat fons cenger
the plasma 1B increased by 40 per cent In three previous expertments performed
at a room temperature of 19 C the plasma IDI of goat \ had increvsed In 40 5%
and 6 per cent respectnels after the same peniod of  deep central coohing

Discussion

Present knowledge of nenvous control of endocnne actsity demves largely from the
fundamental studes of Harrs and coworkers of Harns 1955 who showed that ner
yous sumuliinfluence the setretion of prtwtany trophic horniines v1a the b pathalan u
and then via 3 bumoral hink transported in the bypothalamo-hs poy hvseal e rtad
vessels Such a mechapusm is apparenthy respenable Dr the aceelerated release 11811
i thecold since an increased secretion of thyroid hormone upe n cold expasure nol ny ¢
occurs 10 ammals v rth the antenior puutan transplanted nto the eve € v Tele
and Holme~ten 1756/

Flectrical sumulation Harns and Woods 138 and vannus lenen experunert of
Punes 1963 bave revealed that the antenor hpothalamus contr Iv ate secr tim of
“ToH from the adenohypophysis As pranted cut bv Harms and Worsts 11 1t nas
however be inadsisable to conuder the antenor Papethslamw a center ¢ staung
ISH secretion since 1t most likely represents 3 neurchumpral mechansm akin @

fiaal common path by which other farts of the central nersc s svatem ma woflen @
the sceretion of TSH Hasrris and Woods ments ne t dat the adjacent preop s U a1
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loss center  (Magoun etal 1938) may influence the sccretion of TSH via this final
common path  Disect evidence that such 1s really the case was provided by expen-
ments mvolving local eaoling and warming of the preoptic/antertor hy pothalamic re
gion of unanaesthetized goats {Andersson efa! 1963 a and b) In these studtes the
plasma PBI™ level was taken as the index of hormone release from the thyroid gland
Although the plasma PBI level 1n most cases 15 a [auly sensitsy¢ index of thyrord hor
mone secretion (¢f Goolden 1964) 1t could not be taken for granted that such was the
case 1 the goat under the particular experimental conditsons The present study has
shown that the nse in plasma PBI' obtained dunng and just after central cooling 1s
accompanied by a corresponding nse m total serum PBY and bas therefore demonstiated
beyond doubt that local cooling of the  heat loss center  may cause a marked mcrease
in the secretson of hormone from the thyroid gland

In the previous expenments (Andersson e of 1963 a) rather intense central cooling
was used as the expenmental tool Jn ammals having a more postenior placernent of
the th de this may have desably lowered the not only of the pre
aptic region, but also of parts of the hypothalamus concerned with the release of neuro-
humor stimulating the adenohypaphysis to secrete TSH It mught therefore be argued
that the thyroidal effect of central cooling could be secondary to a nonspectfic hypo-
thermia induced  release of mto the hypothal, portal
vesscls The present expentments imolving graded central coolng mdlca(c that such
13 nat the case Rather 1t seems as if deep central cooling nvolving not only the pre
optic regton but also the antenor hypmhalamus blocks the TSH releasmg mecha
msm Goat C which had a thermode 1nto the to
thelevel of the paraventricular nucler (Frg 2) thus responded to moderate central cool

mg with marked thyreidal activation whereas decp central cooling had no observable
effect (Fig 4 left)

Since a moderate lowering of the of the

region was sufficient to ehert a full thyroidal response 1t seems yustified to concludc that
the thyroidal response to uch cooling reflects a true physiological cold defence mecha
Tusm operating already at a moderate general hypothermia

From expenments of the present type 1t 1s not possible to say whether the thvreidal
response 13 duc to removal of a brake exerted by preoptic  armth detectors  on the
‘TSH releasing mechanism, or to stimulation of central hvpothermta detectors  of
10 a combination of both However a sumulatory tnflow from penpheral cold receptors
does not seem 1o be a prerequesite for the thyroidal response s nce this s as obtamed
also when central coching was performed with the ammal i 2 hot environment
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From the Nobel Institute for )k harohnska Insttutet kholm Sweden

Fat 1n Twitch and Slow Muscle Fibres
By
Jax LANVERGREN
Recewved 9 October 196%

Cross stnated muscle fibres have been divaded 1nto two groups depending on their
appearance an the hight microscope (a) fibres with  Fibnllenstruktur  1n which
the myofibnls are small of equal size and spaced 1n a regular lattice and (b) fibres
with  Felderstruktur 1n which the myofibrils are larger and 1regular n size and
spacing (¢ g hruger 1952) On mndirect evadence fibres wath  Fibnllenstruktur
have been held for twatch fibres while those with have been constd
slow or “tonus fibres This view has been confirmed for frog muscle by light and
electron microscopy on dissected fibres which had been 1dentified as twitch or as
slow fibres (Huxley and Peachey 1962) Ortmann (1951) found that Fibnilenstruktur
fibres contained more fat than Felderstruktur fibres The hagfish slov fibres how
€Ver contain more fat than the twatch fibres (Flood and Storm Mathisen 1962) Be
cause of this discrepancy 1t seemed worth while to obtamn direct evidence for the fat
content of the twitch and the slow fibses 1 the frog

Bundles of 3-—6 muscle fibres were dissected out m M ext dig long IV (Rana
temporana Rana nidibunda) leaving an intact nerve supply Selectne sumulation
of the low threshold nierve fibres to twitch muscle fibres was obtained at low current
strength and of hugher threshold fibres to slow muscle fibres at a cntically increased
Current which blocked the larger fibres at an anode between the simulatng site and
the muscle (Ruffler and Gerard 1947)

< localy and 1 twitch or slow of each fibre i the

Preparation were noted The contractile mechamsm was then inactinated by a solu
ton of 95 MM K.,SQ, befoce the preparaton was fixed . a 4, formaldebyde solu
tion for 10 to 20 hrs The preparations were then checked microscopically and 1t was
found that all the physiologically identfied twatch fibres (10 fibres) were more or less
opaque while all the identified slow ones remained clear (5 fibres) The preparations
were then stuned with the fat stam Sudan Black B according to Baker s method (Car
leton and Drury 1957) The twitch fibres which were opaque after the fiuing w ere now
stained a distinet blue colour Under high power magnificauon the stam was seen to be
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2 _ ' ll‘ig 1 A bundle of 3 muscle fibres
T — ¢ from M ext dig_long IV stamed
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Fig 7 Hastogram giving the d e
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f
concentrated 1n ovoid granules onented lengthwise 1n the fibre Fig 1) The slow fibres

again which remained clear when ficed were almost unstataed and without simmilar
granulations Fig 2 gues the uze dustnbution of opaque and clesr muscle fibres 1n

three toe muscles
This invest gat on was supported by A grant from harol nika Institutet (Resenan namtbaget)
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From the Department of Chemustry Karol nska msututet hang Gustaf v Research Institate
and the Department of Internal Medieine harolinska Hosp tal Stockholm Sweden

Inhibatory Action of Prostaglandin E,
on the Mobihzation of Free Fatty Acids and Glycerol
from Human Adipose Tissue 1n Vitro
Prostaglandin and related factors
By

Sune Berestroa and Lars A CarLsov

Prostaglandin E, (PGE,) inhubits the catecholamme induced mobilization of fiee fatts
2cids (FFA) from rat adipose tissuc mncubated s ritro (Stemberg et af 1963 19641 and
also 1 13m0 10 anestheuzed dogs (Bergstrom Carlson and Oro 1964 Stenberg efal 1964,
However v e have recentl, obsersed that when PGE, 1 asinfused 1 v to man the con
centration of FF4 and glycerol in plasma mncreased (Bergstrom ¢ [ 1964 a and by
Ttwas also observed hat 1n man FGE, did not inhibit the noradrenaline induced mobils
22uonof FFA and gl cerol The difference between mtact man and the studred anmals
with regard to the effect of PGE, on FFA mi_ht be due to different responsieness of
adipose tissue 10 vanous species To test this possibility we have studied the effect of
PGE, on human adipose tissue 11 rit 0

In cach study subcutaneous adipose tissue was taken from 2 patient 1 1thout known
mectabolic diseases during surgery 10 general anesthesia for uncomplicated gall bladder
disease In alf cases about 500 ml of & glucose fructose solution (3 per cent of esch
bad been infised 1 v at the time of the biopsy The tisue was immedsately placed 1n
the 1ncubation medmm (room temperature) brought to the laboratory dissected free
from connecine ussue and cut into pieces weighing approumately 50 mg The preces
»ere randomly distiibuted into 24 mcubation flasks cach contaiming 7 m! of Rrebs
Rin er bicarbonate buffer pH 740 1 1th  per cent human scrum albumin and 1 mg
glucose/m! The Rasks were weighed 2 ml taken off from each flask for analvsis and
renous additions were then made Each flask s then immediately put into a + ater
bath (37 C) and incubated with gentle shakin., for | hr The time between the biopsy
2nd the start of incubation has been less than ) he The procedures and analytcal
miethods have been desenbed earlier (Carlson 1963 Carlson and Ostman 1963)

Data from » typical studses are given i Table Land 1T PGE, simmificantls mbibited
the basal release of gly eerol and FFA from human adipose tissue There was no effect on
lucose uptake

Neradrenaline sumulated the release of ghyceral and PGE, sigmficanthh reduced
this effect Since PGE, alone stongly inhibited the ylycerol release 1t canniot be sard
whether it interfered with the hormonal actnation of 1 polysis 1n adiposs tssue or
acted by and wdependent mechanism,

The data unequivocally show that PGE, mhibuts FE A mobilization from human
adipese ussue as 1n other species The diserepanes between the effects of PGE, 110
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concentrated 1n ovoid granules oriented lengthwise 1n the fibre (Fig 1) Theslow fibres

again which remamed clear when fived were almost unstained and without ssmular
granulations Fig 2 gnes the size distribution of opaque and clear muscle Gibres 1n

three toe muscles

Tlus investigation v as supported by a grant from Rarolinska I stitutet (Reser
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From the Department of Chemustry Rarofnska instiutet Fung Gustaf 3 Research Institute
and the Department of Intemal Medicine Rarol nska Hospital Stockholm Sweden

Inhibatory Action of Prostaglandin E,
on the Mobilization of Free Fatty Acids and Glycerol
from Human Adipose Tissue tn Vitro
Prostaglandin and related factors
By

Sune BerGsTrOA and Lars A CARLsoN

Prostaglandin E; (PGE,) whibits the catecholamine mduced mobiization of fiee fatty
acids (FFA) from rat adipose tissue meubated w zifro (Stemnberg ef af 1963 1964) and
also 11110 1n anesthetized dogs (Bergstrom Carlson and Oro 196+ Steinberg et al 1964)
However we have recently observed that when PGE,+ as infused t v to man the con
centration of FFA and glvcerol m plasma icreased (Bergstsom ef «f 1964 a and b)
Ttwasalsoobserved that in man PGE, did not bt the noradrenahne induced mobils
¢ation of FF A and glycerol The difference bets een intact man and the studied ammals
with regard to the effect of PGE; on FFA mu_ht be due to different responsiveness of
adipose tissue 10 vanous species To test this possibility we have studied the effect of
PGE, 0n human adipose tissuc w titro

In cach study subeutancous adipose tissue was tahen from a patient without known
metabolie diseases during surgery in general anesthesa for uncomplicated gall bladder
disease Tn alt cascs about 500 ml of a glucose fructose solution (5 per cent of cach)
had been nfused 1 + at the tme of the biogsy The tissue was immeduately placed 11t
the incubation medium (room temperature} brought to the laboratory dissected free
from connecine tssue and cut into preces weighing approumately 50 mg The pieces
were randomly distributed 1nto 24 ncubition flasks each contaimng 7 ml of Rrebs.
Ringer bicarbonate buffer pH 740 with 2 per cen: human scrum alburn and 1 mg
glucose/ml The flasks were weighed 2 ml taken off from cach fask for analvsis and
Vanous addinons were then made Each flask was then immediately put 1nto a water
bath (37 C) and incubated with gentle shakint, for J hr The trme between the biopsy
and the start of incubation has been less than | hr The procedures and analyucal
methods have been described eatlier (Carlson 1963 Carbon and Ostman 1963

Data from ? typical stud es are given in Table Land I PGE sigmificanthy mhibited
the basal release of gly cerol and FFA from human adipose ussue There was no effect on
glucose uptake

Neradrenaline stmulated the release of glycerol and PGF, sigmificanty reduced
this effect Since PGE, alone stongh wnhibited the wlvcerol release 1t cannot be said
whether 1t interfered with the hormonal acmanion of hpohais 1n adipose tissue or
acted by and independent mechanism

The data unequivocally shoy that PGE; mhubits FEA mobilizauon from human
adipose tissue as in other species The discrepancs between the effects of PGE, ¢ caro

1905
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Tanz I Lffect of norzdsenaline and PGE, on the releas of ghcerol from human adipose
tmue ancubated 10 vitre The amount of ad pose tissue 1n the incubation flasks vared
between 270 and 420 mg The PGE, group contaned 4 Basks all the other groups
5 flasks NMean value tstandard reroe of the mean P ndicates the satstcal s goifi
rance of the d fference from the control group (no add 1 on)

Addison 1o Noradrenalne  “orad Norad PCE,
the medwm  “one 01 pgfmt § pegfond 10 g fmi 1 pgfemd

Glycerol 042001 091£009 1204016 1302004 0232007
pmoles/gfh P< DOI Pe 00 Pe 00DI  Pe 005

Tasre 11 Eflect of noradrenaline and PGL; en t ¢ release of FF \ and glyceral from and the
uptake of ghucose by human adipose tasue 1ncubated 1n sstro The amaunt of ads
pose tiswac n the incubation flasks vaned between 500—700 mg Each group con
wuned € flasks VMean value 2 standard ervor of the mean P indicates the statist cal
s gruficance of the difference from the contro} group o addition)

Neradrenaline

1 pgiml
Add ton o Noradrenaline  PGE PGE
the roedium N me ygiml 1 pgtot pg ml
FFA 1165004 1502016 069007 t12:007
pmalcsigih P. 005 F< 000 P00
Glycero) 083+002 145006 025+£00% 0914004
pemales/g b P~ o000t P~ 000 P 00>
Glacose 0802019 er0s012 0672011 0782017
mg grh P. 005 P 00 F 00

and w titw 10 man indicates a complea action of PGE, needing further studies 1o be

elucidated N
Supported by gract Y 306 from the Swedish Medical Research Counc 1
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From The Beurphysiologseal Laboratory at the Anatomseat lnst tse Lnmersty of Otto
Norway

Fusimotor Activity 1 the Spinal Cat
By
E Arnas § b S Jansev and T Rupjord
Recened 12 June 1964

Abstract

Moxs £ ]k $ Jansen and T Rudjord Fusimotot act vity in the sp nal et Acua physiol
sand 1967 67 1$7—-212 — Fus motor act vty has been assessed from dne changes in the
response of muscle spindle receptors ta 3 hnear st etch and  elease of the muscle at vanous
Yevels of fus motor drive. The background fusimotor actrs ty of the spmal cat caused an n

<reased dynamie responsiveness of pr mary endings of ankle fe<ar a3 well as the ankle exienso

muscles Fu ther dynamce activation of both flexor aud extensar primary ead ngs was observed
dunng clectnical st mulation of the ipmlateral saphenous and the conralateral Jateral popt teal
nerve Defimite s gns of act vity n stat ¢ fasarotor ey ones weve sot found 1 spinal p epara

1008 The abucrvat ons support the iypochesss of an ndependent com of of the tanc and dy

A © propertuey of prymary end ngs of the muscle sp ndle 1t 1s suggested that th a vty 1 the
dymamue fusimotor svstem dargely s supparted by dorsal root mflow  bereas the stat  fast

mator aystem ma nly depends upon descend g sup asegmental act vanon

A connderable body af evidence has been accumulated shor 1ne that funinatar actiats
2 have twa fundamentath different effects on the response of musele spindle ¢ ceptors
{For a seview seq Masthews 1964 One s an meveased dvnamic respons +eness of the
pmary ending of the spandle The oth 15 an ncreased respo se {0 slatic extensions
accompanied by a relatne decrease 1n 15 response 10 dynarue steetch Few asempts
hase been made to mierpret fusimotor reflones m term of dvnamue and  static
fusimotar systems {Jansen and Matthe s 1961 19622 Appelberg 196 1963

The obyece of the present anvest aton was to studs the fus Moto actiy 1 m sp aal
anuaals from the point of viey of the o difl et funmator svstems Fusimdtor acavany
i the spinal prepacaton has been dem nst ated By Hunt 1930 by reco ding the
AUy 1 the efferent fibres W h the present pu pose of distnomstun between
satic and dvnamic fusnator effect ¢4 as necessans ¢ fec d the afferent ducharge
from the spindle recepror ¢ amt and hasda § 597 and to deduce th nature of the
fuimator acuvnn fram the Pangs n the spons fthrr  proes

Kt tane
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The parsiculr problems of the prezeat paper ace tie nature of the background
fusimotor actisity 1n a flevor and an extensor muscle of the spunal cat and the changes
an thus activity duning fleor and crossed extensor teflexes elicited by electrreal sumula
von of peripheral nerves

Methods

Valerial The sesults presented are based on experiments on 16 adult eats {2—4 kg) Eight of
these were spinshzed by secuon of the spinal cord at Th NI wnder “Nembutal ancsthesiz 40
mp/kg adminustered 1 p The final expeniment on these cats was preformed on the Tollowing
day Lught cats were acutely h under ¢1f er h Alfean utely decere
brated intercollicularly by suction afier bgation of the common carotid arteries With the
spmal cord cut_they all deseloped chiracterisie ngidity in the forchmbs
Preparation TV ¢ lefi hind leg was completely denervated except for the nerve to the saleus or
to the lateral gastrocnemius and the nerve to the antenor tlual muscle The foot was dis
aruculated at the talocrural yont and the anertor tbial and lateral gastrocnemius ot solcus
tendon 1solated with a picee of bone from the insertions
The sprmal roots were exposed by lumbr laminectomy In the first seven cats the ipsifateral
donalroots ST L VIland L\ I were cut imnally fo eliminate possible autogenetic fusmotor
reflexes from the extended muscle S nce i appears (Hunt 191) that the background fusunotor
acuvity of spunal prepacat ans s largely muntained by dorsal root acttviry these roots were
Jefe parth antact in the last 9 expertments The dorsal roots were then sectioned only o the
extent pecessary {of the wolaton of spund! aflerens Howeser in these 2 groups of cats there
was no apparent difference between the results therefore the observauons from bot! are
presented together The 1mtal dussection and decerebration were completed under ethes
anaesthenia  [he recording was done ag least one hour afier discontinuation of the ether ad
mimstration an the unanaesthetized preparat on Exposed muscles and nerves were co er
Iigud paraflin heated to bod  temperature and equilibrated with a gas mrxture of 5 per cent
n
% o doraet voot L\ 11 was split 1nto Fae filaments unpl only one actrve unit rema ned f m
one of 1} & muscles studied The umt s as sdennfied consenionally as 2 muscle xp/maﬂc rtlaplor
by iy pause dunng twitch contractian of the appropnate muscle (\lal()lt\;sml!? 3) g t [wau
further clasafied as a primary or a sccondary ending after determunation o < conduct an
scloaity of us afferent nerve £ bre 7(§Im/sclc9bjmg accepted as the appravimate dividing line
© ups of reeptors (Rune 18245
b“{%;“plf.;hl‘;i‘:ln"; stad ed were cut penpherslly and st muloied a1 3 sase of 40 scc by
wmeans of indwelling clectrodes T?dtf'“mu‘;u mxlclll,smes w; c;mm threshold for fus motor
about 5 tumes the threshold for wpsilateral flexor reflex:
i T S e 53 o o i
pins 1n the thac erests and proxmal and dusta ends o the vixa Th el & st ok 1 e
tendon the appropriate muscle could be connect m) e PX‘ T Danfoss ordborg
Silio K ) 1y e f kg i (s 113 Dot o,
Do e L B s sl skl e retemne tre moeacle Inenny The
the piston which accordimgly 1 ould smove and stret i l:’[c e e abows 100 ks Compared
crosssecuon of the cylinder wan 20 o A s e 2 e o moriceabiy alfoes e
1o ths the opposmg forcecs from dhe mus los pere :m?l” Z{i reteh was kept at it maximunt
te of exiension In the present expenment the velocity e o
it the avasiable water flow Thes was about 18 mmiscc and w;nam;d o wantn e oed of
mem Recause of vanations i water pressure there were sl ght duffer: Hf;’and e g 2
il Gifferent experments but the specd always cemartied between e
ety e crecched 15 fum at which pei 3t the leagth clasely correspos
Usually the muscles were s £ the large passive tension develo
ot greatest physclag e e e o el s sntiched o 3 er 4
by the gastrocnemuns at Sull physiological extension thiy et osacally by micro-smitches
The steoke of the strctcher was snterrupte tiche
shont of thu bength The s he mscle then remaied an the tesmnl pos
¢ the end of the extension or refease and the musc et ot amy potion dutring the movement
o 1th om addtsomal swatch the stroke could be intessupted at any

(Fig 1)
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¥z 1 Duageam of by demulc pump used o stretch the muscle and rransducers for length and
tensioo e~corshg Puston w led by six elec vahes (U Vo, A A,
By B ) operated smdurectly through refays KLY a9d Rie. The moyement 15 stapped 1o end
Posiions fry mechanically operated m crosweeches (MS1 MS? A manual swatch (511 1 used

fa¢ stopping snd st 9% the piston o any mtermediate position  The direchion of mosement s
ed by t¥e pos tion of swi cb 5. At the autpas I 2 length sugnal 15 obsamed £ am 4

Recarding The action porenusts of th. domsal root hlaments were fod differentialy throuch 2
Tekwonoe 192 preampliics and d splased on the statie o spotof  Tektronmx 307 oscil] sserpe
Acusity of two Slaments we ¢ reca ded s muftancousls on the two 3 ulable
$hannel. Jn 2 sccond Tektrones 307 osc Hoscope e bean et sad 10 ecord o mucle
fength This s gnal was cheained £ om a wir w und §re v potentiomeder connected 10 the
Pt on shaft of the sretcher (Fag 1 The tenson  enal d pla od on the sec nd bram was
ibphed from an somewn mograph wih a RUA 5735 val < a5 transdu 1ng element F gt
0 the same bram e ma ke fr 1 2 Tebtrenre 180 pulse generator were displa ed as welt
yesond acdioscope was m snied ¢ 96 degrees (0 the At nd 1 uenal photographed
throuth Whe accvssory wens and the murror 1 Grass 1 artsa A Bl peed £ 10 em see
w2 wsed thraugbmul the expers dents Th dscharse froquene  § the  sptars was rhas
eed on the secord ng paper b nunt e the nun ber of 57, Aex occurring 2 0 1 ser peret
The 2 curacy of the measareraent #as berter than 2 per mt
Exprunental proceds {nwalt  tumbe of padie reweptor fiecent & o o B <or and
aeno musde sudied were %11 d wnd dratfied Tt endner f me csscls were then
*udod wstally woaiat  dun g the standard | near stres b A the wikle. Lor each e
> effect of peripl ceal merne n 1 (o0 the ps Lateral saphensa e st the cant alatert
Literal poplitcal aery  wa als det rmned Phem 1t e second musd and ts endings were
doded wibesam w  Havng thas b s ned the respranse of off th <o e o the. ot
sreich and 1« neree s Tawen the verralmoe LV L VI ard § Uueee cae Aborg 10
™1 ater becavse §pras bl mjun Gschatgm e b utvemt 2l o the roponse of the d
ferented end ng 10 the sam exeems n Ath must wasd 1 ced Phe recording
vasusall ¢mpleted a2 hey Post worsem oamaa 0 anfitmued th completences of the
veatalr rand mnal dsector
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Isg 2 A Response of pnmary ending {aboy

g (above) and secondary ending (belos ) to standard
hnear stretch of the de-efferenied anterior tbta) mu- cle Ad hinonal ngngh show muscle )r:ngl)x
(abore mualiv) and muscle tension B Response of same endings dunng release of extension
Totat extent of atretch 15 mm termimanng at full ptysiological exienston of the muscley

Results

A the effects of the fustmotor actnan must be assessed in relation t0 the behaveour
of ihe receptor withvut efferent mnenvanion the properties of the de efferented recep-
tors will be dealt with untially These passne ptoperties of sofeus spindie receptors
have been described by Matthews and collaborators (Harvey and Matthews 1961
Jansen and Matthews 1967 3 b Matthews 1963) Howmer the muscle spindle recep-
Tors of the anterior tibial muscle and the Jateraf gastrocnemius hase not previously been
systemaucally studied

A Possie properties of antertor tibsal spunle receplars From the powt of view of funcuional
characterization two pacameters of spundle receptor behaviour Jppear to be of part
cular importance namely static sensi ity whuch t3 a measure of the sensinaty of the
£ the tuscle and dy mamuc seasits ety which 1s & measure
[ change of muscle length The stauc seasitnty of the

1ts discharge freq atvanous degrees
of stauc extensions A measure of dynarmuc sensitnity can be obtuined from the so
called dynamuc response of the receptor Jarsen and Masthews 1962 a1 which 1 the
difference between the finng frequency at the end of a dynamc streth and that after
Q §sex of mantamned extension (cf Matthews 1963, Intfefoliowing the term dvnamic
sndex will b adopted for the dynanuc response 3 suggested by Crowe and Matthews
(1964 a)

Fig 2 shows a charactensuc example of the brhaviour of a prmany and a secondany
ending dunrg our standard hnear stretch and release of the anteror ubsal muscle st
the same time 1t provides an example of the typ~ of record on which most uf the
measurements of the present study have brent ade Tt s clearly seen that the ducharge
fiequency of both 1Ypes of seceptors ncreased durumg, he extension of the muscle In

addimon the prmary endwng ce played 2 ruacked reduction m the frequency of finng
at the transition from dynamic (o stalic n Charactensucally the frequency of

receptor to chan,es n length o
of the sensitinity (0 the rate a
teceptor caa be d

extensior
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dynamic index {ord nate) .
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tenor tibnl pnmary (M) % "
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(@) w response o stang o]
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firnw of the secondary ending 1 not markedly different from that of the primary but
the dymamic index of the secondary endusg ss smaller Another typesl feature af primary
2nd secondary behavour appears at the release of the muscle (Fig 2B} The pumary
ending stopped finng wmmediately on releate whereas the secondary endung contumued
firng s uh decreasing frequencs durmg release OFthe 42 praman, endrngs comprmnr the
Present study only 2 fired during the release of extension at the rate comm only employed
{18 mmfsec) OFf the ¥7 sccondary endings on the ather hand 8 fired two or more
impulses dunng releases at the same rate Thus iffecence m dynamic andes and be
haviour during refease of the muscle agrees well wath the absersauons of Harvey and
Matthens (1961) on primary and secondary endings of the soleus muscle In thewr
material a greater fraction of the prmary and secondary endings discharged during
the release of stretch but thus 1 probabh a consequence of the smaller rate of relrase
3 mm/sec) emploved by Harvey and \Matthews

In the scauer diagram of Fie 3 the dvnamuc index and stauc respanse of the entre
Present senes of anterior tibial muscde  ndle receptors are Hfustrated  Cach pont
FEpresents the obseranons on one feceptor gur  and after a siandard hnear siretch
of the musele up to full physwlogwal extensian The statc esponse was smeasured as the
frequence of firing 0 5 sec afier the end of the dynamic stretch In spite of an appreeable
overlap in the suze of the dynamsc sndices of the two Eroups of receptors 1t appears from
Fig 3 that the dynanuc sndes [ the secondary endings on the whole 3 smaller than
that of the priman end ngs Staustucaty the duffe ence between she mean dynamic
tndes of the prumars 45 1mp sec and the seeondary endings 23 ymp sec) 1 highly
sgmficant f test P 01 per cent  Furthermore 3t should be noted that the two
secondan endiags w th the largest dvnsmic indices had fanhy Jare Static responses as
well W therefore if e entena of percentace slowwng of Harvey snd Mauthews (1061
kad been emploved the diffe ence betwern the tno groups of end 193 would kave been
ortater
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Tg 4 Hucograms of static
extennon slopes of d <ffir
ented anterior ubil prmany
end gy {A) and secondary
endings {B)

Anather feature of possible impartance can be sren m Tig 3 The mean sanc re
sponse of the secondary endungs 162 impisec) 1s hagher than that of the pramary tndings
{47 wmp scc? Thi may be due to a greater average staue senntivaty of the secondary
endings or a fower threshold of these endings This quesion will be dealt with fater

Tie observauons of b1z 3 can br compared with d ¢ pond og of soleus
spuadle ceceptors teported by Matthews (1963) From fis f1g (0 1 may be seen that sofeus
maty endings 3t 1B mm sec streteh selocaty had dynam ¢ ind ces of 5 1o 135 pnp sec and
e serondary end ngs had dynamuc ind ces of about 10 ta 32 impisec THus 1 appears that
the dynamic tadex of the priman, endings of the anterior tibsal muscle 15 1 the lawer range
and below the comparable s alue of soleus pnmary endings The dynam ¢ mdes of the secondary
end ngy on the other hand 15 in approx mately (he eame range a5 th .t of the soleus arcondary
entingy Therefure there 1 appatently 3 greater overlap 10 dynamic sensiuvie es of prinan,
and secondary endngs 1n the anterior tbra} muscle shan in the soleus However it should be
“posnted out that the salues of Matthews (19573) wore obtamed 2fier excluss 1 of alf usits watt
conduction velocity between 60 and B0 misec In addition 10 per cent of the other un ts d d
nat fit wnto the genera) picture presented in bus £1g 10 In F 2 3 on the other hand alf the
units of the present material hace been included Of these ondy 3 had ¢ nduction velocttics of
the afferent fibre between 60 and 80 misec and these units & d not 3pprar 10 contrsbute part
culacly w the orverbap observed Therefore the conclus an 15 probably valid that there s 2
greates degree of overlap an dynamic senviniues of antenor Ubial primary and secondany
endings than 1n the saleus spindle receptors This greater overlap s mataly due @ a mialler
average dynamic senyiwity of the primary endings i the antenor Ubnd muscle B ancont
a0d van der Meulen (196%) fund some cvelap wn dynam ¢ Tesponsiveness of primary and
serondary endings T} ey 1enitauvely aser be dvnamically sens uve secandary end ngs to receptos
wrmmal srivated i the myotube region Thetr resafts are { owever not d rectly comparable
with the present obser at ons
“The natic frequency of finng of muscle spindie receptors mereases approxumately
Lnearly with increasing static extension (Efdred Granst and Merton 1933 Jansen and
Natthews 1962 b) The slope of this frequeney extension relauon hay been defined as
the stauc senutivity of the endimg {Whittendge 1929) Such frequency-cxtenson
curves have been obtavaed for the preseat antenor ubnal spindle seceptors dunng
Interrupted extennons up vo 2 Hinal length closcly correspanding to full Phn"’“’g";l
extension of the muscle Straight lines have been fitted by €3¢ o the observations an
ed m Fig 4 The stanc senstivity was
the values of ihe sfopes of these hines are presents 4 Tou2 by
deternuned i the same oanner ay that emploved by Jansen and Matthews (1962
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¥g 3 Effeet of ventral oot section on reaponse of yoleus prvwary endiog o staadard stretch
and release of the muscle A Ventral roots mtact B After secton of ipmiateral ventral roots
LVI LA and S f Length signal above and tens on s gnal in m ddle wtislly

and the values should accordingly be directly comparable to the values of soleus
spudle receptors gnen by these awthors The mean value of the stauc stope of the
primary endings of Fig 4 was 37 wpysec/mm (S D 16} That of the secondary
entings wae 36 mmphec/mm (S D 09) There 1 no sigmficant difference between
Wese two values and furthermore there 35 no sigwficant Sifference herneen the
present satues and those of the sofeus receptars given by Jansen and \Matthews (1962 b)
Thus one can conclude that the stane senutnates of pnmary and secondars eadings 1o
sofeus as well a3 1 the antenor ubal muscles are alf very spadar In the rabbit how
ev¢r Gramt and Homma {1939) found some spingle zeceptors o the antessor tibial
muscle with sate senstvies of more than 20 tmp see/mm At present no explanauon
<an be gnen for this difference between the two spectes

The stat ¢ sensi vaty of anteror ubil muscle sp ndle receprors bas also bren wmvaatigated
by Fehr (196%) He found 1 2 bmned maweral a b gher stacc sensiswaty for she priman
nd ngs thart for the secondary endings Hon values were entirely wulun the range of tiose of
the present repore and the ddference between the 2 types of receptors 15 not supported by the
present materiad Febr (1962) also fousd that 3 greater proport on of the secondary endingt
showed & spontancous fmng 3t the utat length whereas the magonsy of the prmary
endings wete uleot 153 the untoaded muscle This 8 partly supparted by the present materal In
¢ unfoaded muscte 23 of (he 42 primary eodings had a rest ig duchd g¢ 20 the same
3pphed to 17 of the 17 weoandary endings The mean T equencs of the pruvany endings o the
unitretched tmuscle was 7 imp sec Thatof th secondacy endiugs was 15 mp se¢ This explams
:Y:’ g?mlcr;\rrage 3131 © vesponse of the se ondary endingy ompared to that of the pnmasy

ngsof Fg 3

The gregter { equency of spontancast ducharg @ secandary dat B preenary endings of the
anterior uual muscle s of some nerest P s aable tnd cates @ 8l ghthy ke th eshold for
she anteno th al secondary end nis 10 1 € soleus and ga 2 pcnemus afthe cat th elatsonahi p
% the oppotte w th s hebe 1 den ¢ of spontancous discharge #nd 2 Jowe throbald o the
pricsary end ngs (Huat 18 4 Harwe a0d Wattheus 1954 In the gastroonem v and plantars
muele of th rabb e on the vihe hand D ae Sp (1961 fund pontaneows finng more
{ vquenily among th se ondtary nd g

B Spontoneous fu smotor a # 1ty Other factons be ngcanmant @ change iy the response
of a muscle spind!  receptar ta a standard stretch after snzerruption of the fusmotor
nene fibers must be ascrsbed to the o mimanon of actnan m w fenmotor supph
On such evidence fansen and Manthews 19672 showed thas the response of the great
majorte of sp adie receptors n the toles of the decerebrate cat s sppreciably an
creased tn the background fusimotor act 1% i ths preparation. They found further
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£ Fig G Scatter diagram of effects of ventral root
section on dynamic ndex (ordinate) and static
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i response (sbscissa) of anterior bral {sireles) and
lateral gastrocnemius or soleus primary end ngs
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spinabzed the previous day
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more that for the different primary endings there was no simple refationsiup between
the degree of change m dynamic «nd static 7 caused by this fusimot
actnaty

In the spinal cat the change i respon ¢ of 2 muscle spindle receptor after section of
the appropniate ventral roots was usually not as marked as that of soleus spindle recep
torsin the deccrebrate cat This applies to flexor as well as extensor spindles examined
mn the present study Of the 88 primary endings of the antenor tbial muscle and lateral
gastrocnesuns ang soleus about 60 per cent did not show any appreciable difference
response after deefferentation The change in response that was found in 33 of these
primary endings however was quite charactensic and les comphcated than that
described for primary endings 1n soleus of the decercbrate cat (Jansen and Matthews
1962 a) Fig 5 provides an example of a fairly marked but typrcal effect The response
of a primary ending mn soleus with intact ventral root supply 1 shownin A It s clearly
seen that the receptor was very sensitive to the dynamic phase of the stretch and 1t was
immediately sitenced at the release of the extension In B the respon e of the same
receptor s shown after section of the ventral roots L' Vil and ST Then there was a largr
reduction 1n 1ts frequency of firng during the dynamuc streich On the other hand the
fining frequency under static conditions at the imtial and final length was only modera
tely reduced Sumilar but usually less pronounced changes have also been obserted for
primarv endings 1n the anterior tibial and lateral gastrocners muscles

lLized cats As clear cut

Ongmally the were p d on acutely sp
changes i response were only found n about one third of the primary endings the
of fusimotor acuwity after spipalization v as

possibility of a fanly }
con tdered Therclors similar expertments were done on cats spinalized on dav be

fore the final experiment The most 1mportant obsersanons of these series of expert
ments are presented i F1ig 6 As mentioned above the total matenal cons ted of 88
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primary endings of whch 42 belonged to the anteror tibral muscle and 46 to the lateral
gastrocnermus and soleus  \pprontmately equal oumbers of these tv o groups v ere
from the acutely and the chromcally spmalized cats Arbitranly a change of less
than 10 mmp'sec 1n erther dynamuc or static response of a receptor after section of
the ventral roots was considered not significant. Such small changes are probably
within the range of change that could be ascnbed to unspeuific causes as the 1 o
usually were d with an hour or greater mtervals Therefore the
55 umits with this small degree of change 1n response have not been included n the
graph of Fig 6 In this seatter diagram each pont represents the observations on one
ending The change 1n dynaruc dex after ventral root section has been plotted
along the ordinate and corresponding change 1 static response along the abaissa It
appears from the diagram that none of the umts exhibited large changes 1 stauc
responses and Turthermore that all of them had a moderate or large decrease
dynamuc mdex after secuon of the ventral roots This should be compared with simalar
observations on extensor spindles 1n decerebrate tats (Jansen and \atthers 19622
Jansen and Rudjord 1965) The spindle receptors described by these Authors show
ncreases in the static response and ether decreases or increases in dypamic index on
account of the activity pr ihing i the cat
The changes m response plotied in Fig 6 apply to anterror tibial as well as to gastroc
n mius-soleus spindle receptors and to acutely spinalized cats as 1 ell as to cats spma
hzed one day before the final expeniment There appear to be some differences among
these vanous groups such as a smaller degree of change for anterior tibial than for
gastrocnemuus soleus prumary endings but 1t should be remembered that the material
of Fig 6 15 selected on the basis of presence of fusimotor effects Furthermore con
ndenng (he svaration from cat to cat and even among the primary endings of a gnen
muscle i one eat the important obseration of Fig 615 that this kind of change tn re
Sponse of primary ending after ventral root section s farly common and occurs i
flexof 23 well as extensor primary endings Ao other kinds of change n response as-
¢nbable fo background fusmotor actity have not been observed mn spinal cats
The posuble reality of small differences between the sarious groups of Fig 6 must be
Yeft for more exten ne 1 estigations
Above autention was drawn to another nnportant feature of Fig 5 namely the
cewanon of finng during release This s a typical finding for pamary endsngs 1 1thout
fusimoter support In the decerebrate cat on the other hand finng durng releass
1s a very frequent consequence of fus motor actity Jansen and Rudjord 19631 In
the matenal of Fig 6 finng dunng release was never observed although many of the
endings y cre quite heavths inAuenced by fusimotor actt 1ty as for instance thatof Fig 5
et another difference eists bety een the obsenvations in the present series of expert
ments on spinal cats and those on dece cbrate cats (Jansen and Matthews 19622 In
the decerebrate cat the static response of the majorit of the sccondan endings mn the
soleus ts increased on account of background fusimoetor actt 1ty and the fncrease sn
stane finng frequency of the sccondary end ngs s of the same order of magnitude as
that of the primars end ngy In the present matenal on spinal cats the beba 7our of 17
secondan endings of the anterio ubal muscle and 5 secondan endings of soleus and
gastrocnem us have been determined with and without intact  entral root supply Of
these 27 srcondar endings onh one showed a decrease in response of mere than 10
\mp sec to a seretch up to full extens o of the muscle The one exception belonged to
the Literal sastrocnemus and stowed a decrease m response of 20 mp see whick
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1z 7 Effect of sumulanon of spinal nerves A. Control response of antenor tibial seconda
(above) and prmary ending (below) B Response of ;.,mp: o endings during rcpenh:lz

of the spsifateral nerve at §0 Intensity yust above threshold
for flexion reflex Length (above) and tens on (below) signaly 50 msec musal gned 1n A and B
C Controt respomse of soltus primary ending (above) and secondary ending {below) D
Response of same endings as 1n C duning repeutive stmulation of the contralat ral lateral
popliteal nerve at 40 impulsesjsec_Intenaty of sumulation abave threshold for psilateral flcwon
lex below threshold for contralateral extension reflex

was about 20 per cent of 31s total response 1o the final length Thus the conclusion was
reached that the serondaty endings are not or only very moderately nfluenced by the
background fusimotar activity m the spnal cat

C Reflex acty atwon of fusimator systems Yt 15 well known that sumylation of various
spinal senves can induce fusimotor activity m spuial preparation (Hunt 1951 Hunt and
T atntal 1958 V oorhocve and van hanten [962) In order to be of value from the present
pount of view namcly the degrec of differential actreation of the statc and the dynamic
fi such reflex actnvaton should T bly be i an
to perform the standard stretch This s defimtely not
on the I that can be drawn from the ghserra

law On the other hand the effect of such nerve stumulfation was
\motor

stable dunng the period needed
50 andst d al

t16ns to be presented bels
surpnsingly umform which suzgests that 1t represents a typical pattern of Tus

atuvayon
Two neres v erc selected for sumulanon the contralateral lateral poplieal nerve

and the ipsilateral saphenous nerve The former was chosen to mtroduce a reflex actva
tsom 1n the crossed extensor pattern the lavter  fiexor reffex pattern The nerves were
always lated rep ly at a freqy of 40/sec for about one sec belore and
throughout the test stretch It was attempted 10 obtain fusimotor activation wathout
srpultaneous extrafusal acuvation of the rmuscle studied but stronger shock intensitics
were alta employed In general the intensities used were from about 8 8 s the thrt




SPINAL FLSIMOTOR ACTIVITY 207

A B
50 Q-
&
2o 00-
33
o
£ | =
& o sod
° -
b
a N
t §
£ [53 £ 3
Charge 315 21 respons. O ge st esponse
p tesse Irnpdsesise

Fig 8 Scatier duagram of effects of stmulat on of aps lateral saphesious nemve (A} and cont
tralateral Tateral pop! teaf merve (B) on sesponse of antenor wbial (cuecles) and faters! gas
tocnemus and soleus {squares) primary endengs Changes i dynam ¢ tdex plotted along
erd natc and changes 1n stat © response along abscissa Open symbals abservat ons from
acutely sprmalized cats filled symbols from cate spinalized the previons day

shotd for spstateral flevor reflexes up to about 5 umes this value So far 1o attempt has
been made 10 determune which parvestar groug or groups of nerve fibrex w the stim
wlated nerves were responsible for the veflex effects
Typstat examples of the effects of nerve sumulation are gnen ta Fie 7 The Brst
2 records show the response of & prunary and secondarv endine of the anteror ubral
uscle to a standacd stetch 415 the control respanse and the records of B were abtained
tmmediately afterwards dunng of the gk ph nene Fhe
stmulus sntenmity was just abose threshold for the wpsstateral flexor reflex The grester
part of the g refiex of the muscle rad submded at the nme of the st streteh about one
sec after the brginmng of sumutation e residual of the act 11ty can be sern as shahe
uregulantes (i the tension record m B Fhere ¢ a3 no ine ease but aceually a shght
cerease i the finng frequencs of the secondan ending compared o that of the
control siretch The finng (requencs of th pruman end ng on the other hand was
markedly increased durme the dyaam ¢ phase of the siveteh I fong t guency dunmg
the mamtained streteh at full extension was increased by ety 20 smp sec hoy eoer and
1 stopped duscharting smmed ately at the refeas
% tery smslar par of records  shawn i Tsg 7 € and D These shusirate the
Tesponses of a prnan and a secandars end ng of the sateus & the cOntrol siretch
and D was abtasned shorts afterwards dunag surdation of the contralateral fateral
popliteal ners {1 samulus intensuy was just above threshold for the aps lateral
flexor refiex bt hela 1hat of crossed exensor eBerts Again it s seen that the response
of ihe secondary endt ng was ha b affuenced by the nene sumulation There was
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‘t;::}l::;lzx‘n;:,c:‘\:r sn the dypamie frequency of finng of the prmary ending whereas st
1 static stretch way onfv maderately elesated and st was immediately
stlenced dunng, the release
m:[,‘i;:(; f’}n;:fchznzn 15 spindfe receptor responses Wustrated 1n Fig 7 was charac
present matenal and very frw excepuions were found A summary of the

obsrnations on pniman endmgt gt en in the seatter diagrams of Nig 8 Ofien
appreciable amounts of b extralusal ¢ were observed duning
nesve stimulanen However st s not thaught that these strafusal effrets were respon
sible for the changes 1n the response of the receptors because the sypical merease in
dynamic responssveness of the paman endings was frequently obsened without
noticeable activity and furthermore there 13 1o obuious reason why entrafiusal con
tractions per se conmstently should increase the dynamec responsis eness of the primary
endhngs

The graphs of 1k 8 bave been produced by comparing the responss of a primary
ending dunms, a control stretek and durmg cortnuous gerve sumulstson sf ortly after
wards Each powmnt represents the obserations an one endmg The change i dynamuc
mdex has been platted along the ordmate and the change i statie response along the
abscusa The observations dunng sipsi: J saph, neese are presented.
0 A\ and those dunng contralateral fateral popliteal nenve sumulation in B As hefore
alt the obsen ations exiul ring less than 10 1mpsec chance in aither static or dynamic
response have been excluded from the graphs In addstson the obsersations on 6 uauts
hate heen excluded on account of farge and rregulas extrafsal contractions \one of
these showed amy defrte signs of dusimotor actnation and 4 of them showed small to
moderate decreases 1 stanc resposse as well as dvnamicindex dursng nerve sumulaton

Altoether 82 pnmary endings Fave been examuned dunag sumulation of the
spsilateral saphenony nenve 40 of these observattons are presented 1o Fig 8 A Tt
appears that the changes obsened v eee always a moderate (o large merease in dynamic
mdex In general the change in stanc response was much Iess pronounced Thas apphes
t0 pnmary endings of the anterior ubial muscle as well as gastrocnemius and sofens
“There was thus no apparent difference betuern the sesponses of flexor and xtensor
b e 2 There was no definte doffe

and annnals spiaahized one day

spensdies to
between the observations on acute spinal preg

carher
Dunng stynulanon of the contralateral laterat popliteal nenve a total of 83 pnmars

endings have been studied  Of these the obsen stions made on 28 appeac in Fig 88
Sgawn the graph shows that there was a defirute and sometmes quite large smerease 1
whe dynamme index of these umits with enly small or moderate changes i the siauc
response  This apphes 1o both anterior tibal and to soleus gastrocnenuus receplors
The response occurted more frequently 1 cats spunalized the day before the final
experiment butat was found 1n the flexor as well as £iic exvensor ey il ar ot
spinahzed cats In connection s 3th Fig 8 A B one pomnt drserses spectal mentomng
The graphs show the change m response beyond that of th controf stretch  For some
endings dynamic index was appreciably mcreased already m the control stretch on
account of the background fusimotor activity (cf Fig &) In some instances the nene
stumulation would cause onls a shght further icrease i the dynamic mdex of 5u4:ﬂh
endmgs and 1t would therefore appear as only 2 shght change i the grzph,:r x-}.lu A
3 further pownt CORCEIMIDG the nenve s imalations 1 their effect on zge lscd z“ri
dunng release of the wetch Such finng consisted only of T or 2 imapulscs an
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ohserned m only 6 of the 76 primary endings observed durtng sumulation of the ip-
sidateral saphenous and contealateral lateral pophteal nernve This 1s tn marked contrast
to the effect of sumlar nerve sumulation in the decerebrate cat (Jansen and Rudjord
1965)

Observations have been made on the behatviour of a limited rumber of secondan
endings duning stimulanion of the two spieal nerves 11 of these belonged to the anterior
tibial muscle and had conduction seloctites of their afferent fibres between 27 and 62
mfsec None of these endings shoy ed a change 1n response of more than 5 mmp/sec
during aleither the {saphenus or the \! 1 Lateral popliteal
nerves 8 of these umts were studied 1n acutely spinalized cats Tiwo units with afferent
fibre conduction veloawes of 66 and 67 m/sec shoy ed a moderate increase 1n response
(about 15 imp sec) dunng saphenous nerve strmulation Otherwise these two endings
behaved bike secondary endmgs with small dynamuc idex and finng durng release
after section of the ventral roots

The observations on secondary endings tn gastrocnemuus soleus are even more
timited Qnly 5 secondary endings in these muscles hase been observed dunng nerve
stmulation The conduction veloaity of their afferent fibres was from 42—62 m/sec
One of these belonaing to the lateral g:srromemxus showed a defimite increase 1n
finng rate during Iation of the ph nerve and a less pronounced
increase i response during contralateral lateral pophteal stimulation The other four
endings did not extubnt convincin changes 1n response dunng ners ¢ sumulanon

Ithas been pomnted out before (Hunt and Paintal 1958 Jansen and \Matthews 1962 a)
that stimulaton of peripheral nerves may bave fauely longlasting effects on the fus:
motor activity even after the cessation of the shmulus This has been obrerved 1n the
present experiments as well In some spinal cats the phenomenon has been svery
Pronounced  The dynamic acination of the primary endiags by nenve sumulauon
could sometimes last for tv o to threc mnutes after sumulation As judged from the
response of a primary ending the fustmotor acnvity was dechming slov Iy during this
peniod

Duscussion

The main finding of the present work 15 that the background fusimotor actaty of the
#pinal cat cause a marked increase m the dynamc frequency of finng of the spindle
Prunary endemes with only @ small increase n thar response to statc cxtens ons In
general this may correspond to the common abservation of a lack of fonic stretch
refiexes tn spial cats Ther respanses to dynamic stretches like tendon taps on the
otherhand are quute b 1sk

The present obsen at ons can be interpreted in terms of two lusimotor 5 tems 1t was
shown (f1gs 5 b that in the spinal preparation there was a dominance of acti 1ty a
Tuumotor system mainly sausing icreased sp ndie response dunng dvnamic evtensions
It appears entir Iv reasonable (o wenufy this system with th efferent fibres mducing
camparatle efects demonstrated by Matthews 1967 Whether there 13 at the same
time some background act 11y also in the suatic fusimolor svitem 19 spinat cats s
impossible to decrde from the p esent expeniments One observat on defintely speaks
agunst the posubiliny of appreciable sate fustmotor actv t i pinal cats That gs the
complet absence of finng dunog e elease of cviension in these preparations T the
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subsequent paper (Jansen and Rudjord 1963) 1t 15 shown that even 2 small amount of
static fusimotor actinaty can nduce firng duning release of comparable evensions

1n the experiments with sumulauon of sugle efferent fusimotor fibres 111 difficult to
cutablish defimtely the relationship betwcen the stave and dynanmuc effects and
Boyd s,y and 1, fibres (Matthews 1902 Crowe and Matthews (964 2 b} Inaccordance
with the suggestions of Jansen and Matthews (1962 a), 1t 15 argued that she dynamic
fusimotor fibres are the ,, fibres of Boyd mnenvating the nuclear bag intrafusal fibres
and that the static effects are induced by : of the ;, fibres the
nuclear cham intrafusal fibres The present obsersaugns lend some support 1o these
snferences It 1s known that the receptor ternunals of the secondary ending are mamnly
Jocated on the nuclear cham intrafusal fibres (Bayd 1962) The lack of effect of vesteal
root section on the response of the secondary endtngs suggests that the dynamue fust
motor effects observed i spinal cats were due (0 acuvation of the nuclear bag intra
fusal fibres

Hunt (1951) found by recording the activity of y efferent fibres 1n the ventral roots
of spinal cats that the background acuwity in these fibres was completely abolished
after bilateral section of the dorsal roots Presumably, the efferent actity recorded by
Hunt s le for the { dynamic n; of the primary endings
m spenal animals demonstraced a the present mivestiganon  This dynarme fusimotor
actinity is accordingly largely supported by dorsal roor inflow On the other hand
Lldred et al (1953} emphasize the lack of effect of extensive dorsal root section on back
ground fustmotor activity in the decerebrate cats However the latter authors were
mainly studving the afferent discharge from spindle receptors under static extensians
of the muscle and would therefore not notice a possible change m the dynamuc fus
motor system of theyr preparation
+ The absence of staue fustmotor reflexes dunng nenve stimulatton tn the sprnal pre
paranon requires an cxplananon No direct evidence 1s asailable on this poins It
may be related to the observauons of Granit Holmgren and \erton (1955) of a lach
of fustmotor coactnation n various refleves after a leston of the cerebellum Grant
et al {1955) were studying fusimotor effects under static conditions and 1t 1s concen
able that the spinal reflex pathways for static fusimotor acuvity largely depend upon
descending, facihtatory inflow possibly from the cerebellum, in order 10 be availsble

for actnyation
A final pont 1s relevant 1n this connection Hunt (195%) and Hunt and Pamtal
1958} found that of the fusimator fibres to a muscle in the spmal cas only about 30
per cent showed 3 background discharge and furthermore that 2 number of the fust
motor Gbres studied were not reflexy activated from any of the nerves they mvestigated
Such unresponsite unsts usually extubited no background discharge Thus finding may
be cosrelated with the present obsenvation of a complete Jack of static fustmotor effects

1 the spinal cat

In concluston 1t may be suggested that the actnty in the dynaouc fusimotor system
1o a large extent is supported by purcly spinal mechanisms drrven by dorsal root
afferent actiaty Whether thus 1s the main source of dynamuc fusimotor actnvty of
1 b )) 1o this remams 10 be

« P,
:Ii::::od l:rhc actnaty m the stanc fustmotor system on the other hand appears €
on facilnatory systems descending from the bram
finally the possible funcuional significance of the dynamic fusmotor
1d be noticed that this actnity was readily induced by

depend entrely
Conudering
actssitv in the spmal cat 1t shoul
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the nenve sttmulations with surpnisingly Little speaifity m the present type of expenn
ments Flexor as well as extensor spindles were exaited by the ipsilateral as well as the
contralateral nerve and the effects of nerve stimulations often outlasted the stunulus
for one minute or more. If we now consider the muscle as placed 1 a control loop 1n
the servo theory sense with the output of the pnmary endings of the spindles as the
negatie feed back signal then as pomted out by \Matthews (1964) the effect of in
ereasing the dynamic seasitivity of the receptors will be a general damping of move
ments i the system In these terms the motor apparatus of the spinal cat 15 a damped
system and the damping 15 readily mcreased by non specific spinal mputs The damp-
= effect will make atself felt in two different + ays firstly 1n the simple control loop 1
which each muscle 15 placed and sccondly by the Ta reciprocal mbibiton from the
antagonist muscle which of course under physiological conditrons always moves with
the agonist but in the opposite direction I one regards the spinal motor apparatus
a3 2 kind of basic mechamism on which the high r motor centers of the brain exert
their influence 1t 1s of interest from the point of view of the stability of the system that
appreciable damping appears to be an important element 1n this basie motor outfit

This work has been supported by grants from the Norwegian Research Counc 1 for Saience
and the Humanties and from Anders Jahres Medisiske Fond  The help of Mr Jan Rausanaksel
with the expenments and that of electroeng neer Arne Jensen with the equipment 1s gratefully
acknowledged
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The Secretion of Adrenal
Medullary Hormones During Hypoglycermia 1n Intact,
Decerebrate and Spinal Sheep®
By
Crristian Crone
Retencd 12 Junc 1964

Abstract

Crone C The secretson of ad enal medullary hormones dusing hvpo [ycem a vn wnlact decevebrate and spraal
sheep Acta phys of scand 1965 63 .13—22% — It 5 not known from which part of the oo
tral nervous system the adrenal medulls s activated 1n hypoglycemia The queszion was in
‘vesbigated jn arumals with various parts of the central Dervous system removed, and the adrenal
Yesponse was compared with that of intact anmmals The amounts of ad enaline and noradeena
I in adrenal efluent blood de d Intact showed mereased
creuon rate of adrenaline and to a Jesser degree of noradrenakne in sesponse to bypoglycemaa
crebrace ammals were capable of actnating therr adrenal medulla durmg hypogh cerma
“while spinal an mals d d not wcrease the rate of seerction above the rest ng level It s ther
fote roncluded that sympathetic nrurones s tuated n the braw stem caudal to the hypo-
thalamus are capable of acinating the adrenal medulla 1n hypoghcemz. It proved ery duf
ficult 10 Jower the blood glucose concentration n decercbrate anmals desp te the admuzustra

uon of large doses of insul n The mechamsm beh nd the nsul n resistance of the decercbrate
ammal s discussed

Secreuon from the adrenal medulla is due to activisy in the central perous system
the denervated adrenal medulla being almast insensitive to sumult which are known
10 increase the secretion rate of catecholamines (Combne and Susver 19611 It s not
known wkether alt parts of the central nervous system possess the abiity to sumulate
he adrenal medulla or whether discret regions are responsible Dunér (1953} found
ome endence that a reg on 1n the hypothalamic area pught control the rate of secre
uon {rom the adrenal medulla v hien the blood sugar was elevated abo e normal values
Whether the 2ctnation which takes place n b i 1s due to h

ac

Presenc adress Institute of Med cal Phys ology L sers tv of Copenhag 0 Denma
The results reported n thu artele were In part comemun cated at the W1 Scandinavian
Phys ological Congress in Copenhagen (Ceone 1363

14 O6SI3 1 phyeel seand Dot 63 217
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taty ss however unknown and the aim of the present work has beea to clanfy thus
problem by companng the adrenal response to hypoglycerua wn atact amimals and in
ammals with different parts of the brain removed,

The relattve amounts of adrenaline and of noradrenaline 1 the adrena] efffuent may
sary under different circurnstances (Euler 1956) Dunér {195%) found that 1 the cat
hypog!; 12 leads to a prefe ! sccrevion of adrenaline In the present work [
have umestigated whether this also oceurs in the sheep

An analyss of the adrenal medullary response i hypoglyceaie sheep has recently
been published by Setchell and Waites (1962)  ho hawever used unspeaific methods
for exaluating the amounts of eatecholamimes s plasma and they did not differentiate
between adrenaline and noradrenaline

Methods

The techniques used were adopted from those described £y Comline and Silver (1961) and that
paper should be consalted for further detasls
Touryivo expan were perfurmed on Welsh mountam sheep and Lambs Eight expts were
duscarded because the blood pressure fell too much and ? because of bleeding from the bram
stem The animals were betwoen 9 and 18 montt s old
\nesthesia was establshed by 2.+ injection of sodium pentobarbitone {Nembutal] Intvally
about 30 mg kg was mjecid and smalf supplementary doses were imyectett a3 needed In some
expenments chioral sse (80 mg kg s v ) was used but as il £ blood pressure tended to be lower
10 these expen neats Nembutal was préferred and only results from th e expenments are re
poried here
~, Efluent blood was eallected from the Icf adrenal glacd  The method of preparation can
uslation and colle ton of the adrenal effluent blood was stmilar to that descnibed by Gilver
19.9) Between the samplings the blood was retumed through a Murphy dnp chamber to
(¥ external yugular vera Th g vewn was pref rred ta the frmaral ven ax us Larger diameter
primitted nsertion of bigger cannulac 5o that the resistance could be kept as low as possible
All amimals were tracheotomuzed and in experments on spmal an mals artficial respiration
was gnen In it & majonty of the expertments Dextran (Fharmacia 14 ) was given prophylac
tcally befare operating on the adtenals Experiments n whick a lower blaod pressure than /0
Hg occurred 1 erc rejected except those performed on spinal ammals where the blood pressure
always Rl to about 30 mem Hg after transecttan of the card
Befare estabilistuag the ext caal cwcute far collertion of adreas! blowd Heparn was given
1 v (10 mgikg orer a peried of 45 hra)
Hypoglycemia was mduced by 1 v inyection of msulin (Burroughs Welicome and Co) In
experiments on intact theep Z [ bg were gven e dose wag progressively increaed 110 (0
TUfkg) 1n expeniments on decrcbrate sl cep because these proved (o be very resstant o n

sulin

Decereh att n The yault Of the skull was cantiowsly rerroved with bone n bblers It e bram
stem was cut smmrdiately abore the superior colliculi 11rm applicauon of cetton wool to the
cut cercle of Willis prevented bleeding A deast 11)2 brs elapued betwe n the complet 1 of the
deccrebration and the mpection of bepann

d;mmtm of the funal cord This peration was performed immediately below the loramen
tmagoum theotgh 4 tamincctomy of the first second and 1) rd vertebroe The brain was Ac
cteoned through the foramen magnum and the ¢ “vlaunn 1o the entire head was cut of by 3

around the neck-

ﬁ"&:ﬁi::;fm of ad enal e and norad enal e The hormones we ¢ 3t mated RAuarmetrically on
plasma eluatcs according 1o the techmique described by Lund 14939, and modified md Pce
R Price (1927 and by Euler and Lishayko /19 9) The sdustmeats 1o different pucdunng
the vanous steps of the analysis were camned out by use of a py meter which permutt d ‘cutd
xmcnous conteol of the pyy The lutines fermed by oxidaton with t’emc)zmda ::,r: :l'jtl:w:ﬂl
% plasma sample 1kew from an vnanestheuzed animal w
:;::ﬁut,;f;)::!;:;fﬂl::m' Smples from th expenment and served as blank 11 soon beeawe
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Fig 1 The output of adrenahine and
noradrenaline from the lefs adrenal
gland of a sheep dunng develap-
ment of hypoglycema  Abscissae
Tun 1 munutes Zero-tume Injec
ton of msulis 2 [Ufkg Ordinates
Output of catecholsmines in ngfkg!
vmn.m\drtnzlmc (1 Noradrenal J‘
ine Concentration of glacose sn
blood @~ — @ 1.4 L i
1 e

v dent hat the recovery of catecholam aes from the plasma coutd vary from anajyns to analyus
and a sample contaming known amounts (1 #g) of the two hormones was the cfore analyzed
taged e with the unknown samples This precaut on made it possible (0 correct for losses The
average recovery of adrenaline was 703 (cocffi ient of van vor 103 n = 33) and of
noradsrenaline 606 (coeflic ent of varaton 113 a =3 The mean arrect an fictors
thus were § 42 for adrenaline and 1 50 for norad enaline somewhat high ¢ than the -alue m
deted by Tund 195 (1949) The amount of adrenaline and noradrenatne n il sampla
arc cxpressed s the base and not 43 the salt

Dieterss nabon of ad cnal nc_n 3 noradrenat ne 1 2 mixtare depends on d Terences i th
ntenty of the Ruorescence Lol en and Goldenberg (19071 have devisrd a method for derer
Tinmg both eatecholamunes with ut  hromatograp!  separaton «— a method wheh has
proved rel, He n the hands of the present_uthor

Determun tim [ blood glucose concenivaro  The m thod engnally descibed by Huggert and
N on {1027) was used n the mod f cation described by Reamer § cobaen ($966) and Hansen
{1962) The analyns waa carried out on whole blood afier p corpitat on w th perchlonc acd
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Taese I Qutput of catecholamincs from the Jeft adrenal medulla 1n intaet sheep after s

Jectron of mnuhn
Timeakerw;  Blood glu A
Expetnent of msulme ctse cone,  Adrenshine oradrenaline A N4
no Bours mg g kg min ngikg mun v
4 58 4 183 152 983
325 ] 127 171 852
158 20 143 330 83t
214 27 ta 136 879
2138 25 iz 171 900
5 137 45 34 00 100
§ 42 37 "1 L33 100
257 27 34 87 832
3130 2% ne 28 820
& 172 23 141 729 391
22 29 403 96 808
53 34 09 132 782
-3 210 31 9z0 27 o7
' 230 >y 1t 0 &
25 33 12 58 93
I 200 2y 12 34 a1
275 45 FETY 669D 6Bb
N 198 20 52 174 875
138 Y 138 196 8>
2085 2 167 185 898
a 120 3> 104 00 100
(35 28 75 [T 100
130 22 94 L1 w0
- von g 1359 5. 32
1 8%
105 27 83 >
125 > 21 e e
0 0 23 1o 23 el
f 50 a3 173 28 g
s I 104 124 874
3
., 6 30, 19 o
3 ; :9 6 158 99 940
10 ¢ %3 20 9/
Average 832 142 869
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Fig 2a Fig 2b

F's 2a Rate of fall of blood glucose concentrat on n the intact sheep after ntravenous njec
% n of msul n (2 TU/fkg) at zero-time

F'i( 2b In tal blood glucose concentration and rate of fall after ntravenous mjection of i
Am D

sheep was 1—2 hrs before insul n was given
Zerotime Tngection of n ubn (5—10 IUjkg) Abs 1ssae T me aft ¢ njection of msul n Ord
nates Blood glucose concentrat on (mg/100 ml)

Results

N The response of the adrenal medulla to hypoghcemia tn inlact decerebrate and spinal sheep

I Animals wrth intact central nervous system The secretion of adrenal medullary hormones
was followed 1n a series of expenments 1n which adrenal blood was collected before
and afier ingection of insul n \ nsc in the output of adrenaline — compared with the
output 1n the control peniods — occurred 1 all experiments An increased output of
noradrenaline was also obsenved 1n many instances but this effect was much smaller
and less consistent

‘The output of catecholimines began to nse wathin 1/2—1 hours of the adminustra

ton of msulin The onscl was rather abrupt and i1t was easy to define when the adrenal
medulla became actnated Once act ity had started 1t contnued and the secretion
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Tanrz 3T Output of catecholammes from theJeft adrenal gland 1 decerebrate hypoghycemie

shecp
“Fume after Blood glucose Noradre
Expt decerebration cone ‘Adrenahine naloe
no (hours) mgl100 mE ngfkglmun ngikgimin
8 230 15 192 69
300 18 406 174
330 18 (23] 24
2/ 23 27 244 120
53 19 395 125
118 19 309 234
28 g 38 164 308
50 31 7 “00
1 28 169 22
30 4 2% 124 675

Yverage 869 36

Tasry ST Quiput of catechotam oes i deverebrase sheep before msulin was gven

xpt. Time after decere Adrenal ge Noradrenaline

o bration {hours; ngig'min nglkg mun

8 130 14 oa

- 145 09 00

10 100 08 %2

11} ey 28 160

—_ re7 616 720

12 50 410 1360

13 150 00 198

18 210 187 16?

20 150 18 21

- 720 67 38

- 236 72 2z
Average 191 354

rate remamed more or less constant durtng the following hours An exampie of this

tvpe of response 1s shown m Fig 1
‘?I‘cablc ¥ shows resalts from the iadrvidual experiments apd 1t 13 seen that the amounts

bly from exp o exp
’d'?::d o seerevion of Irom the adrenal gland in anestbenzed
ammahrwu determined before msulin was gnen. The average output of adrenatine
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Tasee IV The output of eatecholamuaes From the adrenal medulla m hypoglycerme  spmal

shecp
Expt. Bleod glucose Adrenaline Noradrenaline
Ho cone mg o ngflgfom pg/kg/oun
22 24 03 o0

29 51 oo

30 92 o0
2% 38 101 34

28 144 +2

3¢ 243 145

37 212 123
3 28 35 00

2 31 o0

Average 87 3t

was 50 and of hne 2 7 {6 expts ) The secretion rate

of noradrenaline 1s so small that 1t 1s at the lower margin of the sensivaty of the fluon
metne method and the average figure s therefore only an approumate indication of
the secretion rate The spontaneous secretion rate was determned under circumstances
stmular to those evisting dunne the hypogh cemic phase

® Drcerebrate anmals It soon became apparent that 1t was difficult to Jower the
blood glucose concentration in decercbrate sheep which showed a greater resistance
10 1psulin than intact sheep While the average rate of fall of blood sugar in ntact
animals wasl 68 mg  /mun 1twasonly 0.38 mg ofmun in decercbrate ammals Further
more the imtial level of glucose concentranon was hugher because the decercbraton
Procedure 1n stself clierted a considerable increase in the concentration et another
difficulty was encountered despite administration of large doses of tsuhin (101 U/
Xg) the blood glucose cancentration tended — after an 1utal fall — to stabibze at 2
level above that which was found in tntact anaesthetized shesp Thus  hypoglycema
nthe ordinary sense of the word could scarcely be established These findings are shown
graphically ws Frg 2a and 2b

Inorder therefore to mvestigate whether a decerebrate sheep does respond to hy po-
glycemua the expenmental procedure vas changed The decerebration was earned
out after the hypoglytermsa + as cstablished In order to prevent the effects on blood
sugar of adrenaline released from the gland during and immediatedy after the ransec
ton the adrenal effluent blood was collected for 5—6 mun (during, and after decerebra
tian) The actiaty af the other gland v as abolished by transection of the night splanch
e nerve These precautions made 1t possible 1o establish an expenimental situation 1
which hypoglycerma susted 1n 3 decerebrate anumal The results from experiments of
thus type are shown in Table 11 which shows that & decerrbrate antmal possesses the
ability (o actiate 1ts adrenal medulia

Th figures tn Table TII show that decerebration n atself acts as a stimulus which
imnates increased acuvity n the adrenal medulla but it seems prrmussible to conclude
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| Fig 3 The wutput of catechol
| k4 ammes from the Ieft adrensl
medulla 1n 2 hypogly cemic sheep
in which the spnal cord was
ansected during the hypoely
. cermie phase Insulir (7 1 10 kg)
. was g1 en wlravenouwsly at zero-
( ume The cord was transected
I
¢

=

3 brs and 15 nun after the 1n
section of ynsubn. Alfter a short
inerease 1 the release of cate
é cholamines following the transec

1 on the omput falls to very fow

, ioel Atsumie Time afier
I yction of nsulin Ordmares
- (- Adrenatine [, noradrenaline
¥ L3 biood glucese concenisz

! ! 7 (me- e

k4

supen enes a further increase in the secreion rate takes place.
The average of adrenahne 1n d ammals with normal blood sugar
was 19 ¥ ng/k and n hypog!! 87 nefkg If the results are 2nalyzed
using the Walcoxon ranking test for two samples (1935) the difference between the
figures 12 found to be sizruficant at the § 9, I~ el of results frons each anmal are pooled
If every figure in the tables 1s taken a5 2 separate figure the difference 1s sigruficant at
the § 5 level The rate of secreuon of noradrenahine does not change One parameter
besides the glucose concentratien of the blood 15 different i the control senes and
the hypoglycemic decercbrate ammals the ume between decercbrauon and sampling
18 Jonger 1 the controf semes 115 however nnbkely that ths difference can cxpian
the difference 1n adrenaline secretson. In a long lastng control expenment on 4 decere
brate ammal to which no tnsubn was gas en the secretion rate did not show am tendency
10 a defintte merease or decrease withia three hours
It was obsenod 1 ses eral experiments that the output of catecholamimnes rose after
snjection of wsulin despste th fact that the blood glucose concentranion did not Bl
below “normal levels The ammals thus behaved as if they were functionally hvpo-
gheeme. A low perfusion rate through the remaning part of the brain mmht con
nibute to thas a$ the suppl of glucose depeads on the rate of blood flow as well as on
the concentration of glucose 1 the blood
3 Sponed srmals Attempts to testigate the adrenal medullary response mdb)po-
ghytenua s spinal ancnals met with some of the difficuluies as descrbed lorhxhc (:\t:z
brate animals The blood glucose concentration rose wmmedately afier the 1

that when hypoglycemea
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Tasce V. Qutput of eatacholamnes from the adrenal meduliz 1 hypoglycemuc sheep vume
diately Tallawing decerebration (D) of transection of the spmal cord (S} The gures
1 brackets mdicate the control Ievels (average output i three periods immediatels,
befare the transection)

Adrenal medullary output ng kefmn

Expt. Time after abla

o ton mus Adrenaline Noradrenaline

() 02 186 (91} 139 (0}
35 5 200
813 a0t 117

% (D LB 201 (188} 672 (69)
23 1050 367
$--5 720 216

® D) 91 1285 (D7) 756 (207)
2-3 1000 323
5~6 720 1a7s

3 () 1-2 613 (107, 6 (77
2~3 147 373
56 107 )

(s 1-2 1428 /73y 687 46,
13 314 %2
45 .28 185

hon an the ceatral nervous svstem, but the animals were not msulin resistant as the
decerebrate ammals were Afier wnsubn the Blood sugar fell at akmest the same rate
a3 imtact ansmals (0 75 mg  froun) The results 1n Table IV show the weak adrenal
sedullary response 1o hypoglycerma in these preparatons ‘The rate of sccrevon was
%0 small that 1t was not possible w0 make any detasled analyns of the relative compost
tan of the effuent.

Despste the occurrence of two strong stamuli cach of « huch 15 well known 10 actvate
the sympathico-adrenal system {Jow blood pressure low blood sugar) orly a neghgeable
output was demonstrated These preparations thus differed macked!y from the decere
brate anunats

Fig 3 shows as an example the reduction of the adrenal medullary output after the
spinal section.

B The smomediate response f the ad enak medilla to decerebrat on or transection of the spinaf o d.
\s desenbed @ the section ar of the spral cord
imanably resulted m an increased glucese concentration.

To sce whether the wansection itself chals a vigorous output of catecholamines from
the xdrenal glands blood + a3 coftected from the adrenal @n n separace samples for
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310 rmup after the intervention The results from these

expenments are she
Table ¥ Regardless of whether the P preformed u:v.spj“ b ;::;‘n:;
srction there was an smmedate and sery considerable nise 1n the output of catecho!
amnes, followed tn a tendencs to 2 rather rapud 2l

Discussion
The reported findings tavite a of the folk 3 4
3) Which parts of the tentral nen ous system can activate the adrenal medulla in hypo-

&lyeema®
b} The relathve composition of the adrenal effluent blood 1a hypoglycemia.
<} The mnsubin resstance of decerebrate animals
a7 a) On the bass of the present obser ations thrre seems to be 5o doubt that regions

of the central penous sstem caudal 10 the hypothal: respond to hypogl

and actvarr the adrenal mrdulla Thus need not be 1 contradiction to the genrralls
held view that the adrenal medulla 13 actnvated from hypothalanue centres during hypo-
givceria (Euler 19.5) but the question must at any raie be rased as to the tmportance
of these centres relatine o other “svmpatheuc™ centres in the Dervous sstem The
ewidence pauntng to the hypothalamus as the “tn~ger zone of adrenal medullary 2¢
I 1% on £ whole rather wesk, based maunfy on expenments wnb elecuical sum
ulztion ttrough electrodes 1n the bvpothelamus fFolkow and Euler 1924/ and on
Duners exprnments 1934 w1 which he showed a diminshed  resting’ output of
catecholamines when the level of the blood suzar was rased abose normal (1 cats)
“The conclusion that single nerve cells in Jocalized regions of the vpothalamus have 22

oty winch 15 correlated to s anauons sn blood sugar concentratian abuve the nor
‘mal level 1 supported bv Anand, Chunna and Singh (192  Their arguments are
bowever duputable as they find a common mode of reaction among all cells (ested 10
such large regions as “tentres L npublished otrenvations (Crone and Sifver on the
acuvity of single cells 1t the kvpothalamus of the rabbat dunng hypoglycema dd nos
show the exsstence of well-defined centres of nene cells wath onh one type of resoonse
to 3 gnen sumulus byporh cemaa

Whether the svmpathetic cells 1n the ssolated spmal cord can acnate the adrenal

medulla 1s 2 question which s ant settled  Tenney /1936 found that the response of
the spina! cat to hizh concentrauons of CO; was alinost as ereat as that of the ttact
anesthetized ammal and Combine and Shver 1361 found that fortusss of sheep with
the spinal cord transected a1 C 1 dud respond 23 effrcin ¢y asantact foetuses to 2 phyxea
In the present sne of cxpeuments howeer the sympatt coc tentres in the spinal
ooed were found to respond sery poorh i at all, to the sumulus of hypozty cema, B
season for thus findurz may be that the perfusiun of the spnay cord was madriuate b
cause the blood pressure was Lm Vorrbore 1960, thus found that 1n cas the sall
tmotor neurones stopped finn+ when the blond pressure o] befow 50 mm Hg On the

other hand 11 12 well known, that all acuvity o the central neryous vstem does not SWp
at that Jerel of blood pressure Barnes Jovms and Schotichus 142 found lhan:hv
sacmbrane potennals of the big motor pruronts 12 the spinal cord increased from 1 to

Thix, thev thought wasdue to rem ¥ al of random symaput
6 m\ danng spnal sbock. Thix, e

bout the deta:
bombardement. Laul sonethung o Inows &l
Ivporheoma activates 51 mpathetic Arurones L s however not profuable to speculstr
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about the apparent difference i the mode of reaction to hypoglycemma i different
parts of the central nervous system It must be mentioned though that Cantu ef ol
{1963} found in the dog that neither decercbration nor transection of the cervical spmal
cord abalished the nse 1n adrenal medullary output 1n hypoglycemia and 1t appears
that these anthors managed to keep the blood pressure above 80 mm Hg Brooks (1931)
came to conclusions sumilar to those mn the present work He showed that the reflex
hyperglycema (which 12 mediated via the adrenal medulla) persisted 1n thalamic and
decerebrate cats while 1t disappeared in spwnal cats

ad b) The present results support the statement that the adrenal medullary response
w hypoglycemia 15 mainly an adrenaline response but 1t should be emphasized that
the response 1s not exclusiy ely an adrenaline response In almost all expenments a
certam elevation of the secretion rate of noradrenaline was found The adjustment
of the composstion of the medullary matenal depends obviously on a very coarse mecha
nsm One nught expect a correlation between the degree of hypoglycema and the in
tensity of the secretion of catecholammes but 1t seems not to be so stmple and 1t has not
been possible on the basis of the present expenments to select any factor which deter
munes the rate of secretion which typically 1s very vanable from animal to amimal

ad ¢} The immediate cxplanation of the wsuln resistance observed in decerebrate
sheep would be that the secretion of adrenaline 15 of such a magmtude as to make
mobiisation of glucose from the lLiver greater than the uulzation and deposiion of
glucose 1n peripheral tissues While this may be part of the explanation (the resting
sccretion of adrenaline 1n decercbrate amimals 1s higher than 1n intact ammals) 1t 1s
certainly not the whole explanation because there 1s no correlation bets een the ul
mate level of blood glucose concentration and the rate of secretion of catecholamnes
Donhoffer and MacLeod (1932) ded from extensne that

! took pace 1 amimals a fact + hich may also explam the
amsubin resistance Anderson Rioch and Haymaker {1933) found that the ability to
deposit glucose as glycogen after loading with glucose was dimumshed m chrome de
cercbrate amimals A mechamsm which seems not to have been considered 1s the pos
stbility that the decerebraton greatly reduces the through the
important region mn the blood sugar lowenng action of nsulin

lam g eatlvindebted to R S Comlne Ph D who nuroduced me 1o the phys ology of the
2drena) medulla and who ] me my tay n Cambndge \Mrs
MaranSiler Ph D gavem a  ry vatuable mtroduction to fluonmetnc technique for wh ch
L'am most grateful The work was supported by subs d e f om the OECD Grants Commuttee
and by the Univers 1y of Copenhagen

References

WA BR G S Gins aand B Smen Effect of glucose on act v ty of hypothalam ¢ Feed
ing Centers St 190?138 197198

Morrsov E D \ch Riock and W Havuaner Disturban es in blood sugar regulation
i anumals subjected to transect on of th bran stem dcta ar oceg \W en) 193 5 137

Brooks Cu At \dIn tvonofthe entral nevous mechansm n ol ed n reflex hyper
Rlycema 4m F Phywl 1931 99 6476

Cam R € B 1 Wee \ Goorex K S Guuusos N\ Fcir and W F Gasove
Neural pathw 3 med atng the 1n rease 1 d enal medullary secretion produced by hypo-
gherma Proc Soc  p Biol (N Y 1%3 dH 10—13



.

CHRISTIAN CROAE.

Comex G and M Gotvrasere The ;7 der ation of adrenal
and noradrenatine i plasma 11 F Newrahem 1957—58 2 7080

Costene R § and M Sitver The release of adrenaline and noradrenalne from the adrenal
glands of the foetal sheep 7 Physol (Lond ) 1961 156 424—444

Crove . Which part of the central nervout syatem acuvates the adeenal medulls dunirg
hypoglycemua Acta phynol seand 1963 59 Suppl 213 29 (Abstract)

Doviorrer C.andJ'J R MacLeon Studies in the nervous control of carbohydrate metab
olism 1 The position of the center Proc roy Soc B 1932a 110 125141

Dovitorrer C andJ J R MacLeov Swdies i the nervous contro) of carbohydrate metab-
elsm 11 The chemical changes set up 1a the body during d cerrbrat m hyperglyceria
Proc oy Soc B 1937b_ 110 141157

Dovnorrzr € andJ J R \iacLeoo Studies in the nervous o 1trot of carbohydrate metab
?;‘;m l{l'xl The nature of the mechanusm of the nerve control Proe soy Soc B 193%¢ 11

Duvér H The influence of the blood glucose lescl on the secretion of adrenal ne and nor
adrenaling from the suprarenal eta plynol scand 1953 28 Suppl 1

Dixir H The effect of insubin hypogly cemua on the secrenon of adrenatine and noradrenatine
from the supratenal of the cat A ta physiol scond 1954 32 6368

Euter U 5 v “oradrenahne Springfield 1906 Hhnoss Thomax

Eviex U § v and F Lmitaxo The estimanon of catecholamines in unac 4eta physiol sca
1959 45 122132

Fotkow B and U § + Etwer Selrctive activation of noradrenaline and adrenal ac pro-
d;lmng cells n the cat s adrenal gland by hypothalamie sumulauon Crreulat Res 1954 ?
19119

Hansew O Specificty of the glicose oxidase reaction Scand J clin Lab Inest 1962 14
651—655

Huacerr A St G and D\ Mixov Use of glucose oxidase peroxidase and 0 danusidine
1n determnation of blond and urinary glucose Lancet 1937 1 368370

Jacomsen L Rmawer Quanttative determunatoon of glucose using glucose ovidase and per
oudase Scand 7 clin Lab Inest 1960 12 76

Luwp A. Fluormetric determs rauon of adrenalne i blood §cta pharmae | (hbh) 1949 §

v 231247

ismsce H L and M L Price The chenucal
w0 human and ean ne plasma II A crique of
1957 50 768—777

serawes, B P and G M H \$ames Adrenaline release during msulin bypoglycemia an the
sheep 7 Phynol (Lond ) 1967 164 700~200

Suvrr M The output of adrenabine and noradrenaline from the adrenal medulla of the calf

bon-dieade and the miubitory <ffect

7 Physwol (Lond ) 1959 157 1429
Tenvex § M 8 h d ] 1)

of catbonuc acid on epmephune response 4mer § Physiol 1936 187 311—346
Wiecoxonw F ledividual compansons by ranking methods Biomet wcs 1932 7 8083
Lotauove P E Autachtonous actnty of fusimofor neurones /o the cat 1 1o fhy 1ol pharm ef

neerl 1960 7 143

of and
f the tribydroxymndole method J Lab elin Ve




Acta phystol scand 1965 63 225—235

From the Department of Neurology and the Laboratory of Climeal \europhysiclogy
the Umyeruty and the Sahlgrenska Hospital Gotcborg Sweden

Blood-Bramn Barrer Alteration after Experimental Cold
Injury of the Rabbit Bram, Indicated by Pemcallin G
1 EEG and by Dye Tests

Bv
Sicvarp FLODMARN

Recened 12 Junc 1964

Abstract

Flxdmark, S Blood braw barner alte at on afirr expernmental cold ¢ ury [ the 1abbut § an wdicated
by pemictllin G s EGG and by dve tests Acta physiol. scand 1965 63 225—235 —]Two previous
known facthods to mndicate blood bra a barmer altcrations — mtravital dve fests and EEG
test after drug activation — were apphed 1n parallel 1n 25 short or long term expersments on |~
cold 1nduced cerebral les ons 1 the rabbit, The method of cold application was a modification
of that of Hass and Taylor supplemented by a record ng of the extradural temperature A
new type of permanent clectrode for EEG recording xs described In 19 of 20 apimals m which
a structurederanging les on was wnduced a concomutant blood bram barner alterat on could
be demonstrated [In 11 of these 19 expts a complete correlation of the two methods of barner
indicat on was obtained (8 animals inconsistent results) In 6 animals 1n which no blood brain
bammer alteration was induccd a concordance of negative resulis with the two methods was abio
scen. Three 10 four days was the maumum duration of blood bram bamer damage noted
mong the 13 ammals 1n which the tendency to resutut on of barner function was studicd.
The results are im conformty w th those of previous myestgators and seem (0 Justiy the usc of
normally barred EEG actn ating drugs such a1 pensc i n a3 detectors of blood bram barmer
fterat on These drugs seem particularly suttable fo  terative stud esin v 1g ansmals.

By means of a method for study of the mterrelat on between EEG and blood brain
bamer phenomena (Flodmark and Steinwall 1967) the reversibility of some chenucally
induced blood bratn barner alteration as primanly shown by Broman and Olsson (1948

has recently been confirmed (Flodmark and Steiwall 1963 b) A sumilar tendency to
restituuon of a concommtant blood bram bamner alteration s phyvsically induced struc

ture-deranging cerebral lesions has been demonstrated 1n presious invest gations by
means of different acsd ¢ dye indicators (Broman ¢ af 1949 Bakav ¢ ol 1936 Klatzo
ol 1958 1961 \strom ¢ al 1961) or by means of normally barred EEG activating
drugs (Gonsette 1956)
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i

Fig } A\ The platinum plated metal elect
6 {/ o eta P metal clectrode
a the upper end of the metal serew with the
connecung wire
‘ﬁ & b the plastic sleeve
D

¢ the lower end of the metal serew

-
[ B The electrode screwed into the bone and
~Tomm——————  qupported by plastic cement
Tem
A B

In the present study on experimentat cerebral lesion 1n the rabbit snduced by local
extracramal cooling these two different types of barner function indicators were both
applicd to the same ammals This series includes both short. and long term expenments
In the latter expenments any tendency toward restitution of barner function was
studied In bath groups the functional state of the barrer was tested by means of the
normally barred orgamic aad pemailin G as EFG actwatng drug and by means of
acidic dyes (Congo red andfor trypan bluc) enabling a postmortal visuahization of a
barner damage exising intravitally at different stages of the cerebral lesion The
prinaples of these barner testing pracedures have already been reported (Flodmark

and Stemwall 1963 a and b}

Experimental procedures

In this scries of experiments 7 young rabbits werghing { 7— 2 7 kg were used As anestaesa
during 1he intraosseous application of the electrodes and during the performance of th cercbral
cold mury sntravenous admn stration of pentobarbitone sodium (Nembutal Abbot) at a
dosage of 0 0> g/kg was cmployed The duration of the ancsthesia  as approx mately 2—+

hours

EEGerecording The efectrodes consisted of platinum plated metal screwst sce Fag 1 A and &
The screws were apphed ntraosseously 1n bored holes with a depth of 05 mm without snjufy
of the osseus laminz interna Further fixation and 1salation was attaned wath plasuc cement
apphed atound the holes filling the space between the bone and the plastc slceve

‘A parr of electrodes was symmetncally placed over the hemuspheres 5 mm anteror (@ the
sutura coronana 1 ¢ just i front of the motor region Another pur was placed over the pareto
oerspial regions 12~-15 mam behind the anterior ones The distance trom the midiine «
about 5 mm A ground electrode was placed m the most frontal part of the shull Iig 2 shows
2 rabbit ready 1o be tested with the FEG machine Bipolar recording with an 8-channcl transis~
torszed haiser CEG machun was used Dunng the EEG recording the rabbst was situng of
Iymg faurly comfortably 1n a bask ¢ which somewhat restricted the movements of the an mal
“The basket was enclosed m a shielded box A control EEG 1n anesthesia was recor Jed before
the 1nduction of the cerebral cold lesion Within 30 mun after the myury BEG recording was

s d and made 1n cooperation with the Deatal Mechanica) School Gotebarg
B gz;:es.:’p)u Pontocryl (Autopolymens ng Acryl Resin for Skull Closure) Dental Fillngs

Ltd London N Io
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Fig 2 A Rabbt with 5 electrodes
ready 1o be connccted to the EEG
machme for testing

reinststuted and continued up to about 4 hours In anmmals which were to be studied for
several days EEG recordings n an tnanesthetized state were made at regular intersals during
the followsng days including usually both a restug record and a record durmg the pensailln
njection (sce typ cal expenments in the Results)

EEG ¢l The ELG i anestheuzed or d rabbuts has been studied by
several mvestigators see Longo (1967) Although shight
frequently seen 1n both states The most common pattern v hen awake consists of regular 45
/s waves but quitc often dysrythmic patterns mcluding 14—16 cfs episodes oceur The mam
po nts vis & vis EEG in the present study were to estimate the degree of cold induced unilateral
damage and it q 1 and to ds the ume after1 v _pemcillin inject on
of any appearance of a s gnificant number of spikes or sharp waves on the damaged s de r.e t0
determune the focal spike tume (FST)

The un lateral (left sided) changes mduced by the cooling  gent and obscrved 1n FEG were
graded a3 1111 Grade 1 means an asymetric pattem consistng of somewhat lower amphitudes
of the waves or the appearance of slow waves within 2—4 ¢/s frequency band shghtly more
oftent on the affected s de Grade I1 means a pattern charactenzed by a preponderance of slow
waves usually withuy 7—4 /s frequency band on the affected side Grade J1 means a pattern
where exth £ the clectnical act vity 5 greatly dep es.ed or a domunance of slow waves with n
1—3 c/s frequency band 1s seen on the affected s de

VMethod of p oduct on of cereb al lesion In thus tyge of experiment 1t 1s des rable to 2 o1d methods
wh chnclude di ect appl cation of nox ous agents o  the exposed cerebral cortex since cortical
exposure alone may induce uncontrollable impa rment of blood brai bamer functon (Samo-
raski and \oody 1957) Ameng the physical methods switable for nducuon of neuronal
damage and a concormitant alteration of blood bram barmer function cold ppl cation ad modum
Hass and Taylor (1918) will sat fy this demand A sumpl hication of their onginal techn que
was employed in the present study From a block of dry ice a core was made by mesns of a
metal cyfinder diameter 17 mm The cold injury was ach cved by p essing the metal cyhinder
vith the enclosed core of 1cc aga nst the middle part of the os partetale on the left s de th
overlying muscles hav ng been removed Pilot expenments showed that an appl cauon ume
©f 12 m 0 usually was necessary to induce a cerebral lesion which also included an aleravon

of blood brain bart er funct on as ind cated by extra asation of trypan blue into the cerebrat
parenchyma The m thod however inuolves some poss ble squrces of erro  the rost important
be ng the v rying poros 1y of the ce unevenness of the contact urfy e berwee 1 bone and ce
sndihe anable th ckness of the par eta) bone n d ficrent anumals The mode of procedure wa
therefore upplemented by means of  simuftancous ecord ng of the exiradural temperatu ¢
wthnthe reamqueston Th femperature was measu ed by neans of  electncal thermo-
metest th  ppl cator of wh ch was nserted beneatt th p netatbon 13 a tangentially bored
hole In this way a contr | of the ool ng of the cer bral corte within 2 local ed rea was
ascerraned Prel tun rv cpenments howed that  low ming of th estradunal wemperature

Fleutncal un emal ¢ rmom ter t pe TE3 with ppl  tor type COR5 Ef kerolaboratoret
Coprnhagen (operat ng a cord ng to the thermncoapl  prine ple w th an accuracy of 01 C
wihnth mnge ~ 1) ¢ — 46 C
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Taste I Data concernng cerebral cold imjury and the results of sepeated tests ind ateng blood
bram barrser state i 25 rabhies

Barrier tests indscaung alteration
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See pext page
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Srom about ~36 C =1 down to — 18°C =3 for 31—00 sec. was uually suficeent to
induce a focal alteranon of neurons as well as damage 10 the blood-brain barner functon.
Testing of the state of blood-brazn barney firctums During the rum of the expenments the bamer
funcuon was tested of two or th aads unable to pass
from blood to bramn under normal barrier conditions but can pass with amy imparment of the
Blood bram barnier (Steuswall 1961) Arrong these aads crystalfic penucillz was used t test
the barrter function by reans of EEG (Gonscrte 1955 Flodmark and Steinwall 1963 a and b
One or both of the two aadic d s trvpan bluc and Congo red. were green m order to demon
strate the exntance or absence of a barner alteraton at different stages of the cercbral
as evadent at mepection of the remoyed bran at the end of the expenment. Both of these dves
show a marked tisue afinsty and poor diffusiblity which make them well suted for stammg
purposes while the more casily diffus ble aad, pemcillin, 1 mare apt 1o bring about nruwroal
{EEG) mfuences after mvasion through a defecuve barner (Flodmark and Stexawall 1903 b
The following azents and doses calculated perkg b w were used pemeillin G 2—-300 000 IE.
Congored >—T mlofa 1  soluuon and trvpan blue 1>=20 ml ¢fa 1—2  solunow. In
priniple the barner testing procedures included 1 Conen red wsually wathun 1o mun_ after
induction of the cold myury (m 13 expts! 2 Peucillim G mven the first time mun afier
the cold injury then at predetermned intervals dunng the fullowing davs (see Table I) 3
Trypan blue a few munutes before the of the wo
will be desenbed 1n detail see Results
FHulegical examnation In order to ebtain 2 more prease understanding of the type, range
and development of the cerebral damave the removed brams of £ animals were exammed
histologically The brams were fixed 1n 10 neutral formol salme or m Carnov s soluton
and embedded n parafin. The following stams were wsed ont parafhin sections 10 g thick
Luxol fast blue-crest v13let acoordmg to Kluver Barrera and haematoxvhin-ersin.

Results

The observations m relauon to the expenmental procedure are preseated m the
following desenptions of 2 expts
Typual expermment 1 (o 13 m Table 1) Buood & an bamer altercicon mamfes wn the
first days laer sesored A membutal anesthetzed rabbit weighing 2 1 kg was used. By
means of cold application the imtal extradural temperature was lowered to — 17.23 C
=123 for 90 sec within anarea of 12 mmindiameter frontopanctally on the lefthem:
sphere The EEG record which before induction of cold injury showed a shisht assmmetry
Fiz 3 A) was now changed to 2 dutinet leftsided abnormality see Fig 3B (low
amplhtudes dominance of slow waves and absence of high frequencies on the left sde)
For postmortal indication of barner damage m the eardy phase 12 mlof | , Congo red
was admumstered 1 v 10 mun after the coolmg procedure. Somewhat more than one
hour later 500 000 IE perucilin G was gien 1% 10 order to test the state of the barnier
Two mun later an epileptogenic actvity appeared on the damazed Ieftude sec Fiz 3C
rrecorded 13 mun after pemaillin injeetion) Three and a half hours tater this patholor
tcal activaty had vanuhed. sce Fig 3D cthe animal was out of parcoms  \ext dav the

Acknowledgement 1 due to Dr Patrick Sourander Dept. of Patholwy I b+ Lot ermty of
Gt borg for puidance m the htolocal evalianon of the lenons.

~ means appearance of spikes nd or sharp wa = i EEG from tc damaged bt hermsphiore
within 13 fun frer t prma an Ay tion except foe €xpts 0o 12 and 25 m which a facal
pike e (FST, of 37 and 0 mun respectz €] was sen.

means atsence of foc | spikes and or tharp waws ;m anrction with the pemicilin mee
vony

10N 4 phynet we d Vol €
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Tabiz 1 Daga concerming cerebe.y) cold ury and the resulty of repeated sty tndicating blood
brain barrier seae 1 25 rablyes
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cerebral imjuny  The resung EEG records 1n ammals in which a positne penicillin
effect was obtained could not be differennated from those  here no such positive
pemaillin effect was seen

Fistolo el The eight hustol 1l d bramns are e
of the where qualitat; 1n barner function ory hereinconsistent
results were noted by meam of EEG and dyc tests

Group 4 No blood brain barmer alteration Histologcal findings Exp no 4 no signs
of cerebrat lenon

Group B\ blood bramn barner alteration still exusting at the end of the experunent
Hmologxcal ﬁndmgs Expts 8 and 14 a sharply demarcated curuczl necrosis vath

and with of

poty ytes from
the vessels

Group C Alteration of the blood brain barrier and resutution at the end of the
expenment Histologycal findings Exp 15 a wedge shaped cortical necross invaded
by microgha and adventisal histiocytes

Group D E d by results of barner function tests
Histological ﬁndmgs Expts 23 and 25 cortical neerosis invaded by scavenger cells
and further charactenzed by growih of pew essels from the meranges with probferanon
of capl!hry tndothch;l cdls Expts 222nd 24 shghtlesion wath cedema and invasion of

Some of the endothelial cells of the vessels

Tissue section of no 22 also show ed 1schermic changes of nerve cells n the second cortical
laser

Discussion

‘The apphed barmer indicators are subject to certain sources of error which may lead
1o musinterpretation of the results obtamed Though switable for purpose of starming
trypan bluc and Congo red or adequate for mduction of neuronal effects penicithin
these drugs fad as any blood borne substances will when curculatory stass prevents
their invasion 1nto the damage parenchyma (See Broman 1949 Klatzo of al 1938)
Such a mechanism probably acts 1 some expenments (no 19 and 20)™in this scnes
Furthermore the subs quent appearance of unilateral epileptic actwaty after intra
venous injection of pemaitlin 1s perhaps not 1 stself conchusive for judging the status
of blood brain barmer functions because sex eral 1ny cstigators hase reported the appear
ance of epileptic actwaty after cold appl cation to cercbral structures (et and Bickford
1924 \Morrell and Florenz 1997 Purpura et ol 19381 On the other hand i the present
senies such  spontaneous  epileptic actity in EEG \ as never obsenved in etther the
short term or In ammals dl\ for a week \ny umlateral
epileptic actiity noticed always oceurred soon after the wyection of the pemcillin
This close relation in time should mdicate a cavsal relation The difference i spon
tancous  behaviour of cerebral cold leston wn the present senes m companson with
those previously reported may be explamed by the different techmiques used for indue
tion of the cold inyun and possibly also by the different cortical regions exposed to cold
\nother factor of importance as to the peniaillin response in EEC 18 the number of
feacting neurons within the barner damaged area An ideal state for obtaimag a mav
mal peniaillin response in EEG scems 10 be a localized hlood bramn bamer damage
without any umultsneous tmpasrment of the nerve cells Lnder these areumstances
the neurcns ar atle to react opumally to the blood borne polar drugs Such a status
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s probably suore eanly obtained when barner darae 15 mduced by means of certain
chermcal sgents apphied wtravasally with speetal precautions {TTodmark and Stemwall
1962) In most other types of expersmental cerebral esions a combrned alteration of the
blood bram barner and of nerve eefs s present at least i some stages after induction
of the fesion Crincal levels of the degree of the blood brain barmer alteration and of
the number of vital nerve cells i the surrounding Hssue may inflvence on the 12708
pemcitlin response obtamed an different stages of one and the same lesion and 11 lesions
of different degrees Presumably these factors may contribute to the dfficultses to snter
pret some of the results obtasned
The results of the present » show thata blood bram barner
alteration could be demanstsated by means of one ot both of the applicd barner function
testsan all but one of the ammals (no 6) where a macroscopic corebral esion was achies od
Thus result 13 1n confornmty wath those obtained by previous investigators (Broman of of
1949 Hakayetal 1946 Klatzoetal 1958 1961 Asttomeraf 1961) A complete correla
tion of the dye tests and the penserllin test was obtained both i the 3 ammals where
no macroscopic fenon was present {no 1—5) and in §2 of the remaming 20 ammals
{no 617} The mconsutent results 1n 8 expts (no 18~2) requre a few remarks In
4 expts the ELG negatmty after pemseslin tnjection may be explained by the presence
of 2 very imited damage as indicated by the small evtent of the stained area {no 18and
21) or by the results of the hustological exarmnation (no 22 and 24 In two expenments
the expl: of the LLG negatinity may be the h h type of the lesion which
admitted only a small spotty {no 19) or an solated centsal {no 20} extravasation of
Jyc nto the necrotic lesion In the remaning two cxpenments (no 23 and 25) no
«r cut explanations of the tncensistent results can be suggested
4 In the 13 amimals of this serses 1n which the duraton of the blood brain barn 1 has
4 been studied 3 nmlar tendency of reversion bas been found as was noticed by e afore
- d The hustological revealed prohfe of the
endothelal cclls af the vessel 1 4 expts (no 15 22 24 25) where resututed basses
Junetion was obsexved according fo the testing procedures used while sinudar changes
were absent in 2 expts (no 8 and §4) where the barrier was st} defective Ssace the
capillary wall &5 a part of the structures which are responsible for the blopd brain
‘barries phenomena these proliferative changes of the vessels may be assoctased m some
way with a restitution of barpser fusiction W hether this association 1 only a comardence
ssts cannot be stated from the aforementioned few

of ume or if a more causal relation exi
d exp o histzo et at 1958
The time of reversion a3 found by Broman o af (1839) Bakay er ol (1956) ‘strom
ctat (1961) and the author ranges from 37 days whole hlatzo of ol (1958 1961 and
Tce and Olzewsks {1959) have reported expenments with defecinve barner funcnen
perusting for 2--3 wecks sometimes even 5 weeks The varying daration of the biood
bram barper alteration demansteated by means of different incicator methods appar
ently has many causes which however are of mumor interestin this context T1he main pont
4 that acute structure-deranging cerebral Iesions 1 ammaly nclude both anirreverable

xrona! d an alteration of bleod bran barner funchion which however 18
by e d The present study supports

o S My barred LEG acinating drags {as for
w and seems g0 Justfy the usc of normally barr actr
:r’:x\:a::c pescillin) as detectors of blood bran barner alteratsion They are parumlnxlyx
surtable for steratnne studies an hving anunals The very potent ('ﬂ'eﬂ; on ntu;l:l;,
(wret exeried by difesent potar drugs belonging to the same group of organc

truc
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as pemerllint or 10 the group of organic canon compounds (Flodmark 1964) make these
substances however less sutable for chnical studies of these problems An evaluation of
2 barbituric acid with low Dipid solubslity as barner indicator 1n experimental and
cheal work 15 1n progress mn this laboratory
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Fusimotor Activity 1n a Flexor Muscle of
the Decerebrate Cat
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J K 8 Jansex and T Rubjorn
Received 12 June 1964

Abstract

Jwnsen J K § and T Rudjord Fusimotor ackuaty wn a flexor musele of the decevebrate cat Acta

physiol “scand 1965 63 236—246 — Fusimotor actiity has been assessed from changes m

the response of muscle spindle receptors Th re was very httle background fusimotor actwity

to th e antenior tibial muscle i the decerebrate cat To the ankle extensor muscles of the same

> preparanons appreciable dynamuic as well as stat ¢ fus motor eflects were observed Dunng

s sumulation of vanous spinal nerves_fusimotor activation 1 1s more pronounced ta ankle

. extensor than to the flexor muscle Tl e flexor fus motor effects could almost exclusively be

ascribed to the stat ¢ fus motar syst m A release of dynamic fusimator actvity 1o the flesor

“ muscle occurred after se tion of the spimal cord 1n the lower thorac ¢ region The observat ons
are discussed 10 term  of independent control of static and dynam ¢ fusimotor systems

In the preceeding paper (Alnzs Jansen and Rudjord 1965) an attempt was made 1o
analyse the fusimotor activity of the spinal cat in terms of actvity i dynamuc and
static fuumotor systems For decercbrate cats 1t 15 known that there 1s a hugh level of
background fusimotor actwity mn the extensor muscles (Hunt 1951 Gramt and haady
19,2 hobayash Oshima and Tasaki 1952 Fldred Cramt and Merton 1953) Ths
extensor fusimotor actinty 1s evidently present 1n the dynamic as well as the static
fusimotor system (Jansen and Matthews 1962 a) The object of the present study was
1o determne similarky the background fusimotor activity of a flexor muscle in the decere

brate cat and possible spinal refiex effects on ths activity It will be shown that there s
very little flexor activity 1 this prep. and evidence of a descendint

tomc inhibinon of the dynamuc fustmator system 12 flexor mustles will be presented

Methods

Eleven cats have been used Under 1n nal ett er anesthesta the antenor nbiaf muscle and h:ﬂ:‘d’
a::l:ocncmms or soleus v ere p epared for stretching sz ndle reccptor acxxlly was T col led
B thim dorsal root flaments Allcats  cre ds et

236
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Fig 1 Effect of deefferentat on A
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tional s gnals a e muscle length
( mbially above) and muscle ten
son {mtsally below) Total ex
tent of stretch 15 mm nallin @

stances The anteror ub al mus-

cle was stretched to a length

correspond ng fo full phys olo- L

gical extenson The fateral gas- L
tracnemius was stretched to 4 E’i;t
mm less than full extension

e

of the spindle _esponse in the d cerebrate state the spinal cord was cut at Th \II 1 e ght of
the cats Deta s about the preparation_stretchng of the muscles_reco ding procedu es and
nerve surmulat ons are grven in the precoding paper (Alnzs ef af 1965)

Results

Background fustmotor aetizaty In the decerebrate cat there are usually only sight chinges
n the response of spindle receptors 1n the anteror tibal muscle to a standard stretch
of the muscle after section of the ventral roots supplyine the muscle This 15 1n stoking
contrast to observations made on the estensor muscle spindle receptors of soleus and
of the lateral gastrocnemuus Examples from a typical expenment ase shown m Fig 1
The top records (Fig 1 \a) tllustrate the response of an anterior ubial pnmary fabose)
and a sccondary ending (below) recorded simultaneousty dunng a hnear extension of
the muscle 1n a decerebrate cat. The response of the same two endings £ a simlar
stretch after section of the ventral roots LVI L VI and S [isscenin Fir | \b There
was no wigificant change 1n the behaviour of the endings For companson the response
of a pimary ending 1n the lateral gastrocnermus of the same catis shovnn Fig 1 B
There was a marked decrease in the finns, frequency of the receptor dunng the dvnamic
as well as the stauc phase of the extension afier d iFig 1 Bb p

to that obtained while the ventral roots were snll intact (Fig 1 Ba) In the expenment
from which the records of Fig 1 wercselected 15 spindle endinos were studied before
and after ventral root section Fne of these were prumary and fi € were secondary
endings of the antenior ub al muscle The vest 3 ere prumary endings of the lateral
gastrocnemius The anterior ubial endings all behaved ke the pair illustrated 1n Fig

1\ exhubiung less than 10 impulses scc change in dvnamsc index as well as static
vesponse The response of all the 3

us endings was changed
after ventral root secton Therr statc response decreased by "0—401mp/sec and thair
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Fg 2 Effect of doeferentation an respatee of antenur vbial (A and laseral gastroenemus
and soleus (By primary endings o standacd siretch. The thanges in dynamic index are p outd
along the ordinates and changes 1 stauc response 2long abscasa tn both seatter diagrams

Adynamic indices were decreased by 45-~73 ynp/sec for thte endings and moderately
mcreased for the fast two endiags (18 and 22 1mp sec!

The Large chavges 1 e respouses of the gastrocnermus primary endings agree with
the obstrvauons of Jansen and Matthews (1962a) on soleus prumary endugs and are

plamed by the ek f back d actvity by the v entral roat section
“The lack of change i the response of the anteror ubial muscles suggests that there
35 much Jess background fusimotor acmnity (o the flexpr muscle spindies in the derere
brate cat. Tha 1s supported by the obsersations made m all 11 cats utdized w the
present senes of experuments A summany of the obseriations o the effect of de
efferentation on all the prsmary endings studied 1 presented n the seatier diaTrams
of Fig 2 The change o dynamc mdexs plotted along the ordinate and the change
1 siatic response along the abscissa. The obsery auions on the 2% antenior tibia} primary
endmgs appear from Fig 2 A and those of the gastrocoemuys-solews endinigsn B It 15
seen that the response of the majontty of the antenor tibral endings was not significantly

affected by ventral root sechon.

Only o endings showed Gusly latge changes m responsc It should br noced that thase
™o mdym'g! dad Dot behaye yegularly 1 thus way They both displaged s gns of periodic changes
5 fommotor actreyty Duting the experiment, this could be beard o the loudspeaker as a0 3p
paremly spontancous ifTrast 10 he discharge frequency of the ending The two poiats plotted
10 Fi» 2 were obtuned dunsg such perods of mcreased fusimotor activity ‘”ﬁ"‘""d at
srregulzr sntervals and lasted for abous | mun. Between such perrods the response of the ? endings
was quste close jo that obtamned after yentral rost sections. Such intenmuttent funmotor act ity
wxz‘; oserved far am of the other antenor tbal endwgs.
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Fg 3 Hsiogram ofefl ¢t of entralrootscction
on the fring dunng release of stretch of antenor
ubial primary {flled columne) and secondary
end ngy (cross hatched columns) Number of
ums observed along ordinates Number of im
pulses Bred dunng release of standard stretch
alang abscussa Observations sith sntact  entral
roots arc shown abave the abscissa Observauons
on the same umts after de-efferentation are plat

sed below the absossa Total number of un ts m{u

> ps mary cnd nge 17 sccondany endings

Some anterar tibia} endings displayed 3mall changes w response after ventral root
section which may be interpreted at a low level of bachground fusimotor actnaty This
did not mamfest ciself as an appreciable change in the mean frequency of finng during
the stretch but an as weegulanty of dischasge and a tendency 1o ducharge a few i
pulses duning the release of the stretch The observations of finng during release are
Wustrated in the hstogram of Fig 3 Bach unut has been placed along the absosa
according to the number of impulses discharged dunng the release The obscrvations

wh ntact funmotor supply have bren plotted above and those obtained after seetion
of the v entral roots below the abscssa Of the 25 prmary endings 9 fired one or more
rmpulses dunny release with fusimotor support After <entral 100t section only two
endings fired 2 single tmpulse The observanons for secondary endings are also lustra
ted i Fig 3 As the pnmary cadings they exhibited a reduced tendeney to five durtng
the selease of the siretch after ventral root secuon No ending fired more ympulses
dunng release after de-efferentation

s contrast 1o these wealk. fustmator effects on fexor ypindies the response of evtensor

spondle receptors was oftens dramateally changed by ventral oot secuon (Fig 2 B,
There  exe lasge changes i the dynamie index as well as the stanc response of the
magonty of the endings and 3s ponted out previously (Jansen and \farthews 1962 a}
there was no smple relyuomshup between the changes in these two parameters exhibited
by any one endiny

In conclusion & may be stated that i a senes of decerebrate cars 1 which these
was convincing evadence for dynamic as well as statie fusimotor acts 1ty 40 the extensor
nuuscles the of ght effects on flexor spandle endings of mterruption of fustmotor supply
st grated onbs a tow lesed background act 2ty in flexor B imotat beurories
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Tantr } Number of spindle recepears actssated smitialfy duning stimufation of sarious spinal
nerves Numbers in brackets give the total number of endings studied for each nene
N contralaterat 1 spsilateral nenves

Amienor lnal endings Gastroenemzus soleus
Nerve stmulated Primanies Secondanes Prunary endings
N\ Lat pophtcai 24 (35} 10 (14) 37 (34}
T n saphenous 31 (33) 1 (14 24 (34)
X median 27 132) 12 114) 19 (30)
T median it (20 8N 16 (77}
N sup radal 7 (14) 2(3) s (n
1 sup radial 3 (27} 2(4 LA

Effects of nerte sumudaton Fusimotor acuvity may be chaied an fexor as well as
extensar musel spundles by repetitne stmulaton of vatious peripheral nerves i the
decercbrate eat In general the effects on the antertor tthial endings were less powerful
than those on the lateral gastrocnemius and soleus receptors Clissified as presence or
absence of noticeable effect durmg stimulation of a particular netve the obsery ations on
all the endings studied arc summarnzed mn Table I Definrte addional spikes 1a the
discharge from a receptor at the ymnal length or an anerease in the mean frequency of
firmg which could not be atnbuted to extrafusal relaxation were regarded as signs of
fustmotor activation

It appears from Table I that sumulation of a particular peripheral nerve could
activate anterior tibval as well ay gastrocnermius soleus endimgs The threshold was
usually the same for both muscles and was gencrally the same as that of ips lateral
flexar reflexes Examples of the effects are shown in Tig ¢ {t illusteates the response of
o antenor ubial primary endings to stimulation of the contealateral fatera poplicest
nerve (Fig 4 A) Both cndings started to discharge about 3U msec afier the beginmn,,
of nerve sumulatron The records of Fig 4 B are from the same e¥pernment snd skow
a comparable activation of 2 pumary endings of the lateral gastrocnenuus durme
stimulation of the same nerve at the same wtensity  The intensity was abore the
threshold of the ipsitateral flexton reflex but below that of contralateral reflex effects
Simular observatons have been made for the other nerves stucted and a parneuhr
responsive ending was usually activated from the contialacral lateral pophieal nerve
ag well as from the ipsilateral saphenous nerve Thus the present expersments with
electriesl sumulation of perspheral nerves do not indicate any obvious signs of a rect
proeal organtzation of spinal fusimotor reflexes
a! fusimotar effectsin 1] ¢ present W estgation 1 10 some extent difle ent
at ans of Hunt (1951) and Eld!cdhand }:.;gt,)-‘ndn‘;lt C( isc fﬁaf:,:,’};f:f;

fic difference between the spinal ai e
o e i sbepo of reprocal gt el 0 i
dy on spmal cats {Alnzs et of 1965) However Hunt (1951) and Eldred and Hag
e e cmpioved physiofogical stumult to cheit the reflex elTects end this fre1r My
barth (04 e D tont ' stumulr were ot su table fer the present

ly sucl
ecplaim she dsference w 1 sults Unfortunately
cvgenmenu requiring stable and maintamed fusirotos actviey

"The lack of recipor:
Srom the cacher observi
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Tig ¥ Tooualfusimstoracts
vaton dinng rervesumuta A
vor A Respossealtsopr

srarvendings o the antertor
thial muscle ta sumulavan
of the contralaters} lateral V0sec L
poplteat nerve at 10wy

FER RN RSN N W]

Fes) # . ALl il IR BN
pubsesisee and an atensity

twice e threshold of psu %009
tateral flevion reflexes B Re 8

spanse of two § timary cnd

ngs n the lat ral gastroe
remuwy of the same cat to

same frequency and meensity '/u; TR
it mulat of the vontra.
[k ity b LML BLA L A
Ner e sumalanon 1t dicat d 810G
by shht wobble on the ¢ p

trace

3 reasonable number of antenor Ubual sccondary endings were studied dunng
nenestmulaton As 2 rule they were excited 1n the same « av as the pnmary endmps
Fable ) Thus amrees with the observatons on primary and secondary endings in the
sateus of the decerebrate cat (Jansen and \Matthews 1962 b} but 13 10 contrast to the
ebservations on symal cats which on the whole are charactenized by an absence of
Susimotor effects on secondary endings (Alnzs ef of 1965}

\B nerves stum slated in the present expenment could induce activity 1 the antenor
tibsal as well as the gastrocnemius soleus muscle spindles Usually the antenor utaal
spindles were exoned egually by the contralateral lateral popliteal nerve and the sp-
sifateral saphenous nenve Th extensar spindles were on the whole more powerfully
exaited from it e contratateral than from the tpsilateral lindhmb nerve but the differen

ce was generally not marked Regardins the forchmb nerves anterior tbial spindie
was most frequently and powerfull

esoked from the cantralateral median
aenve (Fig 6) For the evtensor spindles the &ff rence between the vanous foremb
nerves was not that marked and the tpsilateral median nerve appeared 10 be more
effective for extensor than for flexor spindle actnanon At prescnt however thess
hifferences between the vanaus facchmb nerves do not § nd themsel es to an mter
pretation wn terms of the possible funcnonal sigmficance of the effects

Avmentioned above the effects of n tve sumulstion were as a rule more pronouncest
on 1he extensor than gn the fiexor sydies 1n the decetebrate rat Another and more
strrking difference i the funmotor actiary of the two groups of pindles was revealed
when the time course of the fusmotor refles effects was consideved In the gastrocnem 1+
solens musele spindles long lasti, and apparenthy fasrly stable fusimotor activanion
was arhirsed dunng conunuots sum tation of the anious penpheral nerves In the
antenor tibnal spindies on the other hand the funimotor acti ation usuallv declined
quite rapidly and was only 7andy or not at afl mamtaned duting conunuous nene
sumulation This makes the interpretanon of the {mmator refley effeces on dynamr
stretehes more dhfficult Quite ofien the fusimotor actnte did not fast fong enough for
tbe completion of th 1axt extension This s quite differ ot from th situaton 1n spinal

cate tn which longlast ng and stable fusinotor activat on was often abserved in antertor
1 i3} spandies f \inxs o1 ol 1965
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Tig 5 1ffect of nerve sumulation on the response of anterior tbial spindle endings to standard
stretch A Contral respanse secondary ending above primary endug b flow B Response of
same endings duning repetitive stimulation of the contralatera Lateral pophieal nerve at 10
mnpubesfsec Intensity 15 times threshold for ipsilateal flexion refiex. Nerve sumulation tuts

ated abaut 1 sec before beginning of record 0 7 sec of record cut out 1n the m ddie of extension

Length and tension signals as an Tig 1 Teme murks O 1 sec on tens an trace

pr—— =
=
)
A 15 gt s o
- L T ANTTNTI

Fig 6 Marked effect of perve shmulation on anterior tibal endings A Control responsc
secondary end ng above primary end ng below B Response of same endines during sumula
tion of contralateral median nerve at40 impulsesfsec and intensity 1 5 times threshald for 1psi
lateral flex on reflex Stimulation 1n tiated about 1 sec before beginning of record 0 5 sec of
record cut out i the middle of static extension I ength and tens on signals 0 04 sec misal gned

However weak fusimotor effects on the dynamic behaviour of antertor tibial spindle
endings were frequently observed and almost without exception the effects were quite
charactensic An example of a typical finding is provided i Fig 5 The top records
(Fig 5 A) show the discharge of a sccondary and primary ending of the antenor fibis]
muscle during a control stretch 1n a decercbrate cat The modest cffect on the response
of the same 2 endings of stimulation of the contralateral Iateral pophteal nerve soon
afterwards appears from Fig 5 B There was a slight overall mcrease in the discharge
frequency of the sccondary ending Ou the pamary eoding the effect was too weak
to cause 3 convincmy mcrease in the mean frequency of finng but during sumulation
the discharge of the receptor was definitely more uregufar There was 2 smalf de rease
1m the dynamic mdex of the ending and a typical change the yee Inse was the finng

of inpulses during the release

More obvious signs of fustmotor actnatio™ ub ceptars a(;
\liystrated m Fig 6 The top records are e cﬁcc‘:':s
stumulation of the contralateral medan nery rre o

(Fig 6 B) There was a definite overall 1o
secondary ending The response of the pnman
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ig 7 Effect of pinahat an on response of antenor ¢ bal primary ending go stumulason ol the
spulateral saphenous nesve A Decerebrate €at Begmaung of rerve sumulanen andicated by
small wobhle oa lengeh 5 gnal B Same ond ag after soction of spual cord 2t Th ST Same
ntensity sunalatan of sps Ineral saphenows nerve Note release of aps lateral flexion reffes
10 the ant 1 or sl musele and more pronounced and maintauned effects on spindic duscharge
Abgut 1 sec of record eut out in the muddle briween mnal effeet and test stretch n bath A and
B Length and tenwon s gnalt asic Fg 1

of the stretch The discharge of this ending was now defimtely wregular there was 2.
decreate in the dynamic index and finally the characienstic finng dunng release of
the primary endsng should be noticed The records of Fig 6 B 1s an example of one of
the most powerful and sustamed fusmotor effects found 1n the flexor spudies of the
present experiments and it should be pomted out that compared to the effects on the
extensor muscle spiadles they are ot particaularly impressne

Thus the effects of nerve sumulations on antenor ubial spudies i decerebrate
cats can be summanyzed as follows + The effects were weaker and less well sustamed
than those on the extensor spindles 13 There was & co-activation of pamary and seoand
ary endings 11 The discharge pattern of the receptors became less regular ¢ An
mereased dysamst mdex of the primary endmg was act obsers ed » Often ths et was
decreated and finally n a duscharge from the prumary ending dunng refease of cxten
s1on was often tnduced

Decend ag snkubstion of flexor funmotor ecteety In the spmal cat an mercased response
durng the dynamic stretch and an mncreased dynamic index sere the usual effects of
nenve sumulauen on the antenor pbial primary endings (Alnzs e ol 1968 Such
dynamic fusmotor effects were not found 1n the flexor spindies of the decerebrate cat.
Thas raises the question of a possible tome mbsbition of dynamic fosmotor actvity m
the decerebrate prepasation Therefore an atiempt was made 1o compare the beha nour
of the same anterwor ubral endunge ut the decesebrate and the spuoal cat An example
of thss 13 shown in Tag 7 The 1op record (A} shows the rosponse of an anterior tsbiat
prmacy ending 1na decerebrate prep it of thep 1
nene There was a shight ital actn anon of the end ng and no apparent fexor coflex
» the antenior ubiad musele at the stmulus iMensty emplaved The st ug of
fusimotor actity vanished 1n fess than © 3 sec and dunag the test sivetch the response
of the ending was mdistingmsable from the eatlier control streweh not dlustrated) The
spinal cord way then cut ot Th NI and approumaccly one hour Jater the effeet of
saphenal sumulation at the same mtennty was tened agasn Now there was a release
of an extrafusal flexor reflex i the muscle comresponding to the refease of flecor reflex.
actvaty n the spinal cat ay descnbed for wstance by Job 1953 and Eccles and Lund
berg (1959 At the same 1 me theve was receptor discharge dunng the {2l ng phase
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of the ¢ reflex and there wus a definite increase mn the discharge frequency of the
receptor during the dynanuc extension as well as an nerease 1n the dynamc index
Thus there was a release of 2 dynamic fusimotor refletn addttion to the well known
release of the g flesor reflex Similar gbservations have been made in 4 of the 8 cats 1
which spinal sectson was atiempied

Spraol reflex wnh bit on of fusimotor actieity Reflex nbbrteon of fusimotor acuvity s decerebrate
cats has been described 1n flexor as well as extensor muscle spindles {Hunt i901, % oarhotve
and van Ranten 1962) The prescnt expersments with the asstssment of funmotor acuvYy
from changes i the aflerent discharge fram recrptors are nat suitable for the study of fusimotor
antulntory effects because of the diff culty of excluding a small extrafusal contraction as the cause
of a decreased spindle discharge In addition the sl ght degree of background fusmotor achvity
in the flexor spindies of the decercbrate cat made this an unfavourable prepariton for the
observation of possible infubitory spinal reflex effects Exenso for a few anteror tbial receptors
aslight te Juction in discharge at the imtta] length was observed during stimulation of the contra
lateral lateral pophiteal nerve There were at the same hme no detectable extrafusal con
ractrons 1o the muscle anit the effect way accompamesd by a regulanzation of the discharge
of the ending during stretch and 3 reduced firing during refease Although these effects were
qurte weak, 1t must be concluded as appears entirely reasonabile that the electrical snmulatien
of penipheral nenve trunks as performed in the present study may have mueed exotatory and
smhubitory effects on the flexor fustmotor neurons In extensor spindles wsth thete powecful
background fusimator acten ty d fintte signs of inhsbrtton were observed dunng nerve st mula
uon Thus i ene decerebrate cat with a stretch reflex in the lateral gastrocnemas stimufat on
«f the spsilateral popliteal nerve resulted n the nell known idibition of the s feteh seff cas
+ elf a3 a decreased discharge frequency of twa primary endings Such an effect must be inter
preted as fusumaotor mh biion In addition suggestions of fustmotor mhibitory reflexes were
secn occanonally as rebound activation of 2 spindle receptor at the end of nerve stimulatis
o attenipt was made to study these inhibitory effecis in any detal

Discussion

(I_cnam features of the fusmotor cffects on muscle spiadle receptors appear to be
partscularly valuable for 2 qualitative distinction between activsty 2 dynamic and
static fusimotor system According to the work of Jansen and Matthey s (1962 2 b)
and Crawe aod Matthews (1964 a b) these are } The change i dynamic mdes I
Co actiyation of primary and secondary endings 3 Presence or absence of discharge
from primary endings duning release of stretch and 4 degree of regulanty of finng dv’
primary ending during fusimator actnation At present these critena are siot ngidy
quantifiable and as a rule any one of thent would be wmsufficrent 1 deciding whether
2 patticular fusimotor effect 1s due mainly ta one or the other of the two fusunotor
systems Taken together however such enterta should peraut an sdentfication of
dynamic and stauc funmotor effects One problem to be expeeted 15 that fusimotor
reflexes ofien affecs both systems +Jansen and Matthews 1962 a) and so fac 1t has 1;:)1
heen defimtely determuned how activty in the Zssys!;cms interact in therr effect on the
ar properties (of Crowe and Matthews 1964 by
rec‘c‘;::hr‘:u E’ g d the present ob 1 should now be fered The low

3
1of spontancous fusimotor achvity i the aaterior tbral spind es of the decert
effects of ventral root secion weee 8

feve
¢ 13 well established (Fig 2) The shght
::;:: finng dunng release /Fig 3) and a regulaczation of the discharge ﬁ‘ozb a:‘h‘t::
effects suggest a small degrec of static fuwmotor activity i the flexor spint c’an -
decerebrate preparation But this fustinotor acuvity was not sufficient to cau:hc i
precsable mcrease the mean {requency of finng of an ending during strefci
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stumulation of various spinal nerves more convincing examples of selecuve static fusi
motor activation were observed 1 flexor spindles of the decerebrate cat The relative
Tack of flexor fusimotor actmvity 1s probably an impoartant factor for the lack of tomc
stretch reflexes in the flexor muscles of the decerebrate preparation and the well known
posture of this preparation 15 probably panly determined by the distnbution of fusi
motor activity in flexor and extensor rauscles

“The small degree of fu tmotor activity 1 the antenor nbral spindles suggested that
this actmity mught be depressed 1n the decercbrate cat This was supported by the
finding of a release of dynamuc fusimotor activation after spinal cord section Evidence
of flcvor fusimotor dep n d have been d also
Pascoe (1963) and \ corhoeve and van hanten (1962) Such flexor fiunmotor depression
1n decerebrates provides another example of the many well known hinkages of @ and
motor effects and 1t raises the guestion of whether this fustmotor hrbrtton 15 con
trolled by the same bulbar as those for the

hib 10 the cat (Hol, and Lundberg 1961)

\ reciprocal pattern of fusimotor activity appears io be present in the decercbrate
cat with its lagh activity n extensor and low level of acusity 1o flexor muscles Some
examples of descending systems with reciprocal fusimotor effects have been reported
(Shumazu Hongo and Kubota 1962) Considenng the spinal reflex actination of the
fusimotor systems surprisingly little evidenee of reciprocal effects on flexor and extensor
spindles was obtamed 1n the present study The same applies to the preceeding m
«estigation of fusmotor reflexes in the spmal cat (Alnes Jansen and Rudjord 1965)
This lack reciprocity in fusimotor effects suggests that the movements induced by
sprnal reflexes such as the present flexor and crossed extensor effects are not brought
about asa follow up servo effect 1n the sense of Hammond Merton and Sutton (1926)
That s ould 1n 1ts smplest sense require fusimator effects reciprocally orgamzed hike
that of the & motoneurones In the study of the spinal fusimotor reflexes of ankle flexor
and extensor spindles oncisstruck by the fact that these two groups of spindles are usually
co-actvated To introduce a teleological view one can suggest that the fusimotor
actnation 15 an anticipatory action to provide the appropnate dynamic and stabe

sensitity of both groups of receptors for the feedback required dunog the moyements
b executed

a flexor
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Abstract

Hesser C. M and G Matcll Effect of & ht and moderate exercrse on alceols —arterial O tension d f
f ewce sn man Acta physol scand 1965 63 247—256 — The cffect of light and moderate
exercise (100 67> and 700 kpm pun) on the alvcolas-artenal O tension difference (A—aD)
1n the sitt ng position was studied n healthy young adults by companag the mean alveolar
and artenal gas tensions determned over a 3 min et penod and over the ensung 5th and 6th
m n of excrase Artenal gas tensions were obtamned from contnuous measurcments of artenal
PH oxygen saturabon and temperature Alveolar O tension Was caleulated by the alveolar
g1 equation substituting arterul for alveolar CO,. At all three levels of exercise the arteral
Po, 1icreased significantly by about Smm Hg In the experuments at 673 kpm/mmn 1n which
the Tespiratory exchange ratio (R) was also determned A—aD d from a mean -alue
of 14 7 mm Hg attest to 13 0 mm Hg duning exerase In the experiments at 400 and 700 kpm/
mn where no ventilatory measurements we ¢ made wn order to avoid interference with free
resp ration 1t was found that for the range of poss ble R values the A— D remamed unchanged
© decreased duning exerese The artenal O defi 1,1 ¢ the difference n O content bemeen
Pulmornary end-cap llary blood and system ¢ artenial blood was ealculated to decrease from a
mean value of 0.27 vol O at rest 10 0 18—022 vol O dunng excrase Likewwse the
calculated total venous  dmaxture to the systemic blood flow decreased from a mean value of
47 per cent of card ¢ output at £ost to | 7—1 8 per cent of card 2 output dunng exercise
Al the above hanges are ascr bed ma nly to a redyct on of the virtua! shunt created by un
even dustnibution of alveola ventilat on to pulmonary cap llarv blood flow

Recent invesugations have shown that the normal lung has such a h gh diffusing capa
aty that dunng air breathing at sea level no measurable oxygen gradient between
alveolar air and end-capillary blood is created eiher at rest or dunng submaxsmal
lesels of exercase (Tunno etal 193 Staub 1963 \ost of the ahcolar artenal oxygen
tension difference (A—aD) obseryed 1n these condit ons can consequently be attributed
to admuxture of venous blaod to the systemic crreulation due to true veno-artenal shunt
an} uneven dutnbuuon of al colar ventlaton to pulmonary capillary blood flow

YL
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{mrtuat shunt) The magmiude of ¢ ~—

exercise 1 of utmost P : e for ll‘:: - ‘aD 3“‘1{‘;:“;[’?"‘"“ ﬂ:f’:’;’:“é duing
gas exchange and has been studied extensively The results obtamed 3o far have bccr’l
contradictory both with respect 10 the magutude of the difference at rest and sty be
haviour 1 response to exerone (for ref sec Bartels e1al 1955 Asenussen and Mclen
1962) While most 1nvestigators have found the alveotar oxygen tension o increase
shightly duting exerctse opinions have differed as to the direction and magnstude of the
concaruiant changes in arteral gas tenmons However by usig specral recording tech

miques fur the cantinuous measurements of artenal PH oxygen saturation and tem

perature 1t was shown 1n recent works from this laboratory (VMaicH 1963 Barr 22 af

$961) that in the sitteng position these 13 a consistent merement of the artenat owgen
tension i the stable state of bight and moderate exercise The present paper ams at
a more detauled analysis of these obsers ations with respect to factors imvolved 1 A—ald
and pulmonary gas exchange during exercise A bnef account for the changes occur

ring 15 A—~aB has been grven previoush (Hesser and NMarell 1963)

Methods

The basic data used for calcutrtions of the aheolar and arteriat gas tensions at rest and n the
stable state (Sth—6th man) of hght and moderate exercise (400 675 and 700 kpm/min) were
obtamed from three series of experiments by means of cont nuous record g techn ques (for
technical detarls see Matelt 1963 and Barr et of 1964) Al measu ements were made with the
subjects in the utting postion Afer a Teflon catheter had been ntroduced into the right radial
artery heparin (100150 mg) was gwern 1 v and the subject was allowed ta rest i the supine
postion for 30 m n He then 521 up on a bicycle ergometer and rested for another 10 mm be
fo‘n: exeroinng at a constant workload for 6 mun The recordings were siarted ai Jeast 3 min

bufore the work began  Asterial pH (pH ) and ovygen saturation (5 ) were continuously
vecorded by drawng blood via the Teflon catheter through a glass seference-electrode assembly
and a cuvette axumeter at a constant rate of 8 mi/min by mears of 2 roller pumep The tempera
ture of the blood passing the pil-oximeter assembly was measu ed by a thermstor unit o d reet
contact with the streaming blood There was no measurable ¢ ift of enther the pH or the oxt
meter avsembly durmg the expenmental penods and the techmigues used permutted the detec
tion of changes in pH and S as small 230 00! of a pH umst and 01 respectively CO
content O, tontent and O capaesty of artensal blood samiples & awn anaerabieally from the
outlet of the pH-oximeter assembly were determined tw dupl cate by the manometne mettiod
of Van Slyke and Nel {1923)

In the st series of experimments (625 kpmjmn) respiratory minute volume was recorded
continuously by a rotary gas meter Expred air was vollected over the same period as the hlood
samples and analyzed 1 dupheate for Gy and GO according (@ Scholander (1947) In the
second and thied senes of exper ments (400 and 700 kpmijmun) the tho acic movements wefe
recorded by means of a loosely attached peumograph No other vennlatory measarements

¢ in these two serves sn order to avod imerference with free sespiration All the con

were mad e con
mousty measured vartadles were inscribed smulianeously on photokvmagraphic tecor

complete description of the expenmental p ocedure and the methads wsed has been gaven
Mated] 1963 Bars etsl 1964)

f actenial gas tensions the miividual pH and 8, recards w re fist 10

(or ta exerc se and over it ¢ Sth——Gth sms

(0 the actzal body o 1 ¢ 1o bload tem

more
1 previous papers

For calculations of
Juced 10 § me averages awer the last 3 mn of rest prs
of exerease The recorded pH valuty were corrected
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perature by using a correction facto of 0 0147 per degree C (Rasenthal 1948) For this p irpose
the rectal temperature was followed contmuously in the first setics of experments by means of
a thermustor umt In the two other senes the 1 ziro blood temperature wasassumed tobe 370 G
atrest whereas the measured tncrement n blood temperature in the 5th and 6th min of excr
cue averaged 03 C at both loads Artenal O tens on (P ¢, ) was computed from the values
for pH (corrected) S ¢, and blood {body) temperature wning the e charts of Sevennghaus
(1938) Arterial CO tension (Paggy } was ealeulated feom pH 37 and plasma €O content by
means of the Henderson Hasselbalch cquation The serum phosy for ca bome acid was obs
taned from the nomogram of Severmohaus Stupfel and Bradley (1956) and the solub lit
coelfcient for CO 1 plasma at 37 C was taken to be 0521 The plasma CO content was
computed from CO, content hemoglob n concentration So and pH of whole blood by 1 ng
the nomogram of \ an Slyke and Sendroy {1978) The Pag, Values thus obta ned were trans
farmed to 1 » to blaod (body) temperature as described by Bradley Stupfel and Seveninghaus
(1956) The effect ¢ alveolar O tension (Pag } (Riley et af 1946) wa calculated from the
alveolar gas equation substituting artenal for alveol £ Peo, and RE for Ra In the expen
ments at 400 and 700 kpm/min where no ventlatory measurements were made Pig was
computed for th ec assur cd values (08 09 and 10) of the respiratory exchange rato (R}
The d ference between P o, and Pagg due 10 venous admextire was computed to be less
than 0 4 mm Hg 1 the present expeniments

‘The experiments at 673 kpmjmun were performed 01 7 subjects those at 400 and 700 kpm/
min on 8 subjects All subjects were healthy male students well acquamted w th the expent
mental cond t ons and rang ng in age from 20 10 76 years (mean 923) 1n he ght from 174 to
190 cm (mean 180 7) and 1n we ght from 61 10 89 kg (mean 683) The physical work ng capa
ity at pulse rate 170 was determ ned according to Sjostrand (1947) and VWahtund (1948)
and averaged 108> kpm/min (range 8001 300) Rarometnc pressure and roow temperature
a eraged 7560 mm Hg and 744 € 1n the cxpenm ents at 625 kpm'm n and 763 8 mm Hy
and ?34 C1n the expenments at 400 and 700 kpmym n

Results

Mean 1alues for measured and denved data from the expenments at 625 kpm/min 1n
which the pulmonary gas exchange was abo determuned are given 1n Table I 1 In
Table § Band € the mean values for observed and calculated data from the expen
ments with free respiration (400 and 700 kpm/mn) are presented While there was no
or only a shight increase of § o in the stable state of exercise Pag showed sigmificant
ncrements of about 5 mm Hg at all three Ievels of work The quantitative duserepancy
betweenthe S o and P o responsesis readily expluned by the facts that pH decreased
and the 1 riro blood temperature 1ncreased durmg the work penods both changes
causing a shift to the nght of the oxygen dissociation curse With free respiration the
decrementin pH  was greater at the heavier work (700 kpm/mun) The fact that pH
decreased sull mote at 675 kpmymin can probably be arnbuted to 1he somewhat
fugher breathing resistance resulung from the external breathing system used in these
expetiments Th s should induce a shght of 1 and a
nse1n Fagg and fall mpH Support {or ths view 13 g en by the observation that the
increment 1n ealculated Py was somewhat greater at 675 kpmimin than in the two
other series of expenments

Since in the cxpensments at 675 kpm m o Pag rosc somcwhat less than P 1t
follows that the \—aD decreased from a mean value of 147 mm Hzatrest 0110
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Tasiz ! Measured and densved data from expenments a1 {A) 625 kpm/mm {B) 420 dpm/
ann and (C) 700 kpm'ima At breathiag nttag position §n (B) and {(Qf the faat
1% columns show the influence of different assumed R valses on denved parameters
{with most bkely R values i bold fzce}

b L3 -

y g -
o8 . I, |

° £ & =, i £u on ¢4 & ek
£ o § § o T et 8 u T do
B & & Sy o g BE <EdS0 O O

A Lapenments at 625 kpmjmun (7 subeets)
Rest* 7428 9600 870 379 031 56 777 1017 147 30 51 9 I

02, 20 47 28 [/ B s 3} 33 6 -~ ~ -
Exer 7385 9614 971 $10 159 136 897 103! 140 22 (8 25 30
cse? 028 6o Gt 74 12~ 060 43 52 13 - -~ -

B Expertments at 400 kpmimm fiee respieation /8 salyecssy
Restr 7407 9650 930 371 030 55 48 D56 )26 25 44 24 14
037 33 49 37—~ 49 1096 66 3 54 30 17

Lver 7383 9677 983 387 113 108 & 03¢ 51 te 9 16 I
“ese* 036 28 49 - - ~ 9 1077 94 18 17 1B 19
10 MY 128 24 02 26

f

6 Expeniments at 700 kpm/mun free respiration (8 subjects)

Reat* 7434 9653 927 302 030 55 & 1066 138 27 47 6 15
016 26 50 53 - - 9 106 179 33 57 31 18

Exer 7379 9658 978 380 173 146 ‘8 1043 65 13 11 513

52 - - - 9 1083 107 21 17 25 i

ase 02 33
$0 138 0 27 22 32 3

* Mean values and standard deviztions
Rest data refer to ume averages over last 3 mun of rest preceding exerease
* Excrene  data refer 1o nme averages over the 5th and 6th min of evercusc

4 Assumed values (see text)

he expertments at 400 and 700 kpm/min YA was ¢l

mm Hg dunag exeruse) In i

culated for three assumed vaiues of R (Table { 8 oand €) The mfluence of R o -
culated Pag, and A —aD at rest and durng exercise 1 Hlusirated m Fig 1 i v ‘:7;:
the relationsbips between R observed antental and caleutated alveolar gas ;m;lx "
have been graphucally deproted on Q;~C0O, diagrams [nspecuon of Lty r:;: dom
bt for all R values that may possibly exist 1n healthy youny Jl’ubjfcls axlrc: e
the stable state of hight and moderate exercise, the mestase 10 Pag was les
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PO2 mmHg A POZ mmHg B
1201 REST EXERCISE 120 REST EXERCISE
| 400 kpm/min | 700 kpm/min
100
110 | NnoH
ALVECTAR AVEQLAR S
100 - 100 |-
ARTERIy'D Ameyﬂ
o o
90 sof
7, Pco, mmHg T_/ Pco, mmHg
772 VRSO SRS i R | 3 R S bt N |
37 38 39 40 4l 3 37 38 39 40

Fig 1 Alveolar and arterial gas tens ons at rest and in the stable statc of exercuse () at 400
kpm/mm_and (B) at 700 kpm/min A r breathing_sitting position The figure shor s the
flu nce of vanation in R on the caleulated alveolar Po and hence an the A—aD Mean values
of data from B subjects

levels of work than that obsenned m P ¢ Any mncrease in Pag, similar to or greater
than that observed 1n P o, would require increments m the R values of 0 2 or more

such great increments wmn R scem improbable at the work intensities studied in this
mvestigation It may be concluded then that also in the expenments with free respira

tion the A—aD decreased duning everaise If 1t 1s assumed that R increased by 01

+ ¢ showed similar increments as observed at 6?5 kpmjmn  the calculated decrease
of A\—aD amounts to 3-—4 mm Hg at both work levels

Discussion

Fastors influencing the determnation of A—aD

Our findings that 1n the stable state of kight and moderate exercise the mean values
for \—aD \ ere shghtly reduced when compared to the mean values at rest are at
raniance with those ol' Lilienthal et a! (1946) and Filley Gregowre and Wright (1954)
whon exerase found A—aD ncreases of 8—10 mm
Hg and s ath rnulu published by Bartels et af (1955) and by Asmussen and Niclsen
(190) who reported small and inconsistent merements 10 A—aD at similar levels of
work The d fference between these and our results can maimly be asenbed to different
findings with respect to the magmtude and direction of the changes 1n artenal Po

oceurming in response to exercise sinee m all these invesugations the calculated effec

e alveolar Py was found to increase While we observed consistent P ¢ inereases
of about 5 mm Hg both in 1 ght and moderate exercise the other investigators found no
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change (Asmussen and Nielsen) a decrease (Liltenthal etal  Filley etal) or a shght
but nsigmifieant increase (Bartels ef ol } 1n Pag, at umilar work intensities
As shown by Bartels et al (1955} the vanation of Pagy P o, and A—aD reported
1n the hterature may m part be accounted for on the basis of the techniques wsed for
measuring alveolar and artenal gas tensions The sbove sanation may however also
be atinbuted to factors which only lately have been shown to have signuficant influence
on actual or caleulated gas Jevels Such factors are the body position the blood {body)
temperature and biological time vaniations i arterial gas tensions (o Bart et ol 19641
In a previous paper (Bjurstedt e af 1962) 1t was shown that on shifting from the supine
to the erect posture the A~aD increased significantly whereas P cogand P o decreased
somewhat These and other changes observed were aseribed to the snfluence of gravita
tronal forces on the blood flow and its distribution 1n both the systemic and the put
monary arculation Hence when studying the effect of exercise on Pag and A~—2D
rest and exercise data should be obtained with the subjects n the same posture All the
present data refer to the siting posttion I control data at rest are obtamed 1n the supine
position and exercise data in the upnght posion the actual P, mcrease and the
actual A—aD decrease evoked by exercise alone will presumably be underestimated
‘The nsig body temperature duning exeremse will introduce anather error 1 the cal
culated A—~aD of alieolar and artenal gas tensions are not dererrmned 21 the et}
body or blood. it The error duced i regh the effecton
blood gas tensions can be estumated from the obsenvations of Bradley Stupfe] and Se
vernghaus (1956} that 2 | O increment m the temperature of blood sealed 1 an
anaerobic environment will raise Peo by 4 4 per cent and Pg by 6 per cent 1n the
physiologic ranges Thus if arterial blood samples are drawn anaerobically at 38 C
*from a subject breathing aie at sea level and subsequently analyzed for Py, and Fo
at 37 ¢ Po will be measured about & mm Hg too low and A~aD be calculated 8—
# ) mm Hg teo high if duc temperature correcuons are not made The estimated error
10 A—aD also mcludes the influence on caleulated PAg, of a decreased unspired Po
at 33 C (abour D5 mm Hg decrease) due to the hugher intratracheat Iy o at this
temperature That P ¢ mcreases during light and moderate exercise has recentls been
shown also by Holmgren and Mcllroy (1964) who measured Po of arteral blood
samples at 37 C with an o¥ygen electrode (Sevennghaus and Bradley 1958) and cor
rected the measured salucs to the artenal blood or esophageal temperature recordtd
at the trme at which the blood samples were taken In other reports deabn, with
chanyes 10 Pag and A—aD} during, excrcise no eorrections for temperature chanaes

seem to have been made

The vanavon of Psg, and A—aD reported i the hterature may in part also be
ascribed to differences 1n blood samphing techmiques This matter was discussed i 2
previous paper (Bare efal 1964) Using continuous recording, techniques 15 was shown
that i the niting position spontaneaus tme varations occurred 1 arterial pH and
tervals or longer These cychic vanations which reflected cor
responding cyclic changes 10 artenal Poo and Po  appeared iz al) 8 subjects stud ol
and were quite marked 1n some ndividuals especially in the resung condibion F:crm
the data p d the coefli of bifity 1 hall minute Pago and P o ;m‘x
1n the sitting posthion at rest can be calculated [n the single indrvedual the coc! m::!
of vanability in Poo averaged 2 2 per cent {range 08-32) andnPp 33 prrc‘ "
{range 1 3—~77) Hence f a blood sample 1s drawn over @ rather short “m;cmzl
over a 30-sec perod or Jess is Pco, and o may nat be representauve for the

So, at half minute n!
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Fg ® Arterial oxygen deficit and total venous admxture 1n relation to oxygen uptake Aiwr
breath ng sttng pos ton (d) arterial O defic tainml O per 100 ml blood (B) artenal O
defitmml O per mimute {C) total _enous admixture in per cent of card ac output_and (D)
total venous admixture expressed as ml mixed venous blood pet munute In each graph a sefers
10 rest ng cond tiony b to excrese at 400 kpmfmun ¢ 10 exercise at 67 kpmfmin and d to ex
ercuse at 700 kpmjm n

1 re mean values To reduce the influence of ime vanatons the arterial gas tensions.
1 the experuments reported here were determined as time averages over a 3 mup penod
at rest and over a 2 mun peniod dunng exereuse

The caleulated Y—aD salues at rest and during exercise i the experiments at §72
kpm/mun m + hich also venulation measurements were made were almost 1dentical
with those 1n the expeniments with {ree yespiration It therefore appears that a shicht
tncrease i breathing resistance due to the use of an external breathing system has no
appreciable effect on A—aD To our knos ledge the mfluence of increased external

breathing resstance on A—aD has not been discussed or experimentally studied m
carher ansestigations

Artenial ovrgem definat and total Lenous admxtu ¢

1113 generally believed that the A—aD 15 composed of at least three components, dar
10 () true 1 shunts shunt (b} uneven

of alveolar ventdauon to y capillanry flow (d and ()
diffuston | mitations (d ffusion component) Simce the diffusion component 15 neghgible
n the normal subject breathing room air at sca level both at rest and duning submaximal
levels of exeranse (Tunino of e 1963 Staub 1963) most of the decrease of A-—aD ab-
served in the steady state of light and moderate exereise must have been caused by
changes 1n one or both of the two other components While our data being obtuned
from air breathing expenments only do not permit separaton of true venoartenal
shunting from the uncqual v, @ cffect (virtual shunt) the changes tn total venous
admuxture (Q ) induced by exercise could be estimated.
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Q s commonly expressed as a perceatage of the cardiac output on the assump-
tion that for 2 gaven expenimental condition all fracttons of the admxed venous blood
h:nf the same Oy content Since this assumption 15 not correct and furthermore the
2—V O, difference was not measured we have expressed the effect of venous admrcturc
also as  artenal oxygen deficit {Asmussen and Nielsen 1960) 1 ¢ the difference he
tween the Oy coutent of pulmonary end-capillary blood (C ) and that of systemuc ar
tenial blood (C ) G, was estimated as the O, content of blood being in complete equr
librium with Prg, and having the same pH O, capacrty and temperature as observed
1n the systemic arterial blood The O, saturation of the end capillary blood (S o Yat
prevailing conditions was determuned from the fine charts of Severinghaus (1958
and the oxygen in physical solution as 00031 Pag, where 00031 1s the solubility co-
cfficient for oxygen m whole blood expressed as vol / per mmPg C was calculated
from the ohserved values of S ¢, O, capacity and P g, In the expertments at 673 kpm/
mun the calculated artenal O, deficit decreased from a mean vatue of 030 vol , O
at rest to 022 vol 95 O, duning exercise {Table I 1) Similar decrements 1 artenal
O, defict were obtainted 1a the expertments at 400 and 700 kpm/min (Fig 2 4) ifit1s
assumed that R was increased by 0 1 duning the work peniods These results are at
Aanance with these of Asmussen and Nielsen {19G0) who found the arteral O, defiart
ta merease with icreasig wark load and O; uptake Likewsse 1t can be showr that
the data presented by Lilienthal etal (1946) Filley efal (1954) and Bartels ef ol
(1955) would also yield greater values for the artenal O defictt during exercisc than
at rest

The arterial O, deficst was al o calculated 1n ml O per minute by muluplyng the
O defiait mvol , Q, by the cardiac output (Q) expressed m deciliter per mnute

" Values for @ at rest and during exerctse (Table I) were dermved from data on the rela
uonship between Q and oxygen uptake (\ o }1n the situng position as given by Beve

% gArd Holmgren and Jonsson (1960) This seems justifiable since their matenal was

“sunilar te our own with respect to age weght and phvsical working capacity In the
experiments wath free respiration (400 and 700 kpm/min} \ o, was taken to be 03§
min at rest whereas Vg during exercise was eshmated by assumung a mechanical ef
ficzency of 23 per cent and a calonic coefficient for oxygen of 49 As can be seen in Fig
2B the calculated artenal O, deficit expressed in ml O per minute increased with
the rate of O, uptake and hence with the work load The O defiaits are rather small
however and amount to about 5per cent of Yo af rest and about 2 per cent of Vo
during exercise Asmussen and Nielsen (1960) abo found the O deficit 1 mi Oy per
minute to increase with \ o although the values from their air breathing experiments
are about twice as large as the values presented here

The total venous admxture to the systemic arterial blood expressed as percentage
of cardiac output was calculated from the standard shunt formula @ /Q = 100
(€ —C Y(C —C") where C” 1 the O, content of mixed venous blood The a—v Ex
Aifference C —C~ was obtatned from o, and Q according to the Fick principle i
though the calcutations of @ /Q were based on the fallacious assumption that the ;

tent was the same in all fractions of the admuxed venous blood they should give
e of the changes occurnng 1n the total shunt o re

ts at 625 kpm/min the calcutated @ decreased

ceat of Q dunng exeraise Stmilar decrexses

ruments at 400 and 700 kpm/mun (g 26)
higher than

con
rough csumation of the magnitud
sponse to eXerrse In the experimen
from 5 1 per cent of Q at rest to 1 8 per

alculated @ /Q were found in the exper
’:;:ssummg Ahat also at these leyels of exerase the R values were about 0 1
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at rest These calculatons thus suggest that light and moderate levels of exeraise are
accompanied by a marked reduction of that fraction of the total venous flow that reaches
the systeme arculation via true and/or virtual shunts Bartels et al (1955) also found a
reduced @ ,/Q ratio during moderate exercise but the calculated reduction was rather
small
The magntude of the shunt flow (ml mxed venous blood per minute) equivalent to
the total venous was d through of Q ./Q by Q
Although the Q, /Q ratio was markedly decreased at all three levels of exeraise the
shunt expressed as ml blood per nunute \ as only shghtly reduced at 400 kpm/mm and
remamed essentially unchanged at the two heavier work loads (Fig 2 D) due to the
nerease mn cardiac cutput
From the results of the above calenlations 1t may be concluded that exeraise of hight

and 1ntensity 18 d by (1) a shght red of the artenal O,
defiat expressed m vol o Op (2) a substantial nse of this deficat when expressed n
ml O, per mnute (3) a marked decrease of  /Q, and (4) no appreciable change i
the absolute size of the total shunt These changes as v ell as the decrease observed i
A—aD must have been due mamly to changes 1n the true anatomical andfor virtual
shunts As pointed out above our data do not permt scparation of the anatontical shunt
from the virtual shunt created by unequal v 4/Q distnibution Recent mvestigations
{Lenfant 1963 1964) have shown howeser that at rest the real anatomucal shunt 15
not as large as has been thought from measurements of the A—aDg, alone at high 1z
spired Fg Thus 1n ecpeniments with the subjects breathing 73 , O, at 26 aun
Lenfant obtaned evidence that in the sitting position the real anatormical shunt con
stitutes only about 25 ¢ of the shunt estimated at sea level from the pure O, technique
Since the coninbunon of the last mentoned shunt to the total A—aD s less than 50
during asr breathing at rest (Ayres Cnscinello and Grabovsky 1964) 1t appears that
under the same conditions only 10—15° of the total A—aD and the total artenal O,
defiait (vol ~ O,) 15 due to real anatomucal shunts Asmussen and Nielsen (1960)
found on the other hand that both at rest and during exercise the shunt component
csumated at high mspired Po amounted 1020 —25  of the total arterial O deficit
“t normal inspired Pg, It can be concluded then that changes in A—aD and Qyl/Q,
accurring 1n response to hght and moderate exercise are only to a munor part due to
changes 1n the anatormcal shunt component Since the diffusion component 1s neghgible
1t follows (hat the above changes must be due mainly to alterations in the distribution
component Most of the decrease n Q ./Q m the prrsml vmrk experiments can con
scquently be asemibed to an imy ed by created by a
reduction of the number of aheoh with lov \ o/Q ratios Vwest and Dollery (1960
have demonstrated that 1n the erect posttion th  distnbution of Q ymproves dunng
exereise It seeros reasonable to assume that the distrbution of ventilation s also
proved during exercise because of larger tidal «olumes with concomitant actvation of
previously nonventlated or undenentilated aheolt

References
Vst Boand M ON\zasts A cole- il gas ex hang at rest and dunng wo k 1df
ferent © ten ns deta phy { scand 1%0 50 1:3—166
\ weses E and M N ex Overall :lhmlo—;nt al s pess dff ences (C) dunng
1L onPhy of Sa 19 ] 32—

o
vars S A Canomtio o3 E Cran RABOVIRY (‘l!mponcnl of al colar arten 1 O dif
ferenc wnn mmabman J ppE Phy of 1903 17 43—



256 € M HESSER AND G MATELL

Bamgr, P-O M Beckua. H B
SURSTEDT ] Brrsvar
courses of blood gas changes proeated b;‘ ' ;fznd n(-:od“ Hesser and G Matzit, Time
seand 1964 60 117 g lerate exercuse 1 man Arte physsol
Bartezs H R Beer H P
nellen © Deacki hoercizy J Wexagr and I Wit Messung der alveolar arte
erenz it verschiedenen Methoden am Mo
N l’jfug‘ S ch ges Physol 199 261 193151 enischen bet Rubr und Arbmit
eveGize S A HowmGres and B
o e oy, The St bty ot b
phrsol seond 1960 49 270--205 nfluence on the stroke volume dcta
Byuremeor 5 €N Heser G Ly
JesTrAND and G Marers Effects of
art, of pasture on alveslar
Hc?;_lgz) and O, differences and on alveolar dead space n tnan 1 1 physiol scand 1967
Braprey A F Af Steeer and ] W S
} o, oé blrwc;_ insitro F oappl r;gmr xﬂzg'\q‘g;ﬂofﬁm of temperature on Peo, and
LLEY Grecome and G W Wrienr Abcolar and arter:
12l oxvgen tensions and the
x;;;;ﬁ?;nglgfigs;lvwhr arieral ov)gen tension difference 10 normal men F chin Jn est
Hisser (M and G Mareer, The aheolo-anterial O,
Htxﬁcnc wmn man fcta physiol scand 1963 59 Szvjr‘:zpl zglt;lﬂ'ctgtﬂfﬂ urag beht and mod rte
oLseres A and M B Mclirov Effect of temperzatu; i
PH duning exerase 7 apl Fhr ot 1964 17 Z«}Eh’c en artertal blood gas temsons and
Le Pavy (Mo of L P n d;
ul'crmcc:cj :);ﬂ Plynol 1903 18 10901094
NFANT casurement of factor
o € Mesurement of & tory g gas exchange 1 man with hyperbanc pres-
Liwcextuar f Lo R L Rusy D D Proesyrrand R £ Fra KE {0 expen
n man of the oxygen pressure gradient from aheolar air 10 anmalﬂ blood ‘zﬁ?:v;':r: 'a”n;
excrase at sea lnel and atalt tude Amer J Phynol 1946 147 199216
Afatert, G Time-courses of changes 1 ventilation and arterial gas tensions i man ¢ duced
by moderate excraise Aeta phvsiol scand 1963 58 Suppl 206 pp 53
thi:ol';ﬁll, JhL :—lui*i‘]n!i;} J& D D Progwwze and R E Frasie On the determina
e physiologically effective pressu T
o of he phymelon ly clicine pressorcs o vygen and carbon d oxide n alveolar ar
Rosesrusn, T B The effect of temperature on the pH of bl
Ak oy e < ipera n the pH of blood and plasma oy vitro J bel
Scvotanper P b Analveer for accurat estunauon of resprrat y/
centimeter samples ] bl Chem 1947 167 235230 eepuratory gases an ane hall cwbte
Severes sacs J W Oxyhemiglobin dissctation cunve arrect on for temperature and pH
< vanaton m l}umzn blood 7 appl Phrsol 1958 12 483437
eveznenars | W oand A F Brabeey Electrodes for blood d pLO, di a
7 arpl Physual 1958 13 515520 PO and plO, drcmminatr
Severncmavs | ¥ M Sruprzrand A F Braprey Va satons of serum casbop ¢ and ph
with pH and temperature J appl Phymol 1956 9 197200
SjostRAND T Uhanges 1o the respiratory organs of workmen at an arc smelung works 410
med scand 1937 128 Supp) 196 €87 ~693
5“;’6?3 . Alseolar artersal cxygen tens on grad ent due to d Huson 7 azpl Phy of 153
18 673650
Termo G M E H Bereorsry R M Gororine and A P Fpuseas Effect of excrese oft
pelmonary diffusimg capacity J oppl Phyuol 1963 18 H7—426
1a¥ Szvxe, D D andJ M Sms, The determnauon of gases 3 blood and ather ¥ lut 03
by vacuum extraction and manometne measurement J dwl Chem 1974 ¢4 523273
\anSiexe D D and} Sesonov $x Studes ol gas and electrol te equil bra in blood X4
‘Lane chacts ¢ graph ¢ calculatons by the Henderson Hasseltmlch equation and for <t
ctating plasma carbun dsoside content from whol bluod content 7 dul Chem 1978 74
781198
Syamoen H Determunan a of th phys cal working capacity st med scand 1918 Supp!
of bl sod Alow and sentilation perfs on RLO 1
appl Pl 1960 15 H0r—4i0

with aheolar arteral dif’

245 pp 78
Yarr J B and . T Dousry Distrbunon
the lung measured with radiwactne L0 J



Acta physiol scand 1965 63 257270

From the Department of Pharmacology harohnska Institutet Stockholm Sweden

Observations on 5-Hydroxytryptamme and Histarnine
Release from Rabbit Platelets®
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Receved 19 June 1964

Abstract

Westetholm B Ob ercations on S-hydraxyiryplamune and hustammne elease from radb ¢ platelets Aeta
physiol scand 1963 63 257—270 — Antgen glycogen n-decylamine and phospholipase A
were shown to cause release of S-hy yptamne (5-HT) and h stam ne from
rabb t platelets i ritro_There was no significant d flerence between the percentual release of
>-1IT and histam ne The release of S-HT was studicd 1 greater deta | Release by anugen
and glyeogen both requ red the presence of platma occurred at sm Lar rates and showed
disunct temperature opuma around 37 C Heat ng the platelets to 47 Gor plasma to 56 G
produced an irrevers ble 1nhibit on of such release Heparm, EDTA salicylaldox me and the
enzyme blocking agents nmbydnn (NH group mlubutor) and alhem (SH group inh bitor)
mhubited release Reduced glutathione reversed the act on of allin High concentrat ons of
sodium chlonde blocked antigen mduced release but d d not sigmficantly reduce release by
glicogen. The results are considered to support the hypothesis that ant gen and glycogen
release 5-HT and hustarunc from rabb t platclets by of surmilar relcas

and that enzymatic processes could be invol ed Relcase of 5-HT by n-decylamine and phos
phol pase A d d not require the p esence of plasma and could not be ihibuted by treatments o
agents found 10 anhibit or reduce t lease by antgen or glycogen The mechamsm by which n
decylamine and phospholipase A case 5-HT and histamine release from rabbit plat lets 1
considered to ¢ Fer from that of antigen and glycogen

Antigen releases 5-hyd

YYD (5-HT) snd from rabbit platelets
 tiro (Humphrey and Jaques 1953 1955) and v o7 (Waalkes ef af 1957 Waalkes
and Coburn 1959a 1959b 1960) That the two amines can also be released from these
platelets by glycogen has been demonstrated by Waalkes and Coburn (19295 1960)

who suggested that release by anugen and glycogen mvohved the acuvauon of smslar
release mech "Thus hypothesss 15 ted 1n the present paper The release
of 5-HT i platelet nch plasma suspensions was studied under various expenmental
conditions using as active agenis not only antgen and glycogen but also a surface

Ap Lm nan report on this study was ited at the Se Iat mauonal
Mecung Praguc \ugunt 073 1963 Biochem Pharmacol 193 12 Suppl 213—712
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active agent n-decylamne and a Jyne enzyme phosphoipase A The latter has been
shown to cause degranulation of rat mesentery mast cells by a mechanism charactenstie

of polymer-di L agents such as compound 48/80 and of antigen (Hogbers
and Uvnas 1958 1960 Uvnas Dizmant and Hogberg 1962, Uvnas and Antonsson
1963) The release of both 5 HT and h was di d 1 certam exp

to see whether release of the two amunes ovcurred concomitantly m response to the
refeasing agents used

Methods

Rabbuts (! to 3 kg) of both sexes were used The effect of antigen {egg albumn) was stud ed en
platelet concentrates obtuned from ribb & previously sensitized o egg albun sn The wilutoce
of glycogen n decyk hosph A was on platelet from

an
non sennuzed ammals

Sensitr. ation procedure
Rabbuts wer wy cted intraperrtoncally with 10 ml of a 10 per cent solution of crysiathzed tgg
albumin every day for 3 days and were used as indicated 2 to 4 wecks after the last myection

Preparation and 1n-ubation of blood platelels
Stlcoruzed glassware was used whrn blood or platelets were handied m order to minm ze
spontancous release of 3-HT and histamine
Tte ammals were ansesthetized with pentobarbytal Heparin 200 IEfkg was piven wtea
~vonousty a3 antwoagulant Blood was obtained by cutting the caroud antery and disectirg e
blood flow tato a centrifuge tube The blood was centrtuged ac 200 g for 20 mun at 05 C The
supernatant plasma was carcfully pipetted off Microscopic exammation revered th ;:
cotained a Jarge amount of platelets and few or nb leucorytes and erythrocyres I’l;urlf( ;uf
plasma obtamed . this way contaned 47 4 Oﬂ? sl of SHT and 2L £ 07 4g'mt o
ane as judged from d n 63 dulf rent
m(‘;:: ml n:’ plflcler nich plasma suspension was added to conucal centrfuge mb‘n I:JCC)‘
containing ©8 mf of a soluuon of the followtng composivon N\:Ci {56 A 10 712_‘71
27510 M Call 810 M and 10 per cont Soremsca phosphate buffer pH 7274
{(Na HPO 2 HOG67x10 M+RHPQ 67x10 M Thssoluton »referred o b
as l;\e buffered salt solution The tubes were put into a water bath a¢ 37 C Releasmg ag“k
Qusso ved 10 0 2 ml of buffered sakt solution was added to the diluted platclet rich plumfham
owom The controls were muxed with an eqal volume of buffered saft sohution ¢4
P evsre Unless otherwsse stated incubations were run 1 dupheate
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Taste I Refease of 3-HT and histamiae from rabbu platefets induced by anugen glycogen
n-decylamine and phospholipase A. Release values obtawoed from expenments w
which both 5-HT and histame were measured Vatues g en as means and stand
ard errors. In these experiments each sample comamed 1 ol of plateiet neh plasma
17 ml of buffered salt solution and 0 3 ral of buffered salt solution contataing re

leaser
Cone Numbee | Percent releace

Releaser glml ofcpts  SHT Histamune

Anugen 10 33 487+ 44 420£38
10+ 8 199% 81 199451

Glycogen 10 4 783L125 851474
10 ¢ g 1L 59 682170
10 14 46+ 7.5 297152

n Decylamune 19 10 750+ 86 601230
1 4 73+ 43 23L14

Phosphol pase A 10 9 839+ 67 814473
4x10 9 470+ 96 391271
10 4 91x 59 31+18

Incubation was continued for 15 mun afier which the tubes were cooled in an ice bath to
stop furt] er 5-HT and istam re release The tubes were centnfuged at 2 000 ¢ for 10 min at
@5 C. This treatment removed all platclets from the supamatant Since t was dufficult to
pour off the supemnatant without strnng the platelets 1 ml of the platclet f ee flud was care
Fully pipetted off and acsdif ed, as was the readue m the tubes w th 1\ HCl 1o obtain a final
concentration of 01 N HC! The samples were kept at — 17 C unul 5-HT and tstamioe
assay was perlyrme

The cxpenmental procedure was altered slightly when 1m estigaung the action of th b tors
The obect was to allow the releaser to combine with plasma components befo ¢ making contact
with the inhabitor and the platelets Platelets were separated from the plasma by centrifugation
2t 500 ¢ for 10 mn at 05 C. Plasmx was carcfully poured off to mimmuze stimng of the
platelets which were loosely packed at the bottom of the tube Platelets were washed twice by
tentnifugation with buffered salt solution and could when p cpared in ths manner be readily
and un { rmly suspended without any measurable leakage of 5-HT Platclet free plasma was
obtained from blood of the same animal by centrifugaton 2t 2 000 ¢ for 10 m n The platelets
were ded 1 ml of buffered salt solution containing inhsbitor and premncubated fo
15 mn at 37 C before the addiuon of 1 ml pl telet free plasma wh b bad simultneously
been preincubated with releaser Incubat on was then cont nued for another 13 min, The
concentrat ons of nh bitors gwen in the text and figures refer to th- final coneentrations obtased

fier m ung the platelet suspens on and plasma

Unless otherwise stated no spontancous release of 5-HT or h stamine could be demonstrated
dunng pr parat on

T methods ted for certa n types of xpetiment are deseribed i greater detail unde
s

Asay fSHT nd b stamne

5-HT was determ ned spectrophotofluonmetncally by the method of Weissbach W aalkes and
Udenfrien 1 (19.8)

H tamne wa asayed on tropn od gu nea p g fleum (atropn sulphate 15 ¥ 10 \f)
acconding to Anrep Bartoum and Ibrah m {1947, The suspending med um Tyrode solution



260 BARBRO WESTERHOLM

:'?‘ 4 DATIGEN Imgim) mB GLYCOGEN  100pa/imi

Eeo oy
£59 60
&40 40
& 20 20,
¢

248 6 2 246 18 E
% ¢ peon MN’MWWN e i

n oui /o

§loo E_1004g: |Ioo D PHOSPHOLIPASE A 100,09/mi
£ 80 80
g0 P
& a0, 40
g 20, 201
¥

248k 7 a8

e ua ¢ " fve w?z

contamned 1  gfml of 5 HT ta abolish sensitmity of the aleurn to 5 HT (Gaddum 193}
d g1y black %10

Fig 2 Tume course of 5 HT and
hustamine release from rabbit
platelets induced by A antigen
i mg/ml B glycogen 100 ugimi

n decylamine 100 _pg/m!
D phospholipase A 100 g/l
Each pomt represents the mean
percentual release of 5 HT O
and histamure @ i duph
cates In these cxperuments each
sample contained | ml of plate
let nich plasma 17 mi of buf
fered salt solution and 03 ml of
buffered salt solution containing
releaser Releaser was added at
37 C and samples were chilled
rapidly alter varying time inter
valsto 05 C

The
M)

specificity of the contractions

o
Releasers inhubitors and reactivators in the concentrations used did not influence the asay

of 5 HT and hustatine
All 5 HT and histamine values are given as the base

Error of method

The viration in the 5 HT release taduced by | mg/ml of antigen in duphcates amounted to
=+ 58 per cent of the total 5 HT contene_as judged from dupiicate tests of 33 different ex
pertments The vanation m the amount of huistamine released in the same samples was 3 69

per cent of the total histamine content

Sensttizsty of the test methods
The lawest concentrations of + HT and istanune which could be measured with the fest

methads used were 0 1 g/m! and 0 03 —0 06 / g/m] respechively

Materials

Compound 48/80 preparcd according to Baltaly et al (1919) and phosphol pase A from bee
venom were kindly supplied by Dr B Hogberg AB Leo Hals ngborg Sweden
Allicsn obtained from gaslic by the method of Cavallito and Bailey (1944) was kindly

prepared by Mrs I L Thon
The other substances used \ &re obtained from standard commierctad sotrces

Results

Redease of 5 HT and Autamine

Antigen glycogen n decylamine and phospholipase A were all found to induce 5 HT

¢ from rabint platelets The dase response relationships are shown
of 5 HT 1s paralll t0

and histamine refeas
was Jess than that of

s Fig 1and Table I It can be sten that the percentual release
that of k In some exp the release of +

HT The dfference was not however sigmficant
5 Antigen 0 1—10 mgfm! produced no measyrable release of 5 HT and histammne 12

diluted platelet rich plasma from non-sensitized rabbits (3 expts )
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Fig 3 Time course of 5-HT release from rabbit platelets ;mduced by 4 antigen 10 mgfmt

I meiml O~ 01 mg/m! @~ B glycogen 1 mg/ml O—O 0 1 mg/m! @—@
01 mgjm W € ndecyhmare  mg/mt O~—0 © 1 mgim] @—@ D phospholipase A
02mgiml A—A 0 mg/m! @~@ 007 mg ml A-—4A Releaser was added at 37 C, and
sxmples were cmbed rap dly after varying ume nternvals t0 05 € Each point represents
the mean percentual release of 5.HT Vertical bars rep esent standuard errors n = Number
of éxpertments In the expenm ats oaly sugle tosts of the release were pecformed

TFime course of release

Fig 2 shows that 5-HT and histamne 3 ere released simultancously from rabbst
platelets in response to antigen glycogen n-decylamine and phospholipase A at 37 C
Wath 5-HIT the ume course of release was aho followed usmg dafferent concentrations
of the releasers (Fig 3)

Time cutses for the release of 5-HT by antigen glycogen n-decylamine and phos
pholipase A + ere determuned at vanous temperatures (Fig 4) A lowertng of the in

eubation delayed the app of ble 5-HT release and resulted
0 a lower rate of retease At 05 € none of the releasers produced any measurable
5-HT release after 6% mun of When the was raised

10 47 C release by antigen + as almost completely infubited and that by glycogrn
significantly lowered (Fig 44 4B) Release by n-decylanune and phospholipase A
on the other band was faster at 47 € and was pracucally complete within 2 men
(Fix 4C, 4D)

1o give a clearer picture of the temperature relauonshups beween 5-HT release by
antigen ghycogen n-decylamine and phospholipase A the release values obtained with
the four agents at dufferent temperatures after mcubaton for 8 min are ploteed 1n Fig
5 It can be seen that 5-HT release by antigen and glycogen was opumal around 37 C,
while no optimum + as obtatned for n-decylamiac and phaspholipase A befow 47 C

P60 g ghyiel 4 det 83
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Fig 4 Influence of temperaturc on tume course of 5 HIT release from rabbss platelets indured
by A. antigen Img/m! B glycogen, 100/ g/ml_C n.decylamine 100 ugjn) D phosphol pase
A, 100 pg/ml. Incubation temperature 7 C (4 17C0-0 2 CH-A 2 G
A—4A 3 C.@-@ 37 (,C—0 42 G [J{J 4/ € A—A Relcater was added
when temperature equul brapon was achiey ed, and samples were chilled raprdly after varying
nme mtenaks to 05 C Each pomt represents the mean percentual release of 5 HT \ ertrcal
bars represent standard ervors n = Number of experiments In the expenments only smglt
tests of the refease were performed

When the mcubation temperature + as 42 C or lower no spontaneous release of
5-HT could be demonstrated after incubation for 32 min At 47 C a measurable
spontancous releass occurred tn 3 expts gut of 17 After incubation for 32 nun 1t then
ranged from 12 to 21 per cent of the total 5-HT 1n the platelet suspension In these
experiments, the relcase values obtatned with were d for s
releasc.

Effect of plasma on release

Humphrey and Jagques (1923 demonstrated that release of 5 HT and fustamine from
rabbut platelets by antigenand purified antbody occurred only in the presence of plasma,
Later Barbaro {1961a, 1961b} showed that preformed antigen antibody complexes
caused hustamume refease from rabbut platelets provided that plasma was present during
sncubation. The present expenments were dewigned to sce whether release of 5HT
from rabbnt platelets anduced by glycogen n-decylamsne and phospholipase A als>
required the presence of plasma. As a comparson, the 5-HT release mduced by antiges

was studied under the same condiuons
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Fig 6 Influence of different PLASMACRUTION 3531 prasa DTN 15T
plasma concentrations on 5-HT C. n-DECYUAMNE 100ug/nl D PHOSPHOLIPASE A K009 frd
release from washed rabb t plate-
Ietsinduced by A antigen | mgf
1 Beglycogen 100 pg/ml Con n
decylamune 100 pg/mi D phos- 3 B
phobipase A 100 pgtmx Each &0
pomnt represents can pe P
centual release of ST ertaal

bary represent standard ersors 2
Number of experunents = 4

PER CENT RELEASE

e O e
T TE 14 18 1o Railiow 11 lzunansnz;ﬁsn
PLASIA DLUTION PLASMA CLUTION

Platelcts washed twice with huffered salt solution were resuspended 1n 2 ml of plasma
that bad been diluted to different degrees + 1th the buffered salt solution Platelets and
plasma were prepared from the same indnidual ammal The releaser was added ina
volume of 0§ ml Fig 6 shows that release by antgen and glvcogen required the
presence of plasma whale release by n-decylamine and phospholipase A did not. In
some huph plasma seemed to exert an mhibrtory action on
relcase by antigen glycogen and phospholipase A although the finding was not stanst
<ally proved 1n the present senes of experiments
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A ANTIGEN B GLYCOGEN Fig 7 lRelc;uc] Drl; HT induced by A an
tgen 1 megjml glycogen 100 pgiml
Img/mt 18 o 100G/ 110 from rablat plaiclets prencubated f 13
rminat37 Cor47 C The followng plate
80 let—plasma combinations were
platelets premcubated at 37 C
plasma preincubated at 37 C
platelets preincubated at 37 G
plasma premcubated at 47 C
platelets prencubated at 47 ¢
0 plasma preincubated at 37 G
1234 1234 platelets preancubated at 47 C
plasma preincubated at 47 C.
Each column represents the mean percentual release of 5 HT Verucal bars represent standard
errors n = Number of expeniments Sigmficance of difference of means
A Antigen 1—2 not sigmficant 1—3 P < 001 1—¢ P« 0001
B Clycogen 1--2 not sigmitcant 1 -3 P <007 [-—4 P <0000

N oa =3
0353883
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w € N-DECYLAMINE D PHOSPHOLIPASE A £y g Release of 5 HT from washed rabbit
2 100 100K/ 00/t platelets induced by A anugen 1 mg/ml
! B glycogen 100 ugfml G n decylamint
& 80 80 100 ugftml D phospholipase A 100 g/l

60 60 sn the presence of plasma presncubated for
= 30mmat37 G [ or56 G ¥4 Each ool
4 40 40 umn represents the mean percentual reledse
o 20 of 5 HT Vert cal ban represent standar
& 20 exrors N = Number of experiments
2 o [

nb n 4

Release after preheating of the platelets or plasma eed
Since the release of 5-HT from rabbit platelets by antigen and Llyco%ﬁ'{l was m:s: i
at 47 C it was dered of nterest to - 'I"'awhclhcr the obsers:
r 10 the plasm:

e c:::;g;“l: l!::rfl::l::s:d plald:l.r: which had been separated from plasma
e 2t 500 g 2nd resuspended in buffered salt solution The platclets were
:Zx washed smce 1t was found that more thar’:r Slc)d pl‘fhcl‘nllu:l;;h: i 1;{:; ;:;sc:;:a ;n
plateless that bad been wash ered salt so

c
e lptnss e 37 Cor4? C Platelet fre
cincubated for 15 min at ot
- pla!:d;l;:i bce‘:’;:z:rr; from blood of the same ammal by c:mnfugat;:::[::
glgls)g‘:‘:vzl;mmuhanmmly premncubated for 15 mun at 37 Cor47 C Thepl

cd twice with bu!
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Tantx 1F fnheb ¢ on of SHT release from rabbit platclers induced, by antigen and gheogen.
1 m = Release Doy measurable

Inkibrsar \nogen § mghal Gheogen 103 gfmt

“um- Releawmpercont um  Relesse n per tent
berof of controlw thaut  beraf  of contral v athant

expts  mbibator expit  minbitar
Mfean  Range Mean Range
N nhyd n S,10 M 3 am - ‘ am o~
i N4 10 am-38 5 28 nm ~54
2 I\ 4 42 am ~i03 5 35 » m.—-93
M 4 27 9100 5 93 80~112
Mhan K10 M 6 16 am-3% § 2% 348
73 10 M3 56 1~92 7 35 280
2210 N 4 10z L TER 100 97-108
EDTA 27,30 M B nm - g am -
Saheylal [N ) 59 W78 4 67 53-83
doume 3 10 N $ a3 67102 4 &5 87--87
10 v 4 100 3~ 3 as 88~ 10D
Hepann 1000 (Bl 18 am-67 6 37 am -84
100 [Efml § 41 am~87 6 9% 63117
10 FEfml & o 37~105 ~ — -

suspension and platelet free plasma were then kept at 37 € until temperature equilt
braten was achuered One mi of plaselet suspension x as then muxed with 1 mi of
plasma as follows
1 platelet suspension premeubated at 37 C plasma premeubated 2t 37 €
2 platelet suspension presncubated a1 37 C plasma preancobated ay 47 G,
3 platelet suspension premncubated at 47 G plasma presesbated 21037 ©
4 platelet suspennion prancubated at 47 C plasmia prencubated at 47 Q

Antigen or glycogen was added and scubanon continued for 15 min at 37 € Pig
7 shows that there was a signif cant reduction sn SHT tetease when the platelets had
been promcubated at 47 © The mhibivon of selease was sull more pronounced when
the plasma too had been prencubated at 47 € There was no significam seduction of

the releas when platelets premcubated at 37 € were mixed with plasma prancubated
atd7 C

Fromihesameind viduslammat hed plarel 2 ml of|
solution and premcubated at 37 Cor 47 © were meubated 38 37 C with antigrn or
thoogen No meaturabile selease of FHT ooourred which proves that the amount of
plasma rematae with um ashed platelets was msufficem ta induce releays

When phatelers wese prencubared a1 47 G for 15 mun 2 measurable spontancous
selease of 3-HT was demonstrated in 9 expts out of 18 Thu ranged from 15 10 37 per
cent Release 4 alues i these expensments were corvected for spontanenus release
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EJlOO Img/ml 6. 100 pg/mi
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B GLYCOGEN Fig 9 Influence of alicn and reduced

glutathiane on 5 HT release from rabbit
platelets induced by A anugen 1 mgfmt
B glycogen 100 pg/ml 1 Response to

& 80 80 liberator alone 2 Response in the presence

N of allan 25 x 10 M 3 Response in

,2 l¢] 80 ;Yae p\r‘:szzca of reduced glutathione 8 X

Response 1n the presence of re

w 90 40 duced glutathione 8 ¥ 10 ¢ AT and allicin

20 20 25 % 10 * M Each column represents the

@ mean percentual release of 5 HT n du
uj plcates

1234 1234

Tarre 11T Influence of d Ferent concentrations of sodwm chlonide on 5 HT release from
rabbt platelets mduced by antigen and glycogen Platelets were suspended in 1 ml
of buffered salt solution contamng chifferent concentrations of sodium chlonde
whereafter | ml of platelet free plasma contaming releaser was added Release
salue given as means Figures wathin brackets denote range n m  Release
not measurable

Per cent 5 HT relea ed
Cone of NaCl 1n buffered salt solution added to rabb ¢ platelets
Number

Releaser of cxpts 008™M 015N 023N 031M 046M 062M
Antigen 4 53 5 43 20 5 am
. 1 mgiml (32 3000 {38-100) (19-100) (n m-34) (nm-19) —
~Glycogen 5 44 68 69 78 6 47
1004g/ml (15-65)  (14-100) (12-100) (53-100)  (31-82)  (25-73)

In some expeniments washed rabbit platelets were icubated with platclet free
plasma which had been preheated for 30 min esther at 37 C or 56 C At the fatter
temperature the complement required for wmmune hemolysis has been shown to lose
1ts actity within a few munutes owing to destruction of C1 and € 2 (kabat and
Mayer 1961 p 160) Fig B shows that 5 HT refease by antigen was sigmficanty’
reduced (P < 001) and that by glycogen completely inhibited 1 the presence of
plasma preheated at 56 G Release by n decylaminc and phospholipase A was un

affected

Inkabiton of S-HT release . o
nts that are known to block different anaphylactic processes were inv
ftcc:!msrﬁchxbxmry achion on 5 HT release from rabbut platelets induced by antigen
decylamme and phospholipase 4
gl);::‘g:;c r:lnducc};d by antigen and glycogen was inhibited sn the presence of an amino
oup reagent mnhydrin and a sulfhydry] group intubitor allicom (Table 1I) The x:
ix‘bnl;ry action of allicn was reversed by reduced glutathione (Fig 9) LDTA w:
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also found to block such release {Table I} A reduction i release was obsenved wn the
prevence of sabicylak andhigh ¢ of heparm (Table 11} Whea the
concentration of sodmm chlonde was mereased in the buffered salt solunon added to
the platelets there was an snhibition of release by antigen but no signsficant reduction
w release by glycogen {Table It}

Release of 5-HT from rabbat platel ts nduced by n-decy lamme and phospholipase A
was 1ot snhabued m the presence of nnbydnn, 5% 104 M alias 5x 10 M
EDTA 27 ¥ 10 M sabcylaldoume 10 A and hepana 1 000 TE/m] (4 expts with
each miubitor) Nor was the release whabited when the concentranon of sodum
chionde 1 Ge buffered salt solution was inercased to 062 M {4 expts }

Dhiscusston

The present observations that anugen and glycogen cause concomitant relesse of S-HY
and histanune from rabbue plateless confirm the work of others {for references see

Introduction } ¥t w evident that abso n-decylamme and phosphalipase A cause
simultanequs release of 3 HT and hustamne from rabbet platelets Whether the two
amunes are released from the same or simular binding stes 1s not known Mclean
~ichelson and Hertler (1953) however hase suggested that S-HT mught be held e
platelets 10 & different manner from hwstamune since reserpine tyranase chlor
promazine and wupramuine were found 1o cause the refease of 2 major poruonof § HT
fram rabbut platelets without any marked decrease m the plateler bustamune

It 13 now well established that anaphylactic S-HT release from tablat platelets
Teguites the presence of plasma Mot enly antibody but ako other plasma components
seem to be imohed in thas release Release of S-HT and histamine by anugen and
punfied antbody or antigen antbody precpstates has thus been shown to oceur onhy
of plasma 1 present (Humphrey and Jagues 1922 Barbaro 1961a, 1961%)

According to Humphrey and Jaques {1955) Barbaro (3961h) and cbservations made
in the present study anaphylactic 5 HT and hustanune release from rabbit plawlets is
dependent on the presence of 2 temperature sensitive plasma componens the actvity
af which 13 sigmficantly reduced when plasma 1v preheazed for 30 mun at 56 € The
hravarnsiine system m plasma does not scem to be sdenacal with ancbody simce
heatng of antiserum 1o 56 C has been shown to have no grear effect on the abibity of
subsequently Tormed antigen anubod) procipitates to relesse hustamune fom rabbit
platelets (Rarbaro 19612} “ar does st seem Dikely that the hear senutne component of
plasma 13 identical with the beat latnle complement required i smmune hemolvas
since the heaung of plasma to 56 C only reducrd its }istamne releasing power buy
completely inhibuted the complement activity {Batbarg 19610

When | mghal of antigen was added to a plateles nct plasma suspenuon 1t was
wsually impassible to zefease all the 3-HT present in the platelers o sgmfiant ad
digon i the amount of 5.1 seleased could be abtaned with an antigen dose as large
as H g mt Thas could be due to a certam relanonship between antgen and antbody
or ather plasma components betsg required 1n the release

Release of $-1ET and histamme from rabbit platelets s response 1o anugen doet oot
3rem o occur dunng the first mimute{t) of incubanon although fow ame ints mav have
been Liberated whick could not be demonstrated with the testmethods wed Obsena
nons by Melngre (1937) alsoind nxc that there 1 no redease duning the first munuteqst
of b In by release from rabbit Hood i rim dd not
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duffer from the spontaneous release encountered m the controls Melntyre also, found that
the premoubation of anuzen with sensinized plasma for 3 up to 30 min before mixing
them with normal blood did not shorten the lag period Tt therefore seems hkely as he
suggests that part of the lag represents the time required for Proper onentation of the
antigen antibody complex upon the platelet surface or for the mitiation of some active
process 1 the platelet

The curve relating antigen 1nduced 5 HT release to temperature shows that there 15
a temperature opimum around 37 C At 47 C there oceurs an irrey ersible snhibstion
of the refease which according 1o the present results appears matnly to be due to a
change it the platelets There 1s endence however that the activity of plasma s also
mfluenced

If'the data presented :n Fig 4 A are plotted as the veloaty of antigen mdaced release
agamst 1fT no straight line relationship s obtained Thus means that there 1s a change
from one salue of activation energy to another at different temperatures The findngs
1ndicate that the release im olves different types of reactions which occur concomutantly
or succesavely

The finding that antigen induced 5-HT release from rabbut platelets has a distinct
femperature optimum suggests that enzymatic mechansm are mvolved The observa
tions that mnhydnn and allicsn mhibit the release are also compatible with such a ug
gestian mince it 18 known that many enzymes depend on amimo and sulfhydnyl groups
for thewr activity  That allicin caused a spearfic. block of the sulfhydryl groups 1s ndseated
by the fact that reduced glutathione sestored the release of 5 HT

At present 1t seerns unlikely that — ax sugpested by Humphrey and Jaques (1955) ~
a plasma protease 15 mvolved i the release since antigen induced 5-HT release from
rabbut platelets 33 mhibated at 47 C while proteolytic merhanisms have been shown
1o be activated above 45 (. (Ungar and Damgaard 1954) Nor does 1t seetn hikely that
phospholipase A 1s mvolved in the release since its effects could not be inhibited at
47 C or by the agents found to block or reduce release by antigen

From the present findings 1t appears as if sahicylald and hy b cong of
sodium chloride — known to block the binding of Q 3 m unumune hemolysts {Mds and
Levine 1958 Becker and Wartz 1959) — mbubst antigen induced 5 HT release from
rabbut platelets by a different mechansm Salicylald and high of
sodium chlonde were thus found 10 mhibit such release even though antigen and plasma
onmponents had been allowed to react with cach other biefore the addiuon o weashed
platelets suspended i the buffered salt soluuon contaming inhibitor

The inhihitory action of bepann on anugen mduced 5 HT release from rabbit
platelets a8 observed 12 the present study 1s n accordance with obsenations brst
made by Dragstedt Wells and Rocha ¢ Sihva (1942) that bistamsne release from rablit
Blood elements 1to plasma s whibited m the presence of hepann Johansson (1”60{_
suggested that a posible role of hepannin anaphylaxss might be to present the onset o
mtravascular coagulation. However since the amounts of hepann required to cause @
sgaificant reduction of anugen winced 5-HT selcase from rabbut platelets by far ‘];
ceeds the amounts necessary to prevent clottng at seems Pprobable that heparin acts -
1means of another mechamsm The ifubitory action of hepann might be d(:t K‘U e
abality to form msoluble salt with prottin Uﬂ:a l:g)i:; to block the activity
m-;-:m “ﬁmgi:ruﬁlli&?ﬁﬁ'x,gm mduced 5-HT release from r2bbit
Plxrc;:; ‘2 anapbylacnic hastamme release from tssues of certain anumals Antige?
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induced histamine release from for anstance rat and guinea prg tissues 1 thus nhibited
1 the presence of amino and sulfhydryl group blocking agents and EDTA and at

above 43 C F antigen induced histarine release from guea
pig lung 13 mhibited 1n the presence of 1 and high of
sodium chlonde (for references see Mongar and Schild 1962) It 15 concervable that
the mechanisms nvalved m antgen mduced 5 HT release from rablnt platelets and
1n hustamine release from certain tissues follow to some extent a simlar pattern.

The findings w the present mvestigation give further support for the theory of
Waalkes and Coburn {1959b 1960) that antigen and glycogen release 5 HT form rabbit
platelets by the activation of simular release mechanisms Both processes thus require the
presence of plasma take place at a similar rate depend on temperature m by and large
the same way and can be inhibited by the same agents The only difference found so far
between the two systems 1s m respect of their tohigh of sodirm
chloride There 15 as yet no adequate explanation for ths finding

Other polysacchanides have also been shown to release 5-HT or histamune from
rabbit blood ¢ g dextran and starch (Haiung 1955 Vvaalkes and Coburn 1960)
Amylopectin on the other hand has been found not to release S-HT from rabbit
platelets under the same experimental conditions a3 1n the present invesugaton (Wes
terholm  unpublished observations) Although there s yet no evidence 1 favour of
such a suggestion the rabbit may have natural antibodies against certan polysac
charides Nelson and Lebrun (1956) have observed that sera from several species m
cluding rabbit contatn anubody to starch

It 13 evident that release of 5-HT from rabbit platelets induced by n-decylarune and
phospholipase A cannot be blocked by the agents or treatments found to snhibit release
by antigen and glycogen It seems hikely that n-decylarmine and phospholipase A cause
release of 5 HT and hustamine from rabbat platelets by mechamsms different from those
ivolved 1n release by antigen and glycogen

Financial support from harolinska_Inst tutets R lag Svenska S liskapet for
Medicinsk Forskning and grant N 1H A. 4063 C 2 15 gratefully acknowledged
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Enzyme Activities 1 Various Organs of
Hypophysectormized Rats and Rabbits
By
Dora Jacopsors 5 Larssov and A VoRoREN
Rece ved 24 June 1964

Abstract

Jacobsohn D S Larsson and A Nergren Enyme acti he a4 cariou o gans f kypophy e
tmisd of and abb i Acta phywol scand 1963 63 271-—284 — Theact vit es of n ne diffevent
efizymes {glucose-uphospihatase combned actn ities of ghicose-b phosphate dehydrogensse and
G-phosph dehyd A wsamerate aldola ¢ wo-aitaie debydros
génase facue defiydrogenase glutam c-ovalacet ¢ transrmumase glutaniic pyruwe wansam nase
and glutame ac A dehydrogenase) ere measused i hver skeletal muscle cerchral cartex
hypothalamus adrenat castes and thyo d glaad of hypoptuseciamuzed rats and rabh s The
+ ater 20 fat contenty were determ ned in 1 ver sad muscle DYA and p oten were measured
33 ussues \lter hypophysectomy the acuviues of the Embden Meverhof enzymes were
unaffected when the values w ¢ expeossed per un t wez waight ar per unt poat o When

alcutated on untt DNA the actnt e of almost all enzymes were Uy most tsses 3 gu ficantly
det ea od alter hypophysectomy Thus find ng ts due to the fact that except fur ereb al co tex
ard hypothatamus n rabbus the DNA content of 1 ussues scud od v emif cantly ne eased
afie hypophyscciomy The observed changes i enzyme acas t e and DNA cont nt 5 ih
# ues are d scussed n relation 1o hormanal and d tarv afluences on enzyme activities

blason af the pitunan gland weolves the removal of hormones regulaung mter
mediary metabol ¢ processes either dir oty oF via endocnne target argans Because of
1 sbeente of the b acuons th b of 1he bypopt: diadual
o mantan homeostams 1 smpazed  fncreased demands on the general meizbalisn
such as necessary for growth of Lssues cannot be met with This situation hias been
clanfied by mamfold 1 estigations of ne1 efferts of harmones on carbolsdirate protein
ana B2t metabolism (of hapnis 1962 1 wctle so0ms to be kna 1 about hormenal effects
on hifferent sieps 1n the intermediary metabolsm In most of the studies avastabile so
far amuno acids and enzymes were determined sa selested tsues # basox Sucrbach
and Lin 19561 Harper and Y oung (1959} found that glucose-6-phesphatase decreased
B vat fnec after hypophysectoms  and Smpes and hostyo (1™ observed o depression

271
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1 the accumulation of utilizable ammo acids in the diaphragm of hypophysectormzed
rats

The marmtenance of homeostasis can hardly be achieved by adaptations of a single
metabofic process and 1t scems desirable ta dlanify the conditions prevailling con
comstantly i several different metabolic systems An attempt to approach the problem
with this sn mind was made by Tich and Chaikoff (1962) The authors studied nearly
all enzymatic activiucs 1nvolved 1n the metabolsm of glucose in the lver of alloxan
diabetic raty The results showed that the metabolic changes were not due to a single
rate imtting enzyme

The considerations leading to the present on hypoph: d vars
and tabbits were the same as those of Fitch and Chatkoff (1962} With regacd ta the
metabolism of glucose and interactions with g aming acids the following enzymes
were studied 1 Glucose 6-phosphatase (G 6 Pase) 2 Combined activities of glucose
6-phasphate and 6 phosphogl dehyd {G 6 PDH) 3 Phosphohexose
somerase (PHI) 4 Aldolase (ALD) 5 Iso-Citnic dehydrogenase (ICDH) 6 Lactic
dehydrogenase (LDH) 7 Glutamic oxalacetie transaminase (GOT) 8 Glutamic
pyruvic transaminase (GPT) 9 Glutamuc acid dehydrogenase (GIDH) The tssues
studied were Liver skeletal muscle cerebral cortex hypothalamic tissug {rabbsts only)
adrenal cortex and thyroid gland (rabbits only)

Materials and methods

Lxperimental anmats
Ra{: Fortymne males bred at this Institute were used % pelleted dict (PFRROSAN T
Malmo) and tap water were frecly avaslable During about 3 weeks alter demedullation of
enals one percent saltne was provided m add ton to the tap water Tor the hypaphys
rats the diet was suppl d with wheat whute bread and fresh mil
At the age of about 4 weeks a group of 12 rats was unilacerally adrenalectom ed the 1o
amming adrenal gland beng dem dullated The 5 liab ity of the method was confirmed by
_ntcroscopic examhnation of senal sections through demedullated adrena) glands of rats n t
presented here Wh n the rats were 3 months old about half the number of rats of th groups
with and without a demedullated adrenal gland were hypophys cton 1zeq by the parypha
ryngeal route (for control of completeness of hypephyscetomy see Jacobsohn 196%) Th \:‘m
were as far as possible randomly distributed within litters Tissues were obtuned afier 4
capitation of the rats a fortmight after hypophysectomy that s at the rats age of 31/2 mon:l
Rabbuts Twelve adult white males were used Al rabbits were purchased from the sxme breedes
and fed ad fibtum with pellets (Forss Lid. Stockhalm) mixed gram beetior and tap w2 &
Occasonally carvots were given 1n addison Lo avaid the prssibility of cocaidiosis a sulranm;m:
derwvative (Rigewol FFRROSAN Led ) wa; added 1o the deking water during the
! fter the arnival of the rabbuts st the institute
* Asl'tg::!paen;d of at least a fortght at 1he tastitute b rabbus were hypophy!m[omu:d‘bh) é,::
tacsugeal route {¢f Jacabsohn 196%) About 3 weeks afier hy pophytectomy with o)
e on 2% 19 days (h abluts were decap tated and tisucs removed for study Tor
:m;bor the completeness of the hypophysectomy the ::n éuxun around the b:léc ul'::j a[r:xt
e
were removed 28 for as possible The sella arewcs with adiacent s were d secred e
o i i dunngseversl wecks m Bown s solanon, bk e et 1
selta turoica and the median erunence of the tber o s oy
paraffin wax and cut into senal sections of 10 g lhl;kr::s[su;\‘u:: i:mjargobm{m ey e
ned for residual hypophys ucs (¢ 1
rosin e sections wer SR fete when (h microscapic examination of the K%
hypophysectamy was regardod 23 comp o S fand cells Rabots which at the final contet
res a )
scctions fuled o reveal a0y an eflel PN omized were excluded from the present n atera!
ﬁ:ﬁ;’xéhu n?lll?:zlygu;hysmmmzed rabbits temamn d fa rly constant
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Treatment of the tissues

Post mortem the tsssue samples t0 be stu lied were remaved as qu cklv as possible The samples

crc then with the exceptions given below homogenized i ice-cold ssotonse sucrose i an all
glass horogrnator Laver samples were taken fram the ceatee of the major lobe 1 both species
13 the rabb ¢ parncular attention was pa d ta avoid 3 ruprure of the gallbladder or of any of
the Larger bule ducts, The muscle samples were taken from the caudal parts of the longusymus
d 1 10 the zabbut and from the gluteus region i the rat. The adrenal cortex was carefully
dussected frec from medullary nssues Demedullated adrenals were cleaned from surrounding
tisucs The thyro d glands of the rabb ts were dissccted free from fat and connective trsue
Tn both species the ssmples of the cercbral cortex were taken from the area just eaudal to the
gm0 gyrus. In the rbbit simples from the hypotbalamus i 1t medial pares were aso
taken

Biochemical determinations

The fusue p o 1n cantent was determuned accord ng to the method described by Ellman (19¢2}
based upon 2 modification of the Buret react on ut lming changes in the ultraviclet spectrum
accompanying the eaction The method presented d Fcultes i determmat ons of protem 1
the adrenal cortex because of the occurrence of a pronounced opaaits. The method of Lowry
ot 1 {191) was preferred in this hssue

es pymdonuclen, ac d (DNA) was extracted from the pssue i most cases acos ding to the
method descnbed by Schoeder (1985) or by Schaudt and Thannhauser (1943} The DNA
content way determined esther by the method descnibed by Cenatts (19521 or by Dische (1930}
23 mod fied by Racker (195%) At an early stage of the mvest gat on extra “uon and determina
ton of DV A was made according to Scott Fraccastoro and Taft (19:6)

Gluc s2-Gophosphats ¢ (G6-Pase) act 1ty was deternuned as described by Schwartz and
Zodaraky {1961) a method based on the col of the u or c phosph
biberated 1n 30 mun from glucose-6-phosphate as pH 6 5 The furar plosphorus was determmed
10 the same way as the en_yme but wath the omuss on of glucase-6-phosphate Phasphorus was
determincd by the method of Fisk and SubbaRaw (1923}

Comb ned activities of glucose-6-pho phate and E-pho ph glaconale d hyd genase (G-6-PDH)
were determined according to the metbod by Glock and VcLean (193) essentally follow ng
the modifications used by F tch Hill and Chakoff (19391 3s whole homogenates were used

9 the present study it was found nevessary to prec pitate the proteins with cthanol and sodium
sulphate 1o avo d opacity The comb ned activity of the d hydrogenases was also determined
accord ng 1o Scheidt Schmidt and Wildhert (19581

Fhosphoher se tsomerase (PHI) was detertnined acco ding to the colonmetric procedure de
scnbed by Schwartz and Bodansky (1961,

Mdolss (ALD) was measured a5 descnbed by Sibley and Lehninger (1949 based on a

f the formed by th  triose phosphates by mteraction

o
with 2 4-d nutropheny | hydrazine

TP\ perific socutre dehyd - genase (FUDH) was determined ccord ng to the m thod deseribed
orig nally for serum bv Ba on and Bell (1937 The tissue oncentraton used bere was 1 500

tic dehydrogenase (LDH) was d termmed a cording to Cabaud 2nd Wroblevsk (1948

based on the iteraction of ketogroups w th ? 4-din trophen ! hydrazin to form hydrazones
Tre usue homogenate was diluted to a 1 nal con entraton of | 2 RO

61 tamicox lac e (GOT) and glutrmecpyree (GPT  travaminases wer  determ ned. olon
metrically a cording to Re tnan and Frank | (1957 In these ases th ussue samples were
homngenzed n 01 M phosphar bufferat pH 7. Comp rison with samples homoren zed in
WOIOT © sucrose saln or water g2 denucal resula The final d Junions of the e mogenates

erein all cases I 500

Gl tamcacud deind genase GIDH ¢t tvwasd termuned ccord ngto Copenhave  \cShan
and Meyer (19,0) us ng sem carhaz d toobtan tru  deh drogenasc vahies When sem car
ba de was onutted tn trased Qo af @ were found protably due ta ex Jatin of @ keton
elutarate

Bt nd f t content was detcrmined s ng pet oleumeether o extract the fat 1n a Saxleth
appa atue
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Tarer L Mezn 2 standard ervor of mean (eomber of ebsernalions) of actscr.ses of the ensymes indicated
The salues are calculated per g wet weight. The data are expressed ax £illows
gland determined according 1o Glock and AMclean 1 9.3) PHI mg fractose frmed
wun, LDH a3 pyrovate pom erted per g GO and GPT M glytamate formed
The differcnces between wtact and hypephysectomuzed rats have been caloutated

VA G-6-Pase G-5-PDH PRI
Laiver

Intact 422012 113£05 8232870 4224
(24) (15) 7) (14)

Hypophysect. 732029 71044 291321 531226
124 1) (18) 12
Muscle

Intact 10200 132009 254004 725-76)
123) 1) 10) o1y

Hypophysect, 14007 091006 30100, 785=62]
247 104 (16; 1)
Cerebral corcex

Intact 242018 051008 682151 2921340
my (19; (8 (8)

Hypopliysect, 292007 05004 4062247 2024371
t3,* 120; 74 18)
Adrenal cortex

Iatact 731089 152012 44792733 422067
2t 110, (10, &

Hypophysect. 169243 302043 19652222 28+0%
RO ro & 10, 8y

Results

The pro cin content of by or and m scle scemed to have 2 tendency tofall afier hypophys-
octomy  Significant chznzes were not found howener Desopyribonacleic acd (DVA)
The amount of DNA 1 bivet was determuned wath different methods of extraction, ard
vtk different colour reactions A diffrrence between the extracton metbods of
Schamder (19421 and Schudt and Thannhauwr 11943 was nof found The resulis
obtaned wath the method of Cenoty (19221 unng indole and that of Dische 119304
modified by Racker (1942 wsing diphrmlanune to react with desorynbose did pot
&y Hawmer the mcthod by Scott e of (1956 mmolving a great number of steps
gareJoner salues. In addition 1t did not s~em to be sufficently speafic for D A

Agmay b seen from Table 1 th~ D\A content of the rat In et increased ajter hvpophvs-
I also ancludes the yalurs obtamed from other tissues of normal av!

Beer the DNA content of these ussurs was sigoih

ectomy  Table
brber tb

hypophysectormuzed rats As for the
canth laghr 1n the hvpophviectomuzed fats Thus was true srrespecte of w
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n Fig I — Rats

DA{ mg G-6-Pase g P relcased i 30 min G-6-PDH JE, per mun (actvity 10 thyrod
1n30 mn ALD M fructose | § phosphate split per mun JCDFf m\f TPNH formed per
per mim

accord ng to Studentsttest P <0001 PP <00l P <005

ALD ICDH LDH GOT GFT
13E10 364016 2354132 3304251 2442183
(10) (14) (19) (24) (73}
1304036 394022 174330 51771 2641765
ay (12) (24) an (16)
1013211 16 124013 275419 314284 51+078
(10) (15) (18) (14) (25)
8711766 134009 2354138 263:£121 423015
(10" (13) (24)* (13) 1)
1062097 094008 34443 1924222 16£019
(8) {8) (7) {8) (8)
89Liiz 091009 47459 2101270 18037
8) (8) (8)* (8) (8)
461052 334047 45433 3254371 271018
(8} ) (8) (9) ()
38:053 294035 52496 128528 19£019
® (8 n (8) (10)

TAvLE 11 D 4 content 1n d florent tissurs of ntact and hopophysectoms  ed rabbats
Mean &5 e m (number of obscrvations) of the DNA content given in mg per g
wet weght D ferences between ntact and hypophysertomazed rabbus have been
calculated according to Srudent ttest P < 0001 4P - 001 P < 00>

Body we Cerebeal  Hypo- Adrenal  Thyrod
(kg) Laver \hwscle  cortex thalamus  cortex gland

Tatace 304020 37037 091003 74=010 551037 311060 741040

6) 6) 6} [y 16 6 (6
Hypo 253013 68+045 11-00 23201 55_043 1 41165901051
physer  (5) (&1 6 6 6) 7 ()

toms ed
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Fig 611 Actimites obserced wn hypophysectoms_ed sabbsts on the en ymes indicated 1n Iig 1 The
values are caloulated per umt DNA For comparison the enzyme activities of wtact anumals
are given as 100 Six mtact and sre hypophysectomized rabbits were used for cach enzyme
determination The differences b tween muact and hypophysectomized animals have been
ralculated according to Student s f test
<0001 Figh 123458 Fg 76Ty 106

M«00l Fig 6 7g 10 123478 FgIl48
P<00sFig7 478Fg967Fgi105Hkg1l7

.

values ssmafar to those obtained ffom the adrenal cortex (fig 11) Determmations
aceording to Schamdt ef a! (1958) resulted mn very low values i both mtact and
hypophysectomized rabbits The causes Iying this peculiar discrepancy of values
found m the thyrod are being studied

Phosphohexose tsomerase (PH1) and aldolase (ALD) Except for liver (PHI; and muscle
(ALD) sigmificant changes were not observed in any of the tissues studicd when the
activitses of the eazymes were calculated on the basis of wet werght (Table 1) As may
be seen from the figures differences appear when the activities are expressed per umt
DNA Thus holds true for all ussues except the cerebral cortex (rats and rabbits) the
hypothatamus (rabbits) and muscle (rabbuts)

TPA spectfic 150 cutric debyds (ICDH) b to hy
acuvity of this enzyme calcufated per tne DVA was decreased tn hiver and adrenal
cortex (P < 00D1) of rats and rabbits and cerebral cortex of rats (P < 0 0s) Changes
Aid 5ot occur 10 the other bs ues studied (Fig 2—11) When the results were expressed
per umt weight no differences could be obtained

Lactic debipdrogenase (LDH)  Except for adrenal cortex salues expressed per unit wet
weight did not reveal any sigmificant changes (n the various tssucs afier hny pophysec

hysectomy the
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tomy The figures obtained for cerebral cortex were higher than in the intact controls
(Table I} When the results were based on DNA the acu 1ty of LDH was decreased 1n
the lner muscle and adrenal cortex but not in the other tisues stuched (Fig 2~—11)

Glutamicoxalacetic (GOT) and glutamue pyrizze {GPT) transaminases Except for bram
a sigmificant decrease w GOT and GPT actnties (expressed per umt DV 1) was
observed 1 all tusues studied after hypophysectamy (Fig 2—11) Inmuscle and adrenal
cortex of rat but not i the other tissues signtficant changes were also obtaned for
GOT when calculated per umt wee werght {Table 1}

Glutame acrd dehyd ogenase (GIDH) After hypophysectomy the level of glutamic
acid dehydrogenase was not sigmficanty changed 1n Iner and muscle wrrespectn ely of
how the results were expressed Dther tissucs were not studeedt

14 ater and fat content of the Iner and muscle were not modified by the removal of the
prtwtary gland

Discussion

¥n the present 1 ork interest v as devoted to amongst other things the ealeutanon of
results When the values obtamed were expressed per unit wet weight or per umit
protein no changes of parucularly Embden VMeyerhof enzymes could be revealed
after hypophyscctomy This holds true for the atric acid cycle enzymes and for the
in lver After b ES 18 generally present
and 3t was shown that the number of cells per \mght or volume unit of bissue increases
{¢/ D1 Stefano and Diermeter 1959) \s the D\ A content per weight or volume unit
of tissue may generally be regarded as indicating the number of cells present expression
of 7esuhts 1 terms of DNA content would seem more appropnate It should be recalied
that 1n the present work at least two wecks clapsed between hypophysectomy and
study of organs The reason for examinmg the rats and as far as posstble rabbits ar a
set age 1s the finding that enzvne acuvties change with age (Ross and Ely (9545
The results will be discussed in the sequence indicated by Fig § The order chosen for

organs will be Laver skeletal muscle cercbral cortes hypotbalamus adrenal corfex
and thyroid gland

1 Glwase -phasphatase (G 6-Pase)

After hypophysectom) this enzyme necessary for the refease 1nto the blood of precursors
of glucose6-phosphate and of free glucose from the glycogen poot was found unchan-ed
o the brun but reduced in liver and muscle (Table I Figs 2—+# and 6—2 The
result agrees with that reported by Harper and Young 1359) in bner of hypophssee
tomized rats Harper and Young (199 did not find any changes mkidney In ths
connection it stould be mentioned that the procedures used m the present work seemed
o permat the detection of G-6-Pase i braun and muscle and that the differences obsened
»n muscle before and after hypophysectoms were s qruficant ( Table I Fie 31 The result
should be regarded with caution howerer since the hydrolysis of ¢ lucose-6-phosphate
; muscle and cerebral cortex mucht hay  been catalvesd by phosphatases with low
substrate speaifictty,
That the G-6-T'ase may be hormone dependent 1s ind cated by th Findan~s of authors
who performed studses under other ondii iy In diabetes for anstance elevated el
of C-6-Pase were found 1n the [ ier by \shmore Hastngy and Nesbett £1954) and bv

Langdon and Meaklev (195 Addiuon of insulin to the alloxan diabetc rats of
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Ashmore ¢f af (1954) reduced the increased actvity Harper and Young (1959) found
that the sdmumistration of growth hormone to hypophysectomized rats resulted 1n a nise
of G 6 Paselevel Langdon and Weakley (1955) found that growth hormone or cortisone
did not wfluence G § Pase activaty i the intact rat Weber ¢t al {1956) who used bigh
doses (25 mg per rat daily) abserved that corisone caused a marked inceease of G6-
Pase activity 1n tntact rats

The decrease of G-6 Pase which occurred after hypophysectomy 1n the hver appears
unlikely to be due to the absence of grawth hormone and ACTH TSH may be more
ymportant Rats treated with thyrowine showed a rased G 6 Pase activity 1n the hver
(¢f hnox et al 1956) Tata et af (1963) showed that trt 1odothyronme produced a
marked but transient stmulation of G 6 Pase in the Invernucrosommes of thyrordectormized
rats

Nutnitional factors should also be mentioned According to Knox ef al (1956) a diet
low 1n glucose produced decreased actiities of glycolyhe enzymes but not of G 6 Pase
n liver When glucose was replaced by fructose small changes only, were noticed wth
regard to the actvaty of G 6-Pase (Fatch Hill and Chaikoff 1949 and Niemeyer 1962)

The decrease 1n G 6 Pase activity after hypophysectomy was more marked 1n the
rabbut than in the rat In contrast the specific activity wa consid rably higher 1n the
mtact rat than in the imtact rabbit Ths 15 probably due to the fact that rabbuts are
herbivorous ammals which utihze carbon fragments more readily than omnmnorous
rats
G 6 Pase activities of the adrenal cortex of intact rats and rabbits were low A modifi
cation of this situation by hypophysectomy could not be demonstrated As mentioned
above when discussing sheletal mu.cle and brain tissue the activity found nught have
been due to unspecific phosphatases

2 Combined atwaties of giucose 6 phosphate and 6-phosphogluconate defydrogenases (G 6 PDH)
In the hypophysectomized ammals the activity of these dehydrogenases was markedly
’ decreased 1n the liver and to a lesser extent in muscle It should be mentioned that the
actity in muscle of intact animals was very low a finding which asrees with the results
of Glock and McLean (1955a) The difference found im the brain tissues was neghgible
The findings would seem to ndicate that the hexose monophosphate pathway 18
used to a lesser extent in the hver of hypophy ectomized amumals The change should
1n part be explained on account of endocrine disturbances Glock and McLean (18452}
found that thyroxine treatment produred an increase i the levels of actmty of these
dehvdrogenases 1 the hver In allovan diabetes decreased values were reported
{Glock and McLean 1955b) Tepperman et al (1961) reported that restoration of shuat
actwity occurred when hypophysectonuzed rats fed a high fructose diet were treated
math 2 combination of growth hormone cortisone and trt rodothyronine Ttk 2
standard diet trs sodothysomne alone restored. the values in the lver of hypophysee
rats
lor;':l ::c adrenal cortex and the thyroid gland a marked decrease of the camb{mt:‘
actiities of G 6 PDH occurred after hypophyseetomy {with regard to the thyroid g ;;:d
see Results) The results support Tepperman and Tepperman (1960) who s:gg .
that hormone synthes:s is clos'ey related to the activity of the hevose mm;lop m]ﬂc o
thway As mentioned above the same pathway 1s less acuve in muscle wl crc\ f -
x’:etabohsm normally proceeds almost exclunvely wia glycolvsis (Glock and M

1953)
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That the diet may change the actnaty of the hexose monophosphate enzymes was
shown by Fitch et al (1959) Of mterest 1s also the finding of seasonal vanations m the
1evels of the 1wo dehydrogenases in the hiver {Glock and McLean 1955a) In the present
study this ob was d Thedeh: were lugher 1n
summer than m winter Seasonal vanations were not apparent i the hypophysec
tomized ammals

3 Phosphohevose somerase (PHI) and 4 Aldolase (1LD)

These two enzymes mvolved n the Embden Meyerhof pathway showed marked
sirularsties after hypophysectomy ‘The results differed between tissues In hver and
muscle a decrease 1n activity of the tv o enzymes was revealed only when the values
were calculated on the basis of DV A No changes appeared in the bran Fitch ef ol
(1959) found that the actvity of PHI and ALD in rat Inver mcreased when the regular
food was replaced by a diet nch n fructose

In the adrenal cortex and the thyrord gland a signuficant decrease was observed
wrrespective of the mode of calculation This finding suggests that a decrease occurred
not only m the dehydrogenases mvolved m the pentose shunt but also 1 enzymes
i olyed 1 the glycolysis according to the Embden Meyerhof pathway

5 ILsoriric dehydrogenase (IGDH)

The changes observed after hypophyseetomy were pracucally the same as for LDH
(6) The activity found i the vanous tissues of intact rats and rabbits were not much
lower than m the iver ICDH actinity 1n rat hver appears to be relatively msensitive
to carbohydrate changes 1n the deet (Fuitch and Chakof 1962) Since the authors just
mentioned found esther an increase (PHI ALD and LDH) or no change (ICDH) the

decrease of these enzymes found in the present work can hardly be due to dimmshed
food intake

6 Lactsc debyd agenase (LDH)

Both 1o hver and muscle there was a decrease of LDH after hypophysectomy The
decrease was sigmficant only when the values were expressed per uut DNA Astolner
l:e activity 1 as low about half that of intact controls There was no difference wn the
ram

A marked decreasc was also found 1n the adrenal cortex and the thyroid gland
although the values observed in controls were considerably lower than in the liver In
the study referred to above (Fitch and Chaikoff 1967) LDH was found to increasc i a
umdlar fashion 25 did PHI and ALD

T ansaminases {7 GOT and & GPT)

In all ussues studied except in the bram the actaties of GOT and GPT were decreased
after hypophysectomy provided the values were expressed on the basis of the DN\
content When calculated per unit wet wesght differences were found only with regard
to GOT in muxcle and adrenal cortex which confirms results obtamed by Bartlett and
Glynn (19502 and b) on hner and muscle

Rosen et al (1959 reported that cortisonc or cortisone denvatives increased the GPT
actvaty n dner of intact animals regardless of the basis of companson Elevated trans-
aminase activittes 1n livers of diabeuc antmals have been reported by Copenhaser
Shiples and Meyer (19511 Rosen et of (1959) also showed that 1n allovan duabetic rats
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the actr sty of GPT was greatly increased This increase was prevented by admumstea
ton of wnsulin Rosen et al (1958) further found that the level of this enzyme 1n fver
was durectly related to the protein content of the diet Thus the specific actvity of the
enzyme 11 the hver of amimals fed a jugh protemn dret was increased manifold when
compared with control animals fed a dict without pratein It shoyld be pomted out
that this effect also occurred n adrenalectomuzed ammals Waldorf of of {1963)
found mncreases in GOT and GPT 1n Iner of rats which recenved 2 Iimited amount of
food or dsets rich 1n easem and fat Feeding low carbohydrate high (3t dirts cansed
no change in the activity of exther enzyme

9 Glutars acd debydrogenase (GIDE)
In the present study the actnity of GIDH was changed after hypaghy ectomy nesther
an Tver nor 1 muscle It bas been seported that the enzyme level may decrease afier
hypophysectomy (¢f hnox et of 1956) The present study confirms the results obtained
by Gachler and Mathies (see fanox ¢ al 1936}
Among the consequences of removal of the pitwitary gland 1s a decreased food tntake
which 1 part 1s due (0 a Jower basal metabolic rate On the other hand hormonal
h cxert an mdisp ble wfluence under stanvation in order to mantan
homeostasss {¢/ Rnox ef ¢ 1956) Changes occurning in enzyme activities of arumals
deprived of their pituitary gland may at least to a certamn extent be due to modifica
trons in food 1ntake (hnox e¢al 1956 and Niemeyer 1962) In young and adult rats with
intact prttary gland Ross and Ely (19542) found that low proten diets resulted wathm
0 days in a decrease 1n factic and sucainte dehydrogenases in the frver Vamio ef &
(1959) confirmed the results of Ross and Ely (1054a) and found m add:tion that food
restriction per se had hittle or no effect on the unit activity of the enzymes
Nevertheless in the present work 1t seemed necessary to begin with a study of enzy
matic patterns owcurning after hypophysectomy without regard to the quantity of food
ingested by the ammals Effects of dictary modifications on the enzymes studied 1n the
present work have been mentioned above Further studies on hypophysectomized
anrmals treated with physiological amounts of hormones with known metabolic actions
are bemng perfc d tn order to tigat J 7 d
enzyme systems and tissues studied here

lly m the
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The Importance of the Legs 1n the
Thermoregulation of Birds
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IncER SterN and J B STEEN
Rece ved 21 June 1964

Abstract

Steen T 204 ] B Steen The umportance f the legs 1n the thermoregulaton of b ds Acta ph)! o

scand 1964 67 285291 — The proportion of the total heat produchion of herons an

wh ch at ambieat temperatures ranging from — 10 C 10 35 C 15 dismpated to cold vmer or
air surrousding their legs has been measurcd At low ambrent temperatures loss than 10

of the metabolic heat i lost from the legs At higher amb ent temperateres an mereasing pro-
portion of the metabolic heat as lost from the legs and at 35 € almost the entirc heat pied e

¢ on 13 dasmipated through the legs Heat loss 0 water was found to be about fous tumes higher
than to a1 of the same temperature The degree of heat loss from the legs was show® to react
within seconds to changes i zmb ent temperature Likewise pasung stopped mmmediately
when the legs were uregated by cold water It s concluded that the naked legs of these birds
serve as cont olled heat condusts of great 1mportance m thermo egulation

Although the Iegs of both mammals and birds serve the same main functon of locomo-
tion evolution has selected umsolated Jegs 1n most birds but furred legs m most mam

mals This difference may be related to and may also have influenced the develop-
ment of dfferent thermoregulatory mechamsma i these two groups of ammals Thus
1t appears as 1f the naked legs of birds secondarily serve the same funchion as sweating
does 10 vanous groups of mammals Kahl (1963) showed quite convinangly that the
legs of the wood stork are important s the thermoregulation of these ammals The
body temperature of the storks in 2 hot cavironmment mereased when the legs were n

sutated and decreased agaim when they were squisted with water Under thete conds

tions they also displayed a unique behaviour they deposited flusd excrements on their
lees thus achicving evaporative heat 1oss as the water was tnckling down their legs

It may also be sgnificant that the few species of birds wh ch hase feathered legs are
mostly arctic inhshitants for whom distpation of large amounts of heat may rot be as
great a problem as heat conscrvation.

28>
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of oxygen uptake

Fig | The
and heat loss trom the legs

Duning cold stress birds reduce the heat loss from their legs This 1s evident from the
observation that ducks and gulls do not leave melted foot prunts when they it on 1ce
flakes1n the wiater  Irving and Rrog (1954) have actually measured a leg tempera
ture as Jow as 0 Cin a gull at an ambient temperature of — 10 C The findung of
Hyrtl (1863) of vascular counter current bundles retiz 1n the tibnal region of several
longlegged birds mdicate one mechamsm for heat conservation The tssues of such

are af 1y adapted to temp close to freezing Chatfield Lyman

. wand Trving, (1933) thus found that nerve axons in the legs of the herring gull were pro-

gressively more cold adapted the further down on the leg they were found A sechon

of the nerve taken from the metatarsal region was able to conduct tmpulses at tempera

tures down to 3 C while conduction in a nerve section from the tibial region was
blocked at 12 C

The avalable information thus shows that the unfeathered parts of the bird Jegs are
controllable heat conduts of pnmary mmportance The legs are kept cold 1o reduce
heat lass at low ambient temperatures at high ambient temperatures and presumably
during muscular activity heat Joss from the legs is enhanced

The amm of the present tnvestigation has been to measurs that proporgon of the
heat production of herons and gulls which at ambrent temperatures from — 101035
15 grven off from the legs to water or to atr The rate whereby the egs can change thet
function from one of heat dissipation to one of heat conservation hay also been €8

amined

Material
gulls Larus maruus (wt_abont § 000 €)

bout 800 d three
Torec besans e e (et sbout B0 g) and chre gulls L ot (vt sbont |08

used in these expertments They were caught as yo

:,gf« railes west of Trondheim at the Norwegian west coast In the laboratory they m)rgﬁr;i well

oo adset of fish and pigs Iner The experiments were carned out in Janvasy toJune 1909 @
“The heron 1s a migratory bird in Norway whereas this apecics of guif winters along aur
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Fig 2 The expenmental arrangement
used for measuring heat loss from one
leg to surroundine ¢ reutating air

Experimental
Respr atory chamber
“The expertmental arrangement shown in F g 1 The temperature of the respuratory chamber
was regulated by placing 1t in a voom of +5 Cor of —10 Cand at the same ime leading
Water of temperatures { om 0 1o 50 C through the miernl coppec coil of the chamber Rap d
temperature changes we © accomp shed by suddenly opening the chamber The temperature
-was measured by thermocouples placed at the roof and floor of the chamber The ambient tem
P rature referred to Jater 1s the ayerage of these two temperatures One o two legs penctrated
the floor of the chamber and was enclased n a thermobottle f om abo ¢ the heel

Heat production

Metabol ¢ heat production was obtamned ind rectly by measuring the oxygen uptake and as

suming a calorsfic value of 49 kcall O + ¢ an R.Q of 09 Tresh air 4 as sucked through
the chamber and pumped 1nto a respirometer where 1ts volume was recorded In this way pos

sible beakage of gas would be directed into the chamber and would thus not affect the measured
oxygen consumption which was obtained from the volume of collected gas comb ned w th
analys s of the gas composition before and after 1t had passed through the espiratory chamber
The gas analyses were ca ried out with the method of Scholander (1947)

Heat loss

In order to get directly comparable results we tricd to select experimental conditions where
the heat loss to water of t0 air was measured at approx mately the same temperatu ¢ of the
two meda Due ta the great duference betwoen therr speaific heat ho ever different pro-
<edures had to be applied Heat Joss f om one foot to water w s measured by filling a known
mou 1 of water at 4 C mnto the bottle and keeping 1t stirred with a magnetic st mer whle

the in rease of temperature was recorded every 90 scc When the t 7 peratu ¢ reached 12 C
the water was changed Th temperature was measured by a plastic covered thermocouple
h 1d 10 posit on in the bottle by a wooden pin inserted n the cork topper (F g 1) and recorded
on a Honex alt mult channel recorder

Heat loss from the leg to a £ was measured by mucking a known olume of air of 8 C th ough
the thermos bottle whilst the temperature of the aur as it escaped the bottle was recorded (F g
~) The flow of a_ was mamtained such that the temperature of the outflowing air was kept
well belaw that of the [ot nself (18-—0 C)

The average air temperata ¢ was 13 C m these exper ments while the average water tem

rature wasB C The effect of the b gher a 1 temperature upon th  heat loss 18 parually offset
by the fact that aer and svtenal blood flowed counter urrent to each other in the thermos

Result

The herons could sit absolutels quict during Fours of experimentation with repeated
changes in ambient temperature or water temperature The gulls were more restless
Ttus difference 1 behaviour was reflected in the results The data presented are from
the most typical expenments on the most cooperative birds of each species

-
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Fig 3 Relationship in gulls between ambient temperature and the relafive heat Joss from
one water immersed leg given as per cent of toral heat production The two hines ase drawn
through the extreme values
Eig 4 Relationship between heat production (@) and heat loss from one water immersed leg
(x) of a heron at varying ambrent temperatures

Heat production
‘The average heat production of resting gulls at temperatures between — 10 and 35 ©
7 0 kealfhr (25 deternmnations ranging from 5 8¢ 10 8 50 kcalfhr) Therr cntical
peratuse was therefore below — 10 C Above 35 C the birds became restless
.\cy panted and ther oxygen uptake increased
The average heat production of resung herons at ambient temperature from 20 to
35° C was 320 keal/br (Seven determunations ranging from 29 to 3 4 keal/hr) At
temperatures below 20 C the oxygen uptake increased as shown in I'ig 4 Their lower
cntscal temperature under these condstions was therefore about 20 C Above 35 C

they showed the usual signs of heat stress

Heat loss
At ambient temperatures below 10 C the gulls lost about 0 2 keal/ir or less than 3
of their total hieat production fram one leg bathed in cold water (Fig 3} At tempes2
tures above 10 € the heat loss increased and at 30 C about 40 °4 of the guli s total
heat production was lost from one water smmersed foor When the bird was strugghng
the heat loss from one leg could exceed the resting heat production The maxmum
heat Joss measured from one water immersed foot of a gull was 90 kealfhr or well
abose the ammals resting heat production

Tig 4 gves the relationstup between heat production and heat Joss from one water
smmsersed foot of a heron Below 20 C the heat loss v about 0 3 keal/hr A120°C ths
13 10 4% of the heat production At tempesatures above 20 C the heat loss from one
water immersed Jeg increased and at 33 C 1t was about 60 °, of the heat production
The maximum heat loss from one foot was 4 2 keal/hr or somewhat above the restng

heat productton
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big & 3 redrawn record ng of the changes 1 the remperature of thwater surrounding one
Teg of & gultduning a rap d thang 1n amb nt temperature from 33 Ca 5 €.
T 7 Trevascular sete of the t b af reg on of the heron Redrawn from Elyrdd (1863)

In big 3 the heat loss from one foat of a hieran to water and 1o ar 19 compared Heat
toss ta ar under the condstigns of the expensment 1s about one fourth of the heat foss
0 water
Rait of charge of heat boss

Hig 6 shows the temperature change of the water surraunding one feg of a guil dunng
& rapnd change i ambent temperature fram 35 Cto 5 € The nse an water tempera
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ture changea abruptly within half a mmute of altenng the ambient temperature The
slope of the cure i veduced by 2 factor of 7 which *neans that the gult can reduce sts
heat loss from the water immersed leg by 82 per cent withun half a munute Heat loss
was further reduced duning the foflowing period

Gulls started to pant when they were wrapped sn 2 towel or sometimes when they
made vam efforts 10 get free The panting stopped within 3 few seconds upon smmering
the legs 1n cold water

Discussion

Homeotherme amma's have se eral mechanisms for heat disipation 1n additon to
vadiant and cons ectional heat loss from the body surface At Iagh amninent remperatures
man relies to 8 large extent on evaporation of nternal 3 ater primard) as sweat
but also from the respiratory surface Jn well 1solated arctic ammals tespuratory heat
foss plays & more donunant role Hammel (1962) showed that a remdeer may Joose
20 9, of sts heat prod from the Yy tract during running Ths
amount of heat 18 about equal to the resting heat production Birds have passibly as 2
consequence of the requirement for a light body developed mechanisms which are
less dependent on internal water Fung and Famner thus state (1961 p 234) thateva

porative heat loss cannot amount (0 more thun 50 %4 of restwg heat production sn
brrds Elassen (196)) reports that some tirds loosc only 10 of thewr actual heat pro

duction from the respiratory tract duning flight while 2 considerable proportion of the
heat seems ¢o be lost from the sparsely feathered undernde of therr wings The present
myestigation showns that the unfeathered legs of the heron and the gl are able to dis

1pate a considerable propostion of the heat production An amount of heat equal to
or greater than the resting heat production could be ehrmumnated 1n these bisds wia one
oot unmersed 1 water of 4-~12 C About one quarter of the resing heat production
rould be dissipated from one foot o air in the same temperature range From both

legs therefore these bards should be able to dissspate an amount of heat corresponding
o twice or half the resting heat production to water or air respectively

Heat loss from the legs to air prabably plays a role during, fhight It has bren ebserved
that when herons rutusn {rom foraging on hot daya they wade m water which just
covers the bare parts of their legs while fanning themyeves with the wings and panting
This behaviour 18 \ery different from therr wsual watchful hunting behaviour Heat
dusipation 1n wood storks 1y augmented by there behaviour of squirttng, fluid unne on
ther legs This adapuve behaviour has been termed urahidrosis (urnewweatiag) by
Rahl (1900)

“The changes i heat loss from the legs of the birds investigated 1s presumably due to
vartations 0 blood Row through the leg Techmeal imieations 1a our laboratory PI¢
vented drrect tnyestigatian of ¢irculatary changes bul we observed that the tdnal
veins were stnkingly more swollen duning heat stress than dunng cold styess

\ ascular counter current bundles retia in the lower region of the tbia have beett
found 1 some birds among athers 1 herons but not 1 others like the gull (Hyrtf
1863) (Fig 7) Inarete there will be a net flux of heat and diffusible matenal bm[tt(n
artenal and venous blood according to the direction of the gradient 1he deyree o"rr !
change depends upon the conductisity and diffussvity of the separating ussues .u” o

he architecture of the tetc A sete with many vessels hing close together Wl
ore :ﬂ;nzm than one 1n wiiich there are few vesstly spaced farther apant The d'g";
?(o::chzngc will furthermore be greater the slower the blood flows (Scholander anf
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Rurog 1958) The retia of the heron s legs consist of a rather wregular arrangement of
a few relamvely large artenes and vems 1t i temptng to suggest that these rather
poorly developed rena have a dual function at @ low ambient temperature with 2
small blood flow the heat of the arteral blood 1s largely transferred to the venous blood
while oxygen and carbon divade does not exchange apprectably At igh ambient
temperature with a large blood flow however very httle heat transfer occurs between
artenal and venous blood In tlus way the retia will help to conserve heat during cold
stress + hile not affecting heat dissipation dunng heat stress There 15 also anatorucal
evidence for the eustence of vascular paths m the legs of these birds whereby blood
may be shunted 5o as to by pass the rena (Fig 7)

The fact that panung can be stopped mmmediately by squirung cold water on the
legs indicates that panting 1s under some sort of reflex control The observation that
heat loss from the leg of 2 gull may fall sharply to one seventh of 1ts previous value
with a deley of less than 30 sec when the ambnent temperature 1s suddenly reduced
from 35 to5 C seems to indicate that the heat loss from the legs 13 also influenced by
reflexes elinated from penpheral receplors Randall {1943) found evidence that heat
loss i hens was regulated via the tempeiature of the hypothalamus The possible rela
tionship between hypothalamic temperature and degree of heat loss from the legs has
not heen explored 1n the present mndestigation but 1t seems unlikely that these rapid
reactions are medhated by the hypothalamic blood temperature

The restncted position of the birds dunng the present experiments may clearly have
disturbed their normal heat dissipation m several ways Conclusions about normal
cnucal temperature and other parameters which depend on the normal functionmg
of the body insulation can therefore not be drawn The expertments do howeser
demonstrate the potentially great rofe 3 hich the legs may play in the temperature con
trol of these birds
Tt 1s a pleasure to ackno ledge the late owner of the sstand Tanva Mr F C Hag n for hus
enthus astic assistance in sccunng expenmental ammals We are ndepted to Prof B Waaler

for hus thorough revision of the manusenipt. The nvesbigation was supported by a grant f om
Norsk. \ arekngsforsikrings Fond.
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From the Insntute of Zoophysiology Box 1051 University of Oslo Blurdern Norway

Hyperpotassemia and Electrocardiographic Changes m
the Duck during Prolonged Diving
By
Harao T Anpersen
Recened 26 June 1964

Abstract —~——eo

Andecsea H T Hyperpotassem @ and tlectroca d ographic changes w the duck dunrg p olonged dmg
Acta physiol scand 1965 63 292~295 — A consprcuous bradycardia and a scries of charac
tecustic chisnges 1 the electrocardiogram (ECG) may be observed when diving vertebrates
submerge The ECG-changes nclude prolongation of the PR anterval + uh ulumate dis-
appearaace of the P wave and an elevated and peaked T wave These deviations from the
normal ECG pattern mdicate severe hyperpotassemia 1t 15 reported in the preseat paper that
the plasma potassum concentration actuslly do mcrease dunng prolonged underwaier €
posure The relationship between the ECG changes observed during submersion and the hyper
potassemia 15 discussed

Bert (1870) discovered that a marked bradycardia is elicrted 1n ducks upon submer
sion  This phenomenon has later been observed i all species of diving vestebrates
studied except the porpoises A simiar but Jess pronounced slowig of the heast rate
may also take place m non-dning ammals and man when exposed to undernater ¢on

detions (for review see Andessen 1963 Scholander 1964)

Electrocardtograms (ECG) recorded duniny, diving are charactertstically different
from those obtamed when thr amumals are breathing air These ECG-changes hne
been o nervous h aad hy {Johansen 1959 \lurdaugh
Seabury and Miutchel} 1961) However the progress of the electrocardiographic changes

diving are also very similar to those observed dunng hyperpotasserua llnm-isd
cxat

during
sngly prolonged P—R interal with ulumate disappeatance of the P wave ard ¢

and peaked T waye (Winkler Hoff and Smuth 1940) Depression of the $—T segmeat
mmay also be seen but this parameter 13 rate-dependent tBazett 1920, and thereforc
AQifficult 10 evaluate duning protonzed submerstons

‘blmcc the ECG-changes during dwing arc suggestn e of elevated plasma potassium &
study was updertaken order to d. whether prol; d underwater eXposure

nau); causes hyperpotasserma The gesults ace reported in thus paper

aa0
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a dve Arows ind cate plasma patasstus fevel correpond b 16 cach ECG-cpele tecarded
Qunme per od of submersion

Methods

Eleven donestt ducks 12 year old were studied Thew body weights ranged from * 0 to
30 ke Condions of & ving were simulated as described prev oush {Andens n 1929 1961
t9r3y

redie clectrodn were mserte d subcutancously wnta the thighs and ar the base of the wings
and tf ¢ ECG wat recordrd varmg an Efema-Schonander M pgograf Modef 42 A wang asters
a3 canrubired and blood smples * ot e1ch were withdsawn a su table tervals dunng
the d ve The blood was cent ifuged 3t 2 200 rpm fox 40 m n. The concentrauan of potass um

n phx m1 was deterrmined by means of an Evans Firctrosclen um Flgme Photomeesr Mod 1 4

Results

The results obtamed 1 an cxperument 1+ huch the duck endured 8 mun of submer
son are shown i Fr, 1 The plasma of the restim, bird contasned 3 0 meg | of potas
swn sons This value «as doubl d n less than # m n of submersion The sncrease
1iama potassigm pernisted throush the first munute in the recovesy peniod simulta
neoushy with 2 continuows drap s pH | Anderven Hust edt and Livo 194

\ba shown in Fig 1 ase O racmes recosded at vacous stages during the uades
water exposuee 1t appears that the P ave soon bevame d phasic and that the § ~R
wnueral vas prolanged fom 60 10 110 msec untd fnalls the Py 2~ entsrely disape
prared The amphiude of the T wa < wnerrascd fr m 820 0 060 m\ and beeame
dutmily peaked n appearanc  Detaled mformauon on the degree of hyperpotas
semia and the corrrsponding chanyes  the FUE 1 pro wded s Table £

Resutts very simifar to those trported 40 Frg § and Fabl 1 were obtaned 1 every
we of 15 rxpts

O 4 pkyd sad Gl 62
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Tazre I ECG-changes (lead I1) related to concentration of B i blood plasma of dack

dunng diving expenment

Appearance Amplitude of Duration of P R

K meqfl  of Pwave Tware mV nterval merc Remarks

3¢ Present, 020 60 Before dne
monophase

33 Present, G30 90 2 min submerged
diphase

10 Present, 045 90 4 sotn submerged
diphasic

By ] Present, 050 150 & mun subererged
diphasie

62 Absent 060 - By submerged

70 Prescot, 0.30 35 Afier dne fmm
mopophane

37 Present, 0.30 33 Afier dne ommo
monophauc

Discussion

marked hyperpotassernia des elops dunng prolonged underwater exposure and the
simulaneoush recorded shows the changes typical of this condition suggesun
nat the electrocardiographic changes are not caused by nenous iflucnce and ac
cumulation of carbon dioxde only but that the hype 10 part 18 responsibl
for the devrations from the pormal ECG pattern.

The hyperpotassemia can not be the only cause of the electrocardiographic chan™s
howeser mnce the latrer do not persist during the carly part of the recovery penod
when the hyperpotasierma 11 mapmally deseloped. The T wae certanh reroairs
clevated, but the P wase reappears and thr P—R inten 2! ateains sts norntal duration.
On the other hand upen emerzon the beant acceleratey from approumarely 20 o
4.0 beats mun (Andersen 1963 which Jeaves no ume for profonganon { any £CG
imierval. Besdes, carbon dionde 15 raidly blown off and the nersous inbabrord
the heart w2 the vag s also abolished, so that the effects of the hvperpotasenua My
b L.peh suppressed. That the laster iafiuence the ECG during the dine o Fonet™
early indicated by the results here preseated.

Thus s was supporied by a grast from \ansen Ladet.
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The Pattern of Muscular Activity During the Arm Swing
of Nactural Watking
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Maria L FLrvanpez Barrrsreros' Frirz Bucnraar and Pour RosENFALGh

Received 26 June 1961

Abstract

Baliesteros, M L I' F Buchthal and P Rosenfalch The pat ern of mu cular actsesty during the arm
suing of natural walking Acta physiol scand 1965 63 290—310 — A telemetering device 1s
described to recard action potentials from muscles of the upper arm and the shoulder durmg
the arm swing of natural walking The forward swing 15 caused by actvity in some mward
rotators the ficxors remaring inactive The posterior part of the deltoul and some outwasd
ratators are responsible for the backward swing During walk turming electnieal actvaty ocussred
11 flexors mactive during straight wallong accounting for the increasesd excursion of she { rward
swing which counteracts the torgional maverent of th  trunk Step-related muscular actvity
perusted even when the arm was prevented from swiigng
‘

Involuntary swmngmg of the arms during walking serves to counteract rotaton of the
trunk Ths functton would be accomplished as well if the arms swung passncly 251
they were moved actively In the carly studtes of buman gait swingang of the arms was
described as 2 passive pendular moyvement (Gerdy 1829 Weber and Weber 1836) an
adea which s still d in ks on I {Morton and § uller 195%)

Du Bois Reymond (1903} on the other hand concenved arm swing as a pissrve and an
agtve movement a view supporied by Eiftman a 11939, aralyns of the angular momen

turn and of the accelerattan of the arms In view of the force required 1o account for
these arm movements Effiman (1939) concluded that the 2rm is made to swin, largely
by muscular action pendular action duc to gravity playing a mmor role In thisanaly

it howerer no disunction was passile between force exerted by muscubar contrachion
and by passc clastecrty shortenmg of 2 muscle agasmst 3 load and pasw ¢ release ofa
stretched muscle tendon or hgament would both appear as tuscle torques ¥

Fiftman s analysis

Telemeteang of action potennals a
walking we have used the method 1o record the electromyogram of the musch

shoulder and upper arm durning watkeag to establish which muscles are agtise and 10
what extent and when the arm moted by muscular contraction

Hows the study of muscle actiyaty during natural
s of the

» Working under a W HO felowshup
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Method

Matmal The normal subjects were 21 males and 2 females 16 were 18 to 30 years old 4 were
90 to 40 years ofd 2 were above 50 and 1 was 16 years of age. There was neither sex nor age
d flerence 1 the pattern of electrical activity durmg walking In sdditon findings o two
patients are meluded since they eliadated the mechams n of arm swing during walkng 2n
18 year-old man meurred complete distuption of the aullary nerve during dulocauon of the
wgper head of the humerus a 19-year old man suffered a nearly complete lesion of the upper
vart of the brach al plexus in a traffic accident
Expermental s tuatim The subjects and patients were mstructed to alk with natural posture
str de and speed along a corrador 2 5 m wide and 16 m long The electromyogram was recorded
from the muscles of the shoulder a 1d upper arm during walk ng ahead during walk furmng
and at the onset and cessat on of locomot on To famul atize the subject w th the experimental
Situaton and to ensure that he walked naturally he v s asked to walk up a 1d down for several
m nutes before he was observed a1d before recording was started In additon actv ty was
recorded from four subjects scated and standmg who were asked to allow their arm to swing
freely back and forth in a pendular fash on and to different degrees nd from five subjects
where arm sw ng was prevented by loosely binding the arm to the trunk
Measurement of the relake n behzeen arm and i mo ements durs g walkin, To correlate swmging
of the arm with the posit on of the leg a contact + as attached to the heel ipsilateral to the arm
cxam ed sometimes to the contralateral heel as well Closure of the contact marked the
moment when th heel steuck the ground
Between two contacts of the 1ps late al heel v 1th the Roor the arm swings from backward to
forward and b ck again To correlate the position of the arm wth the s gnal marking contact
of the heel 1t the ground and to determunie the time required for a cycle of the arm movements
motton pictyres (32 frames/ ec) were taken 1n profile of thres normal suby cts walking on 2
t ead m Il at a speed of 50 steps‘min The tread mull moved 70 cmfsec A lamp was attached
to the subject s wrist the flash of this lamp i ¢ ated by closure of the heel contact and pomts
ma ked on the should rand on the foot » ere used as targets fo measuning The single frames
were magnified 75 imes and the duration of the phases of the movemenis was determ ned
from the number of frames required fo _their complet on
Lead g-off el ct ades “Ncedle clectrodes were used usually concentric electrodes w th an
external d_meter of 045 mm a platinum core 1504 m diameter and a feading-off area of
007 mm T} ¢ impedance of the clectrode was 180 ki2/75° at 56 cps 30 kJ6 > at 500 cps and
7 kQ/30° at 5000 cps Shortly after wsertion they caused httle or no snconvenience and arte-
facts due to moyement of the needle werc rare
Placcment of the clect ode  Aficr nsertio 1 the needle was moved slowly untid a position was
found wher br L acuv 1y was recorded during soluntary Hevion o extens ont w thout rest a nt
and aga nst resistance In muscles b ch do not flex or extend the arm at the shoulder the
el ctrode was placed where an interference pattern was eco ded dunng abduction adduct on
rotat on or elevatiun of the arm That the actwuey recorded £ om a po ot was representative fur
that muscle was as ert 1ned n prel minary by recording
th ee d erent egion 1 the same transverse plane of the muscle and bv recording s multane
ously with a concentnc electrode and besween two platinum w es placed 10—20 mm apart
mn the muscle The wires 100 1 d ameter and wsulated except at the t ps {lead ng-off area
09mu ) we e nseried nto the muscle through a cannula wh ch was then withdrawn  \part
fron a lghtly hgher ampl ud w th these wir electrodes there was no d flerence 1 the
egree of ‘ctmaty recorded with th- two types of electrode
R doteiemstenn Yo aVlow [ ee mo ement of the subjects and pat nts unrestra ned by wirr
connections between the lectrodes and the ecording instrument the electncal act vity of the
muscles and the signal of the hieel contact were transin tted by radiotelem tcrm
in rec nt years a number of circuts for the telemetenng of lectrophys ol cal data ha ¢
bern reported (for references se¢ Namp and Storm van Lecuw n 1961 Fischier en1 Fro 1963
ho Thommon nd Yon I%3 Moo ¢ F rrand and Thomion 19(3) $ nce Gotze e al (198)
desc ibed ¢ lemeter ng of muscle acton potentials b portable acuum rube ¢ reuits the
weghtand s cof the transm tters ha ¢ been ¢duced and amplifier propent es hase been m
iroved Ina tudy of the fun tion of leg muscles n locon otion Abe 4! (1958) described rad o
¥ lemeter ng of the lectncal acumity of 6 muscles s multancously
Th_transm tt 1 we used for mult -channel yecord ng we ghed 30 g includ ng batter e5 and
8 al'brator whch sent a signal of known volrage 1 short mters It Four transm tters w re

from
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placed on the head of the sulyect (Fg 2y ther weight did n 1t cause inconvenr

Each transmutter (nze ¢ ¥ 6 X 2 am) consusted of a reactance modul:t:é’ ;:ct:‘;mw wih
nngle sided anput The modulating voltage was fed from an emmtter (altawer via a condenser to
‘l’}:e (;:a:}a stor ‘The oscillating frequencics were between 100 and 106 Mc/sec a frequency range

which there nno g station m Scand: The
oscillator were selected for low nowse at the opetatng pants. bera(’x‘:r'\h:;’;l;:‘::'dv::u!:dc
ascllator cail (length 14 mm drameter 12 mm) was prevented by melung polyethylra between
the wandugs Each of the 4 transmitters had a separate current supply (0 avond pick up from
the feading-off electrodes connected to the other transmitters The current drain was 0b mA
To telemetee closure of the hel contact one of the transmtters contzined the crrcust shown
Jower Ieft n Fig 1

‘The recrrer had 4 channels carcfully screencd from cach other Each channel contained a
tuner a 3-stage smermediate frequency amplificr and a radio detector The tuner and the
amplifier are partz af Hy available frequency mod radio t

The 4 mtermeduate frequency amplifiers were tuned to 101 104 107 and 110 Mefsec
rexpectively To counteract frequency dnft of the transmutters due to changes in temperature
or other causes the receyvers were provided with an antomane frequency follower made
especually efficient by connrctng 12 via a dference amphfier to a varicap diade In prelimnary
expenments the transmitters were placed close 1o the Jead ng-off electrode but tranymussion was
unsatisfactory when the subject turned while walking and the body came between the trans-
mutting and the receving antennae Therefore the transmitters were placed on the head of the
subject (Fig 2) Thus pl of the electrode cables about 100 cm
Jong Dnft 1n oscillaung frequency of the transmitter due to movements of the electrode cable
was prevented by inserting tugh frequency chokes between the terminals of the lectrode
cable and the input of the transmatier

The frequency response was d with she d tnput and with a concentric
electrode without and with a 100 em eable (Fig 3) The electrode was placed in 0 15 per cent
sodium chlonde solution which has an impedance simifar 10 that of muscie ¥ uh the clerirode
connected ta the tput bath direcily and via the cable the frequenry response was 6 db down
2t 20 cps The upper brut ng frequency was determned by the electromyograph  the frequency
response was 3 db down at 10 kejsec (Fig 3) The Irequency response reflects the fact that
the electrode impedance at fow frequencies 1 of it ¢ same order as the input impedante and
there u therefore considerable distortion of slow mutial and termmal components of the single
mator unit potentials O the other hand the pattern of activity was recorded wathout dustor
tion {Fig 4}

A snput signal of 3 mV peak to peak caused a full deflection of the F Af detector 1 € #
change 10 frequency of 10 kefsce. The tnput impedance was 1,0k2 20 ~30 uuF The cquiy
alent mput nouse of the transmutter and recerver was 05 ~10 4V peak to peak with short
arcuited input and 3 g\ rms with a concenine electrode i 6 15 per cent sodium chlonde
connecied to the mput

“Thus the signal to nowe ratio received was 70 db with short cireuuted sput and 60 dbwitl 3
cancentne clectrode connected to the input The signal to n e ratio was conant oves &
distance of 7 m with the antenna of tt e recaw 1 placed vertically This antenna was a comm 7t
d pole antenna of 202 Deviation from hinearity was less than 2 per cent £>r input sgnals of vp
0 10 mV The dynam ¢ range of the input was 60 db (from 3/} 10 3 mV) A rons ausit
check of the sensitrvity of the transmitter and the Teceiver was obtained by applymg a 1 mse¢
sectangular pulse to the acillatar resulting in a signal which ¢ rresponded to an mput 3 3!
of 100 uV + 10 per cent from a concentric electrode {Fig 1) Lach of tre f ar 1rans nutier®
cmstted 11s own calibratson signal at sl ghtly d flerent mtorvali {about § persec) This Tacd tated
dentificaton of transmutters dunng the surming of the recervers

The calibration signals helped to asoid the following source of arciact when several trans-
ruttrrs were used 1 nultaneously (he second harmome of 1l ¢ osaiflator freuency of on brams-

sutter may mrx with the basic frequency of another transmaticr and thus give rue 10 nm\ﬂﬂ":(
ous pick up of signals from 2 transmutters by one recerver For example a bane ma“'*“’m_
303 M fsec in one transmutter could mix with a second harmonic of 210 Mefacc sn another ";;k
Imatter to eratt a frequency of 107 Afcjsec Sice thr feoquency contarned the cal bratin3
of 2 transmuters at shghtly diffesent frequencies if could canly be dent fied as anefact h

Recording enstrument_The tecewver wai connected to 3 3 channe] DISA electromyog 3P

{Type 13469) and the panern of elremeal actvity was eecorded on plwlm;uphltu f‘ﬂmr'o"
S 3t 5 emiiee. Fur each muscle record ne were taken dunng /0. trdes Simu
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Fig ! Dagram of the transm tter (above} the calibrator (below to the nght) and of the
cannections to ind cate closure of the heel contact (below 1o the left)

o

Fz3

Fiz 2 Rour transmutters (a, placed on the bead of a subject concentric electrodes 1n the
delto d muscle (b) cable 10 the foot contact {¢] and contact attached below the beel (d)
2 3 Frequency tesponsc of the transm tier 1oee; er and recording device with short cirewited
nput and w th a concentrie electrod  connected ta the input of the transm tter 10 1 mulate
the imprdance of muscle th- electrode was mmersed 10 0 15 per cent sodium chlonde salut on
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d) * activity in the brachual biceps
e }_ f ;, i w(! 3 - tclcurdcd simultaneously by
dir » telemetry (tel) and by eabl
g R J'MPV {diry durmng weak and dur
i tng full voluntary cffort

Isec

recordungg on an ik writer gave a rough impression of the pattern of actwity in the diferent

mustles during the experiment
I 4 subjects the mean voltage of the electrical actvity dur ng walking was rec rded by an
averaging device (Rosenfalck 19,9 and ca npired with the mean voltage of the muscle during

full voluntary effort
Results

The relation belueen the phases of the arm suing and the leg motements

he step length from take off to landing of onc foot (a dauble step + averaged I 5m
the veloaity of walking ding to 80 single stey (a smgle step reckoned
between successive contacts of night and Ieft heels with ground; Measured from the
profile motion pretures (32 framesfsre) of 3 subjects walking, 50 double steps 'mmn on
the treadmull the duration of 2n arm movement from backward to forward was 057
sec, 5 D 003 sec and from forward 1o backward 057sec S D 0 015sec (1] meas
urements) Maximum backward swinging was simultaneous within ¢ 03 see with con
tact between the heel and the ground I'hie arm remaned m the posstion of maximym
backward or forward excursion for at most 2 frames (0 03 sec) The contralaterat heel
struck the ground exactly midway between 2 contacts of the ipsilateral heel with the
ground The ipsitateral foot left the ground at one fourth (037 scc S 1) 003 sec) of
the double step duration the time when the arm swung past the trunk

\casured from the position of the targets on the wnist and shoulder ihe angte of
movement of the arm from backy ards to fornard was 30 S D 2 1o determne the
extreme angle of forward and of backward swing 1t mihy seem reasonable to use @
paint on the trunk as reference “Tins provedt impracticable because the trunk rota
duning walking and because a target on the trunk is hidden intermntently by the arm
"Therefore the maximum backward and forward posttion of the arm was charactenired
by the maximum angle betwern the vertical through the taryet on the shoulder and the
Line between the targets on the shoulder and the v rist $ith the arm sn the maximum
forward postien the angle was 20 SD 17 and with the arm i the m:nlmu}m
backward poson it was 9§ D 18 1 measured m this way the anle with xdr
arm swung forward was twice as greas as the angle with the arm swung hackwards
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F1g 5 Example of the pattern of electrical actv ty i the museles of th nght shoulder and the
upper arm dur g walking Subject 19 male 0 veans old length of the double step 15 m
duration 15 see Above pos ton of the arms as determ ned by cnematography The short
pulscs at one second intervals arc em tted by the calib tor in cach ansnutter nd h ve an
amphitud 6f 100,V The s gnals marked by the rrow on th botiom trac  nd cate the closure
of a contact when the £ ght heel touched the ground

Since the me taken to s ang the anm backward and forward was the same and
since the heel the floor I with the backward excur
si0n of the arm the arm s maxmum forward excursion occurred just midway between
2ipsilateral heel contacts Considermg then a double step cycle as the ume ben cen two
ipsilateral heel contacts mechamical actiaty 1 the first half of each cycle was related
16 forward swinging of the arm and in the sccand half to backward swinging This was
eonfitmed 1n the experiments 1 + huch a foot contact was attached fo both heels
Finally when relating the electncal acusity 1 a movement regard must be gnen to
the gradual development of the mechamcal response (ume to peak 50—100 msec

Merton 1954} Thus electrical actvty which appeared 1 the last 100 msec of the for
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Fig 6 Penods of electrical activity 1n muscles of the shoulder and upper arm during walking s
related ta the different phases of the arm swing and the leg mavements
Above posttion of the arm as deternuned by cmematography
The uncertainty (mean error) of the duration of acuvity and of the step-dependent silent
~periods are indicated by the vertical hines or by the diameter of the symbols

ward movement [postertor part of the deltord Fig 5 &) not only corresponds (o the
force arresting the forward swiny but also inttiates the backward mos ement

Electrompography of the muscles of the shoulder and upper arm durng walking
Sweinging of the arm from forward to backuard can presumably be efected by extensors and
outward rotators of the arm at the shoulder hsted in Table I
Electromyography (an example 1s shown i Fig 5) demonstrated activaty 1n 2 of the
3 pume extensors (upper part of the Jaussimus dorst and teres major) n one of fhe
assistant extensors (postertor part of the deltord which also assists 1n outward rotaton)
and 1n the muddle poruon of the deltord (an abductor) Abduction ajlows the am
clear the trunk in both backward and forward swings Actity was absent in the
other muscles which act as extensors or external rotators of the arm at the shoulder
(the sternal part of the pectoralis major long head of the brachal triceps tercs ol
coracobractual and generally the infraspiate muscles) Activity was also absent 1t the
lawer two thirds of the latissumus dors
The total duratson of arm swing from forward to backwards was 760 msec D = 50

msec The sequence and duration of electrical activity in the different muscles dunns
swingiig of the arm from forward to backward was at Ioows [Tag B) aciwaty statted
s the postertor part of the deltod 160 & 13 msec before the arm had atramed :'\s
mayimum forward swing and was neasfy simultancous with acuviry 11 the midd'e
poron of the deltord  Brefly thereafter (100 msec) actvaty appeared n the I;r:;
razjor and upper part of the Jatisstmus dorm muscles and ceased when the arm r;a: "
the sertical posttion Actmty persisied in the pestenior and middle parts of the deliok
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“Tasze T Prime moners (B AL} and Assistant mo ers {Asst ) of the upper arm m the stoulder

Joned

Ex Outward Inward
Muscles tenson rotatwn ! xon  rotaton  Abduction
Teres major PAre PMY
¥ atissmus dors: upper part PAYE Aut?
Pectoralis major sternal pant P\ Asst
Posterior part of drltoid Ast.  Asst
Triceps long head Asst
Infrasp nate PN
Teres minor PM
Coracobrachials Asst Asst Asst
Subtapulans PV
Muddle part of deltord 1M
St prasp nate PALr
Bicrps long head Asst
‘nter or part of deltoid P Asst Asst
Tectoralis major clavic part M Ast

* Seletied from Rasch ard Burke (1963)
* Muscles found 1 th s study to be act ve duning the arm swing of natural walking

precisely unul the final postenior position s as reached Tn 12 of the 23 subjects the
actinity of the muddle part of the deltod ceased briefly (160 + 2 msec) just when the
arm had attuned the final forward position The magor role of the postertor deltoid
Jor harkward swinging of the armn during walking 1s shown clearly by the hndings in a
patient whose axllary nerse had been severed by dislocation of the head of the humerus
one month previously (Fig 7) At the fime of investigation there was no pain tdema
nor sign of ivohvement of other rerves Electrical acuntty other than denervation
potentials was absent m the three portions of the deltord durng full voluntary effort
and duning walling The motion pcture showed the excursion of the arm from forward
10 backward to be hamuted the arm no longes passing posterior 10 the trunk The
3ty 1n the supraspinate muscle v as five nmes that found mn normals the smuscle
probably sub tiutng for the muddle partion of the deltod Similarly the actwrty 1n
the upper patt of the trapezis muscle exceeded that m normals

Saingimg f the arm from backiward to foruard can presumably be effecied by the fiexors
and internal rotators of the arm at the stoulder bsted wn Table 1

Electromyorraphs s exacple is shown m Fy, 5! demonstrated o electneal
actimity dunag normal walkeng tn the flexors of the arm at the shoulder nor in other
asuistant internal rotators than the upper part of the Jatusimus dors Of the 2 pmary
nternal rotatoss  teres magor exhubited clectrical actvity stmultancously with the
uppre part of the laussimu dorst Recording from the othes pnmary internal rorator
the subscapular muscle was attempted 1 6 subjects 1 3 the efectneal achvaty was
s multaneons with that i the teres majer muscle and 1 3 1 was Gificelt 10 ascenam
1 fether the clectrodes bad vemamed sn the subscapular muscle  Flectnical activity m
teres magar the upper part of th lanssimus dorsi tand in the subscaputar musele in



our MARIA L TERNANDEZ BALLESTEROS ET AL

;

ey

Delto d posterior pary

( ord m e pa 1

“’°l”[ elta d anterac part

,
[ erhmsssspsiimipmtinsibiogm 2 pivatus

Pectoralis major

[')" St a8l part
e s R
clav cutar part
h

£ Trapez us
g 1 Nupper part

N RS
1 ! '
- {_,..-.._—.—\..-—-—.—:—J{ Fost contact

———
Tsec

Fig 7 Pattern of elecical
actity 1n the muscles of th
right shoulder and the upper
arm from a patient with pr
malyss of the ight avilary
nerve (patent h A R ]
male 1B years old)

Above position of the arm
as determined by cinematog
1aphy The arm swing from
forward ta bickward was re
duced the arm no Jong ©
by pasung the trunk The
mean voltage of the actiity
1 the abductor muscles a
i the upper part of the tr2
pezius muscle was five mes
that jn normals compensa
ung for the paralysss of the
muddle part £ the delor]
muscle The dscharges res

arded 1n the deltad musl
were posve depenan n
poiennals

The signals marked by the
arrows on the bottom trace
dicate the clasure ofa co?
tact when the Jeft heel touch
¢d the ground

the three successful recordings) started shghtly before (150 mse ) th arm attamed 115
final postertor position and continued until the arm swung forward to the vertical
poswion (Iig 6) (The wmlar actuvity of these muscles duning arm swing from forward

to backward 15 & bed in the ding section )

Swinging of the arm both backward and forward freely requires abduction which
can be cffected by the muddle part of the deliond and by the supraspinate musces
asnisted by the long head of the brachial biceps and by the anteror past «f the deftord
muscles (see Table I) In fact there was contmuous electrical activity 1n the supraspmate
and 1n the upper part of the trapezius (an elevator of the shoulders) muscles exeept
for a brel silent persod  when the arm ehanged direction from Jorward 1o backward
(90 4 13 msec) and from backward to forward (150 = 22 msec) In subjects wh>
walked with 2 swop (skiers gair electrcal activity was recorded in the rhombmd
rmuscle (an adductor of the shoulder 8 of 19 subjects) and in the infraspinate muscle

(9 o£ 23 subyects both duning the forward and backward swing iTig 8¢

the actmity was shght « as not grouped according to the phase of swin~ ;
k the ground (Fig 8) ¢ ¢ at the momeny when the arm w3

briefly when 2 heel struc!

swung maxsmally antenorly or posteniorly That the clectrical acusity secorded

yhen present
but ceased

dunng
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arm swing was i fact assoctated with mos ents of the arm duning  alking was evidenced
by ats immediate cessation v hen walking was arrested

The degree of electncal actimtty wn the muscles of the shoulder and upper arm duning
+ alking was shght as compared to the acuvity recorded durng full voluntarv effort
agunstrenistance In the extensors the mean amplitude of the electsical acovaty averaed
10 per cent of the mean amphitude at full effort 4 per cevt in the ifraspinate muscle
10 per cent in the internal rotators and 15 per cent 1n the abductors

in a pauent with an upper type of brachial plexus palsy (Duchenne Erb) with
severe loss of motor untts m all parts of the deltoid muscle electnical acuvity in the
postenor and middle poruons of the deltord muscle was of the same deoree when the
arm swung from backward to forward as duning full soluncary effort indicatng
activation of all surviving motor wmts

The pattern of acts tty vt “f ee pendular mn ements wath the subject standing As long as
the movement was withir 20—30  actvity was absent 1 the flexors and in the internal
rotators dunng the 5 1e¢ from backward to forward When the arm swung from for
ward to backward acteity was confined (o the postersor part of the deltord the other
extensors beng tnactne (Fig 93 Hence the fon ard swing was caused solely by
passive forces When the total excursion of the arm exceeded 30 a pendular excursion
greater than that m walking actsity occurred in a number of other muscles (Fry 9b)
Whether or not there was actt 1t tn the abductors and in the antenor part of the
delto d depended on the pos uon of the trunk 1f the arm could  ang, frech past the
trunk abductors remarned 1nactne

To mesugate whether muscular actiafy was the pnmany phenomenon or was
nitiated by the pendular mvement duning walking acuon potentials were recorded 1
f ¢ subjects whase forcarms were looscly bound to the trunk preventiag arm s 168,

Fig 10 Under these condit ans electncal actnsty owcurred in the upper part of the
Latisimus dors: and the teres major and shicht acu 1t n the posterior part of the
dctord muscle Th actwaty appeared related 10 the step as during unrestrained walking
\mlarls there was activ t  n these muscles when the subjecr fotated the trunk 1 4
stand ng post on whethe the arm was free or rrtra ned In o sut jects where the
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A} Pateers of electneal activity i the muscles of the nght shoulder and the upper arm during
“pendular movements with the subject m a standing poswon (Subyect 3> 22 years old ) The
are of the pendular movement was less than 30 as in the arm gwing during walking
*Actvity was confined to the posterior part of the delord during the awing from forward 13
sackwa:
B) Peadular movements exceeding 30

5

rhombords were exanuned there was step related activity during watking with the arms
fixed Activaty was absent n the ruddle part of the deltaid muscle i four of the fite
subjects Al arm muscles remamned mactive if a subject with the arms unrestramed was
asked to walk without swinging, of the army

“To mveshgate at what stage m hic arm swing developed 53 chitdren 1—5 years old
were observed duning wallon by Dr Melchiort At the age of 3 (o 5 years when the
walkung pattern was well established arm swing was present 2¢ in adults At the age of
2 one half of the observed 16 chuldren had arm swrns, during walking and wn onls hd
of 12 ont year old children was there a tendency 10 swinging of the arms

Reversing the direction of walkan, briskly made the arm swing forward to a greaics
degree than dupng straight walling and electrical actnnty appeared i muscles which
otherwise were silent (Fig 11) Thus 1 all subjects elrctrical acusity appeared 1 the
chombord contralateral (o the side of turmng when the arm swuny, forward probably
antagomzing the sumultancous actvity 1n some of the flevors of the shoulder jont such
s the short head of the brachual breeps the clavicular part of the pectoralis major and
1 6 of 23 subjects the antertor part of thedeltord muscles Furthermore when the 3
was I 1S MIxXImum Posterior position acsivity started in teres major and the upper
part of latssimus dorer and lasted longer than durmy, strarght walting for abow 149

1 Pediatrrc department Umversty Hospral Copenhagen
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Fig 10 Pattem of electrical actity 1n the muscles of the shoulder and upper arm duning walk
ng with the arms looscly tied to the trunk (left) and durng natural walling (nght)
Viubeat P P omal 21 years old

B g tHP P male 20 years old

nignals marked by the arrows on the bottom traces md cate the closure of a contact when
the kﬂ heel touched the ground

thirds of the turning mos ement. The activaty in the postenor and middle poruons of the
deltord musscle differed 1n different subjects 1n 10 1t was as during strmght walking
51t was of shorter duraton and occurred as an 80 msec burst at the end of turming
and 1n 3 these portions of the deltoid muscle were slent The mean amphitude of the
acivity dunng turning was the same as duning straight + alking except for the teres
major and the upper part of lanssimus dorsi where the amphtude doubled dunng
turming Tn museles actine solehy dur ng turming the mean amphtude was0 3 per cent
of that dunng fuff effort in the brachial biceps 3 per cent m the antenor deltoid and 9
pet centan the rhomboid

Discussion

From an analysis of Braune and Fischer s (1895) three-dimensional recordings of trunk
and imb movements dunn~ walking Elftman 1939 confirmed the concept of Gerdy
(1879) and of Weber and W ber 18.6 that the swinging of the arms counteracts the
rotation of the trunk nduced by the sw nmng of the leg The angular momentum of
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[--*v-»-—w——oenmd anterar pact

upper Lat dors
I l Teres major

1 Pectoralis magor
clavizutar part

Fig 11 Pattern of electrseal activity
0 the muscles of the rght shouider
and the upper arm when the subgeet
reversed the direction of walking by
tarmng to the left {Subject 30 26
years o

Abave postuon of the arm asde

termuned by cinematography

The signals marked by the arrows
on the bottom trace wdicate the ¢l
surt of a contact when the nght becl
toucked the ground

Note the drscharges in flevar aus
cles snactive during straight walking
{cf Fig 5) Theactivity sn the upper
part of the laussimus dorst and the
teres mayor Lasted Jonger than during
straight walking

i
100’4\’[ -ﬁﬁf’\-‘—ﬁ————va(ceps br
¢ |

et 004 £ORHECE

[—'
tsec

the arms around ihe yertical axis was of the same size but of apposste sign as that of the
}mnk Elftman (1939} calculated the torques acting on the arms in the different phases
of the step He Ins findings a3 md; the presence of muscular activity
However the torques winch he calcufated could also be due to elasuc forces and 1o
auempt was made to distinguush these passtve from true active forces At any rate Jo3
results did not confirm the concept of Weber and Weber (1836) that grasity ca®
accousnt for the arm swing
In terms of muscular actmaty the calcolated torgues would correspand to abdvti®
during hoth phascs of the arm swing to flexior and mward rotation dunng the sming
forward and to extension and outward rotation dusing the swing backward Thus gen
1y passnve elasuc forces and muscuolar forces act in parallel to produce the arm seing
There was w fact electrical actis sty in the abductors during bath phases of the a0t
swing enabling the arm to pass by the runk However the recording of the etectneal
ctvity showned that the movement from backward to forward was brought about b
some of the mward rotators rather than by the prime or assistant flexors The merement
from forward to backward on the ather hand was asso ated with actvity of sonté
the prime and assstant movers of extension the postertor deltord the latssmus do;:
and the teres major muscles These latter alo acted as mward rotators dunog ‘”
swing from backward to forward The fact that sieprelated elecincal actaty h;
ccorded even when the swingmg movement way provented mdscaies that thena
non of the muscles dunng the arm swing is part of 2 centrally dezermmned pmemur
locomation This probably includes inhibstory 1mpulses to certan muscles ;mﬂ! '—';d
of the extensors normally silent eould replace the posterior deltard when it was paraiy
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Fusthermore the distached pattern of wmnervation i patents with the Parkimsonsan
syndrome which could not be explaned esther on the basss of ngedity or of tremor
powts to & centrally detesruned pattern of locomotion {Buchthal and Femmandez
Ballesteros 1964}

The sole of proprioceptors in thus pattern of locomotion bas been abject of 4 number
of studres in ammals Graham Brown (1512} belseved to have evidence for a locomotary
centre within the bram which could mantain rhythrucsl Jsmb movements even after
complese deafferentation Gray {1956) states that mractuess of a swgle dorsal reot no
matter at which Jevel 12 necessary and x5 suficient to allow Sieppig movetsents to be
elicsted On the other hand Ten Cate {1962} found locomotory movements of the band.
Tt only i response to of thex at g faan

1 study of ch dly deafferented hnd legs Waesendanger (1964)
found stepping patterns to occur though at tumes disturhed by co-comtractions of agonut
and protagorusts However whether these resulis from ammal expensments can be
apphed ta mterpret the mechanssm of the arm swing seeras rather doubtful Although
the aror % g 18 oftent dered anal 1o the of the forelimnbs 1n four
fecred ammals (Gray 1956) the function of the muscles of the shoulder and upper arm
W o counteract the rotaton of the body induced by the swinging of the tegy The
folluwing observatins are consistent vath the concept that arm swing during natural
wallung and the fixatson of the shoulders when atm swing was prevented are two differ
ent aspeets of this act of balaseng  Elftman s finding (1939) that the angulor mormenta
of trunk and arms were of the same size but of oppesite sign and our findings that
there was achnty in the postenor deltord muscle when the trunk was rotared o a
stanu ng postion and an mereate m exiensor ack Aty dunng walk turming Thus arm
wing 2 movernent of rather than an mos ement (W lsan 1929)
seems esseatially different from the stepping of the forelegs in four fected ansmals

The wapenius and the rhombod muscles are actis ¢ duning both phases of the step
The eets sty ecased 25 svon a3 the subjees stopped walling and stood 3t tase Thisss at
vansnee with the low grade postural actissty in the upper part of the trapenius
durng sittng o standiag bed by V holder and Al (1925} Inman et
al 194 and by Basmapan (3967)

Summary

Crnematographsc record ng of the arm swing dunag natural walking showed that the
forward swing was 20 and the backward swing & Action potentials from muscles of
the shoulder and upper arm transm tted by telrmetry occured i some 1w ard rotators
(teres major upper part of laussiss dors and subscapulans muscles  during the for
ward swing and in some extensors and outward rotators postenor part of dettod teres
major and upper part of the lat symus dorss muscles dunmg the Backward swing
Neuher prime nor asstam flecors were acts ated dwing th foreard mo ement.
n addiion there was acy 15 dunng both phases of arm ywing w abductors /ruddle
pactof delia & and sypraspinat muscles allowing the arm 10 pas by the trunk and in
museles whick fix the scaputa o the trunk  tapezsus and rhombord mouscles)

The mean amy fitude of the act on porennals in muscles acting & e the arm wng
was §~ 1) per cent of the act 1 dunng full  oluntary cffort

During free pendilar no ments act 10y was confurd © th posterior deltowd as
long as the angle of mo ement was bess than 30

O-EINNS € gkyoel ce £ Va2 4T
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The backward swing was abohshed when the postchior deltoid was paralyzed and
the brachial tneeps normally snactive was not actsvated 1o compensate for the absence
of acttvity m the postenor part of the deltord

Step-related activity apprared mn the upper part of the Iatrssimus dors and the teres
major cven when arm swimg was prevented by tyng the arm 1o the trunk. Dunng
walk turmng actterty appeared n flexors and extensors which were mactive during
straight walking The findings agree with the concept that the function of the arm swing
15 to counteract the rotation of the trunk and the pattern of mnervanon mimating it 3
considered to be pact of 2 centrally detremuned locomoatory pattern

We would like o thank chicf mechamue Mr Vagn Andersen for s help i designing the
telemetenng crcitand Dr J €. Melchior whi buted the ob arm
dunng walking 1 cluldren,

The study has been supported by a grant from the Muscular Dystrophy Associspons of
Amenca and the Michaelsen Foundaton, Capenbagen
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Abstract

Lofsttom B B Pernow and J W hren Tasod ting action of substance P wn the human forcarm
Acta phys of scani 1965 63 311—374 — The vasoddatar actvity of substance P in the by
man forearm has been studied wang venous occlusian plethysmoge pty The effects have been
rompared 10 thoss of bradylonin The tompounds were gven a3 ungle mmyections or snfusions
nio the brackal artery or tbe antecubital vesn 1.3 admunistrat on caused a s guficant m.
crease 1 skin and muscle blood flow i doses of morr than 0 5 umts of substance P per min
Th oxigen xaturation ofblood from hmh deep and superficial vens ol'th roram mcfmcd
These effeets were nat d by atrc pe. cs0

Black increaved the restig blend flow a5 S el ns the vasedrianag acton of both ‘polypept dea.
Tv imfuson «f subvtance P and bradykuun alo caused an increase in forearm blood flow
comeudent with tachyeardia and Sushue of the f ce and th neck During substance P an
% ton the nerease in forearm blood Row and flust ing appeared umultaneously wh le brady
ki 1 caused an inerease 1n the forearm blood Bon only in doses which were almostant lerable
for the subjecss due 10 severe pulsat ons nd flust ng of the skan of the head and the neck The
Tanos between equicilecus e doses of substance P nd bradykinin on the forearm bisod flow
were about | 10 atia infus on and about {200 at 1y infusion

Already o she finst pub) coton ¢n substance T Eul and Gaddum 1931) 1t was suy
fested that e bypot nsne effect bramed after 1 v adminstration of the substance
waydi e 10 a penpheral vasodilatat on Holton and Holton (1953%) found an mereasad
blood flow through the rabtut ear 1 towing1 v iyection of substance P Dunng studies
on the effect of substance P on the intestinal motlity  Laljrdat! Martsson and Permow
1958) and the central hemodynam esin mar Dundr and Pernow 1960, 1t was abseryed.
Wary v mfusion of the substance cau od an wiens ve fushung m the face and neck
otniowsly duc te cutancous  asoddatavon

Thas paper deats witt the effects of substance P folloy 122 2 and 1 v admimstra
toy oo skin and muscle bload flow i the human forearm  The offects of subvance P

3
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204 Forea m blood How (mif100 mt tissucfen v}
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Fig 1 Effect of sogle 13 wyections of substance P (P) and bradykann (Br) of the forearm

:good Bow The compounds #te gwen m 0 § misal ne The effects of 0 1 rl sahiae alone & alsr
OWTL

art compared with those of bradyk provioudy shows (0 be 3 very potent sase
dilator an man (Fox #tal 1961 Burch and DePasquale 1967 hontos ol 1964)
and very smilar to substance P n ats chemucal structure (Bowsonnas Franz and
Sturmer 1963)

Material and methods

‘The subjects were 13 heatthy male volunteers the age range being 2141 yeans A drep and
a superficial vemn and he brachal artery we-e catbetenzed pereutancously

The forearm blood flow was measured with venous occlision plethvsmograpt y accard ag 12
Dohn (1956) as modificd by Graf and Westentea (19a9) The areculation of the hand watac
cluded by a cufl at the wnst, Unng the same plethysmographse apparates Strandell asd
Wahren (1963) found » coeffictent of vananon of §2 5 per cent for a single flow curve regutered
on the calf

The oxygen saturation of yenous blood was determined spectrophotometrically wog 3
shght modsfication of the methods deseribed by Drabin (1950) and Nahas (1951) the eoed
fisent of vanavon calculated from the analys: of o samples from forearm vewas obtaime
within 5 wen of each other was § 4 per cent

For the steltate ganghon block the anterior or paratract eal approach was usd (Moare
1854} The tip of the injecuon nredle was placed yust anten 1 1o the transverse process of e
€ 7 vertcbra. Twenty mi @ 5 per cent mepnacainie was ingected 1n all cases 3 Horner 3 07
drome appeared withun 10 . The completeness of the block was checked by testng v{-;:
prychogalvame reflcx (Lewss 1925) and by the appearance of a s gn feant increass 1 ¢
resming blood fiow of the forearm.

The followng substances weee used 5

Substance P prepared from horse intestine by Hoffmann La Ruche G according 0 e
method desenbed by Pernow (1953) The activty of the preparat on was 200 Luler units p7
g (Euler 1942)

%nd)‘nm syntheszed by Sandez AG

Suropne sulphate

Prometha o edonde (Lergigan® Ree p)

Guanethudine busulphae (lsmel a® Ciba)
Acrny lcholin by lic La Roche AGy

Procedure
wn Teflon catherers were
fso tnta & decp and 3

e s csgation was performed with she subjects in the supine pasit
butal ve 0 were Per

percutancously o the brachial sntery and i some e 2l
superfoal von of the foccarm Infis ons amto the brachial arery
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Heart rate bears /min

%
‘-—V\\‘ m
[
20+ Forearm blood flow
m1/100 ml fmun
®
1
Gxygen
sat aton
per cent
ey ¥

. |
|
:‘ A [‘

2 ¢ 6 8 W 7 4 € 8 1 umn

3 3 9 az o3 o7y
Substance P wuts fmn Bradgk run p/emin
Fig ® Effect of 12 1nfunion of substance P and bradykinin on heart rare forearm blood flow

20d oxygen mturation of deep (filed sicma) and supesfieal (open sems) verious blood of the
orcarm

formed using a constant infusion pump with h gears and calibrated glass syn,
Blood ssmples for oxygen analyns were taken from a deep and a superf osal ven of the forearm

Substance P and bradyk nin were d luted in saline and give s as mnfus on at a rate of
025—2 5 mi per min Th volume of an 1.2 injection never exceeded 01 ml

Results

4 Intragrienal admumstration

Blwod flor Smgle myections of substance P o doses larger than 05 umls gave a
$18Nficant increase i the forcarm blood flow The effect was very tranwent and the
resting level was reached again approumately 15 mun after the mjection According
10 the finding by Vogler eral (1963) that the purest samples to date of substance P
hate an actvaty of about 120 000 umits per mg 0 5 uruts corresponds to 4 g Brady
<iftun in doses greater than 0 ng elicited an increase 1n the forearm blood flow $im lar
11 type and duration o that obtasned with substance P \Weight for weight compansons

of substance P and bradykimin at sngle injrcuons showed that substance P was sbout
2030 umes more active asa asoddator (Fig 1)
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20, Forearm blood flow (m1/100 mi trssuc/min)

18
]
]
4
e
t t 12 t T
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2 4 F B 10 12 % 1§ 18 20 22 Zmn
Pig 1 Effeet of single 1 2 iyections of substance P (P) and bradykunun (Br) of the forearm

bhood flow The compounds are given m ¢ 1 m] sahne The effects of D 1 mi satine alone u also
shown

are p with those of bradyk p ly shown to he a very patent vaso-
dilator 1n man (Fox etal 1961 Burch and DePasquale 1962 Kontos etal 1964)
and very similar to substance P 1n us chemical structure (Bossonnas Franz and
Sturmer 1963

Matertal and methods

The subects were 13 healthy male volunteers the age range being 2041 years A decp and
<2 superficaal vern and the brachiat artery we-e cathetenized percutaneously
The forearm blood flow was measured with venous occhusion plethysmography accordiny 10
‘Dobn (1956) as modified by Graf and Westersten (1959) The airculation of the hand #as oc
cluded by a cuff as the wrst Using the same plethysmographic apparatus Strandelf and
V4 ahren (1963) found a cocficient of variation of 12 5 per cent for a single flow curve regustered
on the calf
The oxygen saturation of venous blood was determined spectrophotomeirically w § &
shght modification of the methods described by Drabkin (1920) and Nahas (1921) the coef
ficient of varaation calculated from the analysis of two samples from forearm veins obtained
within o nun of each other was 5 4 per cent
Tor the stellate ganglion bloch the antenor or pamatracheal approach sas used (Moore
195¢) The tp of the wyection needle was placed just anterior to the transyerse process of the
C 7 vertebra Twenty ml 05 per cent mepivacaine was myected In all cases a Homer s sy%
drome appeared within 10 mmn The completeness of the block vas checked by testing Tz
prycbogalvanie reflex /Lews 1955) and by the appearance ofa sign ficant in rease n tte
resting blood flow of the forearm
The following substanices were used e
Substance P prepared from hors~ tatestine by Hoflmaon La Roche AG accord ng to 1he
method described by Fernow (1953) The acuvity of the preparation was *00 Euler vnss i
g (Euler 1942)
Bradyhinn synthesized by Sandoz AG
Atropine sulphate
Promethazine chloride tLerg gan® Reerp)
Guanethidine bisulphate (Ismel n% Ciba)
Acetylcholin f Jorsd La Roche AG)

Procedure
n Teflon cathrters wire
to into & deep and 3

The savestigation was performed with the subjects in the supine pos tio)
bital vein were per

ted percutancously into the brachial artery and in some cases o
:;rrﬁrnlr;:m ‘of the forearm Infus ons into the brackual astery or a v
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flow (ml/mun/100 1) blood oxygen saturatson of deep (DV) and superficral (V) forearm
solute werght calculated from an actwvity of 120 000 vasts per mg {3 oghr etal 1963)

Bradyluin
Forearm blood flow Oxygen saturation

Dose mi/manf 108 ml per cent
18/ 1 mun 2 mn 3 min DV st
- 16 25 22 469 06
02 67 79 75

07 138 88 93 877 90
- 61 62 54 520

00? 101 142 124

007 224 236 240

02 437 379 363 892

~ 27 26 680

02 102 102

o7 106 88 822

~ 22 21 24

02 107 162 158

04 160 167 1n7

- 16 19 21

005 68 67 59

o1 168 125 99

67 171 121 17

- 24 21 26

ol 83 15 83

o7 186 144 121

- 21 27 29 43> 581
02 ns 78 78

o7 3 260 235 589 883
- 24 27 24 310 801
003 24 27 30

0" 75 27 42 806 &8
o4 60 60 86

o7 e i 155 ale 919
- 17 19 19 340 521
o 86 83 841 6
05 127 183 19

o7 174 232 188 a7

adw
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Table I Cont.
Substance P
Forearm blood flow Oxyges saturauon
Dosc mlfmmn/100 mi per cent
uts! rgl
Subject  mun mn 1 min 2 mun 3 min bv sV
Jw -~ - 39 31 a9 456 %6
5 004 174 98 86
25 02 159 188 194 812 947
nT -~ - 46 34 39 635 846
15 o1 1wl 80 84 864 at
25 voz 121 98 nz 820 230
5 004 124 143 no 80 239
SL - - 41 51 a8
25 002 202 186 161
5 004 192 218 257
1z5 ot 238 295 302

A constant infusion of more than 0 5 umts of substance P per mro caused an incres®
“the blood flow which exceeded two times the standard deviation of the restng blood
aw ‘The ndividual sesitivaty to substance P showed considerable variations Generally

e maxumnal vasodilatation was obtamed early during each infusion period where
after 1t usually gradually d d even duning d infusion If the infusion
rate was then stepped up the blood flow increased further but usually not 1 pro-
portion 1o 1he anfusion fate {Fig 2 and Table I}

Bradviamn admmsstered 1 2 had a similar nfluente on the forearm blood flow 4
substance P 0.2 g bradykimn gave about a threcfold increase from the resung Tevel
and was roughly comparable t 2 umts (16 ny,) of substanice P (Fig 2)

Oxygen saturation The oxygen saturation of blood samples from both deep and sper
ficual forearm seins increased significantly during infuston of both substance p and
pradykims (Fig 2and 3 Tablel) In the decp vetn the 1nital pxygen saturation values
were 3168 (mean 51 B) per cent thise inereased duning nfusian of 525 unts of
substance P to 76—90 (sacan 85 1) per cent The correponding values for the superfiosal
e1n were 52~87 (mean 71 7) per cent at rest and 8995 (mean 92 2) per cent duntii
Y ostanee ¥ sofusion. Similor results were obtained with bradykinin For both poly

udes the wncrease 10 blood oxygen saturation n deep and superficial vons w38
Tughly sgmificant
o vate 1 2
tenfold increase tn foreann
2and 3)

ve as much a5 2

\nfusions of substance P and bradylonn which gay
gruficantly (Fi

blood flow did not change the heart raic #),
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Bradykumn
Forearm blood flow Oxygen saturation
Dose ml/eun/100 mi per ceat
1g/mn { o 2 mun 3 mn DV 5\
- 38 28 34 421 773
02 78 61 77
07 176 144 162 724 890
-~ 42 50 43 522 846
002 15 1o 87 780 925
01 104 91 78 776 946
02 134 93 113 65 931
- 61 58 60
01 108 n4 134
02 ns 154 175
a3 309 296 255
B3: Heart 1o
N S
oy Smdnw

Fig 3 Influence of atropsnc on the effect of
a2 wdused substance P on the heart rate,
forearm blood flow deep and superficial
venous oxygen saturation Symbols a3 in

Fig 2

5

"

;;m:l/\,\/

O yge
sau ton
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‘Taste IT Effect of stellate block on the forearm blood flow Te5pOnse 1o intraartenal anfusion

peniod 1 grien
Substance P
Blood flow mlfmin/100 m pissuc
. Before sympathetic block Duning sympathetic block
3 —_—
¢ 5 Flow at anfusion Flow at infuson
Subject L basal flow baal flow
RAL - 27 55
5 96 32 262 47
25 136 a0 396 72
GL - 17 41
25 73 42 127 31
5 88 51 196 47
10 123 72 247 50
TH - 20 38
12 92 45 139 36
25 13 56 169 44
5 172 86 232 61
- 46 76
15 101 22 196 25
25 122 26 158 40
5 143 33 198 26
- 18 67
1. 61 33 192 28
35 94 52 211 Ir
75 136 75 250 34

Effect of atropene and antehustamine 1 a. myection of 0 5 mg atropine or 20 mg prome
h) not mfluence the blood flow response ta 1 a infused
substance P or bradykinin (5 cases) (Fig 3) -
Effect of guanethudine 1 a 1njection of 5 mg guanethidine did not caise a change o
the resting blood flow or mn the forearm blood flow to succeeding 1 a tnfunon of su
stance P (5 cases)
Effect of siellae block In 9 cases substance P and bradykuun were infused 1.2 befvlr:
and duriag stellat- block. I 5 cases (Table 11 the block led 10 2 significany mcrease -
the forcarm blood flow at rest and was accompamed by an exunguished gudn-mlﬂ’n
seaction following pawn sumulation as judged by skin rapstance sptasurements

bt anct
crease 1n blood flow obtamed with comparable doses of both Ix‘:bk”)

cascs the i
?::S brady henm was mvanably larger after the block than before (Fig 4and
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of substance P and bradykinn The maximal blood flow response recorded durng each

Bradylann
Blood flow mI/mn/100 ml tisue
Before sympathenic block Durmg sympathetic block
Dose Flow at mfusion Flow at wfusion
18fmun basal fow basal fow
- 25 58
02 79 31 210 36
07 137 54 251 43
- 25 55
02 154 61 265 48
04 165 66 268 48
~ 20 92
00, 63 31 124 13
L 167 83 300 32
07 171 86 32 38
- 50 63
002 115 20 156 24
01 104 20 143 ”2
o» 134 26 160 25

In the other 4 cases 1n which the stellate block was icomplete ay indzcated by a
negative sudomotor test and no mcrease 10 forearm blood flow at rest both substance P
{Fig 5) and bradylamn had almost identical effects before and after the block

B Int avenous adm mst atign

In doses farger than 10 units per min substance P elirted a significant increase sn the
forearm blood fow 0 umts per min gave an eight to tenfold increase in blood flow

No further increase © as obtamed however when the infusion rate was rased sull
further Thus phenomenon is ilustrated 1n Fig 6 which shows that maximal blood flow
response was reached about 2 mmin after starting an snfusion of 50 units per min Dunng
<ontinued wnfusion the blood flow then invanably detreased ston 1y though streseagan
* hen the infusion rate was doubled In some cases the flow then exceeded that with the
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Forea m dlosd fow e B fore Blogk
mtfm n £100mi s Durig g
<0
= Substance P 8 adykm
»

S

i 3 S
TS T GTpafm Gz

s

25 upmn

Fig 4 Effect of camplete stcllate block on the forearm blood flow respanse ta s 2 safised sub-
stance P (left) and bradykinn (r:ght) an subject b M

Forsarm biced flow -8 Brlore incompiete Hock
i/ m /100 mt > < Dutng

! 2 5 7 smn
Su/mn 2o/ .
Fig 5 Effect of incomplete stellate block on the forearm blood flow reasponsc tata mfus 30
substance
smaller dose such as the one sMustrated i Fag 6 and 7 it never even seacked the

previous maxmum
The heart rate nereasc

umts per nun

d when substance P was ginen s v an doses Jargee than 23
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1y infusion of subst P

91 Frrewm dosd faw v
o/ 0Am e

2 ’ 3 2 1 g
W S 100 vrets/ e

Fig 6 Effect of v anfuston of substance P on the forearm blood faw heart rate and oxwvgen
saturation of deep vengus blood

Thes v infusions of substance P of 50 umsts per min ar mare were expersenced by
the subjects as a feeling of warmth wt the head neck and arms where a bright red
flush was also cleardy nouceable The subjectn e symptoms disappeared almost smme
dhately when the snfuson was stopped

Bradykisn did bike substance P cause an merease 1 the forezrm blood flow when
wfused 2 v This effect nas, however obtamed anly with vers high doses L~ 100 xg
per wus) (Fig 7) causmg uteese and almost antolerable subjective svtaptams of
pulsanions and a feeling of warmth 1 the head

Discussion

Tt clear from these results that substance P as well as bradviimn s an extremels
panerful vasoddator 1 skin and muscle of man Companisons with other substances
having & sumitar effect show =t ta be the most potent 1w this respect A direct weight
for weight comparison s complcated by the aned reports an the hiological set 1y
of substance P as punfied by different rescarch ¢eams Thuy Franz Borsvonnas and
Stérmer (1961) mave an acts aty of 30000 Fuler units per mg for the r preparation
which they regard as chemicalls pure whereas Vogler «f of (3963 report an activits
of 170 000 umuts per mg The dusceepancs may be due 1o differences m the standard
substances used ¥ rom these fim res, it would seern that substance P s 5—70 umes more
effective than brad Limn on 1 2 mfus on and considerabl more cffecine than acery}
chol ne as a vasodilator in the focearm rewon
The tnerease an forearm blood flow was accompan od by 3 3 gmficant nse i the o

#en unton of blood from decp as well as superfrial formarm <ns Th's finding
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105) Heart rate
beats /enn

35
a50] Forearm blood flow
5 o] ™/ mn /100l

T 25 28 m
Bradyk nin pg/ma

Hes ¢ ate
80 j beaM
0

84 Fo ea m blood fiow
mb /enin /10 ot

Substance P wnits/mn

Tig 7 Effccts of 1 v infusions of bradykinn (upp r part) and substance P (lowes pars) on hert
rate and forcarm blaod flow

seems to indicate an increase in both muscle and skin blood flow as substance 1 18
considered not 1o affect the oxygen consumpnon of the bissue

It seems reasonable 1o supposc: that the vasodilatation anses from a direct dilvtatng
+fiet of substance P on the smooth muscle of the blood vessefs The negative results
with antihistamines and atropine should rule out transmussion of the effect vin histumine
or acetylcholine

After sympathetic block when release of vasoconstnctor tone had caused an incresse
11 resting blood flow both substance I and bradykimn had amore marked effect fn e
case of bradykinin this finding agrees with the observanons of Rocha e Sifva Corsad?
and Ramos (1960) that substances with a sympathicolytic action such as dibenzyfine
delay the recovery from hypotenston provoked by small doses of bradykinin

1t 1 difficult 10 assess the moee marked vasodilatating effect following sympathetic

Block howeter as such blocking m stself changes the it tonus of the remstante
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vessels It1s Likely that the effect of vasodilatng drugs 1s to a large extent deprndent on
the imtial tone of the vessel If ho vever, a constant relaxing effect on the vessel ar
cumference 15 assumed for a grven dose of 2 vasodilator regardless of the initial tone
Poseuille s law mdicates a greater absolute merease in flow following admmistr<tion
at a low imtial tone than at a high one The effect of the grven polypepndes should
accordinely be eyaluated as the ratio between the itial blood flow and the fHow as
measured during the mfusion of 2 particular dose In the 5 cases exammed  the absolute
ncrease 1n blood flow durnng mfusion of substance P and bradybimn was ab ays
greater after sympathenc block Only m one case (k. M Fig 4) however was the
ratio between the flow dunng infusion and the il flow greater after the block 12
this case the results might suggest that substance P actually had a greater effect after
blocking In the other cases the greater mcrease mn flow after blocking 1s largely as-
enbable to the change 1n the smtial tonus and must not necessanly mean a pctentia
non of the vasodilating action following sympathetic block
While the normal ferearm blood flow 1s fasrly stable 1t showed great vanauons dunng
constantnfuston of substance P and bradyluma (see Fig 2 4 and 5) This mught be
due 0 an uneven distribution of the nfused polypepudes i the artenal tree of the
forearm However since the same pattern of flow response occurs at 1 v mfusion
(Fig 7) this explanation seems unlikely During prolonved mfusion of substance P or
bradylimn the maxunal effect always appeared duning the first minute after which
the flow gradually decreased A further wcrease was generally obtamned when the
infuston rate was increased theugh this nise was not directly proportional to the amount
nfused A true dose response curs e was therefore never obtamed with these compounds
Afew cases showed so marhed a dechne tn the “sensitivaty  to further doses of substance
that the mfusion rate could be mulnphed several umes following the adminustration
of a small dose for a few mmnutes without any further recordable mcrease 1 the blood
flow This was particularly evident dunng 1 v nfusion Similar findines have been
reported for bradykinm (Rontosetal 1964) and alsofor other vasoactve substances such
as adrenaline (Whelan 1956) The cause of thiy change m the response to a substance
dunng prolonged adrmnsstration 1s not yet known It mi~ht be supposed that the vaso-
difatation induced elicies a Such an L seems.
improbable however in view of the finding that the same phenomenon occurs when
substance P or bradskinm 15 smfused after beuc block /Fig 4) It scems more
Lkely that the phenomenon represents a tachvphylaxis of the same type as that pre
viously demomnstrated for the effect of substance P on the intestine (Gaddum 1953)
Obviously substance P 13 much more actnve than bradskimn as a vasod lator of the
forearm ons v adsministration Thus 15 1 accordance with the findimgs by Fox (1961}
who also found that bradykmmin infused @ v caused a vasodilataton of the face and
0 ck at a dose Ievel which was 0o low to 5,1 € anv effect on the forearm. This was not
th case wah qubstance £ sk caused @ ssmaliamesus scresss o Gresmr b fow
and flushing of the face Wile the mean ratio of equi-effecuve doses of substance P
and bradykinn as vasodilators of th forearm was about |
corresponding ratio at 1 + mfusion was about 1 200

10 at v 2 mnfusion the

:1.. work was supported by grants from the Swedish Medical Research Counal and the
wedul Socety fo Med cal Research wh b re gratefully acknowled, ed
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1957 Hea 1 rate
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Fia 7 Effects of 1y nfusions of bradykinin (upper part) and substance P (lower part) onl eart
rate and forearm B! A flow

seemns 10 indicate an macrease tn both muscle and skig blood flow as substance P18
considered not to aflect the oy gen consumption of the ussue

Tt seesns reasonable to suppose that the vasodilatauon anses from a direct ddatars
effect of substance I on the smooth muscle of the blood vessels The negatn e results
with antilystamines 2nd atropine should rule out transmission of the effect via husiamze
or acetyicholine

After sympathetic block when relea.e of sasoconstnctor tone had caused an mncreas”
10 restng blood fow both substance T and brad; kinm had amore marked effect latte
casrof bradvlumun this finding agrees wath the obsers avons of Rocha ¢ Silva Corrado
and Ramos (1960 that substances with a svmpathicolytie action such as dibennlin
&elas the recorery from hvpotension proyoked by small doses of bradykimnt

11 35 cifficult to assess the more marked sasodifatating ffect follownz fyrpatt "‘:
Block, bosever as such blocking 1 stself changes the initial tonus of the pesstanc
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Effect of Insulin on the Isolated Rat Diaphragm in
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and Actinomycin Dt
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Abstract

Sovik O Effect of msultm on the s lated rat d aphr #m 1n the presence and 1n the sbsenc of pwromrem
and actnomyet D Acta phystol scand 1965 63 373—335 — To detcrmune of rmsuln-induced
sugar uptake and glycogen synthesis m 1solated muscle tissue are dependent upon RAA or
Frote 1 synthess the effect of puromyamn and aconomyan D was studied on these parameters
At a concentrat on of puromvan which whibited by 97 the incorporanon of C-p otan
hydrolysate into protems an nbibiuon of the msuln sumulated incorporation of *C-glucose
1nto glyrogen and of the net glycoven synthesis was observed This puromy 1n effect was dem

anstrated 1 the cut as well as m the sntact diaphragm preparat on. and at low as well as high
Elucese concentrations m the incubation med um The msule mduc:d glucose uprake and
D-vylose wansport was not altered by D a which
almos blocked the meorporation of C-oroncaad mmmund o nhxbxmry effect on ghurose
upuke of glycogen synthesis. Ata higher ere

of labelled amino acids u to protewns was srongly mhnbxl:d il stimlation of gl)togm
syntheas was almost abolished The results favour the view that synthesis of messenger

55 0ot i ol 'ed m the nsuln effect on muscl  The relationship between proten b and
snsul n induced glycogen synthests s

Insubin when added to the wolated rat diaphragm, sumwlates gluose uptake and
glycogen synthess (Gemmull and Hamman 1941, These effeets of snsulin have been
related to an enhanced rate of membrane transport of glucose (Levine efal 1930
Park and Johnson 19531 however the precise mechamsm of this “membrane effect
Temains unknown

Expeniments have fasoured the hvpothesis that the msubn effect on glycogen syn
thesis 13 not only a consequence of increased entry of glucose into cells but also depends
upon 2 pathway to glycogen specificially facilitated th ansulin ¢Beloff Cham ef af
1926 Norman efa! 1959 Larner etal 1960) It has been suggested that this “direc

Aprel mnary s rt of this wo k has becn published mn Vafrs 1968 0 39u--397

1K 4 phyal s & bol 63 32
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tive effect on glycogen synthess depends upon an increase in the actnaty of glycogen
synthetase following exposure of the muscle to tnsulin (Villar Palasi and Larner 1961}

Tt has been demonstrated that nsulin produces an effect on protein brosynthesis in
muscle (hrahl 1952 Sinex ctal 1952) independent of the insulin effect on membrane
transport of sugars and amino acids (Wool and Rrahl 1939} and recently ool (1963)
has obsenved an effect of insultn on nuclerc acsd synthesis n polated rat draphragm

In the present work 1t has been investiated whether insulm action on carbohydrate
metabolism 18 related to the sumulation of protein and RNA biosy nthesss exerted by
this hormone Therefore the eflect of msuln on glucose uptake xylose distrabution and
glycogen synthesis was studsed under condstrons where protern and RNA biosynthesss
was blocked by puromycmn and actinomyan D respectively Puromyein 1 known as
a specific mhbitor for protemn bi hesis an han cells (Y hnsky and dela
Haba 1909} In presence of actinomycin D 2 sclective and complete inhibition of cct
Tular RNA synthesis has been observed (Reich el 1962)

Materials and methods

Asngars

Male and female rats 100160 g from the stramn at the institute were kept on standard d et
B fore the daphragms were removed  the arumals were fasted 18--24 hours then killed b, 2
blow ¢ n the head and decapitated

MareriaLy
Pyromyemn-d hydrochloride purchased from the \utntion Biochem Corp  and actinomycin
D agft from Dy M\ushett Merck Sharp & Dohme were weighed and dusse bved an inffer
to the belre each exp Insulin crystafline (73 4 unis g}
D+ )xylose and sucrose were purchased from The Britsh Drug House very ter days a stock
Hution was made by dissolving msulinin 06 acetrc acid to a concentratn of S0 upts m!
sdase and glucose oxtdase were purchased from Sigma. p-brom amilin from Dr Tt eodor
Leharde Munich thiourea and resercin ! from Merek D glucose frsm D fio Lals Detront
#4Cglucose  (-protan hydrolysate and  C-orotic acid from The Rad cf emical Centre
Amersham and  (-DL-Phenylalanine from Biochem Research terp  Los Avgeles Tl
spectfic actvity of C-glucase was 186 4C/mg of C-protewntydr lysate 00 uCmg «f
arotic acid 66 7 7 Cjmg and of * L-D1 p}emylalanine 12 mCjmMg

INCUBATION TECHNIQLES
Four—eight rats were used for each expenment

A Lxpe iments wsth eut diaphragm

Cut draphragma were prepared weighed and subject d 10 p e n ubvon e}t ¢ daprg®
1ot buf 5 with snhibitar /puromsean 7 ¢ actin my a0 1) the other h midesp hragm was
kept w bufler as a control hrebs Ringer phosphate buffer pt1 77 74 ga cdvih O

was used Premcubation was performed for 10—30 mmm i 1om semperture (22 Q) Tere

osulin and  (labelled componds were added 0 i ppr priate ) emr yans
S he e soppe T a3 G I

11 stoppered gassed with O Fir 5 mun and ancolnted for §
cubaton was perfurned m 2 Dubn T shaker with 80 100 cycles m 1 \ft r noutaton !h]'
duaphragms were blotted on filter paper and st cted to the anal 1 2y p oeedures sentnand
later
B Exper ments wath ntact  duophragm
11 aded 3t mg
h s were prepared accerd o o hapo s and Cor (1957) and
dl:l:n:.‘dhgcu)(’}:r:ngv:“and (Ai’wx;‘k 1961 The hemm baph ragma w re each pre n utated an"l
e ol Iothon Tomger ph aphate buller i the tam e ner s 0w preps 1 0
,\f ncubation the sntsct preparation were bluteed on filter paper the §ap hrogm
dcl ‘crull out tnmmed weighed an { subyected 10 the amibyucal ¢ roceduren
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Tasiz | Effect of puromycin on labell ng of protein 1 the isolated rat daphragm i the
presence and 1 the absence of nswbn Pawed mtact hermd aphragms v ere prem
cubated for 30 mun and icubated for 2 furs with or w thout puromy e (270 pg/mt)
Hermdiaphragms from every secand anmal were neubated with of without wnsel o
(01 umt/ml) The wmeubat on medum (6 ml) contamed ghcose (200 rog/100 mi)
and 033 4 of Colabelled precursor per il Proteuns were wolated and counted
a3 desenbed under  analytical procedures

Rate of ncorporation of  Crlabelled am no agids

1mto proteins

Adidsoons 10 e “umber of  Precumor © eewmor

baton medwm expeniments DL phenylalamne protan hydrolysate
Countsfrmnf108 mg. Countsm nf100 g
wet tssuet wet tssue

o add on 4 1376 & 36> 1346 & 50

Pvommen 4 159 & G> 6845

Snsud n 4 2848 4 875 2223 3 58

lusebin + puromyan 4 241 £ 98 BE 4 1L

& Standard ersor of the mean

\NALYTICAL PROCEDURES

Glucose was determuned by the ghacose ovidase method (Huggett and Nuxon 1957} Glycogen
was ssolated according to Wataas and W alaas (1950; w th the modification that the 1 sue was
boled 30 NaOH i tead of 30 KOH Glycogen determmat on was performed by the
athizone method of Carroll etal {1936) “vet glycogen symibes s was takatated § om 2 mean
fastng glycogen jevel Th s was obtaited by cutt ng small prcces from the d aphragms samphng
the pieces and est mating the glycogen content of th pooled sample Samples of € labelied
€hycogen d ssolved m water were appl ed on plates and counted 1 2 windowless methane flow
counter (Frcseke and Hoepfner) P otews w re solated according to Manchester and Yatng
14538) applied an plates and covnted i the same n nne as descrbed fo glycogen Nucleic
ac ds were isalated a3 described by Wool (K863) During an imcubation time of 2 hours G
© Se 3¢ d was almost exclu vely ncorporated nto RNA Therefore 2 spenific determmat on
SR\ A and DN 3 was not performed 3 1t e bulk of the «penments D-xylose was deternuncd
by the method of Ror 2nd Ru (1938] and suc ose acco dng ¢ Roe tal (1M The tssue
disirbut on of a sugar was obta ned by the auo

ST 10 %es tusue (Mgl

Segar n medwim (mgmti 10

The nracellol dwt sbwton of Yl o I mles p e wa A wtd  thedf

ferenee between the tot I xylose & tnbut on and the ucrose d st buton Su ras dy ¢ but on
slmied o the xtra Ml € ph s whie D) xylose pen tates €l membranes

Results
Espenments with prrome n
The ff ¢¢ of puromyam on proten biosymhes s was tested In the p esence of puso-
TOR {7)D g ml) there was a 8t ong Aib tion of incarporaton of  C-DL phemyl
alamne and  C-prot 1n hyd alvsate 1ato protewns of the diapbragms Tabte 11 The
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tive effect on glycogen synthesis depends upon an increase m the actiaty of gheogen
synthetase following exposure of the muscle to msulin {Villar Palass and Lamer 1961)

It has been dernonstrated that msubin produces an effect on protews hiosynthesis
muscie (Arahl 1952 Sinex et ol 1952) sndependent of the insubin effect on membrane
transport of sugars and 2munc acids (Wool and hrah! 1939) and recently Vool (1963
has observed an effect of wasuln on nuclec aaid synthesis 1n ssolated rag diaphragm

In the present work it has heen im estigated whether insulin action on carbohydeate
metabolism 1 related fo the stimulation of proten and RNA biosynthesss everted by
thes hormone Therefore the effect of insulin on glucose uptake xylose distribution and
glycogen synthesis was studied under condiions where proten and RNA brosynthens
was blocked by purom and act in D resg 1y Py 13 hnown as
a specrfic mhitor for protetn b hesis in fan cells {Y linsky and de 12
Habz 1939) In presence of actmomycm D a selectine and complese mbsbitron of cel
hular RINA synthesss has been observed (Reich 2t ol 1962)

Matersals and methods

ALy

\ale and ferale rats 100160 g from the stram af the insivute were kept on standard diet
Before the daphragems were removed the animals were fastert 18-~24 hourr then billed by 2
blow on the head 1ad decapatated

MatErice
P dihy ds p Q from the Mutriwon Biocl em Corp  and aconomysia
D a g from Pr Muhet Merck Sharp & Dohme were werghed and disabved i buffes
10 the appropriate concentrations befare each expe iment Inyulin erystatiae (23 # unis mg)
D{+xylose and sucrose v ere purchased from The Bnush Drug House Every e daysa smc|k
énfation + as made by dissobvang msulin tn 06 acent acd 1o a concenteat on of 50 umits
eroudase and glucose oxsdase were purchased £ om Sigma f bromoambmt from Pr Theod ¢
buchards Mumich thiourea and resorens) from Merck 1 glueose from Difeo £ab Dewort
1Y Cglucose  C-protein hydrolysate and  Ceorotie acid from The Rad ocf emical Cer%r
Smenham and  (-DL-Phenyialanmne from Bochem Research Corp Iov Angeles K (':
speafic actinity of . glucose was 196 nCfmg of € proseinhydrolysate 708 pGlmg of
orotic acd 66 7 7 Cjmg and of C DL phenylalanme 17 mCimAf

InCLEATION TECHNIGURS
Four—eight rats were used for each experiment

A4 Fpervnents uith cut & aph agm J ragre
Cut diaphragms « ere prepared werghed and subjected to pre neubanen one hermd ap! "““‘f"
m 1 ml buffer with whsheor (purermyoin or acunswcin BN the off e hmul:p;mk"h
%ept 10 bufler as a control hrebs Ranger phosphate buffer pif 7773 gruaed we

r Fhere
was used_ Premcubatian way performed for 1530 min a1 room femperatare (77 € W

sugars snsulin and  Codabelled compounds were added fn she apprope e €of .
:mh:gvamcb stappered grssed with G for 5 min and neubated fa i~ 2 hnat \3:1 Cn tn
rubatson was performed m a Dubnofl shaker watk 80 ~100 cyeles 1o Afie et
draphragms weee blotied on filier paper and sulyected to 1f € analvtical proveds ot oned
tater
B Esprrsments with wntact d afk agm I

Intact drphragru were prepa od ace riding ta hipm and Core (1927 and dmbam! ]

hragms were © ch p e pow

ne {hono and Gelawck 1901) Th hea wdr p 4
‘::ugﬁi x,.lg mt Rrebs-Renge phosphyte bulfer n the sam manner ¥ (hhc ﬁ‘ g:;ﬂ; e
’\f ¢ mncubation the MUt Preparifions were blotted on filter paper the dap!

dcmcu: out tnmmet weighed and selected 1o the analytcal g oeedures
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I Effect of wnsul n on xylose disttsbution @ wsolated mtact rat diaphragm i the

presence and m the absence of puromyein Pawed muact’ hemudwaphragms were
premncubated for 30 mun and incubated for 30 mm with or without puromyein
(270 ggiml) Hermdiaphragms from every second ammal were mecuba ed 3 th or
vathout msubn (0 1 umt/ml) The incubation medium {6 mi) contamed D-vylose
(450 mg/100 ml) and sucrcse (68> mg/100 ml) Xylose and sucrose were assayed
and xylose distnbution caleulated as descnibed under analyneal procedures

10 meubanon Number of Intracellular xylose
eXperiments distnbution.
n 6 2037 £ 169
& 17934178
6 3283 +130
uromyan 6 2817 302

ard error of the mean
1

ffect of iasulin on net glycogen syntbes s and incorporaton of - C ghucose 1ato

fyecg n nwolated  ntact ratd aphragm n the presence and in the absence

[puromyen Pared ntact herud aphragms were premcubated for 15—30 mn

2d incubated for 1 br w th or w thout p (270 g/mt) ¥

om every second an mal were incub ted with or without msulin (0 1 umit/ml)
he incubatior medium (6 ml) contained glucose (200 mg/100mY) and  C-glucose
47C/ml) Glycogen was tsolated as described under  analytical procedures

ne ahquot was wsed for ca boh drate estimation by the anth one procedure an
16€ was counted on plates

Dumber Rate of incorporation
ofexperr  Netglycog n of Cglucose nte  Speafic acuvity of
ments synthesis glycogen glycogen
mg g wet Counts/minymg
tissue wet ussue Countsfmin/pg
(3 1212022 KEES § 378151
6 119030  170x » 467383
9 373030 503%3s 96447
9 303037 43128 934141

¢ of the mean
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Fig 1 Effect of wnsulin on glucose uptake and net glycogen ssnthesss 1 wsolated cut  rat diaphragm w the
presence and 1 the absence of purompcn

Paired cut hendiaphragms were praincubated for 15 mun and incubated for 1 hour with o
without puromycin (270 ug/ml) The incubation medium (1 ml) contamed glucose (200 mg/
100 ml) Clucose uptake and net glycogen synthesis were estmated as described under ana
lytical No of mdscated in and standard error of the
mean indicated on the top of cach column

inhibition of mcorporation of  C-proteinhydrolysate was about 97 9 1n the absence
as 1n the presence of insultn Insulin enhanced the incorporation of amino acids 10t0
protens by about 100 9,

Fig 1 shows the influence of msulin and puromycin on glucose uptake V$ath insulin
the glucose uptake was sttmulated by approximately 75 @ There was no effect of puro-
'mycm on glucose uptake neither 1n the absence nor 1n the presence of insubin

In Table 11 are shown experiments with D xylose a non metabolized sugar The
intracelfufar distnbution of D xylose was unchanged after the addition of pummyf;"
In presence of insulin the itracellular xylose distribution was increased This sumuld
tion by insulin was not significantly altered by puromyctn |

The influence of 1sulin and puramycin on glycogen synthesis was tested (Fig }
In with cut  diaph P without added tosubin bad no ¢‘
fect on glycogen synthesis Add:tion of insulin more than doubled the lycogen 'Y";'\‘:l‘lt
Ths insulin induced glycogen synthesis however was reduced by puromycin ot
the insubin stimulation of glycogen synthesis was 134 without puromyan in D'
sncubation medium  snsulin sumulation was reduced 10 44 10 the presence of pur

mycin was
The influence of 1nsulin and puromycin on the intact dwphragm preparation

snvesugated (Table ITI} In the intact preparation the insulm responsc wa;::::
marked than 1n the cut preparation Insulin sumulated the net ghwi:‘ :)4\90
by about 200 ®, and the incorporation of C-glucose mto glycogen by :!d xuon N
There was a marked increase n the specific activity of glycogen after a ; v xﬂ“an
sulin Puromytin did not affect the net glycogen synthes:s or the mc:hmt"m 2
HC-glucose into glycogen i the absence of insulin However the s rn e o
glycogen synthesis was somcwhat reduced by puromycn In p;::e:lczt Og np ot
the 1nsulin effect on net glycogen synthesis was reduced from abou
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Effect of insulin on xylose d stnbution 1 ssolated  tatact
presence and in the absence of puromyan Pared  entact bermd aphragms were
prancubated for 30 miz and mcubated for 30 mn with or without puromyct
(270 pg/msl) Hemudraphragms from esery second animal were meuba ed with or
without meubn (0 1 umtfmi) The meubation mediwm {6 ml) contamed D <yfose
(450 mg/100 i) and sucrose (685 mgf100 ml) \ylose and sucrose were asayed
3nd xylose distnbution caleulated as described uader  analyncal procedures

rat diaphragm in the

Addsuons to meubaton Number of Intracellular xylase
medium experiments distnbution
"o 2dd pon 6 2037 £ 169
Puromyein 6 17934178
tosd 6 383130
Tasul n + puromyon 6 2817 £302

< Standard er-or of the mean

p<OMN

p<002
Taste T

Effect of msulin 0n net glycogrn synthesis and mcorporanon of  Coglucose wto
glycogen n ssolated  ntact rat diaphragm in the presence and e the absence
of pwromyon Pared ntact hemsd sphragms were preucubated for 1530 mn
and incubated for 1 ke w th or without (270 pgfml}

from every sceond animal were neubated with or wothout wnsubin (0 1 wnstjml)
The ncubanon medsum (6 mi) conta ned ghacose (200 mg/106 mb) and  C-glucose
{84 C'ml) Glyrogen wat satated as descnbed under  analyucal procedures

One aliquot was wied for carbok Trute estimanon by the anthrone procedure an
other was counted o plates

Addit ans to \umber Rat of ncorporanon
mrubation ofexpen  Nergheogen of Cglucoseinto  Speafic acav o of
mred um ments symthests glycogen &l ogea
mEEW € Counts s wg
s wers Counisjro n pg
o add uon & 17 =0 994 81 38201
Puromynin © 1192030 120+ 2 46783
Insul n 9 33203 0322 96447
fasuln o+ o 103_03 43878 44
puromye n

2 Stand rd crror of the ncan

and p

ae
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Taree 1V Effect of msulin on glucose uptake net glycogen synthesis and sncorporation of

MC-glucose anto glycogen in cut rar duaphragm 1n the presence and i the absnce
of Glucose n b medium 600 mg/100 m] Purwed
cut henudiaphragms wese prencubated for 30 pun and incubated for 1 hr with
or without puromyacin (270 pg'ml) Hemidwaphragms from cvery second ammal
were ncubated with or without msuln (01 umt'ml) The meubati n medium
() ml) contained glucose {600 mg!100 ml) and  C-glucose (054 Cyml) Clucose
uptake net glycogen synthes:s and labelling of glycogen were determuned as de

scnbed under  analytical procedures Number of cxpersments in paranthesss

Rate of meorporat on

Addstions to mn Net glycogen of 'C-glucose into
cubation medium  Glucose uptake ssnthesis glyeogen

Counts mun mg wet

g g wet tissue mg g wet tissue tssue
Mo addiuon 7134027 (1)) 256073 (12, 207230 (1)
Puromycmn 630045 (]2, 250015 (12 21016 (17)
Insulin M2l 314 231512033 (it, 432273 (47
Insul o 10802101 14 4035 011 332272 117)
puromyem

< Standard error of the mean
P00
pe00

Taxre \ Effect of acunomvan D on labelling of RA A and protems in the solated rat dia

phragm Pawred cut heridiaphragms were preincubated for 30 mi» and incul ated
for ? brs with or without acunomyen D 10 ug ml The wricubat 0 1 cdium €on

tauncd glucose (200 mg 100 ml and Ceorotc acsd 024 ml or *C protesty

drohysate 104 4C md RNA and proteins whie! were d term ned in d flerent £

permients, were salated as deseribed under anal ucal procedures N\ mber of
expenments i parentheses

Rat f1 caperatin 1 &

Additsons  incubation Rate of neorporationof * L Prote nhydret sarem
median orotre ae3d wio RN prolen
Count mn 100 mg wet Counts mun 100 mgw ¢
Csue s ur
Na addition 230 - 78 4 118y =170 1
Actnoman D R 8 4 838 1

* . Standard errer of the mean
s p<00!
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Taste VI Effect of msuln on glucose uptake net glycogen svathess and incorperation of
C-glucose nto glycogen i cut rat diaphragm 1 the presence and m the absence
of actnomyem D Paired cut hemiduaphragn s were premmb:ted for 30 munand
incubated for 1 hour wath or without acty DE b fromesens
second ammal were mcubated 1 1th or wrthout msuln (01 un ¢/ml) The wmcu
bat on medium contamed glucose (200 mg/100 ml) and € glucose (0 54C ml)
Glucose uptake pet glycogen synthess and Iabell ng of ghcogen were determined
as descrbed under  analytical procedures

Number Rateof mturporaton
Addstions to ofesper  Glucose et glycoven  of Ceglucose mto
eubat on medium unents  uptake synthesis ghycogen
mg g wet mggwet counts min mg wet
tissue tssue tssue
A Actmomve n D
10 g mt
o add uon 6 378-033 142050 32932
Actmomyem D 6 4022019  171=036 356246
Insulin 6 6171053 30047 663135
Insufn +
actinomyan 6 66100 363069 66773
B Actmomyan D
100 pg ml
o addition [ 12,0018 20607 38024
Actnonycin D 6 381010 499446
Insulm 6 696048 79031
Tnsulin -
actromvan D 6 5931043  ?767F03> 281460
2 Standard error of the mean
p<000)
p<00i
p<0d
S0

(p< 005 s hile the msulin effcct on the rate of incorporation of C-glucose
was reduced from about 400 to about 260 tp < 002
on the speafic activity of glycogen was obscrved

It was of mterest to study the effect of insuln and puromyain on glicogen s nthesis
2t a higher elucese concentration 1n the incubation medium (Table IV - Glucose up-
take as weil as net glycogen synthess could be sumulated by increasing the glucose
<oncentration i the mcybation medem from 200 mz 100 ml to 600 mg 100 m] The
sumulation of net gheogen synthesis produced in this was was not reduced by puro~
mycin The effect of insulin on glicose uptake and net glycogen svnthesis was of a
nmilar order at the two glucose concentrations Fig | and Table I\) At the hugher

elucose concentration ns |  raised the vate of of C-glucoscntogly

No effect of pursmcia
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by about 80°, In preserice of puromyan this insulin cffect was somewhat reduced
{r i €05) Puromyan did not mgmficantly alter the msulin effect on net Llycoren
synthests

Esperiments urih actnomyenn D

A Actmoryrn D 10 pgjod

At this concentration a complete block was obser od 1n the incorporation of *Corouc
acid anto RAA of the diaphragm (Table V) At the same time 2 significant shtbion
of the rate of ncorporatian of ‘C-protem hydrolysate tnto muscle pratan watobsened
Actmemyain I had no effect on glucose uptake net glycogen synthesss or rate of1a

corporation of “*Coglucose wto gheogen neither 1n the ahsence nor 1n the presence of
wnsultn {Tabl~ V1)

B Aetinomyan D 100 pgiml
As i the case above actmemyan D had no effect an net glycogen synthes:s or rate of
mcorporation of ¥C-glucese wathout added insulin {Table VI) With msuhn sn the
cubation medium an increase of net glycogen synthesis of 120 ¢, was obsened o
the presence of actwomycin D this sesuhin effect was almost abolshed (less than 10 )
Insubinsumulated the rate ofancorporation of  C-glucese into glycogen by about 1102,
In presence of actmomyon B this msulm cffect was reduced 1o fess than 26

At the higher conceatration of acunomyan I an effect on glucose uptake was ob-
served (Table V1) Without addstion of insubin there was a sigmificant increase m glucose
uptake of the dusphragm
> Wath actinomscan I 100 prg/m! a more marked effect on protesn biosynthesis has

1 observed The 30 °, inhibition observed with acuromyan D 10 ggfmt (Table

+« was rassed (0 about 50 °, at the higher concentrauon of acunomycin D

Discussion

The effeet of msulin on membrane transpost of sugars and amno acids docs not seem
to be dependent on protem synthesy Ebout Bonus #1 0l (19631 in thesr studics ont
1solated rat draphragm found no effcet of puromycin on glucose uptake nether an the
absence nor 1n the presence of insulin. Fritz and hnotit 11963, could produce an 1
vitro by msulm of bi transport o1 the absence of proven
synthesis Carhin and Hechrer (1964) demonstrated the lack of effect of puromye s
upon wntulin tnduced D xylose transfer and a ammorsobutyrate transport i the
1act diaphragm preparation The obsen ations concerming glucose uptake and D-sylme
teansfer are i accordance with the results presented here
In the present work st has been obseried that at a concentration of puromyon
whch almost blocks protein syntheas but does not influence the effect of nsubn on
glucose uptake the smsubn sumutation of ghycogen wynthess i parily nhshuted In
contrast to this observauon Carlin and Hechter 11963 conclude from ther stadhes or:
the tact diaphragm preparaucn that puromyan in concentrations which al;w;
abalsh peptide bond syriheus do not influence wnsulin action upon gheogen Syt :;.
Howarer it 1s appareat from the resuls of these authors that while puromyain : "
out effect on the nsubin mduced net ghcogen pymibesis the same mbubuior lﬂ;:’m
seduce the insubnestsmulated inearporauon of Clucose snto glveogen In ()xtm;; s
work a difference between the cut and thr antar diaphragm preparauion
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observed. The effect of puromycn on the insulis induced net ghycogen synthesis in the
intact duaphragm preparation was of margmal statsucal guificance {p < 002) + hle
in the cut preparation there was a more marked effect of puromyem The reason for
this 1s not clear It might be due to a hugher tul of p

1n the cut preparation In this connectron it is of interest to note that Carhin and Hechter
(1964} used a puromycn concentration of 0 11 mM which was sufficent to produce
more than 90 ®, mhibition of protem synthesis In the present work a concentration
of 270 pigfml (= 0.5 m\) was used This inhibited protemn synthesis by 97 ©, Eboue
Bomus et al (1963) m their work on cut rat draphragm used an even Tugher concentra
tion of puromyamn (500 prgfml)

As d

Iy 1n this paper by Beloff Cham efal (1936)
Norman et ol (199) and Larner etal {1960) have favoured the view that insulin has
a directive effect on glycogen synthesis md: of 1ts effect on transport
of glucose. In with a puromy b of insulm mduced glycogen

synthesis 1t should be mentioned that snsulin mfluences the actvity of enzymes con
cerned with glycogen synthesis Villar Palasi and Larner {1961) found ap increase in
the actity of glycogen synthetase (UDP glucose @ 1 4 glucan-g-4-glucoss! trans-
ferase) afier exposure of 1solated rat diaphragm to msubm When the enzyme was fully
sumulated by addition of glucose-6-phosphate there was no further effect of wsuln.
Tt was thereforc difficult to attnbute the effect of insulin to a de naco synthesss of enzyme
Later Rosell Perez and Larner {1962) demonstrated the eastence of two forms of this
enzyme and postulated that msulin acts to regulale therr wtercons ersion

Observations on hver however suggest an wsulin induced de no-o svathesis of en
2ymes Stemer efal (1961) found an ncrease i the actnaty of glycogen synthetase 1n
Lver homogenates {rom alloxan diabetic rats wathm tv o hours after msulin mjection
This insulin effect was present both vath and without added glucose-6-phosphate In

diabetic rats Salas et ol (1963) could restore glucokinase activity by msubn admimstra
tion. Ch: f 1d

ung
strated and ¢ that gl ynthesis was induced directly or indurect
1y by msubn Sumilar results were obtumed by Sharma etal {1963) + ho postulated
that hepaue glucolinase requires 1nsubn for 1ts adaptive synthess

Accordmg to Rech et al (1962) act Dat selec
tvely suppresses RNA synthesis in ammal cells Concentrations of acinomycn D which
diminish RNA synthesis by 99 permut substannal rates of protem synthesss for pro-
longed penods At hugher concentrations of acunomyan D howeser biosynthesis of
D\A and protemn 1 inhibied

The effect of actinomycn D on wsolated rat diaphragm has been im emgated by
Ebou¢ Bomss ef al (1963) At a concentranon of actmomycin D (10 rg/ml) whach block
€d the biosynthesis of RNA there 1 as no effect of msultn on the incorporation of C-
Labelled amino acids mto proteins nor did actmorman D wfluence the effect of -
suhin to increase protein synthens The sumulating effect of msulin on the turnover
rate of phosphocreatine ATP ADP undme and were 2
b antinomyan D The findings 1n the present study that insulin induced glucase up-
take and ghstogen synthesis were not mflucnced by actmomyein D (10 uig ml) scem to
support the view that insulin effect upon 1solated muscle 13 not meduated through a
b esyntheus of messenger RAA

The b tion of snsulin sumulated glycogen synthesss at a higher concentration of
actmomycin D (100 g ml 1 at present difficult 1o explain Tt eught be pointed out
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howerer that at this concentration protein synthests s strongly inhubited by actmomyern
D Ths mhibiwon of protein synthess might n tur interfere with the snsuhn effect
on ghycogen synthesis. A more marked effect on proten synthesss at higher concentra
tons of acunomycn D 15 1n accordance with the findings of Reich ef af (1962}

Two posssbilities exist for the intubivon of the insulmn induced glycozen synthess
by puromycm. 1) Inhibition of msulin induced svathests of an enzyme concerned with
ghcogen synthess 21 Inubiton of insuln tnduced reactions leadsngy to inereased
actmty of glycogen synthetase The expenments with actinomyem D at hugher cen
centrations to »ome extent support the first possibihity

Puromycin 3s known as a speaific mbsbitor of protemn synthesis acting probably as
an analogue of estenfied transfer RNA (Yarmohnsky and de 1a Haba 1959} Hov cver,
1t 15 possible that puromycin as well as acnomycin D are not quite specific n they
action, especially ar hgher After imjection of puromycn on rats a
depletion of ner glycogen has been obsers ed (Hofert et al 1962) According to Hofert
et al (1963} glycogenolysis m kver could be produced by puromyem ana gues as weil
Puromycin leoside and G-dimethyl: p produced a more marked
decrease of hepatic gheogen than puromyan while the comparatue degree of i
hubimonof glycine 2 C incorporation mio protemns wasres ersed A siumlar ghy cogenoly
e effect of puromyein on muscle has not been observed neither 1o vivo (Hofert ¢t ol
1962 nor 1o vitro (as demonstrated 1 the present work

In order to study the relauonship between the cffect of puromycin on proten syn
thess and on the msubkn anduced ghyconen synthesis experiments « uh puromyan
analogues are in progress

Seunomyan B was kndly donated by Dr Mushent Merck Sharp & Dohme The auvthor
1sindepted to Prof O Walaas for helpful advice 2 1d encouragement Thanks ace due 20 M
A Adler and Mres A Egges k for technucal assistan ¢ Th s work was supported by grartsy
from the Nordic Jasulio Fund 2nd The Norwegtan Counce | for Science and The Humanmi o
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however that at this concentration protein synthesis is strongly inhubited by actinomyain
D Ths sohibition of protein synthesis might 1n turn interfere wath the msulin effect
on glycogen synthesis A more marked cffect on proten synthesss at hioher concentra
ttons of actnomyein D 1s 1n accordance with the findings of Reich et ol (1962)

Two posstbilities cust for the whibttion of the nsulin induced glyconen syntheus
by puromyen 1) Infubition of msuhm induced synthesis of an enzyme concerned with
glycogen synthess 2] Inhibttion of mnsuln induced reactions leading to increased
actnity of glycogen synthetase The expennments with acunomyan I at higher cen
<centrabions to some extent support the first posibihty

Turomyein 1s known as 2 speafic inhibitor of protein synthesis acung probably as
an analogue of estenfied transfer RNA (Yarmohinshy and de Ja Haba 1929 Howeser
1t 15 possible that puromyen as well as actmomycm D are not quite speaific 1 ther
actian Uy at higher Alter mngecuon of puromyein on rats a
depletron of Iver glycogen has been abserved (Hofert et af 1962) Acrording to Hofert
et al (1963) glycogenolyms in hiver could be produced by puromy oin anclogues as v ell
r ¥ leostde and G-dimethy s d a more marked
deercase of hepauc glycogen than puromyem while the comparainve degree of on

hibition of glycine 2 #C incorporation mto protems was reversed A sumilar glycosenoly

tic effect of puramyain on ntuscle has not been ohserved nerther in vivo (Hofert el

1962) nor m vitro (as demonstrated in the present work)

In order 10 study the relabonship between the effect of puromycin on protan 50
theus and on the insultn induced glycogen synthess experiments with puromyon
analogues are In progress
Actinamyon D was kindly donated by Dr Mushett Merck Sh rp & Dohme Tte autt 1
13 indepted to Prof O Walaas £y kelplul advice and encouragement Thanks arc due to Mo

¥ A Adier and My A Eggesvik for techmical asastance Th ¥ work 1 av supported by granh
from the Nord ¢ Insubn Fend and The Narwegian Counal for Sc ence and { he Human ves
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Fig 1 Effectofd and 1 A on the CA content of rat heart Times on abscissa represent minutes
after asngle ym njection of ind cated dose Each pamnt represents mean of at least 4 deter
minations (2 tissues pooled for each determuation) 4 S E M Control values represent mean
of 10 saline treated controls NA 074 = 005 uglg A 002 + 002 yglg

free A and NA Three different doses of d A (03 10 and 30 mg/kg) and two doses of 1 A
(03 and 1 0 mg/kg) were used Injccted amnes and the concentration o the tssues and uninc
are given as the base The volume of the mjrct on was kept constant at all times Rats were

cr ficed by 4 blow on the head and tissues (heart and 1 ver) removed washed with saline
blotted weighed and hon ogenuzed i 5 trichloracetic acd (TCA) 1 an Ultra Turrax ap-
paratus Two organ specsmens we ¢ pooled for each mnalys s Following homogen zation the
samples were filtered adsorbed on alumina and CA determinat ons carried out according to
he method of Euler and Lishajko {1961) and read 1n a Coleman fluorimeter No correction
was made for the 10—~20  am nes lost duning the procedy ¢ as determinied by recovery ex
proments

Far obtamng unne data pooled samples were obtamed f om 5 rats placed 1 a commun ty
cage These rats were subjected to the sam  treatment as described above wath samples being
collected at the same tmes as for o gan analyss plus an addit onal collect on at 4 096 m 1
Collection periods were the int rvals between these tmes A aline treated control group ac
compamed cach expenmental group In the case of the unnary stuches 0 3 and 1 0 mg/kg d A
and 01 mg/kg 1 A we e studed In some experiments the fluorimetric data were checked by
bo ssay using the cat blood pressure and hen r ctal caecum (Euler 1956) The fluo metnc
and the bologie assay results were w good agreement

ther experiments were carried out n which the heart homogenates were subm tted to

different al centr fugation and the CA content of the subcellular fract ons determined For these
evpenm nts 3 hearts were poated for each i following
the d ssection of the tissues were done at + 2 C The hearts were placed 1 30 m! of sotontc
potassium phosphate buffer pH 75 contanng EDTA (2 ng/ml) nmunced with seissors and
bomogenuzed nsing the Ultra Tu rax. This nstrum nt was operated for 15 sec at low
and 15 sec at high peed A portion of th homogenate was extracted n 10 TCA and used
for assay of total heart The rema ning homogenate was spun in a Sp nco Model L ultracen
tnfuge at slow speed (8000 » g) fos 15 m o The slow speed supernatant was then spun at
b ghspeed (100 000 x g) for #0 m n Thisy elded a supernatant fraction and a sed ment which
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Abstract

Westfall T C Uptake and exchange of catecholamenes i va tissues after admmstration of d and 1

adrenaline Actz physiol scand 1965 63 336—342 — The effect of d and | adrenaline (3}

on the catecholamune (CA) content of heart and liver of the rat was studsed at vaious times.

g 1m admumistration It was obscrved that both 1somers are readhly taken up by these

and exchanged for the normal neurotransmutter noradrenaline {NA} The present €%

ments also present evidence for the uptake of both d and 1 A 1nto subcellular storage

geanules The fall 1n the NA content of the organy was accompanted by an increated urmary

excrenon of NA The present experiments also indicate that there 1s a shght stenc preference
for the storage i favor of the 1 somer

It has been reported that d adrenaline (A} 15 capable of producing greater than 95 o
depletion of noradrenaline {NA) in yvanous organs of the rat after ingection replacing
50—100 °, of the lo t NA (Andén and Magnusson 1963) In the present expeniments
the Baty of this exch was gated by studying the effect of the &
and 11somers of A on the catecholamine (CA) content in heart and Iver of the rat
Urinary CA levels were also studied 1n order to determmne if the loss of NA 1n organs
was accomparued by an increased NA excretion Other experiments were carnied out
1n which the effect of d and | A on the CA content of subeeltular fractions of rat heart
was studied to find out whether these amines could be taken up or exchanged with the
A 1n the storage granules

Methods
sed throug! out
Afale rats from the Sprague Dawley strain weighing from 250320 g were u "
s :ludy The rats were injected s m with excher d_or § A and hearts and hv:s rctln::'d{"
\arious times (6+ 236 512 1 024 and 2 048 o) following administration and ana’y
da Afd U SA Prosent addes

3 Prandoctoral Felow of the Nauonal Heart Insuute Bethesdy 814 U84 P’y

Dept of Pharmacelogy Vest Virguia Univ Med Conter
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difference 1n achion between the same dose of d and 14 the I isomer occurring n
greater amounts m the granules Even though ! A seems to be taken up to a greater
extent there appears to be about the same amount of decrease 1 the \ 4 Ievels produced
by the two forms

Discussion

The present expenuments show that both d and [ A can be rcaddy taken up by the
heart and In er and exchanged for the normal neurotransmutter These results confirm
and extend those reported by Andén and \agausson (1963) Smce the above authors
did not mentron what dose of d A they used 1t 15 hard to compare these present results
directly with thers In the present expenments however even with the largest dose
of d A used (3 mg/kg) the greatest depletion did not exceed 80 4 of the control
occurring 256 mm following administration

Raab and Gigee (1955) reported that the mjection of A resulted 1n an increase of
both A and NA 1 the heart The present results show however that the A s taken up
mto the heart 1 exchange for the NA resultmg 1 a considerable decrease mn the NA
Ievels Our results are consistent with those of Stromblad and Nickerson (1961) who
alse reported that 1 A could be taken up by heart tissue with 2 resultant decrease in
NA Tevels

Blakeley et a! (196%) and Stjarne (1964) have recently emphasized the importance
of a recapture mechamsm 1n such organs as the heart for the purpose of mantaing
neurotransmutter economy In the present experiments it 1s felt that the presence of
large quantines of d and ! A 1n the area of the axonal membrane results o their being.
taken up 1n competition with the recapture of NA which 12 continually being released
{from the nerve endings Our expenments also present evidence for the uptale of both
d and 1 A ntostorage granules This result s 1n keeping with the report that A can be
taken up from the arculation mto the sympathetc nerve endimgs and discharged by
nerve sumulation (Rosell and Sedvall 1961 Rosell Axelrod and hopm 1964)

The present results also show an increase 1n the unnary excrenon of NA folloy ing the
administranon of d and 1 A Thus suggests exther that the NA 15 being released from.
the nerve termunals in larger q or that the P! b 1s less efficent

As already mentioned the question of the stereospeaficity of the uptahe of d and 1
A 13 quite controsersial hopin and Bridgess {1963) reported that both d  and 1
N\ A B were bound 1n the tssues to the same extent while the rate of disappearance of
dNAH? was more rapid than that of the ]somer Crout (1%4) has recently also
observed thatboth d and 1 \ A HP are taken up equally by the rat heast and retaned
at least for one hour Muller and Shideman (1964) have recently studied the stenc
preference for uptake of the two 1somers of NA by a particulate fraction (102 000 > g
sediment) of cat atna They report a Limuted storage capacity of this fraction and that

1t exhibits no stereospeaificaty In contrast to the above results Beaven and Maickel
(1964) and Mackel Beaven and Brocie (1963) reported that \A 15 taken up by 2
process that 1s essenually stereospeaific for the 1somer Euler and Lishajko (1964)
olserved that the ATP-dependent uptake in wsolated nerve granules of \A and 1 at
low amme concentrations 15 fo some extent stereospeaific while the amine uptake at
tugher concentrations with and without ATP 1s not or only shghtly dependent on the
steric configuration Working with an isolated perfused rat heart Iversen (1963) has
also reported that at low concentrations the d ssomer 1s taken up atlov er rate than the

" 60 44 phyel sca d Vol 63
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11somer however at hugh concentration the rate of uptake of the d 1somer was greater
than that for the I somer at the same concentration Even at the same rate of uptake
the resulting tissue concentratton of the d 1somer may be lower than that of the I 1omer
1f the Iatter 13 better retamed {cf hopin and Badgers 1963)

The present expenments indicate that these 1s 2 defimte stersc preference i fnor
of the 1isomer of A regarding storage into whole ussue as well as i the storage
granules

“This work was supported 1n part by a Natronat Heart Insutute postdostoral fellowshsp Fa
HE A 331 01 and Grant AF EOAR b4 31 from the Air Force Office of Stiennfic Research
OAR through the European Offite Acrespace Rescarch Unned States As Force and by
Public Health Service Research Grant NB 0433202 from the National Institutes of Health
aud by the Swedush Medical Research Council projeke nr 14X 97 01
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Abstract

Asmussen £ § H Johansen M Jorgensen and M Nelsen On the nervour factors cantroll ng
v b anonend o ulaton durpt wercase Acta phys of scand 1962 63 343330 — Tn the steady
state of work an a b cycle ergometer repeated 1y amectiaus of {4 tubocuranne p oduced a
dee ease m handgrp strength In spite of thus the ntennity of work was ma ntained cenatant for
01030 m o During s me pulse rate and bload p essure ticreasext s] ghily and iregalantv
but the ventlat on increased, both absolukely and 15 relanen to the ovyeen wotake by up o
about 5O The card ac output was ur nfluenced by the crranzation By add ag CO to the
wspured aie the alveolar oo was mamntained at the normal exercse lovet £t is therefore as
sumed that all she known bumorat factors cont olling ropirat on m &xertise must hase been
normal The greatly increased ventlation smust consequently have been <awsed by some
acrvous faciors The origut of these factors + hiethe centrat or peapheral s discussed on the
background of ea 1 er expenmental findings A ieniat ve explanauon based on the assumption
that b cycle work 15 performed by the medaaton of the gamma loop 1 suggested Aecord ng to
s the  mervoms factor  of respiratory regulatna in exe €ise may be the Seed back 1 the
et cular Hrmarion of afferens impulses £ om the mascle p ndles

In recent expenuments ¢ dsmussen and “aelien 1963} employing blockong of the
orcvlaton to the working muscles of exeramng subgects it was shown that powerful
nenous factors the rosp centre were during the perod
9 which the aireutanon was blocked These factors could be explaned by assuming the
exsstence of perphoral chemo-receptors i the muscles where the conditaons duning the
blacking period rust becot tic But the foalaty abo costed
hat muscdas mech s ere 3 tyzed durning the blocking

p
Period iz 4 18 way asumed that the gamma Joop with s affercats played a major
Partan the sumulation of the everciamg muscles of Gramt 19550 It remamed un
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explamed if such penpheral impulses were also acin e under conditions where muscuiar
anaerobioss 13 absent 1 e 1n the normmal steady state of hight and moderate work

Waith the ofexpl ths bility 2 series of experiments hase been per
formed tn which the working muscles w ere partly 1 by means of {4 Jtub
memjected intravenously dunng u d work Ashort prel 3 note on these
€ has been published (A et ol 1963)

In 2 study on the effect of (+)tubocuranne on the sometric muscle sirength Johan
sep etal {1964) observed that the ssometric strength of hmb and neck muscles could be
reduced to very fow values (5-—10  of normal) without the respiratory museles being
much weakened 23 yudged from of the voluntary resp y
flov volumes and expiratory pressures This observation opened the possibility of
reducing the strength of the leg muscles during bi-cy eling to the lowest value compatible
with the continuation of exercise without interferng niticeably with the warkiag
capacily of the resprratory muscles The inereased motor nerve actiaty which presum
ably must be present when a certain part of the muscle fibres are blocked by (+)tubo-
curarme and the work intensity 1s constant could thus be studird under crrcuestances
of 2 normal  milicu wteneus 11 the muscles and s nfluence on respiraton and
arculation measured

E of a similar ck have earhier been performed by QOchwadt of al
(1959) but therr studies were restricted mawly to the 1mtial part of a work period no
attempt at reaching a steady state was made and there was no control of the degree of
curarization They found that the 1minal mcrease 1n venulation on beginning a bout
of exercise was Wigher Quring curanzation than m normal condition

Methods and procedure

‘Ihe bulk of the cre p o app healthy young students They
1 orled after a metronome on a mod fied Khrogh bicycle ergometer 1n which the saddle had
been exchanged for a chair Thar feet were ted t0 the pedals i order to elmunate the danger
of loosing the foothold durng the period of curarizatton Thew arms were free for measarements
of blood pressure, counting of pulse rate and injection of (- tubocurarine Expired a r was
collected 1 Douglas baga throuvh mouthpicce and valie The respiratory movements were
recorded on an ink writing recorder by means of 2 strain gauge arrangement together with the
opemng and clostg tmes of the taps of the bagy \When GO mustures were used as mpnr:lm"y
air these were admumstered throueh a muxng bag which could be kepe at an appronmately
constant volume by adjusting the fia v from two cylinders one contatning atr the otter & v
CO maie by means of two flow meters Samples of the nspired agr we c taken from the n:‘d
connecting the roexing bag weth the wspratory side of the valve The solume of the expi e
arr was measured to 0 11 by emptying the bags by constant sucuon Inio a large .p:mmexc;[am
the gas analyses were made on the Scholander gas analyzer The average companm ™
alisolar aw was determined by means of Bobr s formola wing a standard curve f T physo:
Jogical dead space published earl er ( \smussen and N elsen 195 ) 10 some exper men! s b
crdac output was measured by the acetylene method The {1 tubocuranne W’” g:ﬂn -
small doses through an ndwelling aecdlc into 3 vern on the back of the rght hand In ordet 16
control the degroe of curanzation the strength of the handgnp in the left hand was meas

a -dynamometer

* mmﬂl’nh;ma:c:xr lh(cbl::,!;ct: sested for abr ut half an hour  the reclinng seat of e

houluivhy Du::n this trme bus pulse rate was counted repeatedly and hus hand grip l:m‘g\n
Gm H u?cn started work at 3 constany rate and afier about 15 m n uhm‘ l:lun
N rdered % sieady state two Douglas bags were filled with expired ai and controd ¥ ors
de o gth pulse ratc and artensl blood presiure obuaned The imretion Gt
peliptvisy n:‘o place and the fint wecuon of {+ jtubacurarine grven The ﬁF' mr»m .
“’?’ :h:?lg:(;:ﬂrf was always a prosss of the evehds that desel ped quitc earh 3
eflec
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Fg 1 Suby I 360 kpmymin Resprratory functions and handgrip strength 1 the steady state
ofexe cis  before and durmg curanizat on

30 sec Subject vely the sight became st ghtly blurred because of eye muscle paresis After 3—
5t nadec case in hand grip s as apparent and shortly thereafter 2 secand dase of curare was
gven By f equent measurements of hand gnp strensth and repeated graded iy cf ons of
cura ¢ the hand grip st ength could be adjusted to a faurly constant percentage of the cont ol
value and ma niained there for the rest of th peniod W 2 d
nstre gth had be n obtaned repeated ollecuions of exp red a r began At the same yme the
COycontent of the nspired air was raised to an emp ncally determuned salue that would
sulf ez 1o keep the alveolar PCo_ at the narmal exercise level The subject continued working
after the metronome Subjectively the work was felt as becoming beavier On acca ons when
100 much curare had been given 1t was impos ble fo the subject to keep up the rhythm He
was urged 1o do his utmost and Rer a few munutes he agam  ecovered strength enough to
tonlnue Ove a period of 20 to 30 munof onu under f p edair
was collected n 6 to 8 Douslas bags each sampling period lasting 19 to 2 mm In the ntervals
counts of pulse rate and measur ments of blood p essure and hand gr p strength « ere made
1 special experiments the ca diac output 1 as determuned  both while v 0 king n the normal
cond tion and during cura zatan In qthers clectromyagrams w te cecorded via plate el ¢
t oxles pasted to the skin oy the lateral vastus muscle

At the siop of the expe 1iments | mg of atrop ne wa  miected 1 v and a few m nutes Jater 1—
15 e of prostugm ne was £ ven ‘The effect of o anzaton was ga ckly ehmmated n this way
handgrip st ength ¢ turned to normal alues and the ptos s d sappe red Subje tn ely  feeling
©ofheaviness witl som  clums ness of movements persisted for some hours afien ards

Co trol expe ments In order to make sure that {+) tubocuranne n the concentratons and
amounts g ven had no d rect effect on resp raton and  culat on expenments were perf rmed
in the rest ng state It was found that as de f om th- decrease m muscular st engih curanzat on
had o eff ct on th functon studed Menulaton ovygen uptake 1 eolar Pep pube rate
and arter | blood pressure ema ned unchanged during the half hour period of curanzat on
Yurth  nwork expenments w th the sam  ntens ty and duration of wo & as n the cura ¢ ex
Perments but without curanzaton the functons stud ed imuscle sirength  venulation
OXyeert uptak  pulse rate and blood pressure) rema ned n pra t cally steady state v th bur
stght changes 1 butable to deelop ng fat gue
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Fig 2 Suby Al 713 kpm/mn. Respiratory funclions and handgrep strength in the steady state
of exercise bef re and dunng curasizat on

Results

Jrratery functions Mlore than 20 expts on 2 young male subjects with work intensities
of 380 kpm/mun or 713 kpm/min and with 20 te 30 nun of work under the mfluenceof
(+ ytubocurarine were performed in prinaiple the results were identical and the e
examples presented 1y Tag 1 and 2 are represemaune for the whole serses

Fig ) shows the results « sth suby T workimg at 380 kpmjmun It can be seen that
s00p after the mpection of the first dose of curare (D § mg/ke) the hand grp sirength de
creased from 1ts normal value of about 43 kg and by repraung the yyections 1t wal
mantained at values betwren 20 and 30 kg for the followsog 24 min The oxygen up-
takes snoreased slghely gresemably due (@ ncreasing difficultes ta mamtamnng the
working poution in the seat of the ergometer The increase was of the arder of magal
tude of 10 ¢, The venulation was considerably increased from about 2.4 Vi (BTFS/
to around 45 [/mua ¢ e anncrease of about 56 Fxpressed as senufagn pe 10
uptake the ventlation increased from about 26 1 litre O, 1o about 38 Jlure O, 1 €
also an increasc of close t0 50 By addmg 22 CO, to the mspired air dunng ths
pertod of relatnve hypen entilation the ahevlar Pop %as mamiained close to the neady
state value of 39 mm Hz the highest dvaation bresn 2 mm Hg /duning the
sampling penod)

Fig 2 shows the corresponding results from an experiment vtk suby ¥ workios 3t
713 kpm/min His hand-gnp strength was redyced from 40 ky to values betwern ki u:
35 kz Attempts to reduce at further dusclosed that hie was actually working at th e fom!
of hus capaaty with tus reduction tn hand grip strength I he shont peniod !yluﬂ:

(84h aod 1%h munute when his hand-gnp strength was at the lowest 29 ke bew
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unable to keep ume wath the metronome The oxygen uptake was 1 6 1/mn 1 the nor
mal steady statc of work and wicreased maximally to 18 Imun probably for the same
Teasons as mentioned before This corresponds to 2 12 5 ¢, increase The ventilaton
which normally was about 40 Ymn (BTPSY mcreased maamally to 63 ymn 1 ¢
by 57 °, The veatdanon per hiter Oy uptake ncreased from 24 Ifltre Og to maxamally
37 UMtre O 3 ¢ by o4 Pigo wasm this expenment 42 mm Hg m the normat
state By addion of 14 ¢ CO, to the tmpired a1t 1t was masntamed approwmately
temlam The largest deviation (second samphing period was ~—2 7 mm Hy
of curves to the anes as Fig 1 and 2 Yeaves the

xmprcssmn that the degree of relatn ¢ hyperventilation depends on the degtee of curan
2ation as expressed 1n the decrease of hand gnp strength Thus impressionissirengthened
by the farly good correlation found in all experiments hetween relatve yentilation
{V1/Vg,) and percentage decrease in hand gnp strength as seen 1o Fig 3

Corculatory functions The pulse tate and the artenial gystchc blood pressure were
measured at intenvals threughout the whole work penod  Both functions increased
omewhat during the pened of curanzation more m suby 1 thanin suby \{ In the 2
<¥pts presentedsn Fag § and 2 the pulse rate sncreased from about 120 beats/mm to
about 130 beatsjnun s Fig | and from 138 beats/men to about 160 1 Fig 2 Artersal
bload presute rase from 130 mm Hg to 140 mm Hg in Fig 1 bat rerwatned practically
<constant around 130 1n Fig 2 The cardiac output was determined in special expen
ments on suty 1 onlv workng at 713 kpm/min The mean values from 5 determi
Tations without and 4 deserminations with curanzation are shos n a0 Table T

Tasie 1

o tmuy @ DOt () QGmn)
norm } 176 107 (87100 173
<uranred 187 106 (93—114) 177
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Curare hancgnip
48 kg
0t mglhg
8 by
kg
Tig 4 EMGs from m astus bater
aks of suby T durng cyel ogat
13 kpmfiun G0 resolatons’mm
0 02 mg kg Sk clectrodes 1k recorder Tap
2 37 4g secording  pormal  cond o af
work Yollowing recardgs were

;WMN mylko made 4 to 18 mun after first sngection
29 4y of {+}tubocurarine as shown ta th
keft To the nght the my ct nsef

e —
8 25 4 curare and the measured handynp
sirenghits are mdicated at the ap~
ST pro<maie tuves

It can be seen that the cardiac output is only sgmificantly mfluenced by the
curanzation
Llectramyography In Fa, 4 arc shown some emy, s recosded via skin electeodes and an
kwniter dunng bicychng in the normal state and at different Limes during the persod
{ curarization The most noteworthy effect 1t that the summated emg ¢ becomt
aler with icreanng degree of curarizaton in spite of the fagt that wark procecded

¢ nroniant rate

Discussion
The present cxyp with eur on dunng, o steady state crerase
shawed that the pul y {. increased ferably both fately and 1

relation 10 the oxygen uptake The relauve thcrease wax — with the uncertamties
nherent 1 the method of yudgng the degree of zurarzanon from the serength of the
hand gnp — propartianal te the degree of curarization
Tt scems justifiable 10 assume that with the adjusted cangtney of Pacg  the humoat
factars known 1o nflucnce respiratron were the same in the curarized condition a3 the
normal state of conseant exercise At the hyht mtensty of exercise in the normal conds
tion there 1s presurnably no aceumulation of lactic acid or ather anid products and as
the cardiac output 15 umnfluenced and focal biood flow unsmpeded there seems 12
veason 10 assume that any change m {1 ) should oceys dunng the perod of curant
zation Neuther 13 there any reason for assumsng that ether anerofic metabolaes should
occur wm ncreased amounts durmy, the penod of curanzation
"The recorded ncrease in ventlanon therefore must be due to some nerous rmor'
pperating with increared mntensity dunng the curarization penod of called forth desccth?
by the altered conditions of work Such nervous factors may be ather ofpfﬂphtrﬂ or
r the + orkin”

qral ongint In the former case they mecht onginate in receptors &
of ceniral ong v r‘ i reeeptors

7
he intensty of work was mamtaed corstant

muscles ¢ g 1a foechant-receptory
ete 1n the present expenments where U
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the direct it of the han ptors m muscles tendons jowt surfaces etc
caused by the muscular contracuons and the movements must have been the same with
and withaut curanzation Newthey ys there any reason ta assume that the other receptors
ate sumufated differently n the t o situatons Therebore a direct tncrease 1n 2fferent
smpulses from the moving parts 15 hardly to be as.umed .

On the other hand 4 considersble increase mn the efferent flov of neryous impulses
10 the curanzed muscles must be assutmed  If curare blocks the motor endplates of 2
certain number of individual muscle fibres in the acuve motor unrts the Row of mator
smpulses to the muscles must be mereased in order to maimtn the constant work This
can Le thought to occur enher by an increased frequency of shmulation or by recrunt
ment of new motor unty or by bath The situstion t0 a certam degree resembles that
obtaine during exercise with blocked crcufauon (Asmusien and Naelsen 1863}
Only with curare the output of 1615100 per acti € motor umt 1s decreared becau ¢ .ome
of the fibres 1n the units are blocked at the endplate whereas in the expeniments with
blocked errculation the output of tension per motor umt 1s decreased because alt the
fibres m the unit become fatigued due to the anaerobic conditon. The emy findimgs
seem 1o substantiate this In the expenments 1 3th blocked circulation the elrctnical
artwity picked up by plate electrodes over the working muscles showed an wcrease
with time {Astussen and MNaelsen 1963} whereas in the present expentments it decreased
{Fig 4) powbly because the syncromized electnical cutput per motor unt decreased as
the sndiadual muscle fibres hecame curanzed (f Lotke and Hennemann 19601

Tn the provent expenments and 1 our easher expenm nts with blacked ereutation
thete seems to cast a positive correlation between the efferent motor out flow and the
ventilation An obvibus explanation of this fact would be to assume that the nenous
wpulses from the motor cortex on thewr way down through the brawn stem mfluenced
the respiratory center e g by iradiuon as suggested by hrogh and Lindhard
AI913) or i accordance with Burns {1963) by mncreanng th  surrounding traffic of
actvity 10 non resparatory parts of the rencular formation The first and simplest of
these explananons 13 rontradicied by the findings thay decirca) sumulabion of muscles
1 constous man brings about an increate 1n ventslaton that s retated to o gen uptake
0 exactly the same way as in volional work ( Asmussen Niclsen and Wieth Pedersen

1943) as\ ell as by the findmex of Rao (1963) who w cros-circulation expenm nts on
dogs found that peripheral nen ous impulses from exercsing muscles sumulated the
resprration Both these v orks pointed to the importance of afferent nenvaus impulses far
he requlation of respiration 10 meraise

in wnereased afierent flaw of impulses to the respiratory centre or us s irre undingy
€an however be pustulated also 1 th  prosent expeniments even though the outer
WOtk remains constant 3f one assumes that the st mulation of the lower mator centres
wholely or dominantly takes place viz the gamma loop of Granst 19551 In that case
the need to cepand the mator acti 11y to more units  ould primandy be met by an
tneveased flow of ympuises 10 the ntrafusal myscle fibres of the muscle spindles which
n turn would produce an increased activan in the afferents 1 the latge moto.neurons
% toe medulla and preumabls an inerea od § cdback to th centres m th rencular
formation

Alsy other kinds of informat on related ¢ the work gong on must be assumed to
teach (he bramn stem ¢ g from th acoustt and opuc centres where the beat of the
Metronome the maosemer 8 of the prdals ete are smated It mas weil be that st is the
sum total of all thes s gnals ymp nEing on the cellsn the formato tencutans surround
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g the respiratory neurons that copstitute the nenous factor m respiratory re
gulation duning exercise At our present state of knowledge 1t seems 1mposible 10 locate
this factor more preciscly but the present expenments speak 1n favour of its existence
‘The arculatory functions duting work with are much less d
than 1n the with blocked circulation (Asmussen and Niclsen 1063) Both
blood pressure and pulse rate increased much less than 1 the blocking expeniments
whereas the cardiac output remains wmnfluenced as in the earlier expeniments The
reason for the difference between these and the carlier experiments may be sought 1n
the Jocal conditions 1n the muscles In the present expenments normal aerobic con
ditions must have prevailed whereas in the former experiments with blocked errcu
lation, a state of mcreasing anarrobiosis existed  The possible effect of impulses from
h (& 1963) must have been quite different in the two
cases The small changes observed dunng curarization may have been caused by an
ncreased outflow of adrenalin ax the work subjectiv ely was felt more strenuous
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Relaxation of the Gastric Smooth Muscle 1o the Cat
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Abstract

Janson G and J Martmson S me quant taf.e consuderations on © ally wnduced relaxation of the
gast ¢ smooth wuscle tn the ot Acta phynol scand 1965 63 351—3>7 — The vagus nenves of
the cat contamn two sets of efferent fibres affert ng gastne motility These two sets can be
distinguished from one another by the d ference 1n their st mulat on threshold  The fow

threshold fibres el it pure motor responses the h gh threshold ones a long lasting relaxat on
ofth stomachwall Th 3 -3gally nduced gasine selaxanon which seems 1o be confined largely
0 the corpus and fundus may somet mes be extreme When recording gastnc vol xme changes
3t a constant low transmural presure (2—3 em H 0) sumulation of the anhib tory fibres
€an merease the volume several hundred per eent Under these conduions the fundal muscle
flres may increase by 40 or more in kngth_ Essent ally max mal relaxation of the stomach
wall ean apparently be brought about by sumulation of these 1nhib tory fibres It would appear

that th ¢ powerful relaxing effect of the vagal fibres on gastrie musele s invol edin the vecepts ¢
el xation of the stoma h

“The effect of vagal smulauion on gastic motlity recenved wide attention dunng the
first decades of the century (for review see McSwiney 1931) Tt 1a known that in certain
circumstances vagal sumulation inhubits gastnie motility  but the underlying mechanssm.
and the physiol e of such has been a matter of dispute

In a recent study on cats Martinson and Muren (19631 who used graded efferent
st mulatson of the vagus nenes obtained results sugresting the eustence of two types
of efferent vagal fibres to the stomach a low thrishold one causing exaitatory responses
and a hugh threshold one caustng relaxation of the stomach wall The gastnic motor
nfubition induced by the hugh threshold hbres 1s not sizmficandly affected by atropine
€uen o doses suffia nt to block the exaitatory responses (¢f Harnson and McSwine
1936) As to the p mech eliating the b Greefl Rasperat and
Osswald (1962) and Paton and Vane 11963) have independentl  produced evadence
1hat 1t 13 mediated by an adrenermic mechamsm

3o
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VELUME mi
.

»

Fig | Cat 25 kg Gastnic volune secorded at canstant transm at presure 3 om 1O
‘xm;uhum with sanysng 1enpuls frequencies pulse duration 2 msec 5\ Atropine admn
fered s v

The present studv 13 concerned with the degree of influence of the va al mhubr ont
tibres on gastne motihity with special reference to thesr capacits (o augment the sohun €
of the stomach

Matersals and methods

matersal Ons e of 29 cats werghung between } o and 37 kg Ttz ammals weee depr d

o £rod or "4 ~3% hours before we The animals were anaest! ot zed with ether Fllrwed 1y
Fbyraiuse /60 80 mgper kg b w ) gaven 18 A tracheal cannula was inserted 1o secure 3 4t
arr passage

The vagus n ros were dusected free in the neck region and dividrd The pernpheral e
were placed on b v lar sih e electrodes in such a way as ts prevent dryeng and coohng of th
nerves In two expentments that part of the anterior vagal trunk hetrw the thaphsagm w2
prepared for sumulation sn the same way as the aerves mn sepr 0 f the neck The cletr '
were tonnected © 2 Crass Vit 1S 4 sumulator produony  jiare was p je {adisalle
intensty duraucn and frequency

The abde mimal casity was (pened ty 2 nudine naiwon Famost 1 ihe expensment 16
totestines exeept the oralmost part f the dusdenum were removed 31 tomath €3 10
was solated by higattm e cardizn such a waya ot o lamagr e agu nenc tuabs
which passed yadamaged ontsd the fvatue A wide bor plastic cath ter war sate |«
sato the stomach w3 the pylons where 1t was held i positon by m ans §3 1 gatw a7 al
the g3lorus and th n connccred € a talume rern 1 fited w b a fecord ag dro ¢ I
Aolamie reseno £ was filled wih w thnsc sal ne and arra g 1 an such a w ) tlat thr I7
gastne pressurr could br sct at des red ke 1 The € mperature § the sahn way kept atat rt
33

\Wh 1 it was dessred ta ascenam th e exact tran mural pre o e apphed acy s e st M0
wall {e g D experuments Rusirated sn Feg 31 (i spen abd monal @ iy was wied. “r‘;a
Tysod 3 salutson and the wh le sicmach cherchs mmersed sn wiw in B d deprat 33 £ T
transmural prevsures applied were 3 duerd from the & 7 forces betmeen th $lud Jevet 1 U
yeservorr and that sn the abdomnal canvny

In mone experuments the opemng sa the abd m nal wall wa
whith was sutured 1o the survounding tissue This & Bus pracied 2w nd » atl
snspection of the stomach

st of the ime duning an
then empty e by an ntenal far ez

cred w thoa penpe te
ow ng ¢ Tret

experiment the gressur way et at zer andsho st ma Bowa
115 20 min carl expenmental ¢ el w2t
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Fig 7 Cat251g Gastnc volume recorded at a constant transmural pressure 35 em H O
Sumulation with constant impulse frequency 8 1mpisec > ¥ varying ampulse duration ac
cording to scale (msec)

started by tstabli hment of the desired transmural pressure This procedure proved to give
the most readuly reproducible smitial volumes and responses 10 vagal sumulation

Vagal stimulation was performed 1n two ways accord ng 1o the grade of the stimuli used
The first type of st mulation was considered to activate all efferent vagus nerve fibres. Ths
means that at a voltage <f 5 the impulse duration was 2 or sometimes 5 msec In these exper
ments the pulsc frrquency was \aned to grade the responses (Fie 1) The other type of expen
ment uttlized the techmque described by Martinson and Muren (1963) to distinguwish between
excitatory and inhibitory nere fibres in the vagus nerves Freguency and impulse voltage
+ ere kept constant and pulse d iration vaned according to the seale 005 01 02 05 1 msec
An expeniment of ths latter type is illustrated in Fig 2

Results

Stmulation of all efferent vagal fibres produced a charactensuc response (Fig 1)
Gasinc volume was recorded at a constant transmural pressure of 3 cm of water
and the vagus nenves were it with pulse freq The left hand
panel of Fig 1 shows that both excitatory and inhuibitony effects could be eliited
During the short phase of stimulation the response was dependent on the 1mtial volume
When the imtal volume was small and the stomach at rest the stomach wall reacted
with relaxation whereas when the volume was increased an initial contraction was
seen especially when a refaxation had been brought about by a preceding stimulanon
of the mhibitory vagal fibres The contractions obsenved dunng sumulanon ceased
23 soon as sumulation was stopped, but the stomach conunued to be relaxed for a
relatnely long ume This follows a fr response rel o
Martinson 1964)
Tt 1 clear from Fig 1 that the after relaxation was not a result of the contractions
ter se 3 nce the exatatory responses were abolished by a small dose (0 1 mg/kg) of
atropine Note that 1n this case the largest volume of the stomach recorded dunng
st mulation was exactly the same as that noted durnng the after relaxation
® 2 an where the h were vancd
to permut sumulation of the excitatory and ihibitory fibres influencing gastnic motihty
Martnson and Muren 1963) Sumulation of the exatatory low threshold fibres
4% 01 and 02 mscc) produced a true reduction of volume (increase of tonus) As
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VOLUME mi
L]

sTIM

Fig 1 Cat 25 kg Castiic + lume recarded at constant transmural pressure 3 cm H )
Slm:iulauon with varving impulse frequencies pulse duration 2 ms=c 5% Atropin & Imine
tered iy

The present study 15 concerned with the degree of influence of the va~al inhihiton
fibres on gastric motility wath special referrnce 1o their capacitv to augment the solum
of the stomach

Materials and methods

3 be matenal consisted of 29 cats + erghing between 1 5 and 32 kg The ammals« ered gis d
[1:0d for 24 ~36 hours before use Th ammals were anaesthetized with cther [ llwed b
of Ioralose (G0—83 mg per kg b w ) given 1 v 4 tracheal eannula was inserted ¢ secure a free
ar passage

The vagus nenves were dissected free i the neck region and divided The penipt erat o ¢
were placed on bipolar siher clectrodes in such 4 way as to prevent dryang and cooling of il
aerves In two experiments that part of the anter or vagal trunk below (b diaphragm was
arepared for sumulation 1 the same way as the nerves in region of th neck Th  Jectr’™
were connrcted 10 2 € rass \odel S 4 st mulator producine squarc wave pubes of adpusiat!
nt nsity duranion and frequency

The abd minal cavity was opened by a msdline masion In most ¢f the experments

atestnes except th oralmost part { the duodenum were removed The stomach 2 1
»as 1solated by beaticn of th card a 1n such 2 way as not to damag the vagus pene mm1|
ahuch passed undamaged outside tte hgature A wide bore plastic cath ter was intr 3 3
nto the stomach via th prlorus where it was held sn position by m ans <f 2 igature a2
he pylorus and then onnected to a volume reservorr fued ith a recording devics
solume reservorr was filled with wsotonic saline and arranged in such a way that e 111
astric pressute could be s t at des red fevel The temperature of the saline war kept 81310

When 1t was desired 10 ascerta n th e exact transmural pressures appl ed across the st 'md):
wall {¢ g ft expenments illustrated s Fig 3) the open abdomnal cavity was m(Ih"ﬁ
Tyrode s totution and the wh lc st mach thercby immersed wn st in fluid keptat 33 L= 04
transural pressures applied were deduced fram the differences between th ftu d Iclin
resenvois and thatin th abd minal cavit

In mne cxpenments the opeming n e abdoroinal wall was ¢ nered with 3 pfhp"d"{“:'
which was sutured to thsurrcur ding tissue Thas disc thus provided a windw FHEY L
1nspeetion of the stomach

ost of the ume dunng an cxpenment the pressure was set at zero and the
then empty Scparated by an srterval of at least 15—70 min each exper men

st mact w30
al vert wa
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VOLUKE A < ease of B
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Fig 4 1 Pressure volume diasram of resting stomach (lower curve) and of stomach relaxed
by vagal sumulation 8 smp(sec 2 msec and 5 V (upper cury ) VMean values from 4 expts
im a7 to that sllustrated n F g 3 B Increase 1n fibre length induced by vagal simulation
at different transmural pressures Based on calculation of cubic roots of volumes 1 section A
For further explanation see text

pressure range At Jevels abovc 3—4 cm H O however the stomach relaxed with a
larger increase 1n yolume per umt of pressure

After vagal sumulation (8 ymp/sec 2 msec and 5 1) gastnc volume increased by
almost the same amount over the entire range used This means that the relative
increase in volume was largest in the low pressure range Forinstance m the expeniment
tlusteated in Fig 3 the volume was doubled at transmural pressures below 4 cm H,0
but increased by only about 15 o at 8 cm H,O In other expenments the vagally
induced selaxation produced a more than 5-fold merease i volume in the low pressure
rance In 13 expts stimulauon of the vagal inhibitory fibres mereased the gastric
solume from on the average 12 mito 35 ml 1 ¢ 3 fold at a transmural pressure of
3cmH,0 The pressure volume diagram for the \agally relaxed stomach has the same
general appearance as that for the restng stomach but the bend at 3—4 em H,0
#Iess pronunent (Fig 4 A upper cunve)

Fig ¢ \ can be used to estimate the length of the single smooth muscle fibres of the
fundus Assuming that the fundus 13 approumately sphencal the cube root of the
intragastnie volume will gne an equally approumate measure of the length of the
fibres Since a sphere encloses more volume per unit of surface than any other body
tuch approumanion will at any rate not overestmate fibre length. In Fig 4 B the
vagally induced relaxation of fundal smooth muscle fibres 1s gnven 1n terms of increase
of ibre Iength at dafferent transmural pressures In the pressure range below $ cm H,O
K; hwg:l inhibitory fibres can relax the single fibres by about 40 or more in the

er

Ppressure range when the fundus is already relaxed the increase i length 1
less than 10



336 € JANSSON AND J MARTINSON

Discussion

Stumulation of peripheral end of the sagal nerves i the neck will activate both ex
cutatory and inhibitory nerve fibres to the stomach provided the ntensity of the stim
ulation pulses 1s high enough (Maitinson and Muren 1963) Sumulation of the mnlub-
story fibres produces relatnely prolonged relaxation of the stomach muscle cells
This relaxation outlasts by far the response of the exeitatary fibres to stemulation
Thus 15 clear from Fig 1 A small dose of atropine abolshed the excitatory but not
the ntilntory responses (right panel) and the relavation duning stmulation was the
same as the after relaxations (left panel)

Textbook articles on the effect of vagal sumulation on gastne mothity are based
on early work by McSwiney and Wadge (1928) who found tha the cffect of vagal
sumulation depends on the tonus of the stomach, when the tone s low vagal stmulation
will cause contraction when high relaxation Fig 1 and 2 show records giving support
10 this view provided the stimuli employed are wtense enough to activate both the
excitatory and mhibitory fibres YWhen however only excitatory fibres are sumulated
the response will be only excitatory trrespective of the mitial state of tone {see Iig 2
effect of stmulation wath pulse duration 62 msec) Although McSwiney and Wadges
experiments were intended to evaluate the effect of different sumulation intensities
1t 00w scems safe to assume that the stmult they used were such as produced 2 muxed
response ¢ ¢ of both exatatory and imhibitory vagal fibres

The prolonged inhibitory response illustrated in Fig 2 suggests that the vagal fibres
etther wmtiate a reverberatng actnity on local neurones or perhaps and posably
more likelv that they release some very stable smooth muscle relaxing substance that
35 not easily removed by the blood stream

The very strong and differentiated action of the vagal inhibitory fibres affecung
the region of the corpus and fundus but appérently not that of the pylonc antrum
stiguest that they may be of considerable physiological importance  though nio definite

f 1 1 the n which they are normailv
acuvated The fibres are most potent i a low transmural pressure range when the
stomach contans only a small volume Asailable data (¢ £ Cannon and Lich 1911
Hesser and Perret 1960) indicate that the pressure within the resting stomach of the
normally conscious aumal s fow t ¢ mn the order of 5 cm H,O or less The transmural
pressure 15 then probably somewhat lower and this means that the pressures wstd 18

ent study are well within the physiological range Furthermoare the smmﬁ;’l‘
n cal

the pres
13 known to have a remarkable eapacity to relax when filled a phenomeno o
seceptice relaxation {Cannon and Laeb 1911) This phenomenon 1s sad to be confine ¢
manlv to the fundus (Lind Duthic Schlegel and Code 1961) Though much atteati

has been pad to this funcuon Little 1s so far known about the exact mechamsms ™

solved .
When the resung acutefy stomach 13 subd, o pressares ::':o
3-—4 cm water 1t will relax more per umt pressure 1ncrease than when subJecwm)
1 a lower pressure range (Fig 4) Iaton and Vane (
ndal releast

carresponding increases
ohserved a simlar phenomenon on the ssolated stomach and termed 1t fir

because 1t was seen only an the fundus of the stomach Thus might be taken Iu ::;:
dreation that local reflex systems are mawmly responuble for the receptive re -: -
Howerer several observations indicate that the recepiive relaxation m:dr mg"lhe
of the cephahic phase of digesuon Thus Cannon and Lich (1911) not
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relaxation ean be abolished by vagotomy Olbe and Jacobsson {1503} found a fauly
Jong intubition of type II waves a the stomach dunng sham feeding Inhubrtory gastric
motar responses medrated by the vagus nenves and onginating in different central
neriaus steu taces have beer des cibed by Ehasson (1952 and 1954) and Hesser and
Perret (1960) wha however aid notlung about the degree or localization within the
storach of these centrally induced gasine relaxations A refiex mechamsm imvolvin,
vagally medated relaxation of the type descnbed may be expecied to have an afferent
Lnk ongnating 1 receptors i the upper digestne ract and m the stomach atself
‘The general response of the stomach to sttmulation of afferent vagal fibres t» a marked
relaxation which sn deeree and duratton strkingly rescmbles the relaxation noted i
the present study (Harper hudd and Scratcherd 1909) 1t secems reasonable to assume
that thevagalinhibrtory fibres studied mn the presentinvestigatton may form the efferent
Link for such reflex and centrally induced receptise relaxations of the stomach

This imestigation was supported by grants from the Faculty of Med ame Unsversty of Gote
borg and from the Schoal of Aerospace \led cine through the European Office Acrospace
Research United States Aur Force {\F EOAR 61—47)
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Vagal Release of Gastrin in Cats Following Reserpe!
By
SverRrE Lais and Benar Fyro
Recerved 7 July 1964

Abstract

Emis S and B Fyro ¥ agal release of gastrin va cats followan, reserpine Acta physiol scand 19,
63 358—-369 — of d cats has p en shown to
sensiize the HCl-scoreting celis to 1njected gastrin prodably by a centally induced enhance
mentofvagal tone bt d also of an fe sth th
8 nce vagal impulses are considered 10 be able to release gastnin the effect of reserpine on the
gastrn actity of the antral and duodenal mucosa has been avesugated Gastrin was extracted
from the mucosae of reserpine injected and untreated cats and the secretory activity of the
d d on zed gastnie fistula caty An intramuscular injection
of 010 mg of rescrpine per kg b w reduced the gastrin activaty of the antral mucosa by about
G0 per cent tn 24 brs Neither a 20-fold increase in dose nor repetstion of the injectson of 010
1g per kg every 24 hrs for 2 cr 4 days produced any further seduct on and the gaston activty.
yetumned to normal Jevel desp te repeated myectons for B days \n intravenous miuson o
/003 mg of reserpinc per kg which produces gasirie hypersecretion of acid for several Jours
caused no significant alteration 1n the gastrin actvity of the antral mucosa The gastnn activaty
of the duodenal mucosa amounted to about onc tenth the activity of the antral mucosa an
was reduced by 0 10 mg of reserpine s m dauly for 2 or 4 days Bilateral vagotomy did rot a'ter
the gastrin acunaty of enther the antral or doudenal mucosa nor did they m 1np  tion of ¢ 1Gmg
of reserprne per kg daily for 2 days in vagotomized cats 1t 18 suggested that reserpine causel
release of antral and duodenal gastrin by central vagal activation The s gmificance of gutrin
relcase as a mechapsm by which reserpine activates the HClsecreting cells 15 duscs

‘There 1s good ewidence that cholmergic drugs (Langloss and Grossman 1,0 Burstall
and Schoficld 1951) and s agal rmpulses (Lynas 1997 Mauog Fo Than and Schob 1
1929) ehat gastne aad secretion partly by released gastrin Reserpine 010 10015
mg pet kg by 1 my mjected every 24 hrs for 3 days or more increased the aal
secretory response of nonanesthetized cats to cxogenous gastrin 1E ms 19%3) probably
1y enhancing the vagal tone (Fmis 1964 However roserpine treatment did nat
\ncrease the seereton sesponse o a cholmergic drug or to insulin hypo lycrmia (Fmas
1963) 1osuible reasons for this were previoushy mentioned ' Frmas 1964 One concenable

son could be that smaller amounts of gastrin were avautable for ref a € by it
n untreated Gty

RS- ]
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To elucidate whether reserpme reduces gastaip acuvity of the antral mucosa gastrmn
v 23 extracted from thus part of the stomach of reserpine mjected and control cats and
the secretory acttvity of the prep de d on h d gastric
fistula cats by a previously developed techmque (Uvnas and Emis 1961) A gastnn
like activaty has been demonstrated 1n the duodenal mucosa of dogt (kowmaroy 1238
1947) hogs {Harper 1946) and humans (Uvaas 1945) and a few extracts 1 erc thereforc
prepared also from the mucosa of the prowmal duodenum

Reserpine was found to reduce the gastrin actvaty of the antral and duodenal mucosa
and — since evidence bas been presented that reserpine treatment increases vagal tone
and vagal impulses release gastrin — this reduction could be due to vagal rclease of
gastnn This was imvestigated by extracting gastnn from the antral and duodenal
mucosae of vagotormzed cats subjected to reserpine treatment and determuning the
secretory activity of the preparations

Methods

Healthy cats of both sexes (2 0 10 3 5 kg) were injected with reserpine (Serped n%} and klled
byarembolsm 6 8 17 or 24 hrs later or ehe the reserp ne injection was repeated every 24
hrsfor2 4or8daysard the anmuals killed by air embolism 24 hrs after the Iast injection In one
series of experiments (Senies 15 zee below) the controf cats recesved the vehicle for Serped n®
which was adminstered 4 m d ily for 4 days In the other serics the control cats were not
myected with the sebucle The stomach and provimal duodenum were removed immediately
after jeath 15 all senies excet 1n Seres 1 wh ch they were removed dunng pentobarbutal
anesthesa (\ mbutalts Abbett 22 mg per g of b w 3 v) The same results y ere obtamed
whether anes.hesia was used or pot Ammals subjected ta 2 or mo ¢ mycctions with reserpme
w ¢ fed with fish twice a day by hand if they did nat eat by themselves. No food or water was
alwed for 94 hrs before death Pregnant antmals were excluded

Listed b low are 7 senes of expenments on nonvagotomized cats In cvery senes § cats were
used as cantrols and reserp T2 was grven to one or more groufs of 5 cats also In Series Ito b
reserpine was injected n the dose of 0 0 mg perkgofb w 1 ™ Seres Vi cats receved 2 D mg
Pc kg1 m and 003 mg per kg was adm mustercd 1 v 10 Senies I cats Ja the ind vidual
sees the goups of cass » erc trested as fHllows {the descriptions of the bars efer toF'g 1103)

Series 1 (bars diagonally shaded) Control reserpine dady far 4 days
p s;n;: I {white bats) Conurol (the vehicle for Serpedin® dady for  days) reserpme daly
o 4 dayy
Seres JHT (black bars) Control one reserpiné imjection 12 hours before death one reserp ne
tngection 24 hrs befo e death reserpr e da ly fer 2 days reserpacdaly fo 8 days

Series 13 (bars @ gonally shaded) Control on  cserpne iny uon 6 hours befo & death
Tesetp ne daly fo 8 days

¥ (bars w th honzont i strokes Cont ol ene reserpine injectinn £ hours befo ¢ death

one reserpiste 1ny ction 9 brs before d ath

Stme VI (Fig 4) Control one m sntection of reserpine (20 mg per kg of & w ) 74 by
bef ve death

Srmies 11I Control one 1 v lo-mn nfust n of eserpne (003 mg per kg [ b w, 2§ hry
bl edeath Reserpn wasd luted 09 per 0t NaCl soluvon mmeduately bef e start ng
the smfusy n {nfus 1 pumpd 1 e ag040nipermn

Mother series of experin ats Series VHI  exe perf rmed on nonvagoton zed and vago-

tom of cats The amimals were pro led w ih gastric cannul (Em3 1960, Afier ecsery
(at least 2 weeks; blaterad th r € tom w4 perf rmed as previ wuly described 7Fmis
1964, Tre vagotom tordcnpie 1 all anmals 1 ce nsul o §vpoglyem 3

Produ ed o gastne ¢ dsecrer 3 desp e blood ugar bevel fless thon A mg gl se per
100 mi bisod dunng s vrum h g ogh a1 3t f Fmis 1968 Th exper 1 ents w th wsal
were perinned  dewnbed 2 ot ppr Tl I3 Theanmalywer bifled w thn
2esontsafircomit  gorn 1 th sraZgrupiof3cat v osednocwrpn snl
Amtherd groups of 3 9 ereq gt kwtl 030 g f eserpn perkg fF w o om



360 SVIRRE EMAS AND BEAGT FLRO

Seres VIM (Fsg 5} Nonvagoromized control reserpine to nomsagotomized tots dasty for
ays €1ts {no reserpine) Teserpine 1o } cats duly for 2 days
Preparation of \utoss Specimens
‘The stomath and provumal dusdenum were opened along the Jesser cunature and the mucus
genly scriped off Erom the mucasa Only emply stomachs 1 ere kept

The antral mucess was stipped from 2 5—3 om to 05 om provimal to the pylonc sphancter
3o Series £ to \ I the antral mucosae from each group of 5 et were dinaded af myg the greater
cumvature ta approumately equal halves and randomly assigned either 10 Set \ar B syl
frozen and stored at — 26 € unof the evraction procedure started within 3 days Two sen
of half antral mucosae from each group of cats made 11 possible for dupheate estmations of both
yield of gastnin preparstion and gastria actwity per g of antral mucasa (Hustrited by e
double barsin Tig 1 1o 4) A total of 38 sets from 18 groups of cats were obtained In Seris
VT the antral mucosac wese not divided and duphcate esimations were noy made (sngle
bars i Iig 3} The antral mucosae from each group of 3 cats made 2 ser. Thus wace §2 cats
were used m this senes 4 sets of mucesae were obtamed

‘The duadenal mucosz was stripped from a segment of ducdenum  cm in fength wath st
prosimal border 0 5 em distal to the pylonc sphuncter In Series I the mucosae from each group
of cats were divided longitudinally randomly assgned tither 0 Set A or B and stored as ahose
Eacls set way made- up of 3 half duodenal mucosae The total of 4 sets from 7 groups of $ cats
made duplicate estimations possible {sce Table 1} Ta Senes V11 each set cormst o of 3 unch
vided doodenal mucosae  total of 4 sets from 4 groups of 3 cats were obtuned

Preparation of Gastrin
After standardization the method of bomarov (1936} has sthown 2 sausfactory reproducibilit
an the yreld of gastrin preparations in respect of both weight and seeretory actvity (Emdsand
Fyro 1964) It was therefare used un the present sudy

Gasinn was prepared scparately from tach ses bus smultancoudy from all scis wat 2 3
senies Care was taken 1o treat afl bitches exacily the same

One preparation was randomly selected {rom each series and assayed on guines pig deutt
{for hustamine activity No hsstanune was detectable 1n any preparation {« ©0) pg of bastam 8
d hydrochlonde per mg of dned preparation)

Aecay of Gt
The gastran preparation obismed from exch set of aateal mucosae way agsayed once {wee ‘:‘
Series 1) on each of 4 nonanesthetized gastne fistula ¢t according to Uvnds and Earka {190
All preparations wahun a serws  ere assiyed on the same 4 ammaly One cat was used 1
coromon for the assays n 6 another for those s 7 of the 8 seriey

Duc to the Jow secretory actimty of the preparations ¢ btamed fr m the duodent mum}!
¢he amoutts of prepacacton asailable ta Series £ all wed each preparation ¢ be auayed on ;
on 3 cats once on each ammal All preparanons o this senes were awayed  n the ame
ammals wsed afso i the above mentioned assays of correspanting preparihons § 0 H‘
antral mucote Stelarly cach prepwaton i Serses VUL was duayed a3 angprt v
throughout she series

'n,? assay techmique and the estuniation of sceratary acuvity of the p eparih ns h;»tmb::‘:
descrtbed by Uvnas and Emas (191} A appr ved asay sequires w panc (1 that h 16
1 hous secretory fesponse of total 2crd (i rmi equivalents ntsare  with pl e phiha! i
indicator) 1o two sensieal dses of the gastrin pr p raton sh uld be equivalent ¢ orhrn' it
than the response 1o o precedmg relatinely small d se T hstumine witt u exees! ‘!m e
resportse ta & subtequent relaively farge hissamsn s Iy dose felogan r/{r\":l:"wb
w3 an most assays @ 3 g per kg of b w113 mg of 2 gntnn p'rl]‘::u;:fwx:' L FA

ety 1nfusions was nsuffics nt to evcke a mean response equal s
e o the precedng mfusom of Dntanwne s dsc adg )1 produ € "":"s
gk and Emis 1961) — th mewn rospase £ the {repant 6o

roimum yospoase {Lands
corded as Jas than hat to } stamine {Emisan
found only 10 preparations from the dusderal mucess of nonvageto
eserpine Al prepacavons b ever el e 1ed at lewse @ 8t gt ¢ acid ocret m . B
) “The seeretory actity of the preparaunny was expressed o hutann unirs (l) 1) pe b
desed preparatson Tl e secrctory seuvity af a preparat nw 3 HU 11 mgmn‘nr P{T‘:Jn -
per kxpa(b w elicizy 1f £ same § hour sccvetary ceapr nse f1 tad sud 2 000 e o

8310 14 Suchal we t tany actnh
st qatn smgected w ¥
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i

CONTROLS O HOUR 6 5 2 1Ay 2 4 [

Fig 1 Mean yield of gastrin p eparation per g antral mucosa (frozen} of nonsagotomized cars
mjected w th 010 me of rescrpme per kg of b vt every 24 hrs in per cent First ingection
£ e 30 Cats receving 3 smele Teserpine ingection were kalled 6 9 12 or 24 hiry later + hile
€ats recens ng repeated injections were killed 24 brs after the last 1 Jectson Bars w th the same
marking make a series (Semes 1 to \) Each bar represcnts the mean yield £ om 5 half antra
of 5 cats (see \ethods) The 100 per cent level for cach series 1s th mean yteld of preparauon
in mg per g mucosa from 2 cont ol sets of 5 half antra (boxed data} The broken I ne connects
the figures { mean vield at diff rent tmes

dhyd ochlonde per kg of b w  both ubstances infused 1 + (or 1> m nutes (Uvnasand Emis
1971} The HU per g of the mucosa refe red to as antral (duodenal) gastnn acti 1ty was
esumated from the figures for secretory a tiv € of th p eparat on and for seld of preparation
per g of mucosa (frozen;

Ecaluation of I 15

Expenmental data were anatvzed m ac o dance with curreat n cth>ds f £ anal ws of 2nance
the treatment cffects m Senes | to V11 be ng separated by orthogonal comparsons each w th
on degrec of freedom (S edecor 1956 Chapt 17

Results

Gas 1n P eparat ons ft m the Antral Vucosa [ Nowa tomt i Cats

The mean yield of gastrin preparat ons from control antra vaned t Seres [ to VIE
beracen 53 and /4 mg per € fro en mucosa and the mean scereton actvaty of the
eocttrol preparations bety e 1/ and 31 HL per mg The mean control alues for ansral
gastnn activity fell between 1000 and 2150 HU per g of mucosa The mean control
talues in Semes 11 control cats nected + th the ehicle for Serpedin® fell wathun 1t
fange of those 10 Senes 1 and I to VT unireated control catst It was therefore
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wEan Oy TaOL
VALLES N by

0«

MU FER MO CASTRIN PREPARATIAN 1)
PrR CENT OF MEAN CONTROL \aLUg

COTIROLS D HOUR 6 3 12 1 gar 2 4 )

Fig 2 \Mean secretory acuvity per mg gastna preparation from the antral mucosc of non
vagotomized cats injected with 0 10 mg of reserpine per kg of b w 1 m cvery 74 by i per
cent First ansection g ven at 0 The preparatons are dentical to 1) ose 1n Fig 1 and Ue
duagrams are s mlathy arranged The 100 per cent leved for each series 15 i1 ¢ 1y can secvetory
sctiunt i hustamime units (HU; per mg preparaticn [ 2 control sets of 5 hall antrs (b o
data

Justified to use unireated cats as controls The mean controf values 10 Sentes 1 to V]
are gnen i Fig 1 ta 4 (boxed data

To determine the random sanauon 1n the assay technique each set of preparation
sn Senes [T was assased twice on cach of § cats The standard deviation was caleufated
by analysis of vanance Snedecor 1956 and amounted to — 56 HU per mg of prepant
uon Calculated on the values for antral gastnn actiats the standard deviation am st
ed to = 400 HL per g of mucosa

The random yanation tn the extraction procrdure — performed on the same poeasi 3
— and 1n the assay techmque s reflected 1n the diff-rence i the values for secreton
actinaty as between the paired A and B sets of the preparations In na mstance (1?7
parrs of sets, Series I to V11 did analyss of vanance reveal any sigmficant (7 > 00
@ifference between the actman of the preparations from the paired { and B it s
briween the actinaty per g of antral mucosa.

Efict of 0 10 g of veserpame per by of b 1 on artral gastnn The mean yield of gastrin
preparation 1 mg per g of mucoss was not apprecuably altered 1y a sin fe reserpin®
myretion or by repetition of the inyecon daily for 2 4 or Bdays The yield in per cent
of th~ mean for the controls 13 shown in Fig )

The mean secrctony acinaty of preparations from untreated and reserpine wyected
cata1s gnen an Fiz 2 The mean acunty of prrparations from antra removed Gimr;
afier a kn~le 1 m reseTpine inpection tended o excerd the actiaty of the cemir:
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Fig 3 \Mean gasinin actvity per g antral mucosa {frozen) n nomagotomzed cats imjected
with 010 mg of rescrpine per kg of b v 1 m cvery 24 hrs in per cent Farst iyection given at
O The 100 per cent level for cach senes 1s the mean gastnin activity i hustamne un ts (HU)
PET g mucosa {frozen) i 2 control sets of 3 half antra (boxed data) HU per g mucosa 1s cal
culated from absolute data n F'gs 1and 2 the d agrams are s mularly arranged

Preparations 1o one senes the mcrease amounted to 60 per cent (8 0 HU per mg of
Preparation) 1n the other to 13 per cent (22 HU per mg) The former inctease 1 as
significant (P < 0 01) the latter not (P > 0 05) The preparations from antea removed
9 hours after reserpine became on the avcrage 34 per cent (60 HU per mg) more
active than the corresponding control preparations (P < 005 almost sigmficant) but
extension of the interval to 12 and 24 hrs led to a reduction 1n the mean activity by
respectively 51 (13 1 HU per mg P < 0 05) and 60 (153 HL per mg P < 001) per
cent One reserpine iyjection daidy for 2 or 4 days caused about the same reducucn of
activity as a single injection in 24 hrs  the redh after 2 t0 62
Per cent (160 HU per mg P < 001) and after 4 mjections to 65 per cent (169 HU
permg P < 0001 highly sigmificant) 1n onc series and 52 per cent 119 2 HU per mg
P < 0001) 1n the otter (whate bars) After 8 days 10 spite of reserpine daily the mean
actiaty of the preparations did not 1n two series differ ngn ficantly (P~ 0 03) from
that of the corresponding controls
“The antral gastnn actniry (HU per g of mucosa) at different ume umtenals afier
Feserpine and after repeated res rpine anjections (Fig 31 ran parallel s ath the sreretony
actnaty of the preparations since the yield of the preparations by werht remamed
almost unaltered by reserpine Innally & mngle reserpine mjection tended to tncrease
antral gastrin actiity after 6 hrs the mean activity wassigmificantly (P < 0 1) increased
by 62 per cent (6”0 HU per g of mucosa) tn one senes but unchan,«d in the other and
after 9 hrs the increase amounted 10 38 per cent (180 HU per g F - 002) In 12 and
24 hrs reserpine reduced the mean antral gastnn acuvity b respectrnely 52 (970 HU
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Fig 4 Vean yield of gastnn preparation pier g antral mucoss {frozen) of nonyagotomnzed ats
24hrsaficrasingler m mjection of 2 0 mg of rescrpine per kg of b w tn per cent (left diagram)
T an secretory activity per rag preparatian i per cent (nuddle diagram) ard mean gastnn
activity per g antral mucosa in per cent (night diagram) Each bar represents the mean value
for 5 half antra of 5 cats (see Methods) The sere made ly (Scries
VI) The 100 per cent level i each diagram is the mean value for 2 control sets of 5 hall antra
(baxed data} expressed 1n mg preparation per g antral mucosa (left) 10 hustamine unsts (HU}

mg preparation (middle) and 1n HU per g antral mucosa (right)

wer g P < 005) and 59 (1100 HU per g £ < 00I) per cent Rescrpre injected datly
0r 2 or 4 days produced approamately the same reduction of mean actisity as did 2
single ection 1n 24 hrs Rescrpine for 2 days reduced activrty by 63 per cent (H70
HU perg P < 001) and reserpine for 4 davs by 53 per cent (800 HU perg P < 601)
m one sertes and 52 per cent /890 HU per ¢ P < 0001) 1 the other (whie bans}
Allier 8 days the mean antral gasirn actiaty had returncd to normal mn o scries in
spiee of. daly (no d; From the controls P > 003)

Inseveral species investigated including the cat no gastrin activity has been detected
1n the corpus mucosa of the stomach (homarov 1938 1942 Uvms 1912 1913 1943
Harper 1946 Gregory and Tracy 1961} by the deffecent gastnn extraction proc
played The possibiity was therefore considered — although it did not scem seny hikely
~— that the low antral gastrin actiity after reserpine v as due to the murcosa gpeciment
happening to contam some corpus mucosa The proximal borders of specimens from
the cats injected with reserpine for 2 days were therefore exanmned hutolomeally Th
showed the same appearance as the anteal mucosa pust proumal to the py lorc sphincter

Fffect of 0 mg of resesprne per Ag of b u on snwsol pastrin A single 1 m apyection of
reserpune (M, ) produced 1n 24 hrs no change in the mean yield of gastnn § repata
tons 1n mg per g of mucosa The mean sccretory actiwary of the prep yrations Wt
teduced by 46 per cent (143 HU per mgy and the mean antral xastnn actity b 45
pee cent (940 HU pes 1 These ceductions were significant /oooon

Effect of 003 g of teserpune per Ag of b « on antral gastrin The mean vield of gn‘m:
preparations from antra removed 24 hours after t v reserpine was ¥ per cent Jess ! x::\
the mean yield from the control antra (74 mg per g but nesther the secreton actud
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Taste T Secretory actinty 1 hustamnc umits (HU) per mg of preparahion of gastrin prepa
rations from the A and B halves of the ducdenal mucosac of nonvagotorized cats
untreated {control) and treated vath reserpine for 4 days {010 mg per kg of b 1
dailys m) and the estmated duodenal gastnn actvity 1 HU per g frozen mucosa

Secretory acivaty in HU  per mg Secretory 2 ity in HU per g
preparation duodenal mucosa (frozen)
P After reserpune After rescrpine
PRI control wreatment Contral treatment
asayed on
it no SctA SetB SctA SetB SetA SetB Set\ SetB
132 15 15 07 <10 109 103 65 < 83
i 13 27 <07 <07 9t 186 < 61 < 62
145 20 33 1. 17 42 297 140 149
Mean 16 25 <10 <11 s 1717 < 90 <100
Total mean 21 <il 144 <9

! Explamed 1n methods
! The mucosa of proimal duodenum from 3 cats

of the preparations (21 6 HU per mg) nor the antral gastrin actwity (1260 HU per g)
differed significanty (P >> 0 0) from the corresponding controls (17 1 HU per mg
1270 HU per g)

Gastrin Preparations from the Duodenal Mucosa of Nonza,etorn ed Cats

The mean yield of the preparations from the control sets of duodenal mucosa was 71

mg per g of mucosa The secretary activity of the control preparations and the duod nal

Bastnn actmaty of untreated cats (Table I) v-as approximately 10 tumes less than the

:;:mx) of corresponding preparations from antral mucosa and antral gastnin actnaty
nes 1)

Fffect of 0 10 m, of reserpine per k of b 1 on duodenal gastrin \fter reserpme dadvi m
for 4 days the mean yield of preparat ons exceeded that of the controls by 27 per cent
©or 19 mg per g of mucosa The mean sceretorv act 1ty as less after reserpine treatment
than the activity of the controls both y hen expressed 1n HU per me of preparation and
1 HU per g of duodenal mucosa (Table I) Due to the low sccr tory acumaty of the
Preparations from reserpine treated cats the figures for sctin represent onlv rough
‘sumates and have not been staustically analyzed

Gastrin Preparations from the Antral Mucosa of ¥a otom e Cats
The yield of was not by agotom neith r the
secretory activity of the preparations nor the antral gastnn actvity was s gmficantly
(P> 002) altered (Nig 5

Lffect of 0 10 mg of reserp ne per kg of b w on antral gasts After veserpne + m daily
for 2 days (i~ 5) the yreld of preparation from nonvagotarmzed cats was 5 per cent
b her and from vagotamized cats 11 per cent less than from untreated nons agotomized
and \apatomized cats respectnely The secretory act ity of the preparation from
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Fig 5 Mean yield of gastnn preparation per g antral mucosa (frozen) of nonvagotomuzed and
sagotomized cats 24 hrs after a period of 2 davs with one reserpime ijeckion per day {0 9
perkgofb w £ m}in per cent (left disgram) mean secretory acuvity per mg prepasation
per cent (nuddle diagram) and mean gastnin acuvity per g antral mucosa 1n per cent {right
diagram) Each bar represents the mean value for 3 antra The preparations were made sl
taneously (Series VIII) The 100 per cent level i cach diagram 1 the mean value f 7 the
«control set of 3 antra fron the nomvagotomzed cats (boed data) Sec fext to fig 4

nom agotomized cas treated with reserpine was 53 per cent (134 HU permg F<
0 001) less than that from untreated cats whereas 1n the same serics reserpine {reatment
of v  cats did not (P > 00) altcr the actinaty  the mean actvity
of the p from cats 027 4 1L pes o, and
from reserpne treated vagotomuzed cats to 265 HL per mg Sumlarly  reserpine
treaunent ughly significantly (P < 0001) reduced the antral gastnn actiwvuy of
nonyvagotomized cars by 50 per cent (940 HU per g) but produced no signifcart
WP > 003Y seduction of the antral gastnn actnaty of vagotormzed cats the small and
wnsignificant reduction being due mainhy to the dufferent vicld of preparation

Gastrun Preparations f omt the Daodenal Mucosa of | agotomy.ed Cats
The yield of preparation from nomagotomized cats v as 93 my, per g of duodent

wmuicosa and from vagotomnzed cats 85 mg per s, The figures for the secrciory actiy
d control cats and ihe

of the prep from both d and \
pording bawres for duodenal pasinn ety agreed well wah those from ite
controls grien mn Table 1
Fffret of 0 1) myg of sesevfune pex kg of b w on dusdenal gastrm Afier reserpine treatment
for 2 davs the sield of preg from the nons ! and -"ff‘;“
o

and 8! mg per g of duodmal mucosa Reserpme treatment

+ of the prey aration and the gundenal
§ Tatle 1) No
of vacotomize?

was respectinely 82
nonvagtomized cats reduced the secreton acinat
gastnn actwity 10 about the xame extent a3 did 4 days of treatment (o
red sction of extber actnats was produced by the reserpme treament ©

cats
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In 30 nomvagotomuzed cats subjected to single or repeated reserpine injecnions (0 10 mg per
kgofb w Senes Ito}) onc or several macroscopic ulcers v ere observed 1n the antral specs
wmens of 23 cats (46 per cent) and i the prowmnal + cm of the duodenum of 9 cats (18 per cent)
Ulcers were never obsert ed in the prowumal half of the stomach None of the 10 ammals iected
daily wath reserp ne for 8 days had macroscopic ulcers in the stomach or the duodenum

Discussion

The present imvestigation demonstrated that an 1 m iyection of 0 10 mg of reserpine
per kg of b v after a delay of more than 9 hrs reduced the antral gastnio actity
cats After 24 hrs the red: was to about 60 per cent no
further reduction was produced by repeating the injection every 24 brs for 2 or 4 days
After 8 days antral gastnin activity had returned to normal i sprte of reserpine daily
Ani m injection of 2 0 mg of reserpine per kg reduced the actwaty m 24 hrs about as
much as0 10 mg per kg that the d by reserpine
was approumately 60 per cent 003 mg per kg infused 1 v did not sigmficantly alter
actity from normal Antral gastnn activiry was unaltered by vagotomy and in
vagotormzed cats 0 10 mg of reserpine per kg1 m daly for 2 days produced no sigmfi
cant reduction of activity

The yield of gastnin preparation m mg per g of antral or duodenal mucosa was
faxrly uniform and unmBuenced by reserpine the changes in the secretory actvaty of
the preparations and m antral (duodenal) gastnn actwty accordmngly run almost
parallel The unaltered yield 1 mg was only to be expected snce the pure gastrn by
weight probably compnses only a very small fraction of the preparation (cf Gregory
and Tracy 1964)

The scceetory actnty of corresponding A and B sets from the antral mucosac did not
differ sigmficantly whether actiy ity was expressed n HU per mg of preparation or in HU
per g of mucosa This demonstrated that the method of gastrin extraction (when the
extracts were prepared ) and the assay used were reltable and
1t was thus possible to use undivided antra 1n the senes wath vagotomzed cats

Earlier reports (homarov 1938 1942 Uwnas 1945 Harper 1946) of a gaston like
HQlstimulating factor in the duodenal mucosa were confirmed also for cats The mean
duod nal gastnin actevaty of the 4 ¢ of analyzed d 1n the
Ppresent study to roughly one tenth the antral gastnn actity but the distal distnbution
of the gastnin acunity within this duodenal segment was not imvestigated Reserpine
(010 mg per kg1 m ) daily for 2 or 4 davs reduced the duodenal gastrin actmty but
no estimate was made of the magmtude of this reduction owing to the low secretory
actvaty of the preparations \agotomy dd not alter the duodenal gastnn actmty
and reserpine for 2 days produced no reduction of actimity n vagotomized cats

There are no previous reports of expenimentally induced measurable changes 1n
antral and duodenal gastnn actinaty Lythgoe Dichinson and Waddell (1961) obtamed
no reduction of the secretons acti 1y of preparations from the antral mucosa of dogs

4 hrs after reserpine 15 mg per kg of b ) \part from the posibility of a specics
difference  these authors adminustered reserpine by the mouth and thew methods for
the extraction of gastrin and for the assav of the secretory actnaty of the extracts
d flered from ours

Reserpine produced a reduct on of antral and duodenal gastrin actiaty only in cats
with intact vamal nerves S nee evidence has recently been presented for a sagal acuon
of reserp ne on the stomach causing refease of gastric hustamine i rats (ham and Shore
19631 and an increased responsi cness of the panetal cells 16 exogenous histamine and
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gastnn n cats (Emds 1963 1964) the reduction of actreaty probably means that reser
pne causes gastnin release from the antral and duocdenal mucosa by central vagol
activabion However a decrease in gastun synthesis or gastrn storage capaaily might
contsibute to or be responsible for the redustion The present findings pravide further
ewidente to those based on gastric secretory studies (Uvnas 1947 Maung Pe Them
and Schofield 1959) for v agal release of gastrin and they support the prettous sus.gestion
that reserpme treatment mnierfercs with the gastria mechansm (Fmis 1963) The
maximum reduction of antral gastrin activty was about 60 per cent The restdual
gastrin actvity suggests contmung gastnn synthesrs submavmal sagal actuauon
and/or a pool of gastrin resistent fo vagal impulses VWhether the unaliered or possbly
even shightly increased antral gastrin actvity within 9 hrs after reserpine, ¢ ¢ before the
reduction of actnaty occurred 1s due to gastnin beng both released and synthetized
or to gastrin not bemg released 1s a question that cannot yet be answered ke antral
gastrn actwvity returnied to normal after 8 days despite reserpine treatment This
1 of actiaty —~ d 1n 2 second serses of experiments — was un
expected, since the increased vagal tone of reserpme treated cats as estmated by the
elevation of secretory responses to exogenous histamine and gastrin preparations (Fmis
1903 1904) 1 when was prolonged beyond 8 days (Emhs 1963)
The returning gastrn activity could represent an  adaptawon  of the mechantsms
nvohed in gastrin release and/or 1 gastrin synthesis or storage to reserpine treatment
or to the enhanced vaga) tone The sigmbcance of the yagal tone for the antril and
duodenal gastrn actvity 1s unknown but the present study demonstrates that th
values for gaston activity were normal 1 fo 2 months after vagotorny
~ Tt has been suggested previously that a cholinergic drug (methacholine) and 2 al
(unsultn hypoglycemia) might relese Tesser amounts of gastrin i cats treated
 ith reserpine for 3 days or more than m untreated cats (Emis 1963) However a
~mall supply of gastrin 1n the antral mucos? of reserpine treated cats docs not appear
to be the explanation for this since the antral gastnin actisaty after 8 days of treatment
did not differ signtficantly from that of untreated cats
In nonanesthetized gastnc fistula cats a contnuous 1 v anfusion of 1 10 3 pig of
k drhydrochlonde per mmute equivalent i 1 acud seeretion 10 1 10
3 HU per munute mantained a stable HO secrenon for hours (Fmis 1967) A relewse
of gastrin corresponding to the mean 12 hour reduction of amiral gastrin actvity follo-
wing 0 10 mg of reserpine per kg (970 HU per g of mucasa) 1 accordinglv sufficient to
ac gastric hyy of actd for more than 12 hours sappoan™
the potency of endagenous gastrn (o remata esseatizlly unalteced by prvase through
the hiner as that of impure evogenous gastrsn 1310 dogs (Gillespue and € rossman 3967
Ant s 15 nonute infusion of 00! to 003 my of rescrpine per kg ehicts tn non
anesthetized cats a gastric acid secretary response lasung for more than 37 hort
(Emds 0 be publisheds although chere w s no messarable reduwe tion Fantral gastan
actenity 24 brs after 003 mg of reserpne per kg 1 4 an cats wach intact cagil nenves
This did not exclude that the small 1 v dose of reserpine €auses gastrin reicase I)‘;‘l [
ould suggest that reserpine stimulates acid secretion abo by other merhanisms than

1l pH + 13 presumably s the gaston
stotnach

by sagal release of gastrm The intra ant
studies than in the gastric secretory studies since conunuous drimage of \h; e
ra a gastne cannula was applied only 0 the latter o the gutnn studiesa :{w xmm
antsal pli could therclore hasve suppressed the s 1gal release of gallvm' f e :I;P“‘)'
see Andersson and Qlbe 1904 induced by 1 v reserpne Nevertheles
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tshed experrments 003 mg of seserpine per kg 1 v produced a long lastiny, hyper
secretion of acd 1n nonanesthetized cats also when the gastric cannula was closed
dvning the first 3 hours after reserpine

Financia! support f um Rarohnsha Insttutet, from Magnus Bergvalls Sufielse aad from
Svenska § Mskapet for Medicinsk Torskmung 1 giatefully acknowledged

The authors are greatly indebted 10 Assistant Professor B Lagerlof harohnska Spkhuset
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Tissue Eosinophils of Rat under the Influence of
Cystemne, Lysme and X-Irradiation!
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Lars R Housti and Tapio RyTovaa
Receted 7 July 1964

Abstract

Holsti L R and T Rytomaa Tissue casinophils of rat under the influence of cvstewne Iys ne and
vadiation Acta physiol scand 1960 63 370—376 — Cysteme and lysine were given to rats
by stamach tube exther alone or before whale body 1rradiation and the tissue eosinopl sls were
« Repeated daily administration of cysteine and lysine for a week caused a sigmficant
rease m the cosinophil count of the skin” duodenum and colon Short term ammo acd
Breatment caused no changes in the tissuc eosinophil count Whole body srradiation afone and
after amino arid pre treatment also caused a significant dechine 1n the tissue costnphnl count
Thus roncurs with observations that long term treatment with ACTH and cortisone fowers the
number of tissuc eosthophifs (Wegehu and Teir 1958 Rasanen 1961) The princ pal extra
medutlary amount of cosmophils of the organism 13 1n the ussues Th significance of tf ese eell
for the orvan. m 12 that they const tute onc of s defensiv and pratectis e mechanisms (Rytomas
19601 There scems to be a relationship betwcen the nuimber of ussue costnophuls and the radio-
protecuve effect of cysteme and houne establist ed earlier (Holsts 1960}

Eastnophil granulocytes are formed tn the bone marrow The principal amount of
dullary phils of the 11 the Ussues and cireulating cosmphils
consutute a very small part of these (Rytoman 1970) Blood eostnophilia 15 obvioush
Just a phase of transport from the bone marrow (o consurmptian i1 the ussue {Pytona3
1960,
01)1 the bass of the available data (Foot 1963) the production of eosinophils in rat can
be caleulated to about 15 10 cells per 100 g bw 10 24 hrs and in the state of
equibbrium this must equal chmination It has been assumed that the rastromtestinal
tract 15 the man place of chmunation of granulocvtes and avafable sl wmauon
actually favors this theory both 1n respeet o neutrophifs and cosinaphuls (Rytbrmad

1960 Tew of al 1963,

1'Th s study was supported by the Send Jusclus Foundati n Hel nki ant !
Runyon \Memorial Fund (DRCCH New Y 1k
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Swgle whole body 1rrad causcs 1n the blood ( 1%
Sovenys «f al 1961} The number of connophds 12 the blood decreases sharply 1 hen
an excess of glucocorticoids 1s secreted by the suprarenal cortex, and this happens also
@ with wrad (Bacq and Alexander 1961) Gh ds cause
transient eosinophilia in the tissues at the same fime as eosinopensa 13 present 1 the
blood (Gross 1957 Wegelus and Teir 1958 Sundell 1960) Hov exer, no sunple re
latonship exasts between these two phenomena (Rytomaz 1960)

Some experrmental results suggest that the blood eosmopema induced by gluco-
corteords could be partly due to tafious stress metabolites includmg ammno acids
(Aschk 19:9) ¥ 1y ad d amumo acids also cause blood esina-
pemia (Aschkenasy 1959)

It has been shos n that the ammo acds cysteine and lysine protect ammals agamst
the lethal effect of whole body irradiatson (Holst 1960) The aim of the present paper
was t0 1 estigate the effects of cysteine and lvsine alone and prior torrradiaton aswell
as the effect of iradiation alone on the eosmophil count i the skun ducdenum and
eolon In view of all the effects of rrradiation and armno acids on blood eostnophils and
the apparent deferstv e mechanism of the eosinophil cells a study on these hines scemed
10 be of certain mterest

Material and methods

23t female rats of the Sprague Dawley stram age 5 months and + € ght 160—740 g were used.
They were caged at the Department for 10—14 days hefore the expenments Thes were fed ad
I'Biturm a mixture described n detail elsewbere (Holsts 1960) Lcvstein hydrochlonde and
1 (+) lysme d h drochlonde (Hoffman La Roche) were emplyyed i the expenim nts The
amno aeds were gven im water salution by toma h tube 1nto an empty stomach always at
the same time of the day The cystemne solution contamed 150 mg as cvsteine per ml (13 pe
ent weight per vohime) the lysine sol_nhons were cqumola  to the cystemne solutions Both
solutions were adjusted 1o pH 2 only f esh solut ons were emploved In th yradiation ex
peniments, the am no acid solutions were admnistered 4> mm befo ¢ trradtation
Ireadiat on was gren at 190 kY and 16 mA HVL — 1 60 mm Cu The measared dose was
00 r The an mals'we ¢ exposed 10 whole body rrradianon fo P mun n groups of >—8 each
vt 10 1ts own well ventlated ca board boy
B specimens were removed immeduately after decapitatio § and fixed n Bowm s flu d
The parraffin treated specimens  ere secuoned at 3 4 the duodenum and colon-c osswise.
The p eparations were then stained w th hematoxy nlstga of 12
11/7'v 45 the eosinoph Is m 50 2su. I feld, w ¢ counted frort the dermus of the skm the
Lamuna propna of the duodenum and colon
mﬂn:u:\nmu Wallis test and Wilcosnn s test  ere emplosed  r the taustcal treatment of
s

Results

Ef ctof Amino dcrds only
Successn e doses of cysteine and lvsine were given to 72 rats In the first expenument the
dosage was 673 mg of cvstenc per kg b 3 umes dails at 1 hrintervals with the Issine
soluvon equumolar to the evstemne solunon each dose 750 mgperkgbw In the second
€peniment the dosages were | 220 mg/k~ b 3 evstene (maamal tolerated dose  and
the equimolar amount of hvsine 1 as § 00 makg by gwen dally mto an empr
stomach for a week

The admin straton of 3 successive dnses th | hr intervals did not cawse ans simmf
Cant vanations in the number of ensinophls in the dermis or laminz propria of the
duodenum and colon (Table 1)
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Taste I Tissue cosmophuls after 3 successiv e doses of cvstene and lysine

o of

Treatment group rals \fean connopluls per 50 visual fields

Dermisg Duodenum Colon

Days after WEI

1 3 8 1 3 8 1 3 8

Day
Cystene 3 15 19 29 17 342 387 315 719 297 203
Lysine ~ 3 15 1739 34 649 342 407 291 249 23
Contro! saline 15 9 16 28 491 531 469 28y 214 239

Sigmficance of iff rences
between groups

Taste 1 Tissue cosmophils afier long term treatment with cysteme and lysne

o of
rats m
Trearment groups  group

Mean cosmophils per 50 visual firlds

4 Derrans Duodenum Colon
13 8 13 8 13 8
Day

Cystene 7 ” 20 28 72 18% 72 2/6 266 308 4t

Lysme 7 21 16 26 19 240 317 4oz 353 487 389

Untreated controls 2) 3318 4> 3ol 307 90y 40y 433 446

S gruficance of dufferences

briween groups

=P 00>
P ool

decrease
Repeated daly admmistrations of ovsteine and lvsine for a week caused 3
005 the lamna propna of e

1n the costnophil count on the first day in dermus i
dupdenum (P 00> and colon P
"able 11 The costnophl count rose to neards the normal level on the thurd day and &2
on the Bth das A pronounced over-shooting of th  contrel level o

(T
¢he narnal leve)

001} as compared with the con

curred on the 8th dav 1 the animals treated with | ain

trof antma's
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Tame UT Tiesme eosmopbsls 18 vats sxadiated only and pee eated with protect ¢ doses of
eysteme and by e priot 1o weadianan

“a of
Treatment group nt Mean counophils per 50 vasual fields
Dermus Duodraum Colon
D2y after madiation
¥ 3 8 H 3 8 H 3 8
Das

Cysteine x 3 + WBL 2> W o 2 182 9% 28 233

80 27
Lvune x 3 +WB1 "3 LI 15¢ 150 23 308 13 19
WBI 70 v zlone 49 LI L 223 174 80 753 fsa 34
Unitreated cantrals Kl It S $Y 321 302 24 164 433 446
Signhcance of differences

berween treated and
ntreated groups

S gn ficance ol differences
betwoen treated groups

® 00
?oom
? oo

Eff ctof Whole Body fvahaton alene and w eombvtation: wvth 4mino fods
Forts rais were srradiated with «0Q r Seven raus were decapitated 1 3 and 8 davs after
the exposure. Twentvty o vats wore: given ovstene and 24 rats ywoe m 3 successae
dases prior to uradiation, Thi amiao and dosage way known to be sadwprotertne
Holst 1960) Twentyfive addinonal tats were gnen cysniae and 25 cats hvae m
dahy doses for } week prior to irradiation Thys dosege had no protecave cffect (Hobu
13601 The wsradiation was given 4 mun after the last amino acid dose
Both srradizuon alone and rrradiation after amune acid pre treatmens caused a

statisncally s grificant decrease in the connophet count on the firt day after irradiation
m the lamina propria of the duodenum P« 001 and thecolon P 000h Table
1N} Onthe theed day the number of cosmophils was signsficants Jawer 1 all the organs
myniugated and abo on the eight das Table ITand v W & 3 excepuons there
was no sfansucalls sxgml")tnnl difference between the groups gn ea irradiz eon slone and
he groups i ds Longterm with cvrtoine and e for
1 ek befo © "mmum produces a lower cossnoplal couns 3 the Jamans propna of
the ¢olon and the duodenum as campared with cats gwen irradauen onbe Hawever
onh twa of the differcnces as indicated 1 Table IV were sansucally eemficant at &

Imetof P 005 \ s lar d ference was noted (n the duoden m of rats sreated 3
uenes w th ameno acidy before eradiavon Table 115

POAYCY ¢ ket & baf BT
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Taste IV Tissue eostnophuls in rats srraduated only and given long term pre treatment with
a non protectne dosage of cysteme and lysine

o of
ratsn
Treatment group group  Mean cosinophuls per 50 visual fields
Dermis Ducdenum Colon

t 3 8 1 3 8 1 3 8
Day

Cystetne x 7+ WBI 25 0 10 7 125 109 36 149 8 57
Lysine % 7 + WBI 25 13 6 5 ns 138 34 191 79 57
WBI 700 r alone 40 2 14 5 223 174 80 265 175 34
Untreated controls 21 33 33 45 351 302 201 464 433 447

Sigruficance of differences
between treated and
untreated groups

Sign ficance of differences
between treated graups

= P <005
V=P<00!
- T 0001

Discussion
oids

Working from the suggesuon that the blood T nduced by gh
could be due partly to various metabolites including amnno acids discharged 1ato the
cirenlation following the tissular action of the hormones Aschkenasy (1957) showed that
almost all the amino acids existng in serum protemns € g cystesne and lysine nduced
blood eosinopenta 1n intact rat when injected ¢ p In the present experiments Jong
term peroral treatment with both cysteine and lysine caused a statstically significant
deerease in the number of ussue cosnophuls in the derms and 1p the lamina propra of
the ducdenum and colon as compared with the controls Long term treatment with
AGTH and cortisone also causcs a decrease in tysue counophls In rat gastrointestmat
tract (Wegelusand Ter 1958 Sundell 1960 Rasanen 1960 as well asin all other organs
studied (Gross 1954) Short term treatment with cvateine and lysine (3 successhe davs)
ced no detectable differences in the numbrr of ussuc covnophils although amino
acids have a weaker cosunopenic effect m adrenalectommsed rats than i imtact 13t
(Aschkenasy 1959) Fusthermore some abservanons suggest that eysteine may have &
sumulatng effect on the adrenal cortex (Hoffmann ef al 1955) Wy
Whele bodv rradiauon with 700 © caused a mgmificant fall in the tsue cosinopt 4
count of dermis and the lamina propna of the duodenum and colon Irradiation cavse

produ
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everactnty of the suprarenal cortee awd the presence of an excess of glucocarticonds
w the blood & few hours after srradiation may accentuate the fall n the numbes of
X hits (B 1535 Sovenyr of af 1961) Adminutration of 3
uingle dose of cortisone provokes an werease m she tissue eosunaphd count of rat and
guinea pig gastomtestnal fract withun 4 hours {Gross 3457 Sundelf 1960 wegehas
and Teir 1958} Tissue eosnophulia appears 3t the same ime as bood eosinopenia under
the influence of gh The latter does ot however  darectly
canse the trannient tusue eostnaphthia as clearly andicated by the changes i the total
oell numbers 1 the blood and tssues respecinely {Rytomaa 1960 The behaviour of
ussue cosinophils after reradiation 1§ corrently under study at fos Jaboratory (Ceder
bcg’;v))od eommophls decrease o number alter a single whole body wuradavon both
rat (Beaumanage 1055 Sovenyzef o 1961) and i man (Lasser and Stenstrom 195¢a)
“The same phenomenon has also been established after {ractionated WBI in rat {5
fractions 1 14 days] (Widman 1958) Honcver the blood cosmophul ¢ount of patents
dsoth

with tses during local fractionated y even abave normal (Lasser
and Stenstrom 195% Morczek and Chrisioph 1908)
Several ob b show of h {Bacq and 1964

Beawmartage 1955 Veningn and De Boer 1963) and an elevated blood histamame level
afier srradhauon (Bacq and Alexander 1961 Laser and Stenstrom 1954 b} An m
Jection of Histamine produces a decrease wn the number of blood eostnaphils i rat
{Halpern and Benox 1951) and eonnopluba i the small wtesune (Sundelt 1958} In
additon to histamine 5 hydroxytrypranune 18 also hiberated on expasure (o tomzing
radranon {Bacq asvk Alecander 1961 \ eninga aed Brickman 1962) Olservations made
by Rase et of 1938 and Zaratzian 1953 mdicate that hiberated endogenous hustamine
and Fhydeogtryptanne way play an impactant rale m corticosd enwmopena. The
same mechanum may also have tmportance i srrad: by
thers need and a3 with normal

In the present there were Te diffe between the b
counts 1 the calon and the dovdenum of ammals pre treated with eysterne and ysime
before uradsation and those grven tradsation alose Tt 1s notes orthy that tissue eosuno-
vl coumt semmny very Yaw for at beast B days afier irradiazion m the organs examuned
while the mttatc indices remrn 10 noreal or above on the third day an the duodenum

and on the tight day m the sk (Hobm 1960) Thus 15 probably partally dus o the
tugh of ds afier srrad; and ob

ly to the
mability of roamopoisis 10 get rapidly under way again Bone marrow 1s yesiored m

Tals after a bugh dose of srradiation only sfier 3 weeks (Fhiedner and Stodimester 1962)

Mow of the tadioprotecnye agems e g ¢ysiene protect the hematoporetic system
and sumulate the regeneraton of hematopmene tissae {Holsts 1960 Thomsen 1967
18t 2s been demonstrated previousty that 3 successive doses of bath cystane and hysine
profect rat agunst radhation induced death whereas pre creatment for a week has o
gratective effeet {Holst 100} n the present expenment the issue costnophsl count
showed no detectable change after 3 successive deses of tyteme and dyvine b after a
week 5 prestreaimen the count was Yos 7 i alt the urgans studied Hence there seems
10 be some kand of eelationship of counaphdls m tissurs and the radiopeatectve ¢ffect of
<ystone and bysne This 15 olivioushy consistent  1th the view that eostnophnl cefls have
aspecific defense function tn the organum aganst extemal novac
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Abstract

Webh G D The effe &s of murfactants oa the potential shorterew { carsent and son £ ves across the
ssolated § g kn Acta phyiol. scand 1963 63 377384 — Jt hias been shown previously that
1n ¢ surfate actve agents {susfacianis) drpolarize pene and muscle membranes and the wso-
lated frog skin The tsolated frog kin was used in the present scudics. Messurements of skin
potential, short crew Courment and of Ba ko and O fuxes were made o deterwine the sela
tve roles of talubition of sctave ™“a transport and increases 1 passive ton permeabsd ty m pro-
ducing the depolarzaton. The lectncal data wire in agrearent w th the flux data o demon
“raung hat lowes concentrabons of e saraciany (0.5 MAY genesally mwh bt th actve
“a tramsport process but bave kide effect on pasne won permeatlity 3¢ h gher concentra
ons {2 mA or more) susfactants produce an mcrease 1n permeability o addstion to nhibat g

the Napump The outs de surlace of 1 € frog 1k n was more sernttve to the surfactants than
was the s de

Tt 1s well established that 10nue surface actve agents (susfactants depolacuze nerve and
muscle celt b { \deiman and Ruhimoto 1961 Hober 1947 Wasane Ogata
and Goto 1956) It has also been that wolated frog
skn s Gilles and D 1962} The depol: rught be due exther
1o an ioreased panne permeabilin (o sons of 10 an sthibmion of the actne sodium
tramsport mechassm or both The present study was an attempt to defermine the
voles played by these two posstble actions of surfactants

The wwand faning smembranes of the eprthel at cells of fron slin are very arilar ©
nerve and muscle membranes s bemng permeable when at sesty to K and €1 but
 latively impermeable 10 & and in bring cquipped with 2 metsbolically drnen putap”
wiuch wansports Na out of the cells (hoefoed Johnsen snd Ussing 1958 Ussng 19601

The alated frog skin offered several advantaces for the present expenments 1) a
large backlog of data bhas been accumulated for tha preparaton 21 the large surface
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Abstract

Webb G D The offc ts of surfatants on the potent al shortsaurcunt urrent and son fu es ecross the
wsalated fr ¢ bt Acta physiol trand. 1965 67 377~-384 — It has been shown prevously that
wnuc surface actwe agents (surfactants) depolarze nerve and muscle membranes and the 150
bited frog slan The wolated frog tkn was tsed in the present studies Measurentents of skin
potential short circust current and of ha K and CI fluxes were made to determ ne the rela
twe roles of wnh bition of active Na transpart and srcreases 1o pass ve son permeabil 1y m pro-
ducing the depolart st The electrical data v ere i agreement with the flux data in demor
straung that lawer concentratians of wue surfactants (0 5 mM) generally mb bit the active:
Na transpart process but have | tie ctfect on pass ve 1on permeabil ty At b gher comcentra
tons (2 m\ or more) surfactants produce an nerease m permeabil ty ) add tan to miubiting
T; 1:: pur:p "The outside surface of the frog ski1 was mor sens tive to the surfactants than
s the wside

1t 15 well established that somic surface acuve agents (surfactantss depolanze nerve an
mtuscle cell membranes (Adelman and hushmoto 1961 Hober 1987 Waswno Ogata
and Goto 19,6} It has also been ed that surfs depo: salted froy,
skin (Schoffenicls Gulles and Dandnfosse 1962) The depolanzanon might be due erther
10 an inereased passne perwcability (o jons or lo an inhibition of the actve sodim
transport mechaniem or both The present study was an attempt to determne 1l ¢
roles played by these two possible actions of surfactants

The inward facing membra 1es of the epithehial cells of frog skin are very smiar &
nerve and muscle membranes in beng permeable (when at rest) to K and ¢ but
selatnely impermeable to Na and tn bemng equ pped withametabolically driven pump
Which transparta Ma out of the cells {hoclord Johnsen and Ussing 1950 Ussing 1960

The sofated frog skin offcred several advaniages for the present ex mlmﬁ:‘u e
large backlog «f data has been accomulated for $his Preparaon 2) the farge surf

37



378 CEORCE D WEND

1 &

area on flux, and 3) the clectric poten
t1al and the short-cirewt current across the wofated frag, skun are canly measured beeause
ne mucroclectrodes are requeeed

Methods

All experiments were done on the abdomins! sk of Raxs fampora sa The frogs were puhed and
the skin was removed washed 10 Ringer and mounred as 2 fiat sheet between huoste chambers
706 em? of skan were exposed 10 the 23 ml of Runger wt ich circutated on each § de

A Ringer solution of the followmyg tomponton wasused 15 mMAa 25mM A 10w\t
Ca2 117 mM T and 25 m\ HCO, When equiibrated with room mr this soluton had
2 pH of 8.3 The addinen of susfsctants to the Ringer did not sigmificantly affect the pHf

The follonmg surfactants were used
Aniomc

sodaum laury! sullate (SLS)

CH\(CH,} ~0-5C \a

Aerosol OT (AOT) = diacty! sodram sull muccunate
o cH

' '
H €~ C—~0-—CH,—CH(CH ) CH

Sa

OS~C C—O—CH ~CHICH ) CIf

o CH

Gauume
cetsd pynid n um of onde CEC)
o o
s N —CH R
-
ecnshinmethy smmonium b omde CT 38
CH Br

LH CH) —N CH

W

The conwcal chambers used and the ¢ erechon necessary be ause the patential bridyo s1¢
Jocated 5 mm away f om the skn have boen doenbed by hosford Johnsen Unkm(,l"ﬁ:
Zerakn (19,7 The other apparatus used and the meth o for shorrcarcun ng 1b ;\ n‘uo
bren described 10 deast by Lssing and Zerahn (19511 {n tF ¢ expeniments i which h :‘l'q‘
Ruxes were measured the sking were keps cuninuowly on sh r-areus ¢ ero ymltnml; ),f A
that nery ton m oo Y 2 ks were put on apenscircy ¢ {or seven seeonds a3t € (:mn
the slun potental was measured o all owbrr experiments e skins were kept ob u;;r:, o
cxrept that evety 4n munuics € £ 3k i were shonreuted {7 45 weond at e en b
the shart-ircunt curtent was determined Poterniia) readmgy were not taken duting r’:’fﬂ‘n
cutt experiments wnt'5 3t jeast five minutes after horung (e sun becavie M:;‘;”P:;d
wneTease i potentual thar ww\;i) arcurs afier shorttiscurtag he kn 2 ba

ereab 3nd Sch fenscls (197} o
Mf;« bu:g mounted between the chambers tF £ dina we ¢ atiowrd e \wa.:i ;;h l;:;'x“
£ 1 1w howes belore 2 & regular ten 7 inute wad nes weee begun A4 mirof pen
lnnger followed the two hour equfbrat o prriod Shott geure mm!drd D s were
usually qurte suady dunng te content perod Surlicant was then &‘ et
ehanged { wr tmes preceding a recoveny perod ( asture n;v(.;;‘al Iﬂsu‘ s tante e e

g 1nflux (Pus from the shinm £ de solutinn and fflax flu o i

oty de solunen) were measseed nmultancowh wing Naand “a ay drser bed by
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mn

Fig | Ch nges 1n potenual short-crcu t cursent and Na fuses produced by exposure of the
s de surface of a f og skin to 0 5 mM GTAB In this figure and 1n F g 2 the vertcal lines
mark the time of collection of samples for counting except the kne at 127 mm which 15 the
fme at wh ch CTAB was added 1o the mside solution = mfux (g ven 1 s mol/hr)

out = effiux and 3 € ¢ = shor-cirowt current pven a3 egunatent g mol Nafhr The
shin was held on short circuit cu rent during this expenment and the one )llustrated in F g 2
Tn this and i all succeeding figures cach Jil represents a measurement of skin potent al
mV and cach @ represents a measurement of short circwt current in g AJ? 06 cm

O5mM CTAB O
150
N [T
Mo28 ke 1
w0 Ner 9 [N W ia [2°
0 W TS (e 01 Lo
Hom Szlnw 57
PV DSSRE ' V | BTY o5 [ 8
0 *F 56| qm 45 -3
ES sife  an 40
© 2
10
G 70 W0 6 65 0 20 WO 160 180 200 220 240

Fig 2 Changes wn patential (J§) shoct-caireunt current (@) and Na fuxes p oduced by ex
posure of the outside surface of a frog skin to 0 5 m\{ CT \B

Johnsen U st g and Zerahn (1902) Cl influx was measured using Gl The use of €1 influx
rathee than eftux avorded the poss ble compl cat on of secrettan of Gl by the mucous glands
(Boefoed Johnsen Ussing and Zerahn 1957) 500 /1 rad oactive samples were removed every
 and evaporated on alumin um pl nchets conta ng a circle of thn Jens tisuc and 2.
mg of glucose A th n window halogen quenched Ge ger Muller tube was used for counting
S mples w re counted fat 2 uffcent leagth of ¢ me so that the standard deviat on duc to sta
tistical fluctu  on of the counts was generally less than 8 of the caleutated flux v lues (the
sndard deviaton of a net count esulting from the subtract on of count N Fom N s
WwWEN)
R fluxw  measured using N feee Ringer (the 25 mAUK was replac 4 w th Na fo the
out de salution It has been st own in this Laboratory that the absence of k. n the outs de sola
uon dhes not  fiect short-cireu t current or ach ¢ sod um 1 ansport (Rocfoed Johnsen un
publihed) Two mil samples were taken every how 3 d malyzed fo k with 4 Zews §l me
Photom ¢ In exper ments where surf ctant was added to the outs d salution xamples were
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Fig 3 Changes tn potental (J§) and shre

ofmm esrcust surrent (@) produted by exposng
T the mude surface of a frog skar 1o 0 95 mM\
20 L22] SLSfor ouc hour In this and s all sucoeed
o0} seo M8 figures the fint vertical line marks the
v o vme at which surfactant was added ta the
s oofert salution bathung one side of the slan The
sceond hine marhs the ume atwhich both i
0 300 side and outside solutions were changed four
P . trmes wuth fresh Renger solution Tn thisand
20 %0 60 60 ¥0 B0 MO 160 the following figures the sins were kept on
mn open arreurt duning the expenment
i Oz
50 % 400
70 350
60 300
50- 250
LU A
40 zoq‘m‘
30 152
20 100 kig 4 Changes m potentuaf (> and
short curcust current () produced
o 57 by exposing the outside surface of 4
frog skm 10 02mM SLS r6lmn
20 40 60 50 0 20 WO 0 (60 200

saken immed ately hefoce and alter the surfactans was added 1t ¢ as found that the surfactant
did not influence the flame analysis of

A 1012l of 9% experements were performed . efffux was measared in 25 of thete cxpenments
Dz efftux and influx were measured simuftaneousty in §3 expenments and Cf inffux way meas-
wred 10 6 expenments Although control pertods preceded alt expenments four control expent
mems were done while measunng k «fflux and one while measuring Ma fluxes 1o dtmvm“"l‘e
that the method of changing solutions or vdding surfactant & d nos affcct the mearucemen

Results
At bigher 1one surl: ‘ d both the sk potenssal am‘i,r:ht
en
short-circust current At lower concentrations the cffect on the sln potential 33 o
less than the of the short-yremt curyent Some surfac

when applied mn fow concenurations to the mwde of the skin produced an m!;:'::‘ 3
the short-crrcunt currens (Fig 1) This prolonged incsease in curtent was nmtrt; o
when the surfactans were added 1o the outsde solution (e g Pig 2) Fig a'f”
also tlustrate the markedly different effects alreried dependmg on whether all;xl joul
tant was added 1o the inude or the outside solution In general the skin mlm(;mn b‘
the short-ciroust current were less affected by wrfactant m the wside w;;monmm‘mr
surfactant 1n the outside solution The action of aniomsc surfactanty na.vb 'l‘c'nwu -
when the period of apphication was short (Fig 5 and 6 Tlus reversibility
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Fig 5 Changes in potenual (M} and 20 100
short-circwit current (@) produced
by exposing the outside surface of a 10 50
frog skin to 075 mM AOT for 32
oun o 0
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%
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Fig 6 Changes in potenual () and = 100
short-cirewit cusrent (@) produced Io: 50

by expos ng the outs de surface of 3

e :

rog skon to 0 2 mM SLS for 21 mm P e i T )
E

450
80. 400
70
WEU
30
Fig 7 Changes 1n potential (M) and .
shortcircu ¢ current (@) produced

by expos ng the outyide surface of a 3
Tog skn to 01 mM CTAB for 7
min

0 1o 20 30 43 %0 60 10 8 9

observed with the catiome surfactants tested (¢ g Fig 7) The temporary wnerease in
skin potential shown 1 Fig 6 was observed 11 about 10 @ of the expermments Usually
1t was less marked than 1n Fig 6 This temporary mcrease 1 potenual following sur
factant treatment has been reported by Schofferuels et of (1962)

Samples of the 10n flux data may be seenan Fig | and 2 Tables for alf the 10n fux
data are too lengthy to reproduce here In summary st was found that 02 mS GTAB
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or 5LS applied tnside or outside always produced 2 large increase 1n the efflux of A
20d “a and the influx of 1 Simultancously there was alnays a decrease 1 net \a
anflux The applicaton of 005 m\ SLS or CTAB produced less consistent resulis
K cfftux which was pormally qute low (generally leas than 02 pmolefhr) showed no
consistent change at all sometimes these appeared to be a decrease Only two €3 in
flux were perft 1 at this (one with SLS jnside and one
with CTAR 1nside) 10 both of these expeniments there was a shght increase 1 € in
flux Eight \a flux expenments were performed with 003 m\f SLS or CTAB In all
of these expeniments there was a shght decrease 1 net Na influx which was parallcled
by a decrease 1n short-aircuat current except 1n the cases whrre CTAB was added to
the mstde sofution (e g see Fig 1) In some cases Na efflux sncreased shightly 1n othen
there was no sigmificant chanee

Discussion

In Fig 1 the shor-aircurt current inereased after the additron of CTAB 1o the mside
solution, whercas the net Na snflux decreased A duplicate expeniment produced similar
resulis Posubly the current not accounted for by Na transport may have been the
resuft of an outward secretion of C1 by the mucous glands thus CTAB may have
had an acuon similar to that of adrenaline (hoefoed Johnsen eral 1902) Many yps
of 10mzed amenes increase the short-arewst current apparently by increasing the per
meability of the outer boundary to Na, thus making more \a avalable to the pump
{Skou and Zerahn 1929) Apparcndy the CTAB was not acting 1n thus manner or the

¢t Na mflux would have increased parallel with the short-¢ircuit current. When CTAB
was applied on the outside and when SLS was applied tnside or outsde the short
crcunt current (measured 10 equivalent Na net flux) remamed equal 1o the direetly
1ncasured et Na influx even when there were large changes in these values This con
firms Lssing and Zerahn s obsersavon (1931) that under most condiyons the stort
arcuit current 1s exactly accounted for by the net flux of Na. It s cunious that i the
South Amencan frog there 1s sumettmes a et 1ward flux of Cin a shorted skit 37
that the short-circtut current 1s less than the net transport of Na (Zadunausky Candia
and Cluarandin 1963,

At hugher concentrations 02 mM) 1t 1s crrtain that 10niC surfactants increased the
10n permeatnhity of the frog skin since the measured cfflux of k., influx of €1 and efBux
of Naall without upon exp of theskin 10 surf Alsowten
the 1solated frog skin was exposed to high concentrations of surfactants the ston.arcuit
current and the net Na influx were reduced This mdicates inhibruon of acuve Na
transport. At lowes concentrations 00> mA  the son fluxes did not show a7y roﬂnf
sstent chanmes although there was alwavs at least some decreas i the net nflux
Az At the loner concentratons there was always & lasge detrease in tse st ortirait
current cxcept when CTAB was applied 1nude fand once when SLS was apphed x:\
side  this excepuon has already been discused Tt appears that e pripcipal st
of surfactants at low ex concentrauons was an inhibitron of acuve N\a tramport A ung
shat net \1 wnflux and shert-Gireut cursent are proportional to acue Aa m'u'r:z‘jd

Game recent electron microscopsc and hustoct rmical data Vfﬂ:quhlr .ndrP‘ .

19:4) znd some recent electrophvwological data (Lsung and Windbarer ‘m;oi"‘
dicate that there ase intercellular pathways for the fasne diffusion of \‘:‘l 2
soms throurh the tkin I thae pathwasws brcame “oprnrd™ to the outside soluty
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concenvable that short-circmt current and net Na mflux could decrease without any
actual decrease m active Na transport as Farquhar and Palade s histochenucal data
ndicated that a large part of the active transport of Na may be from the epithelal cells
mto the intercellular channels which normally are open only ta theinside However
in the expenments of Ussing and Windhager short-circmt current did not decrease
m frog skins 10 which the “shunt td bly rep 1o part by the
llular channels) had d ed through the action of urea Thus it appears that

at least 1n some circumstances short circint current 55 unaffected by changes in “shunt
resstance  and thus probably remains proportional to active Na transport

Skin potential data combmed with the short-curcwt current data confirmed that
after surfactant treatment short-crrcwt current probably remained proportional to
acuve transport of Na By diiding the skin potential by the short-circmt current one
can obtamn a figure for the skin resistance 1 ohms In the present experiments this
ressstance usually was within the range of 900 to 2 500 /em® m the untreated skun
Probably the skin reswstance 15 roughly insersely proportional to the sum of the per
‘meabnlinies of the whole sk to all 1ons Skin resistance showed lattle change or even in
creased when the frog skins were exposed to low concentrations of surfactants even
though the short-circust cusrent was often drastically reduced Thus it would appear
that active Na transport must have been reduced parallel to the reductson in short
arcwt current for if the mtetcellular pathways had become  opened  to the sutade
there should have been a decrease 1 the skin resstance With higher concentrations
of surfactant the skin resistance almost always showed a large drop Thus the resistance
data are 1n agreement with the flux data and it seerns safe to conclude that lower con
centrations of surfactants mhibit the active transport of “va 1n the frog skin but have
Iittle effect on 10n permeabiity At higher concentrations surfactants increase 1on per
meability 1n addition to mhibiting active transport Itis sigmficant that surfactants in
hubited active Na transport 1n the frog skin before affecting passive 10n permeabiity
as many previous on other prep have the importance
of peemeabulity changes (e § Hodes Palmer and Warren 1960 Jacob) 1970 Nardone
etal 1956 or Ponder 1947)

T e author was a Nauonal S¢ cnce Foundation Postdoctoral Fellow durmg the course of this
ork The author expresses app ccation to Professor Hans H Uss g for p oviding space and
equipment and to him and hss st IT for their hospitahity and wseful suggestions
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The Metabolism of Fatty Acids mn the Rat
HI Arachidic Acid
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Gorax Goransson
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Abstract

Goransson G The metab Tum ffaity avudr e the at EI ¥ acksdic acrd \eta phymiod scand 3963
43 33390 — ) € Vrachdic acd and $-10-E palmie ¢ aad a0 rat serum were noul
tneously impected at fasted and refed male rats and the blood and tisae ditabut on of
cadioncivsty were mud od The resbs Bt nep teof d fizcences arachid ©
a¢ d entern the same prinapal pathways as palmibe and The labeled arach d ¢ acsd dis-
appeared more slowly from the blood than d d the palmitie anid Twa wrinutes after the syecuon
sl ghthy less arach d ¢ than palmut ¢ ac d fabel was recovered £ om the whale an mat In the
Yrer mo € of the ester 5 d arachidic and than of the palmuit acid ad sacts 1y wa present
17 glyoerede and less wn phosphol p d

To establuh 2 refecence for a study of the 4

of defferent fary
acuds patmitic acid dissolved 1n rat serum was snjected 3 v into rats FGoransson and
Olvecrana 1964) Expenments were then performed in which oleie acad and patmae
and were myected togrther (Goransson and Oliecrona 1968

The present paper reports the results of cxpenments i whteh arachudic aod and
palmitic acd where myertad srmultancoushy to raty A achidic and 1 2 consttuent of
most plant and anumat Yeds but usualty occurs i small amouny Cananco ez af 1960
Hatann 1958) Flax seed o1} s particulards ek is arachidic and 1Grvnberg Szezepanska
and Beldowicz 1967; In the rat Coransson and Qliecrona 1964 found that are
<hdic and did not excerd 3 of the fatty acds of anv of the | pid fractions examined
i present work was undertaken to determine w ether afatn aaid thatas not abundant
i the rat carachidic aad n merabolzed 15 a dsfferens way than an abundant one such
28 palmutic actd which constiutes 1050 of tre ot hpid Frartions w defferent
arrans € oranwon and Olisecrona 1964
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€% ARACHOIC ACD)
RADIOACTWITY "

NoNlGuOsgY

RADIDACTIVITY

Fig 1 Paper electrophoreses carrird out on the myection solution (rat serum) containing G

arachidic acd and H palmitc sad R was d by hqud
counting Proteins were determimed colormetrically after stumng with am do black

Methods

The nutntional statc of the amimals the operatn e procedures and the analytical methods used
Itave been deschibed earlier {Goransson and Olivecrona 1964) The 9 10-H palmincacid {batch
3 389 mCjmmole) was obtamed from [he Radiochercal Centre Amerst am England 18
\was punfied as described earlier (Goransson and Olivecrona 196) The 1 ¢ _arach dicacrd
(20 mCjmmole) was del vered by Catbiochem California USA i way punfied by reve
phase chromatography twice using 90 methanol and 10 water as the mob Ie phasc and
heptane as the stationary phase The acid was recovered from the acidified methan | watet
{1 1) solution by extraction with petroleum cther A solution of the twaaciis to be smyected.
was prepared as deseribed previously (Goranson and Olivecrona 1964 Flegtropharas s of
the injection selution gave the results shown 1n Fig 1 wl eret can be scen that arachidic and
palmtic acid have different mobilities The palmitic acud moved ma nly with 1t ¢ album 2 while
the arachidic arid moved largely with globuhn In a control experiment with Libeled fatty
acds not bound te serum proten all of the radioactvity was recovered at it orgin

05 m! of the feeshly made solution was imyetted o the jugular vein Tt s dose conta ned
appromimately 0.2 ficq of labeled srachidic acid and D 03 7 #q of labeled patmitic acid

Results

The percentage of labeled palmitic acid found in the examined hipid fractsons agreed
with the salues found earhier (Goransson and Olivecrona 1964) Accordingly the
salues reported here are gmven as C(arachudic aad)/H palmine acid) in the ample
diided by the same rato present 0 the injected matenal (There 1 one cxteplmn‘
sn Fig 2 thr 1o1al amount of radicactivaty 1n the blood glycendes 1s plotted  agan’

ume.}
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BLOOD GLYCERIDES

P ¢ 00

Fig 2 Blood glycende radioac
tvaty n fasted male rats after
the mntravenaus mjection of C
arachidic acd and H palmitic
aad Twao raty were sacrificed at
each tune mterval

E CENYOF JECTED R D QATTVITY

Dusappearance of label from the blood (Table I)

In both fasted and refed rats the (¥ arachudic acid disappeared more slowly than the
H? palmutic acid from the blood as can be seen from the mereasing G to H? rato n
the blood free fatty acids durmg the first few mumutes after the injection The aif
ference 1s greater in the Tefed rats than n the fasted rats When extrapolated to zero
time the disappearance curves for both arachidic and palmitic aads give values of
80 4 of the injected radioactvity

Blood radwactittees at lon er tunes m fasted rats

From 10 1o 320 mun after the myection the ratio CH/H? 1n the cholesterol ester fraction
was greater than that in the injected serum. The rato in the free fatty acids was greater
at 10 nun than at 5 but after 20 mun the difference gradually dimunushed such that at
320 yun there was ouly half as much C4 Iahel as P label 1n the blood free fatty acids
The n blood glycendes 1s shown 1 Fig 2 There 1s 2 peak
of both ¢4 ]abcl and H? label at 40 nun The CM radicactivity did not reach as high

Tazis I Ratio G /H radicactnity m the blood free faty acd fraction in rats after the 1 v
wyection of € arach dic and H palm tic amd m rat 5 rum The rato i the imec
ted fatty ac ds was taken as 1 0

1 " 3 4 5 Min
Fasted 13 17 1s 19 22

T — 18 16 32
Refed "9 36 43 40 50

1 21 39 67
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Tams. 31 Ratio CH/H? radiatueity 1 tisstee Lipwds from 1ats afier the intrarenaus wyection
of Ctarachudic acid and H patmutic acid i rat serum Each figure ropresents the.
mean of values from 3 rats & SE M The rata - the nected fatty accls was

taken as 1 0
Fasted Refed
2 mmn 320 min 2 mun 320 cun
Laver wanh 0831003 D6OLDO! 0931004 0BILOM
Glhyeendes + CL 1124008 0741004 110000 0874006
Phospholipids 0411002 03534001 0544084 0931048
Mouscle roral 0881003 0624004 D724£004 0774008
Heart total 131210 1175000 0811004 096£00°
Kadneys 1ot 066£003 032x00¢ 0474003 0381007
Lungs total 130+£004 0424002 0781009 042100
Spleca tatal 2574000 1451009 2094007 1784010
Adipase tusue total 0624007 0361003 0754003 083£00¢
Carcass taral 301 D02 DIB2002 089100 DEILDOI
In the rat tota} 045£007 0624002 09100/ 0731001

values as did the HY radinacunaty During the tune penod studied there was a praduat
2 m both O and H 1abelan the blood phospholipds and the pereentage of arschidic
acrd label was greater than palmiuc acid throughout

Tissur vedwactusty ( Table I}

' 2 mun after tnjectson the ratio of labeled arachidic aced to labeled patmsuc acid i the
fasted 1a1s was smaller than the raun  the myected matenal i the Iner musde
ussue kudner and adipose tissue and at 320 aun the yatto bad fallen further i all
lssues

In the refed rats a1 2 mum there was less G fabel than H? label in all the organs
except in the spleen but at 320 mun the rato had not decreased in all the organs to the
same extent as 1n the fasied rats The raun of arachudc acd fabel o palmue acd
$abek was the szme at 390 mun as a1 2 mun n the muscle tsur and was greater in e
heart and the adipose ussue

1 the s ors of both fasted and refed rats the ghyeendes had 3 CH/H? cavo that whu
greater than that 1 the ingection solutan at 2 mn and smaller at 30 mx’n l;;«,;
phospholipmds the ratio was fess than that in the tyeeted matepial at poth 7 an A
sun Turthermore st was geeates at 320 thay at 2 qun Witk thie free fatey sevliin ¢ .
iner were assoctated abous 4 ercent of the inyected tabeled arachidic acid and ;lmn;
pone of the labeled palmitic 3exd The values were remarkatlv wunfar s the
nutnitonal states

Discussson
h
In normal blood free fatty acids are not only asocuted with albumn bt :,:;x;’m
other protesns and with red corpuscles The long-chain faity acsds :;e ;nm;’m 0
lLipoprotens than are the sh sichan fathy acsds  Goodiman and Shaless
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electrophoreses of the mection solution used 10 the present study also indicat d that
more of the arachidic 2crd label had moved wath the globulins than with the alburmn
Most of the ~almitic acid label moved with the alburun

Dusappearance of ladel from the blood

The possibility that dsfferent fatty acds are extracted from blaod at different rates has
been discussed earher {Goransson and Olvecrona 1965) In the present study the
arachidic acd was extracted hy the tissues at 4 lower rate than was the palnutic
acid If this was due to the difference in the physical state in which the two acids were
present i the mjection solution 15 not clear

Oxidation tnterconversion and estersfication

In3pite of the lower extrachon rate labeled arachidic acid was found in shghtly smaller
amounts after 2 min 1 the total lipids both 1n fasted and refed rats At 320 min when
the blood free fatty acid radiactivity had reached a value close to zera and all the
snjected arachidic acid thus become available for oudanion the ratio CH/H? had fallen
considerabily both m the whole ral and in the different uissues 10 the fasted rats

Arachidic acid mav be converted to other fatty acds No radwoactnity was
hov ever found 1n the unsaturated fatty acids of the hiver (Elovson to be published)
Formation of steanic acid and paltitic acid by shortemne of the carbon cham would
cause a loss of m the expenr ric d The of this
pathway can not be assessed from the present data

It 15 known that after entry into th cells palmmtie acid 1s incorporated to a varying
degree into glycendes and phospholipids (Havel Felts and van Duvne 1962 Olive
crona 1962) In the present expenments less than 05 of the wmyected palmatic acd
was recovered as free fatty acid i the Iner A hugher percentage (¥ ) of the arachidic
acd was found d If this diffe mn rate 15 due to the cif
ference in the physical state in which the 2 fatty acids were present m the imjecton
solution or to specificity in the enzyme systems n the hver 1s not known

Vtotalof 80 of the arachudic acid label found mn the I ver was recov ered 1 estenfied
form TImtially arachsdic acd appeared to be speafically incorporated into the tn
glycendes Less arachidic than palmitic acid was incorporated wto the phospholipids
Thts difference was nat so marked $ hrs after the imjection

Recrreulation of label back to plasma

Blood trigly cendes an 1 blood phospholipids are known to ongmate i the lver 1 Fishler
¢t al 1943 Harper Meal and Hlavacek 19531 When labeled olexc and palmutic acd
e & by wmoeeied apps A ¥ne same e of diee 1o paimiue aqd
label was foand sn the Iner glycerides and the blood ghcendes Goransson and Ol e

rona 1863, In the present expertments with arachidic acid and palmitic acid no such
sumlanty \as obsenved The difference bereen tle CGH H? ratio 1n the Iiner phospho-
I1ds and the blood phospholipids + as also marked

Thus work was suppo ted by grant from th Med cal Fa ults n Lund nd f
Tubl Health Sen  He 0 30 —08 MET #uit o lund ndfom e LS

M Ir ne Ral bsson gav  skstful rechn cal ass tane

6L 4 ghyet A b 63
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External Intercostal and Phrenic « Motor Responses to
Changes 1n Respiratory Load

By
M Coroa' G Extunp avo C v EuLer

Recewed 9 July 1964

Abstract

Corda M G Eklund and C v Euler External sntercostal and ph emic o motor ve ponses 1o changes
ta resp tory foad Acta physol scand 1965 63 391400 — The hypothess that the fust

motor — muscle spindle system 1n_ts control of physiologically induced movements automati

cally adjusts the @ motor actwity to ach eve wanted length changes in spite of some vanations
1n foad that may occur has been cxamuned for the Tesp ratory movements of external mnter

costal muscles and the diaphragm after bilateral vagotomy mn cats under hight pentobarbital
anacsthes a The afferent activity from sntercostal musclc sp ndles ancreased 1n sesponse to an
increase in vespiratory load produced by tracheal ocelus on Efferent mtercostal a motor actv

sty was reflex ly enhanced in response to such an merease n load an effect wh ch was abol hed
afier scction of the dorsal roots of the same and ad) cent segments The cficrent phremc a
motor activity and the electrical actity of the diaphragm did not show this response to tracheal
occlusion wndicating a pr nc pal d Aerence m proprioceptve control of the extemal ntercostal
muscl and the diaphragm

Problems concerning the role of muscle spindles and thetr p motor mnervation m

the control of movements may advantageously be studied on muscles which show

physislogically nduced movements auming at definable length changes cven duning
d ¢ h d and the

n P
movements are the only ones that fulfill these requirements An analysis of the motor
control of respiration may throw some light on prnciples vahd also for other motor
#stems since recent work indicates that the intercostal muscle spindles and their ¢ motor
ianervauon are engaged 1n the control of the intercostal a motoneurones and the
fesprratory movements of the thoracic cage (Crnitchlow and Euler 1967 1963 Lcecles
Sears and Shealy 1969 Ektwod Euler and Rutbowske 1963 a b 1964 Euler and
Frits 1963 Sears 1953)

Descending signals from the respiratory tntegrating mechamsms in the medulla
comey the central demand  for udal volume 1n terms of changes in {en 15 of the
sndiidual vespiratory muscles while the muscular effects produced by these signals

Impresa Elettrofisinlogn ded Consgln N\ on.le d lle R erche

; Gruppo d Frens
rewentafdresy Istiuto di Fis ologia umana dell Univ rsnad F oen e
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Fig 3 Same expenment as Fig 2 Heve the froquency curves of the mdwdual  fibres are
shown Stippled arca unrestramed spontaicous inspiration. Line 1 full first mspuratory
effort after occlus on of the airways

den obstruction of the aicways (hnes i full) The immediate response to the closure
of the tracheal cannula was a marked ncrease i the total @ motoneurone actrvity
{Fig 2) Fig 3 shows that this wncrease 1s achieved 1n several different ways a) by
carlier engagement of the motor cells (spike II—\) b} by an ncreased discharge
rate though only to a small extent (sprke T IT IV and V) and ¢} by recruitment of
new fibees {spike VI and VII) Fig 2 and 3 further show that the wcreased toad of
the inspiratory muscles caused by tracheal occlusion led to a shortening of the durazon
of the total inspiratory actinity as compared wath that of unrestncted inspiration,

This curtament of the ispiratory actvity has been the most common response
but unchanged and even prolonged inspiratory acuvity has been observed durng
tracheal occfumon The reffex mcrease of the activits 1n response to an increase of
short duration 1n respicatory load often showed potentiation lasung for one or two
breaths after the release of the obstruction This effect oceurred esen f the occlusion
was 50 brief that no sigmficant asphvxiation could develop Thss s illustrated 1 Fig 4
where 4 B and Care consecun ¢ records of nspratory activity and intratracheal pres
suce. The time and duration of the mspiratory flow of air has been marked Onh the
first mspiration 1n B was performed against a closed airway In this case the subsequent
Polentiation of the 1nspirauon lasted duning 6 o released snsprrations.
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Fiz 4 Insp ratony efferent o zcumity from a branch of the external intereostal nenve 1o thow
the eficct of tracheal oclusion  —C consecutise records Lpper tracing seprosents ¢ 113
trachea] pressure. The duravon of inspiratory flow cf ar i € b ynrestra ned spntanerus
breath has been raarked Tracheal occluson only during ¢ ¢ fiost wasp ratory eff 1n B

“o ugmficant merease i the 3 motor activiry has been obsersed m respose to
prevtous results Eklund Ewler and Rutkowike

T d fosp Y load
1963
The aferent resporse of ¢ terral 1 ercortal muscle spndles ta tracheal oeclasion
Cahlon and Euler {%3 obsened the marked mual inerease in the sn eratory
muscle spradle discharge 1n respense to closure of the tracheal cannula at the end of
the exprrators phase In the present work the sesponse of external intercostal muscle
spindles duning wracheal occlunon was reexammned 10 2 cats after bilatera) varotom
Fig o shows the considerable augmentation of the spradle discharge that 1s tspicalhy
obtamed by airnas occduson This effers ndicated that the spindle 1 less unloaded
1 th shorteun® of the muscle bods dunng tracheal ocelusion than i the uneetnatrs
condiyon Ths cencluaon 1s based on the finding stated above that the fusetor
acuvity 15 lareehs uninflurnced by the airmas closure Ekund  Fuler aad Rutkowsh
3965 ommiarh 1t was found that some muscle spitidles of the diap hragm inereavd
thear discharee rate when the movemenis of 1 ¢ deaphrager was impeded by pracheal
occdoron Corda Euler and Lennentrand 1%
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Fg 6 Insp ratory efferent actiity from a thin filament of the central end of the cut C_branch

of the left phremc nerve to show the response to tra heal occlus on (mark) after b lateral
v gotomy Upper tracing represents t dal volume (up -ard deflection denotes inspirat on)

The response of phrenic motoneurones to tracheal occlustan
It has been suggested on histological grounds that the diaphragm is supplied wath
comparatwely few proprioceptors (Do=iel 1902 Gregor 1904 \fasumoto 193+ a b)
This observation has recently been d with I tech
Gleborvskn (1962) Yasargil (1962) and by Corda Euler and Lennerstrand (1963)
In view of such results 1t was of interest to study m sagotomuzed preparations the effect
of tracheal occlusion on the efferent phremic actnity and compare 1t with the inter
costal response under similar circumstances as described above In 5 cats efferent
activity was recorded from fine filaments of the central end of the cut C phremc
oot

‘The general properties of the discharge pattern of phremic motoneurone need not
be reported here they have been extensinely descibed  at first in the classical paper
by Adnan and Bronk (1928) later on by Pitts (1942 1943) and recently agam by
Gill and Runo (Gall 1963 also for references Gill and huno 19632 b) and bear
close to the actmity ([ p 393) In the present
work however 1t was found that 1n response to an occlusion of the tracheal cannula
m end phremic

actnity of the next inspiration was never
augmented after bilateral vagotomy as was the ntercostal actwity I anything this
procedure caused a shght decrease 1n phremc actwaty as depicted 1n Fig 6

Possibly cutting the phremic root from s hich the efferent actwity was recorded
mught hase eliminated the afferent necessary for 2 reflex augmentation In order to
study the reflex effect of arway occlusion without impainng the afferent phrenie path
the clectromyogram of the diaphragm + as recorded m 6 cats In vagotomized prepa
rations no augmenung effect. were recorded n response to tracheal occlusion  there
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Fig 4 lnsp ratory cfferent @ act vity from a branch of the external intercostal nerve to s
the effecs ¢f iracheal scetus n 4 € consecutive secords Lpprr tracing seprosents ot 2
track cal prevsure. [he durat m of waspieal ry s of aur 10 each uatestramed og ntap it
breath has been marked Tracheal occlusion only during the first inspiratory off st an B

o significant increase m the , Moor actiany has been olarned an ropons
inereased resprrators load confimung previous results Exlund Eul r and Rutkowskt
o

Jhe afferent ve ,orse of ¢ temal ercostal musele spandles 1o tracheal occlusion

Cntchlow ani Euler 1963 obsened the marked amual mcreass in f ¢ pnspir3teny
muscle spindle discharge n respans 10 elnute of the tearheal canaula ar the ad of
the exprraton, phass In the fresent work the response of external mterconta) muxc}
spindies dunng tracheal occlusion was reexamined sn o <ats after bilateral va o o™
iz s shows the considerable ausmentation of the spindle dischar,e that s ppeil
cbtamed by airwas ocddusion This effect indicated that the spindle 1 Jesy unloa’<d
by the shortemne of the muscle body dunng tracheal occlusion than i the unrestricted
condison This concliwson 15 based on the finding stated abmne that the fuumeotor
actoity 1 Largely yrunfluen ed In the airwas clagre Pilund Euler and Rurbowskt
1963 Symilarh st was found thet some muscle spindles of thr diapbra-m increavd
shear dischiarge ratr when the mon Fments of the diaphya~m was imprded s (3 }rat
occlusion Corda Euler ani Lennerstrand 1975
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1sec
Fv 6 Tnspiratory effe ¢t actvity from a th n filament of the central end of the cut G_branch

of the left phren € nerve 10 shaw e responsc to tracheal occlus on (mark) after bilateral
vagotomy Upper tracing Tepresents t dal volume (up -ard deflection denotes 1nsprration)

The respanse of phrenic motoneurones to tracheal occluston

It has heen suggested on histological grounds that the diaphragm 15 supplied with
comparatiely few proprioceptors (Dogiel 190 Gregor 1904 Masumato 1934 a b)
‘This observation has recently been confirmed with neurephysmiological techmique
Glebovsku {1962) Yasargil (1962) and by Corda Euler and Lennerstrand (1965)
In view of such results it wat of interest to study 1n vagotomized preparations the effect
of tracheal occlusion on the efferent phremic actinity and compare it with the inter
costal response under stmilar aircumstances as descnibed above In 5 cats efferent
actvity was recorded from fine filaments of the central end of the cut C phrenic
TOOt

The general propertics of the discharge pattern of phremsc motoneurone need not
Le reported here they have been extensively described  at first in the classical paper
by Adnan and Bronk (1928) later on by Pitts (1942 1943) and recently agaun by
Cill and kuno (Gilt 1963 also for references Gill and Runo 19632 b) and bear

close blance to the \otoneurone actwaty (cf p 393) In the present
work hos ever 1t 1 as found that in response to an occlusion of the tracheal cannula
n end: phrenic actvity of the next insprrauion was never

augmented after bilateral vagotomy as was the ntercostal activity If anything this
procedure caused a shght decrease 1n phremic activaty as depicted i Fig 6

Possibly cutting the phreruc root from which the efferent actvity was recorded
maght have eliminated the afferent necessary for a reflex augmentation In order to
study the reflex effect of arrway occlus on without impainng the afferent phrenic path
the clectromyogram of the diaphragm was recorded in 6 cats In vagotomized prepa
Tations no augmenting effect were recorded 1n response 1o tracheal occlusion  there
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Fig 8 El g from external 1 muscle £ (middle tracing) and from dn
phragm D) (lower tracing) to show the responses 1o tracheal occlunion (mark) i the vagotomuzed
preparation Upper tracing ndal volume

was 1n most cases only a shght decrease With the vagus nerves intact however 2
marked increase 1n the phrenic @ motoneurone activity and i the electromyogram
from the draphragm was always obtamed as reported for the rabbit by Cuénod (1961)
These effects before and after bilateral areall dimhg 7 il

clectromyograms from the external mtercostal muscles of the 6th or Tth mtercostal
space mvanably showed a marked augmentanon of the clectrical actna) corresponding
to the effects deseribed abos e from the efferent sntercostal nerve twigs This ss sllustrated
1n Fig 8 which underlmes the disunct dufference 1n the proprioteptive control of the
2 main insprratery muscles the diaplicagm aad the external watercostal musculature

. Dhscussion

he present results obtatned 1n a spontancously moving system support the hypothesis
it the autogenetic reflex effect of a load opposing a contraction of a muscle 1s sumilar
o that of stretching the muscle This load compensatory reflex probably plays a funda
nental role for the dvnamic control of mosements just as the stretch reflex does i the
tatic control of posture The intercostal muscle spindle control system thus seems t0
«ct as a foltow up length servo (Hammond \Merton and Sutton 1906}  hich auto-
natically tends to correct the length changes of the muscle fibres 1n cach TespaTateny
mosement to maich the central demand for volume changes i spite of sanations
1n the load on the muscles The cats diaphragm howerer does not seem o be sub-

ame autogenenc length correcting adjustment to sarrationy m arways

yect 1o the s:
1961) obtained i

resstance This 15 0 general agreement with the results of Cuénod (
the rabbit  The latter author however obsened a shight augmentation in responsc
to a parual block of the mrwavs Nevertheless our results consutute an interesting
and mportant difference between the control of the external intercosta) puscle and
the diaphragm and msites the queston why such a control mechanum o 103 el
developed 1n only one of the two important inspiratory muscles while 1t is vrry weak
or abrent 1 the ather chapges 1n arways renstance put sumlar feads on both the
diaphragm and the \ntercostal musculature Such fundamental difference 1n motef
control might only be expeeted if the two muscles were normally subjected 1o completely
thiferent types of vanations load This u the case m that the intesenstal musculature
has both respiratory and postural function so that postural moyements may nterfere
with the resprratory function of the muscles (Masson Meulders and Gl 1960
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\eulders Massion and Colle 1960) Hence movements and alterations m posture
of the thoracic region cause derabls 1n the load d by the
y of the 1 muscles The diaphs does not have such
a dual function at Ieast not to the same extent
It 15 interesting to note that the only effect of loading the diaphragm by means of
tracheal occlusion that was observed was a shght mnubiion  Autogenetic miubition
seems to dommate the proprioceptive control of the diaphragm sn many experunental
conditions {Dolvo 1953 Gill and hure 1963 b) Hoffman and heller (1929) were
not able to demonstrate a definite stretch reflex from the diaphragm and Glebovsku
and Pavlova (1963) found mamly inhibitory reflex reactions of the diaphragm after
vagotomy An increase i the force of contraction of the diaphragm as the result of
tracheal oc Jusion 1o expiratory position should not be taken as evidence of mcreased
motor activity for 1t may be due to the fact that the contraction occurs during mamn
tamned stretch as 1s known with the sanie efferent actnity the force of contraction of
a muscle increases with mncreasing length The electromyogram on the other hand
provides an index of motoneurone actnaty alone and 15 not directly but only reflexely
influenc 4 by changes i muscle length Cuénod s observation (1961} on vagatomized
rabbuts that partial obstrucuon of the arways caused a shght increase 1n the phrenic
motoneurone activety while total occlusion often caused inhibrion suggests that the
balance between autogenetic facditation and au ogenetic whsbition may shift
with the d; the diffe mn h d
between spindles and tendon organs being one possible reason for such a chan.e m
balance alterations in fusimotor activity being another
When the vagal nerves were left mtact tracheal occlusion always caused 2 dehnrte
ncrease tn the efferent phrenic activity and m the electromyogram from the diaphragm
This d

s that a central mechamsm capable of for changes in
arway resistance exasts 1in the vagal reflex arcuit and 10 this case similarly for the
2

and the 1 1f

This work has been supported by the Sy ed sh Med cal Research Councd
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From the D of Karolinska Tnst tutet Stockholm Sweden

Decrease 1n Cardiac Acuvity by Carotid Sinus
Baroceptor Reflex
By
Percy Livooren and Jouy Mavne!
Recerved 11 July 1964

Abstract

Lindgren P and J Manmng Devease n cardac acturiy by ca ond sius ba oc por veflex eta
physol scand 1965 67 401—403 — Electnical stmulavon of the simus perve or exc taton
of the carot d baroceptors by increasing the mtrasinus p essure sigruficantly decreased the night
vent teular contractile force heart rate and blood pressure m 19 anesthets ed cats The
decreases in force and rate but nat blood p csure weze abolished by stellate gangl onectomy
an1 by 3— msjkg of dichlorosoproterenal (DCI) The decreases in ca dhac cotract hty
and rate were not secondary to the bypotens on for they were still obtained when aortic pressure
was kept constant The reductions in contractle foree and heast rate are the results of an
nkbton of sympithet ¢ control of the heart actanty The data ind cates that 40 per cent
of contract Ie £ ree measured m e od 55 de apon
ton ¢ sympathetic impulses In expenments 10 which the stellate gangha we ¢ decentralized
the force and rate were mcreased to p edeservaton levels by stimulating the asclated nghe
stellate ganglion at a frequency of 1/sec Seventy five per cent of the maxumum response in
force nd rate were obta ned at sumulus frequenc es of 3 sec The sinus baroceptor reflex
excreises ats major effcts on the heart nd blood essels v th o a relatvely hmsted range of
40 mm Hg on ¢ ther s de of normal blood pressure for the cat

The vasomotor cvents that ensue dunng baroceptor reflexes have been carefully
studied for many organs (Heymans and Neil 1928) Hon exer there 1s some doubt as

10 the direetion of change 1f any 1n cardrac actmiey or cardrac output that accompany
these events A number of have 3!

edasanety of tech to measure
cardiac output dunng sinus nerve stunulation but have failed to find a consistant
change (Holt ez al 1936 Kennes et af 1951 and Steila 1931) Daly and Daly (1939)
have reported a reduction 1n cardiac output during carotid sinus memve activation
but felt 1t was related 10 the reflex systemic hypotension or the bradyeardia and not to
a direct action on the heart In another report Daly and Luck (1928} caleulated a
reduced s entncular stroke v ork from measurements of pulmonary flow and pressure
Tk ey interpreted these find ngs as evidence for a decreased night ventncular cantraculity
but it was not a consistant finding dunng elevanon of caroud sinus pressure \Mannsng
« @' (1963) have recently shown that depressor responses elicited from the septal
region of tf ¢ cat results i an inhibiuen of tonic eardrac svmpathetic acuvity and
thereby a reduction m heart force and rate The present expertments were designed

\dvanced research £11 w of the Amencan Hert Associat sn Present address Dept of
Plvsiology Fmory Unv Athanta Ga
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Taste I Average depressor responses ehicited by electncal sumulation of the Jeft sinus nerve
yangha and 3—6 my/kg DCY on the responses

Response to stmus nerve stimylation

"
_-; 7 Untreated .g 3 Dunng aorta peclusion
S
23 Conrol  Respome 3 Contral  Response
Number of animals 11 1
Right sentricular con 38 34 £°3 26 %18 20 39433 v 30227

tractile forcegram.

Heart ratc beats/mmn 38 177 £37 1155 £31 20 174439 15141
Blood pressure mmHg 38 136 428 93 +49 Held constant

Blood flow ml/min 38 86106 ' 62105 Not recorded

Values are means + SD  Significantly different from corresponding control value 1n that
Sigmficamtly different from correspondsag control value in group untreited (002

1) to measure the changes in cardiac contractile force and heart rite dunng elevation

of simus pressure or stmulation of the smus nenve 2) o determune the mechanisms

esponsible for thesc changes and 3) to evaluate the quantitative control the sinuy
roceptor reflex exercises on cardiac force and rate

‘
Methods

Successful experiments were performed 1 23 cats of bath sexes ranging in weieht from ? 1
0 44 kg The animals were arcsthetized with 50 to 70 mp/kg of a-chloralose 1 v Artificial
sentilation was provided with room air using a Palmer pump to delner a tdal volume of
30—15 ml at a respiratory fate of {6—25/mn  Body temperature was moniored by a thermos
meter inserted in the rectum and vas kept between 36— 37 € by means of heat lamps Arterial
pressure was measured with 3 Statham I 23 AC transducer connected to a catheter pheed i s
femoral or common caroud artery \entnicular contractile force was measured with 8 #r ¥
gauge arch sutured (o the night ventni e Right ventncular contracule force was measured
because varying system ¢ pressures have relcly lexs effect on the night than on the kft
ventncular end-diastolic fiber length {Cotten and Bay 1956 and Rosen 1961) Rixod flow in
the fund limb was measured with drop rate chamber as descnibed by Lindgren (19.8) H art
rate was determuned uaing an menval recorder {Gol lschm dt and Lindgren 19%1) Tte
measurements of pressure force rate and flow were synchronousty recorded on a Crass peft
graph Hepann (20 mg/kg) was given 1 v 1n thase experyments n which bbod flow was
recorded To circumsent the  agal ection on the heart th ¢ vagus nerve was cut b faerally ¢
17 experments while 1 € cats 0 75 mejkg of atropine was grven 3 v The caratd s nus vwm:
were thissected free and a pair of uilver st mulating electrodes placed on 1t ¢ fefi sinus pen f
The nen e-rlectrode pres aration wat covered with warm paraffin ol In 8 ansmals the car W
Sinus region was solated from the circulation and perfused wish blood fremm a pubiat ig F:;"“;
“The pump action was produced by three pustons actiag ona rubber tube two served a¢ v'n( e
1n the 1nfiw-outflow circust Pressure was devel ped by the third p ston by trmpﬂ;‘m N
section of the tube The output of the pump vaned deprading on the rﬂrﬂ:ﬂ;‘e o deld
¢t 380 ram Hg a flow rate T 16 ml min was obta ned whle at 780 mm Hg the flw e
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preparation and the effects of parual occlusion of the thoracic aorta extrpation of the steffate

H

M 5
:;_,, Alter stellatectomy .;55 After 36 mglkg DCI
3% Conwal Response Sc  Gomtrad Response

8 3
e —
8 21 £33 20 433 17 2% 323 23 119
3 135 277 132 181 17 157 £22 155 226
3 103 :95 86 +e3 17 109 p41 66 134
8 39103 22102 7 35403 75402

group (807 > P > 0001}
P~ 0001)

1 ;ljmun The animal served as ts own blood donor and blood wax led from the provimal
common caroud arfery to the pamp From the pump blood perfused the sinus £eg10a via twin
catheters which were bigated 1n the common carotid just proximal to the sinus The blood was
Teume} to the anynal from the externa) carotid via the It jugular ven Al other vessels m
the s11us reg on were hgated The pump's valve actior was such that there was no through
commun cazon of pressure from the ammal to the s nus ares during the wfiow or outflow
cyéle A pube amphitude was realized by varymg the sz of stroke of the pumping piston but
the frequency of the pump cycle was fixed at 63fmin The mean pressure 1 the perfusion
arcut ouwld be raned to any dest ed Jevel by adjusting a reastance damp o the catbeter
retum ng blood to the jugula vein
In 4 animals the anus nerves the vagal nerves and the pregangl ome roots of both stellate
gangha were severed A pa r of sumulat ng clectrodes were placed on the denervated right
stellate ganghon and covered with paraffin oil The stmulus consisted of 4 tramn of square
wave pulses derived from a Grass model 8 4 sumulator and solation umt. The s nus nerve was
 uulated at a frequency of 30 cyclesjsec, a pulse duration of 5 ms ¢ at an mtensity suffic eng
to produce a maxmum Gl n blood pressure Th stellate ganglia 3 ere sumulated wth a0
ntensity of 75 10 30 \ of 3 msec duration al vanous frequencies

Results

Electrical sumulation of the caroud smus nerve produced the predictable fall m
systermic pressare with a concomitant decrease m cardiac force and rate These svents
together with a reduction 1 kmb blood flow appeared within a few seconds affer
onset of stmulayon and could be chictted repeatedly In order to be umform m the
espenmental procedure the left sinus nerve was selected for 1 mun of stmulaton

he average response from 11 expts 1n force rate pressure and flow are presented 1n
Table I in the first column fabeled  untreated  The magnitude of the deprevsor action
was sumilar upon repeated d m the sarae and from one

10 anott er Mo efforts were made to obtain graded responses by aleenng the sumulus
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200
BLOCD
PRESSURE
mmMg Ol

Fig 1 Decreascs in cardiae contractile force heart rate and blood pressure by stepwise
ncreases 1n perfusion pressure of both right and left 1solated cirotid sinus Intrasinus pressure
was raused for one minute from 70 mm Hg to the levels shov n by adjusung a resistance chmp
on the catheter returming blood from the sinus region to the yugultr sein The first detectible
decrease m force rate an 1 pressure was noted at intrasinus pressures s low as 30—10 mm g

Both vagus nerves were cut and the sympathetic nerves remained as the only funct: nal ;nnera

tion to the heart Cat 74 kg fi

parameters On the average the sinus nerve sumulation eliaited a sizeable per cent
change in contracule force (24 ° ) and blood pressure (37 ) The reduced blood
flow in the hind imb was secondary to the blood pressure fall i for 3 expts n which
i perfusion pressure s as hept constant by cross-circulation with a donor anmmal
scre was an increase in blood flow during sinus nenve sumulation
The possibility that the lowered artersal pressure in the responses descnbed above
‘nought abaut the fall 1n cardiac force and rate was tested 1n the same 11 preparations
An adjustable clamp was placed around the thoracic aorta in such a manner that the
10rtic pressure prouimal to the clamp was held constant during the reflex evoked
depressor response The results are presented in Table | an the column ibeled  dunny,
rortic occlusion  When vortic pressure s as kept at or near control levels sumulation
of the sinus nerve still significantly decreased contracule force and heart rate shov ing
that the observed cardiac effects were not secondary to the blood pressure fall
‘To demonstrate that the cardiac depression seen in these reflex responses was de
pendent upon adrenergic innersation of the heart the stellate gangha 1 ere remosed
1n 8 expts and a beta adrenergic blockine drug was administered 1n 3 Remorval of the
stellate ganghia decreased the cardiac contractile force 1o 33 per cent belsw the control
“untreated level (Table Iy The inhibitory reflex evoked by elecinical sumulation
of the left sinus nene brought about 273 of the reducuon in <ardiac force that wat
caused with complete removal of ssmpatheuc impulses by stetlate gangha exurpation
Heart rate was also markedly reduced by remosal of the stellate gangha Sinus pene
stimulation after ganghonectomy had no effect on contracule force and heart rate

but the charactertisue fall 1n blood pressure was sull produced The beta adrenergic
blocking drug dich y nol (DCI) also § ted the decrease 1o card 3¢
force and rate induced by sinus nene sumulation but bke stellate gang! urm-mrml
st did not prevent the fall in blood pressure Table I} TIhe dose of DCI ﬂ"pll?:‘
was large and reduced contractle force and heart rate to levels between thone reach
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+ 1th ganghoneciomy plus by activanon of the sinus reflex 1 the  untreated group
These experiments also support the idea that a fall i systemc blood pressure does not
gne risc 1 oself to a reduction m contracule force of the nght ventnicle The blood
pressure falls were substantially as large as 10 the untreated group but no changes
were seen 1n contractle force and heart rate after the nerve supply to the heart had
been blocked

In Fig 1 are shown the qualitative effects of the caroud inus baroceptor reflex on
the heart which has the svmpathetic nerves as 1ts onhy functional am ervauon Ia rhus
and 7 other expts the 1solated carotid sinus region was perfused by a pulsaule flov of

blood As the mtrannus pressure was rassed for } nun in graded steps the blood pressure
heart rate and contractile force d ed Iv vth each w siaus
pressure

The data from 8 animals 5o treated were grouped and descnibed the curves sho 1 n.
Fg 2 The decreases in each parametes with mereased intrasimus pressure vere plotted
a3 the grx caok of Traserners thatar xS0 The frv draved desrease wm forse 10
and pressure was noted 2t a mean intrasinus pressure of 30 to 40 mm Hz Mt sus
pressure of 60 to 140 mm Hg the decreases 1n cardiac rate and force 1 ere nearly
proportional to the wcreases in torasimus pressure The reflex effects on force rate and
pressure approched maximum activity above sinus pressure of 180 mm Hg so that
the slopes of the curyes markedly decreased

The range of conrol exeraised on cardiac contractle force and rate by the heart s
sympathetic mnenation was studed m 4 ammals by reverung the expenmental
procedure Having sectioned the vagus nerves the preganghionte supply 1o bath stellate
gangha was cut The night canghion  as selected for stimulation because of the position
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Fg 3 Reosporus 2 amtract]l {arce and beant f3te o sumulating ¢ e dreentralized nett
#'elat~ ganzlion 2t varows frequencies. From 4 cats the average reponse = % D ata gres
s of sumulauon was cormputed as 3 per cent of the maziroum rexporss for cach 2 ol
In the trpimang of the experuments the vagus venves were cut. The pregars boruc roots of
bow srellate ganzlio were secirmed and 0 - cotreawy w eomtractide frce and brari ra wrse
The level 17 obrained cotresponds 1 the zero bmed 1 the dugrams T averzes
value = § D from 4 cats bfrr dreentralizaty of the gan-ha but af &7 ag Aomy 0 e
+ Presented by the shaded areas i tur dagrams as well ss i # rang 0 sl s fregaeacy perded
1o reobtaa thrae inels
o

of the anumal 1 thewr 5 udis The canchon was sumulated 3t frequrnnia in the 120
©f0 231020 sc The tncrras 11 foece and rate eliaited by a g1 en frequeney of samih
103 wa2s cxprensed 23 8 P oot of the raanirIm response for that ammal Jn ¥it 3
1be averags rormrses = S D zre plo 1ed 23 a function of the stirmulus fregumnes T
exponental cunet w1 obtun~d illistrate the relzuelv 1w freqienan of sarnlason
svded to #rct 3 large macreas wn cardsac rate and frce The shaded arcas 13 e
grapha reprevmt the Jevel of fortr and rate present before the prepam Jirue 1248
weze prtoned. Thus level = S D n foree and ratr was reacked by sumotato,
night stedls £ ganchon at frequencies of 2 sc of bery Stmpulus frequennia sbove 33
meyezsed com.ractle force and }eart rate proportinally drm than sumatas fregares
brlow they value

Discussion

The drcrezse 1n cardaar contractls Lrer and Fran mate ehin od by caronsd & 53 ROVE
stz 120 2pprans 10 br e resalt of 3 reduction of tome STROT Flk ACU 1Y ;“"‘
=2 erprrizaoa 8 Spoorted by the daa fron ¢ e exomevna i wlich s TEC
wargla wee reomrd and in which a beta afrenermic Llaclung droe DOS wav "::
Acyr extrpran of e s rfla ¢ garela e serd cortract b rre and teant ot
Jevels Jomer 130 prarked danee ko aene sumslanes briore Frp~tonert rmy &
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stnus nerve stmulation after ganghonectomy did not reduce the force and rate further
The beta adrenergic blocking drug DCI abo effecavelv prevented the decrease in
force and rate durmg sinus nerve ; The m le force and
heart rate after DCI was somewhat smaller than that after ganglionectomy Ifsucha
difference 1 real 1t may have resulted from the direct sumulant action of DClon the
heart Nevertheless DCI has been shown to prevent not only the casdiac responses
to catecholamnes but also the responses to clectncal stimulation of the cardiac
sympathetic nerves {(Moran and Perkins 1958)

In contrast to the effects of ganglionectomy and DCI on the cardrac responses to
sinus nerve simulation the charactenstic fall in blood pressure was as expected not
altered The reduction 1 blood pressure which 1s part of the reflex response snduced
by activation of carotd sinus baroceptors was not 1n itself responsible for the decrease
1n force and rate The latter were readily obtaned 1n the absence of a fall in mean
systemuc pressure that the heart must work agamst as was demonstrated when aoruc
mean pressure was kept constant dunng smus nerve sumulation by means of aottic

Thus a reds m to the heart would decrease
the cardiac contractiity by placing the heart on a different force tenston curve Also
under these conditions 1t 15 not Itkely that there would be a sigruficant reduction
coronary blood flow which Heymans and Neil (1958) suggested would account for
a dimumished mechanteal efficiency of the ventricles

The 1mportant role this reflex mech plays i regul cardiac ¢
force heart rate and blood pressure by mhsbiting tonic sympathetrc actvaty was
mamifested under the more physiologmcal of the

by

perfusing the sinus region with a pulsatile blood flow As shown i Fig 2 50 per cent
of the maximum reduction m force fate and pressure was obtained by mscreasing the
ntrasinus pressure from 20 to 120 mam Hg Ths 1s the usual value given for the mean
artenal pressure of an anesthetized cat Indeed a smus pressure of 80 mm Hg produced
about 30 per cent of the 1 the three and 75 per cent
15 reached already at 160 mm Hg These values represent the steepest and most linear
portions of the curves where a minor change in stnus pressure means a marked adjust
ment i sympathetic control It1s apparent that under conditions of these experiments
the sinus reflex eercises 1ts major effects + thin the hmited range of 40 mm Hg on
either side of normal blood pressure for a cat

As scen 1n Table I the aserage predencrvation level of blood pressure 1 our seres
was 136 mm Hg According to the conclusions drawn above from Fig 2 this would
miean that n these eats the tonic sympathetic actiuty was between 50 to 60 per cent
of the maxsmum nfluence exerted on cardiac function In the experiments where the
stellate ganglia were decentralized and then stumulated at various frequencies the
Tevel of nervous whluence evasting 1 the gesiung & e conld b
Thus in Fig 3 the predenervation level hies at about 50 per cent of the maximum
response 1n cardac force and at 60 per cent in heart rate where the mmmum was
taken as the denenated level and the maxumum was the change at supermaxynum
stimulation of the night stetlate ganghon It 1s hard to say if this difference between
the rate and force curves ss real However the tate curve 1s steeper for 2/sec strmulation
EVS an 80 per cent response 1 rate but only 62 per cent i force Such a difference
may be accounted for of the fibers contrelling the chronotrophic function are pre
domunantly demned from the right ganglion In fact Randall and Rohse {1956) have
1 tesented funcrional evidence that such a condition exists 10 the dog.
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Fig 3 Responses 1 contractde force and heart rate to sumulating the decentrzli ed right
stellate ganglion at various frequencies From 4 cats the average response = § D ata given
froq of sumulation was a3 a per cent of the mamum response for each animal
In the beginming of the experiments the vagus nerves were cut The preganglionic roots of
both stellate gangha were sectioned and the decreases tn contractile force and heart rate were
measured The level so obtained corresponds to the 2ero level i the diagrams The average
value + 8 D from 4 cats before decentralization of the gangha but after vagotomy s It
preseated by the shaded areas t the diigrams as well as the range 1 stunulus frequency needed
1o re obtam these Jevels

J

of the ammal sn these studies The ganglion was stunulated at frequencies 1n the range
0f @ 25 to 20/ ec The increase 1n force and rate elicited by a grven frequency of sumula
ton was expressed as 2 per cent of the maamum response for that ammal In Fig 3
the average responses 4 § D are plotted as a funcuon of the stmulus frequeney The
exponential curves so obtaned illustrate the relauvely low frequencics of sumufation
needed ta effict a large mcrease m cardiac rate and force The shaded arcas in the
graphs represent the level of force and rate present before the preganghome 100t
were sectioned This level £ S D 1 force and rate was reached by sumulating the
rieht stellate ganghon at frequencies of 2/sec or lesy Stmyulus frequenctes above 3isec
increased contractile force and heart rate proportionally less than stymulus frequencies

Selgvr ales valar

Discusston

The decrease in cardiac contractile force and heart rate ehitited by casotd uaut nenve

strmulation appears to be the result of a reduction of tome sympathenc actvty E‘:

Interpretation is supported by the data from those expenments 1n which the sl g,

112 were removed and m which a beta adrenergic blocking drug {DCI) was 81 .
tractile force and heart rate 10

gang!
ectomy and

Acute extirpation of the stellate gangha reduced con
Jeyels lower than reached duning sinus nerve stintulation before ganghon
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Synaptic Influence on the Repetitive Activity Ehcited
1n Cat Lumbosacral Motoneurones by Long-Lasting
Injected Currents
By
Danter KERNELL

Rece ed 10 Nosember 1964

Lone lasting repetitive discharges can be ehcited in motoneurones by steady currents
wnrcted through the tip of an ntracellular mucroclectrode (¢ g Gramt hemell and
Shortess 1963 @ & Shapovalov 1964) In such discharges the relation between finng
rate and strength of stmulating current {(the f—I relation ) 1s hnear over a consider
able range The proportionality constant (the “(—I slope } of the lincar £—I relation
decreases dunng a brief (less than 1 sec) initial phase of adaptanion but 1s thereafter
corstant for long (up to more than ! mn) penods of continuous repetitive finng
(Granit et al 1963 a &) The {—I slope + huch 1s obtained from repetitive discharges
after the mnitial phase of adaptation v1ll be referred to as the  steady state £—1 slope
The present study deals with the possible synaptic influence on the value of the
steady state f—I slope of cat fumbosacral alpha motoncurones The cats were anacs-
th tzed by pentobartiione (35—40 mgfkg 1 p? Values of steady state {1 slopes
were obtaned from long lasting repentne discharges chated by currents ngected
through the tip of an ntracellular microelectrode (¢f Gramtetal 19632 5 Fig lisa
diagram showing the steady state £-—1 slopes for one motoncurone Slope @ tFig 1) 18
before slope 1 during and slope ¢ 18 after a fast (740 sec) tetamic sumulaton cf the
bram stem 1n the region of the red nucleus psitateral to the recording ste Brain stem
sumulation caused a steady decrease of the membrane potential by about 30 mV
The steady state £—I slope obtamed duning stem sumulation fhne b 3 3 implsrc/nA)
was greater than the corresponding f—I slopes obtained from the control experiments
hnex g and ¢ 2 1 1mp sec/nA) The difference was found to be statispcally significant
et 001 < p< QOO Y
Similar were p d 10 four other In one cell tetanic
stimulauon of the brun stem decreased the membrane potenual by about 3 > m\ and
increased the steady state f—1 slope from | 9 to 3 51mp scc nA In a second motoneu
rone tetame bramn stem stimulation increased the membrane potenual by about 26
m\ and increased the steady state f—L slope from t | 10 2 L 1mp sec nA In 2 thard
motoncurone tetanic sumulation of the common peroneal nenve tnereased the mem

409
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Fig I Froma with pke 73 m\ The chagram shows the
relation between discharge Jrequency fimplsec) and strength of sumulatng current (nA 1
nA=10 A} for Jong lasting repettave firimg set up by injected depolarzing currents slone
(kne a) by mected currents plus a tetanie stimulation of the bran stem (hne 3) and later
an e more by ingected currents alone (Lhne¢) A pause of several nunutes was allowed between
each of the three tnals (1 nes a-—¢) and 1n each tnal the current strength was changed n steps
D scharge frequencies were stable £ r cach current strength over the perod of measurement
{0 5sec) Regression ! nes were caleulzted by the method of feast squares

brane patential by abaut 1 5 mV and decreased the steady state (] slope from 4 4 10
35 1mp/scc/nA In these three cells the change in steady state f—1 slope was statss
y sgmficant. In a fourth cell tetame stmulation of the hamstning nenve decreased

. membrane potential by about 34 mV but did not affect the steady state -1
lope There was no mndscanon that the present resuMts were dot o maccurate mea
surements

It mav be concluded that steady synaptic action can alier the value of the steady
state f—1 slope of cat Jumbosacral moloneurones Furthermore it apprars as f this
chany~ af the steady state £—I slope s largely independent of whether the syaaptic ac
tion 15 1ohubitory or excitatory as judged by the change of membrane potenual Th
possible physiclogical sigadficance of the synapuc wfluence on the steady state f—1
sfope 15 being subjected to further study
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Effect of Axon Division on the Distribution of
Noradrenalme and Acetylcholinesterase in
Sympathetic Neurons of the Rat
By

Oravt Eranxo 2nd Mat11 Harkoven

The dstribution of histochemically demonstrable noradrenaline (NA) sugeests that
1has armne 1 4 11 the cytoplasm of Bebe ganghon cells and migrates
along the axon towards the pertphery {Eranko and Harkonen 1963) To test this
possibulity the effect of nerve divsion was examined 1 the present study Besides the
distribution of NA that of acetyleholmesterase (ACRE) was studied  because previous
work showed that many sympathenic cells with 2 lugh NA content also exhubit an
mtense AChE acwvaty (Eranko and Harkonen 1964)

Pec or powganshiome nenes of the superior cervical ganghon of the at were d vided a few
mm f om the gangtion. After a period ranging from 1 day to 3 months the ganglion and the
nerve stumps attached 10 1t were removed and freeze-dried. NA was demonstrated with formal
dehyde nduced Auorescence (Eranko 1964) and ACKE. act ity w th Gomon s (1967} modifi-a
ton of Koelles sh cchol ne method Mon spenfic cholinesterase was inbabited with tetra
ssopropylpyrophosphoram de (150-OMPA)

Drvision of the preganghoruc nerve trunk had no marked effect on NA content or
ACHE acumty of the ganglion cells although 1t caused a vistually total loss of ACKE
actwaty from the preganglionic fibres and svnapses

Postganghionic denervanon resulted i a oss of both NA and AChE actvity from
the ganglion cells Very httle AChE activaty 1 a8 seen 1n these cells 2 days after the
operation while the loss of NA was slov er reaching a maxtmum i about a week.
However accumulation of \A 1 the proumal nene sump was clearly demonstrable
already afier 2 days (Fig 1) AChE actwaty of the stump was also mcreased The
small ntensely fluorestent cells normally present 1n the ganglion (Eranko and Har
konen 196%) were nat aff cted by nerve divsion N A content and AChE actiwity of the
gangfion cells gradually increased 1-—2 months after denervation reaching the normal
Tevel in about 3 months.

The observauons presented tndicate that \ A and ACKE indeed magrate from the
ccll body to the axon after this has been divided  Dahlstrom and Taxe (1964) have in
a recent study published after the present work was completed 1ndependently arnved
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kg 1 D of fc Ildehyde mduced fl n the ganghon and
two postganglionic nerve trunks 2 davs after division of the latter The fluorescence of the gang
lion cell bodics (left upper corner) 1s weak that i the ends of the nerve stumps 15 extremely i
tense Small mitensely fluorescent cells are visible 1n the gangl on between the nerve trunks
Such cells are normally present in the ganghon 30 +

at the same result concerning NA and made use of st 1o demonstrate monoamine
contamning fibres in the central nervous system

It appears likely that axomc flow of NA and AChE occurs not only after nenc
dnision but also 1n an intact neuron However this docs nat exclude the possibifity
of their uptake or synthesis in the penipheral parts of the nene fibre (sec de Roberus
1964)
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Uptake of Catecholamines by the Hearts of Rabbits
Treated with Segontin
By
B R Macrexat

Recerved 20 June 196%

Abstract

Mackenna B R Uptake of catech lamn 5 by the hearts frabbuls treated wuth Segoni n Acia phys of
scand 196 63 413—49% _ A sngle 1 v ingect on of 8 mg/kg of Segontn caused a fall m the
NA content of rabb ¢ hearts to less than 10 per cent of their normal value n about 2 brs After
4 hrs the nssue content of NA started to nise aga n and after 24 hrs 1t had recovered to about
onc th d of 1ts normal value An 1m_njection of 0 75 mg kg \A 2 hrs after Segontn treat
meat caused a temporary nse i the NA content of th heart to the normal value NA was
tncreased 1n the coarse particle feaction the hugh speed sediment and 1n the parucle free super
natant fracton of the heart afte homogenzat: n indicating that the exogenous \ A 13 tempo-
ranily filling the available storage s tes An sy infusion of VA (10 rgfkg mum for 20 mux) caused
an uptake of NA into the heart previdusly depleted by Segontin followed by a rap d and then
stower release of the NA The uptake of } NA aed d VA and alio of 1 A and d A showed
stescochemical specifiity 1n favour of the 1 isomers Phenos benzammne blocked the uptake of
\A into the heatt of rabbits depleted by Segontin,  hereas DCI had onlv a small blockung
flect Phenoxybenzam ne by wiself reduced the \A content of all fractions f the heart

The drug \ (3 Phemy! propy! (21 1 l-diphemyl propyl (3 amune (Segontin) has been
shown to cause 2 50—60  &:eas n the amount of noradrenalme {NA+ mn the bran
and myocardm of rats (Schon~ and Lindner 1960) It releases \A from adreno-
medullary granules (Schone and Lindner 1967 Carlson Hillarp and Waldeck 1963)
and from splemc nerve granules (Euler Stjame and Lishajko 1964) The present n
sestization was undertaken to extend these observations bv studying the effect of
Segontin on different fractions of the rabbit heart afier homogemzaton and the effect
of administration of evogenous \ A on the ussue stores

The uptake of catecholamines 1o mtact tissues has previously been stucied marly
m 6 o wayy Unlabelled amines hate been infused or injected and the increase of the
amme content of vanous organs above the normal value has been measured {Raab
1943 Nickerson Berghout and Hammerstrom 1950 Raab and Gigee 1955 Stromblad
and Nickerson 1961 Campos and Studeman 1962)
\j;’. “G’E’ga‘ld{?"’: Sz:‘::,l;\:‘d‘nmm address The Department of Phys ology The Um
7633 44 g,

Mro 2316 113
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The ather mawm method of studying uptake has been by the use of a teacer dose of
radwactively labelled amunes In these mvesugations 1t 15 diffieult to diffecentiate be
tween net accumulanon and simple exchange of amines

In the present imvesugation the uptake of catecholanunes was studied m 2 wssue
which bhad been first depleted of more than 90 per cent of 3ts ammes by Segontn The
A content of the tissue and ats frachions after parenteral NA admimstration then 1ngs
cates to what degree a true N & uptake has occurred

Methads

Rabluts of cuther sex and usually werghing between 2 and 3 kg were used The ammalbs were
anestheized by an 3y mjection of 20 , wrethane and then sacnficed by cutting thei
caroud arteries

For csumaton of the A and N\ in the different fractions the hearts were cut open nnsed
with 09 NaCl blotted dry and weighed They were then placed tn 2 muxture contaming
32 mb of 1ce cold Botonx: potashum phosphate busfer pH 75 and 2 ml of EDTA conta ming
200 mgjml The hearts were cut mta small pieces with sassors and then homogenized for 42 se¢
wrth an Ultra Turrax apparatus set at a moderate speed

The volume of homogenate was made up to 42 m! and 15 ml of dus was extracted with

15 mlof 10 ) aed of the 1n the whole heart The
other 27 ml were then separated sato 3 fractions called coarse paricles high sperd sed ment
and particle free as described belaw

‘The homogenate was first centnfuged at 8000 X g for 15 mn The sediment ( coarse
particle fraction ) was resuspended m ice cold phosphate buffer and both thas suspens on and
the supernatant were then centnfoged at 100 000 x g for 33 mun At the end of thus ime the
particle free supernatant along with the buffer from the coarse particle tubes were extracted
with 10 trachloracenc acid as were the coarse particles and the figh speed sediment

‘The extracts wese Gltered adsorbed on alurmina and the catecholamunes (A and M) detec
muned by finonmetne analyms accordmng to Euler and Lishaska (1961) No correction was
made for the amunes tost during this procedure approumately 20

Usually when fractionation was not earrred our and only whole heart catecholamines were
esumated the hearts were hornogenized 1 see cold phosphate buffer EDTA mrxsure as m the
fracttanat on procedure and 15 mi po tions v ere extracted with 10 trechlarecet ¢ avd
order to beep the est mation procedure constant However i the expeniments where the
upske of novadsenaline mfused 1v was seudied the hears were bomogenized 1 10t
chioraceuc acid fifiered and the total catecholamines esumated as above

In the wfusion experiments the ammals werc anesthetized with 20 wrethane and recentd
10 5 g/kz mun of NA for 20 run 1ato the femoral vem with a slow wjcction apparatus The Ny
solution f ¢ infusion was made up to 10 il with isotene: sodwm chio ade

Segonun was admmsiered onber 23 the gluconate or the lactate The gl
froma o soluton sh6  dexirose 5o that the sofution for snycction contataed 5 m
The lactate was dissalved 1n a smalt volume of propylene gheol and then diluted 1 tth &
dextrose 10 ymake a 5 my/mi solution Segonun was given by 1 v mjection into the margual
voin of the car

The drugs used 1n the exper ments were Segontin gluconase and Segont o lactate (Hottfm')‘
1 and d norsdrenalise btartrate t adrenal ae biartrate d adrenaline base dusatved in 0
NHO 3hd By drochlords phenoxybenzam ne hydrocht wde
(PBA) dichlonsoprotercnol (DY Dr F P Luduena Sterkug Winthrop Rescarch Institute
Rensselser N % ksndly supplied b ghly purified d somers of 43nd N4 and Dr A Wegmann

ontin,
Ho:l(lh:;n!:hc:usr:%om of NA and A sn thes cxpcnm;nu alrz expressed as the base Cencentra
1 and dopammne are expressed 23 the alf
ua?\:noﬁ’f :f Rcand N ::d dcpammcl;ﬂr 1m aection were dusalved i saline to m;ke a
concentratian of 1 mg per mi DO and PB A were dissofved in safine to make a solut on of5m8

at of the salt for LV injection

tuconate » 21 dsfuted
gimt
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Fig 1 NA contentof the hearts &
of rabb ts at vanious ¢ mes after2
sngle +v mmyecton of Bmefkgof
Segontin Fach dot m this and
subsequent figures represents an.
estimanon 1 one ammal
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&str bution of N 1 the fractions of nor

mal hearts After 2hrs an imjection of 075 @
nrfkg NA 1m causes an merease in the
N4 1 all factions Exch bar seprescats the
rmean of 7 or 3 expts except the normal
wh ch 1 the mean of >4 cxpts

e 0nmofg NA
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Results

Fffect of Segontin on the heart AA
The N\ content of the rabbit heart fell to about 8 of 1ts ongial value in less than
2 hrs after 2 single 1 v ngection of 8 myfkg of Segonun (Fig 1) It remamed at this
tow level for about 2 hrs and then slowly increased to about one third of the normal
value 1n 24 hny

Depletson was observed 1n all 3 fractions of the heart The relatne proporuons of \ A
n n; d fTerent fractions remasned approsimately constant throughout the depletion
pen

‘There was very little A i the hearts of untreated rabbits less than 01 psfg This
vatue fell even lower 1o about 002 pg'g 2 hrs after an 10} ctton of Segontin

The dose of Segontn used (8 me/kg) caused convulsions 1 the rabbuts charartenzed
by trashin: of both the fore and hind imbs and hyperevtension of the neck The con
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Taece T The dustrsbution of N {; g/g of heart MSEM) i the fractions of the heart from
T sormal rabluts I normal rabiuts mgected with NA 1 Segonun treated rabbits
(8 mgfkgs v} after 2 hrs iniccted with NA Hearts removed 2 hrs Iater

Caarse H gh spred Parucle frec
patticles seciment supernatant
3 ™ormat abbit n=2% 0534003 DREPRDY D504L01
I Normal rabbit -+ NA 0 75 mg/ 061005 0414008 0643013
kgr m n=2
1 Segontin treated rabbst 08043 0384005 6634007

NLO?Smglkgr m  n=3

T=number of expenments

+ulsions came on mternustently approumately every half mmute to begin with but
gradunlly with fonger imtesvals tll they passed off 1 a hall to theee quarters of an hour
The ammals also displayed nystagmus grinding of the tecth ramd respiration and
after the end of the comulsions they were ataxic for about 1 hr The anumals appeared
sedated for more than 2 hrs but showed no mrosis or drarrhoea o other signs charac

tenstc of reserpine trearment. About 3 hrs alter the iyection the ammal appeared nor

mal shen the level of NA 10 the heart was sull low Doses of less than 5 mg/kg lowered
the NA levels in the ussues to a lesser degree without producing convulsions

ptake of N after depletion by Segontin

these expeniments rabbits were given a single myecnion of 8 mgke of Segontin &
Lstfo tme Afier 2 hrs when the level 6f NA 1n the heart was low (about § 1 /g e
rabbiis nere gnen 8 75 mgfkg of AA by 1m myection The rabbuts were sacnficed at
vanous umes after the ijection of NA the hearts were fractionated and th NA con
tent of each fraction was estimated

Yig 2 shows that there was a rapid uptake of NA which reached 2 peak 2 brs afier
the NA wntection Thereafier there was agamn a fali in the NA content to about 23
of the nosmal value

1t 1s noteworthy that the NA which was taken up by the tissves was found n aff
feactans and was almost equally distributed between them

2 rabbiss were ingrcted with 075 mefkg NA 1m and their hearts nere fracuonated
7 hrs Jaser These results are compared m Table [ with the distabution of NA 1 the
hearts of normal rabbits and i the beatss of Segonun treated rabbits 2 hrs after an i m
sngection of 0 75 mg/kyy A The table thaws that while there may appear to have been
an ncrease to above the normal in the NA content of the coarse particle and pasucte
frce supesatant fractions of both the Sgontn treated and the ormal rabiiy myreted

with NA these dsffe are not

Effect of dapamne on the \ 4 content of the heart of Segontun ireated rabbits
ents dopamine (1 5 mglkas v a3 injcted 1 2 hss alter an anjec!
he heart was estumaled ai vanous tmes after the

1o
In some experim
of Segontin and the N A content of o

dopamne injretion
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Fig 3 Concentraton of \A atvanous
umes after the end of an1 v anfusion of VA ~
mto a Segontin weated rabbi Two hours <
after the Segontm myect1 sn NA was mfused
for "0 min (10 mg/kg mun) represented by
block bar) The dotted hine represent, the
expected Ievel of NA after Segontin treat
ment

Doparmine caused a rise in the VA content of the heart This reached a peak 1/2 hour
after the myection and rose to about half the normal content of NA It then fell rapidly
and after § hrs the NA content of the heart was agam low

Effect of an wtravenous wnfusion of N A

To gbtam a clearer sdea of the tme course of the disappearance of the \ 4 + hich had
been taken up several rabbits were infused with NA 11 The infusion was commenced
2 hrs after the Segontin 1ngection and lasted for 20 mun In thus ume 10 gefkgimun of
A ere infused Rabbats v ere sacrificed at vanous times after the end of the snfusion
and the NA content of the whole heart was estimated

Ascanbeseenn Fiv 3 the NA content of the heart was increased by ther v mnfusion
In one rabbit which died immediately at the ead of the infusion and therefore 1s not
included 3 pgig of NA were found 1 the fieart After the mfision there was a rapid
fall in the NA content o er the first 5—10 min _ after which an approsimately constant
Jevel was reached

The amount of \ A 1n the heart 10 muin and longer after the end of the infusion was
sigmficantly (001 ~ P > 0001} above the amount which one would expect 1n the
heart 2 hrs after Segonun treatment

The ume course of disappearanre of NA from the heart under the present expenimen

tal conditions was simlar to that found for tntum labelled norepinephnne by hopn
Herting and Gordon (1962}

Lpwleof 1V ontd N4

Having demonstrated that | \A could be taken up by a heart which  as depleted of
11s catecholamines by Segontin the studirs were extended ta see if there s as any differ
ence between the uptake of | NA and d \A

Rabhuts were tnjecied with Segonun at zero ume and 2 hes Tater 0 41 mg/hg of I \ 4
or d N\ was myected 1 m 50 that the ugtake of NA by the tisues could be compared
with the uptake of \ This amount ss less than that mjected 1n the earlier expestments
1073 mg/kg) since 0 75 mgrkg % was found to be too tovic for the rabhuts The pattern
of the uptale of I VA and d N\ isshovnin Fig 4

There was a farly wide scatter of the uptake pattern probably because the levels
were chanqing so rapidly However 1t appears that the uptake of I NA reached a peak

later than d N\ The uptake of 1 NA reached a h gher Jevel than d N4 and ako | N\
v as redeased more sfos 1y than d \ A
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Fig 4 (Left) The uptake of 1 NA and d NA 041 mg/kg wyected 1 m anto Segontm treated
Tabluts. At zero time the rabbats were injected with Segontin and at 2 hrs NA was myected
The level at 2 brs 15 the expected \A level after Segonun treatment alone Line drawn through
means

Fig 5 (Rught) Uptakeof | A and d A into the heart of Segontn treated rabbsts At zero ime
the rabbits were myected with Segontinev andat2hrswath @ ord A1m Line drawn through
means

p‘la}.: of 1 1andd 4
A similar series of experiments was carried out using 1 A and d A The same dose
(041 mg/kg) of 1 A or d A was imjected 1m into rabbits 2 hrs after they bad been
grven Scgonus The hearts were esumated for A at vanous bumes after thys mjection
Fig 5 shows that under these crrcumstances at all times there was a higher level of A
after the 1njecuon of 1 \ than there was after d A

The effect of DC and phenosybenamme on VA uptake
The g receptor blocking agent phenoxybenzasmmine (PBA, has been shown by Brown
and Gillespie (1957} to increase the overflow of transmitter on sumulanion of the sym
pathetic nenes to the perfused spleen of the cat Since the receptors i the heart have
been seported to be the same as adrenergic inhibitory receptors (f receptors) and are
blocked by dichlonsaprotereno! (DCI) (Moran and Perkins 1958) it was decded 0
establish whether thus substance would block the uptake of NA mnto the rabiit heart

Rablsts were imjected with Segonun and 1 3/4 hrs later they werc amyeeted 1v with
10 mg kg or 20 mg kg of DCI At 2 hrs they were mjected 1 m with 075 mekg of N\
Qe hour later the NA content of the heart was esumated Asshownin Fig € 10 meke
of DCI rrduced only stightly the uptake of A and 20 mg/kg had no effect

Sumalar cepenionents were carmed out with 10 mg kg and 20 my kg of PBA which was
pected v U hr brfore the 1 m imection of NA Frg € shows thar 184 consideeably
seduced the uptake of N A mio all fractions of the rabln hrart
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Rabbuts treatrd with the above dose of Segontin descloped convulsions but if a
Tower dose of Segonun (less than 5 mg /kg) was used st nas possible 1o lower the tissuc
levels of catecholamine without produciag these symptoms Therefore the fall in cate
cholamine Jevels appears to be a primary effect of the drug and not sccondary to the
convulsions

The uptake of NA and A by vanous tissues has heen described by several authors
tncluding Raab 1943 Nickerson ¢f al 1930 Raab and Gigee 1955 Axclrad Wedd
Malherbe and Tomchick 1959 ¥ ennefather and Rand 1960 Strmblad and rckerson
1961 Wegmann and Kako 1961 and Iversen 1963

Most of these studies were carned out by mjreting or snfusing catecholamincs snio
normal animals In the present expersments the tissues were found fo take up amines
after the NA stores had been depleted to less than 10 %, of their normal value By th
present techmique 1t was thus possible to study the net uptake of catecholamme in the
tissues

An 1 m anjection of NA restored the amine levels in each of the fractions of the heart
approximately to normal The tissue levels did not remain at normal howerer but
fell fairly rapudly after reaching a peak 2 hrs after the tm \A syection

The shortlasung repletion effect of parenteral NA admmsstration after Segontin
treatment shows that the drug had seriously smpatred esther the long term N A retention
capacity of the tissues or the refill while not nting tem
porally accumulation of this aminc 1n the ussues n the presence of high  § concentra
tions an the extracellular flud

1t 1s nteresting fo compare the rate of fall of thr imels of \NA in the heart afier an
1v anfusion of the armine with the results of hopm Hertunyg, and Gordon  1)67) who
studied the release of tritiated NA from the heart of the rat after an 1y snfusion These
authors found that in the heart of normal rats the content fell very rapdly at first then
{ery slowly whercas 1 reserpine treated rats the amount of tritium labelled N A fell to
zero 1n Jess than 15 min

There s much controversy 1n the hiterature about whether or not there 1s a difference
1n the uptake and release of the d and 1 1somers of \A and A Crout 194 and
AMueller and Shideman (1964, found no stercochemical spectficity in thesr experiments
On the other hand hopn and Bndgers (1963} Iiersen (19631 Marckel Braven and
Brodie 1193, Braven and Maickel (19641 and Evler and Lushajko 11963 have report d
that there 1s a difference 1n uptake and retention of the two 1somers

The present results support the later group One cricsm of ths mtcrpretation <f
the present findings could be that because of the dilference an biological actnity of the
1somers at the site of tnjection there could be a difference i the speed of entry of th
two samers mto the gencral arculation The present results cannot exclude this poy
sibility However Luler and Lishajko (1964 hasc shown that the A1l dependent
uptake 1n solated splenic nenve granules of N A and A at lov amine concemrations 1%
o some extent stereo-specific It would srem therefore that any posable difference 1n
rate of absorbtion into the arculation from the site of mycction due to Aiff renees 10
vasncanstrictor potency between the two isomen could 1 ¢ be the sole reascn P th
diffFrent patterns of occurrence of the (wo ssomers in the heart at diffrrent uires

and Brdgers (1963 suggested that the uptake of the two somers of N4 wa
Ihe present results support s

hopm
srmlar bue that therr rate of release was different

sdea that the releasc rates are different
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Brawn and Gillespre (1857} reported that PR increased the splenic scnous blood
concentration of NA following nerve sumulation They thought at the yme that the
increase 10 the o erflow was due ta the action of PB A on the receptors In 1961 Hertting
\velrod and Whitby reported that PR A decreased MA nssue Ievels by wterfering with
tissue binding in the pevve ending stores More recenily Gillespie znd Rarpelar (1963)
and Blakeles Brown and Geffen {1964) hase imterpreted the action of PB\ on the
sympathetc transmtier an the spleen of the catasa block of re uptake of NA

I the present expenments DT winch blocks the § receptors m the heart had bat
a small effect on the uptake of NA 1o the rabbue hesrt whereas PBA caused avery
styyking inhibrion of the uptake

These findimngs are 1 agreemen wath Heung  Axelrod and Whuby (3961) and
ith 1he recent conteprs of Brown Gillespre and comorlers

Schapua {1958 found that PBA caused depletion of the NA i the heartof rats and
nereaced the outpet w the urine The present mn estigations showed further that deple
tian accurred an all fractions of the hrant and parucuarly 1n ibe hagh speed sediment
in this respect 1t 1s interestng that Euler Stjame and Lishagko (1964) found that PBA
hada protective action on the 1solated splemc perve granules while it had an opposite
¢ffect on the adrenal medullary granules

3 am imdebred 1o the Welicome Frust for the awa d of 2 Travell ng Frlsowtup m Medicine
Supported by granz AF EQAR 6 31 fom the \ Foces Offce of Sane fc Research QAR
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Abstract
Goransson G The metabolim of fatty aods w the rat I} Stearu and Acta phvmiol scand 1963
63 47347 — 1 C Steancacd and H pabmitic aud 1 rat serum were myected 1 v into

fasted and refed male rats and the disappearance of radicactivity from the blood, its tssue
dustnbution and recirculation inte the blood were studied Steanc acid was taken up at a
lower rate than palmitic aod Frve minutes afrer the njection about the same total amount
of G asof H lsbel was recovered fron the fasted rats At 370 run more C  label was left.
Thus may be due to the less rapid turno er of the stearic acid-contasning phospholip ds com
pared 10 the ghycendes In the Lver there was a yoarked preferential incorporanon of steanc
ac d mto the phospholip ds whereas the ratio of mcorporated stearic aad to palmitic acd m
the glycerides was low This skewed distrnibution was also scea m the blood phospholip ds and
the blood glycendes

n previous of the metab

of 1 free fatty acids palmstic
2ad alone (Goransson and Olnecrona 1964) and 1n combunation with dlerc acd

Goransson and Ol vecrona 1965) and with arachidic aad (Goransson) was tmyected
nto rats and the diappearance from the blood the tissue distnbution and the
reairculation 1nto the blood were studied The present report gnes the results of

ﬂp‘(nmenu m which palmitc acid and stearic acrd were smultaneousls injected to
male rats

Methods

The rats the method of p epanng the tnyection salution the operati ¢ procedures and the

33t 3es performed on the samples hay  been described  Goransson and Obvecrona 1964
>
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The 1 G steanc aaid (batch 19 sprafic actiity 7 46 mCjmmole) waa purchased from The
Radiochenucal Centre Amersham England I't was punified twice by revers d phase chromatc g
raphy usimg 85 4 methanol/13 , water as mobile phase and heptane as staugnary phase
The H palmitic acid was the same prey a3 used pi ly (G } App
02 peq of labeled steanc acid and 0'0% peq of fabeled palmitic acid were inpected 1n each
case

Results

The percentage of the anyected dose of palmitec acd found 1 separate hpid fractions
agreed closely with that found carbier (Gorantson and Olwvecrona 196%) The values
n this paper are therefore given as the ratio between steanc acid label (CY) and
paimitic acid label (H?) the ratro m the mjected fatty acids bemg taken as one

Disappearance of label fiom the blood (Table Iy
The labeled steanc actd was extracted from the blood at a Jower rate than the labeled
paimtic acid Dunng the first 5 min m the fasted rats and the first 3 mm jn the refed
rats the CH/H? rato gradually sncreased At later times the ratio decreased

Reyreulation of label 1nto the plasma (Table IT)
The ratio for the blood free fatty acsds continued to fall after 5 min in both the fasted
and the refed rars The rano in the cholestero) esters 1 the refed rats was greater than
unity throughout the time penod studied

The blood triglycendes showed a marked difference sn the two nuirtupnal states
In the fasted rats there svas much less C'¢ label than H? label in this fraction whercas

Tasre 1 Rauo C /H? radivacunity in the blood free fauy acd fraction o rats after thea v
wjection of € steanc and H palm tic acid mn rat serum Each figure s the mean
of values from 3 rats Th rano an the injected fatty acids was taken as | 0

1 2 3 4 5 A
Fasted 1z 14 14 13 13
Refed 14 22 2> FA te

Tase [I Rave G ¢ H sad oactvity 1 blood pida s rate after the 1 v ecy 1 ol L
steanic and H palmitic acid n rat serum Fhe rat o i the injected fatty acids was

taken as 10
20 40 g 160 320 Man

Fasted
Ghyeendes 03 02 03 03 03 03 03 04 03 04
Phospholipids 04 04 a6 af 06 05 08 09 po 1
Refed
Glycerdes 07 0f IRERR] 12 03 09 10 ag I}

04 - 08 08 LERTY 1) 01

Phosphol pids 02 05




STEARIC AGID METABOLISM 420

Tanz 11 Rato G JH radacevity 10 wssue lipuds from rags alter the Lv angection ofC
steacre and FU palnutic acid 1n rat serum. The rato @ the injected fatty acrds was

kenas 10
<
- 2%
2 0 s o= . . E
£ g lee g P o oz
it NFOPIFAZE 2 2 2 I & O &
Tatal “Total

Fasted 508" 023 119 100 136 179 08 1100 126 112 100
080 028 124 107 126 131 © 1317 12 109 100
Refed 508 072 09 09% 08 06> D 4 060 087 099 05¢
o8 071 097 080 @73 ©86 D& OSD 090 08Y
TFasted 37¢ [60 059 238 100 — 240 094 078 083 117 127
162 031 210 11} 100 226 D9 08B0 093 107 123

sn the refed tas the rauo was close o umty No wigmficand yanation 1 the ratio with
wme was nated The blood phaspholipuds had a rata G/HE of about 05 2t 20 mun
2nd a ravo close to unity a1 320 min m both nutntional states

Tussue radioactivsy (Table 111

n the fasted rats equal amounts of the 2 1sotopes were found after $ mun but at 370
min more CH labet was reconered In the refed rats the CH/EE rato was shghily less
than uny at 5 mn

In the hners of the fasted rats less C* ~— than H? label was found at 5 mmn and more
2t 3%0 min In the neutral bpids 1he rauo was considerably tes than umity and i the

- greater This d was much less mark d i the refed rats wheee
cutral ipids and i the phospholiprds the ratio was closer to unity
In the muscle hean and spleen in the fasted 7ats the ravo of C% Yabel 10 H? fabel
v as greater than units 1 the adipese ussue and the luage close 1o untty and w the
kidneys smatler than unity at 5 man \t 390 mn the ratio had become greater 1n the
heart and the fadeeys and smaller m the muscle tssae Ve Junes and the spleen It
remained constant in the adipose issue The total radroactiaty i the fac pad remaoved
s 370 mmin was hardls greater than the background and therefore the vatues are of
doubtful stgraficance

in the refed cats shere v as Jess C label than P label m all tissues 3t 5 min

P P
hoth m the ne

Discussion

The disappearance of injected labeled fatty acwds from the hlood has been nsesugated
by several suthors (Bierman Schwartz and Date 1957 Frednckson and Gordon 1928
Laurell 1957 G and Ql 1964 1963 <

but there 1 no
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general garding possible duffe n extraction rates of the individual
fatty acids In the present work 1t was found that palmutic acid 1s more rapidly taken up
by the cells than steanc acid

After the entry mto the cells the fatty acids are metabolized via different pathways
{Goransson and Olivecrona 1964) The most wmporiant of the latter are consersion to
other fatty atds mto gl and phospholipids with storage or
recirculatiya back mto the plasma and cudauon

Conzersion 1o vther fotty acds

Conversion of steanc 2c1d 10 olerc acad has been shown to take place 1 refed rats In
the neutral fat of the hiver almost all the CH injected as steanc acid 1s found associated
with oleic acid This does not occur in fasted rats (Elovson}

4

b de

7 wnito tngls and phospholip
The fatty acid composinon of several hipid frachions was studhed by Goransson and
Olivecrona 1964) The neutral fat contaned much less stearic acsd than did the
phospholtpids  In the present experiments more stearic acid label was therefore ex
peuted n the phospholipids than 1n the glycendes m the Iner Table III shaws that
the ratio CH¥/H? was indeed much lower 1n the neuteal fat than 1 the phospholipids
both at 5 and at 320 smn in the fasted rats This 1s 1n agreement with the findings of
Trout and Estes (1962) When the amounts of label are compared with the total
amounts of the respecine fatty acids found by Goransson and Olnecrona {1964) 1t
Joilows that the steanc acid and the palmstic acad are incorporated wn direct proportion
1o the fatty aad composttion 1n the respective lipid fraction

The much smaller difference in the refed rats 1s explained by the extensi € con ersion
of stearic ackd to olexc acid and by the mierconmyversion of palmitic acid found by Elovson

‘Rp(wuln/:m of label back 1o the blood
Blood triglycerides and phospholipids have been shown to onginate m the hver {Fishler
et of 1943 Laurell 1959} One should therefore expect the blood glycendes 1 the
present work. to have about the same ratio of G labet to H label as the Iner nrutral
fat This was also the case both 1n the tasted and m the refed rats which indscates
that 1 the rufed rats the desaturated steanc acid 15 recirculated mto the blood m the
glyceride fraction
The 013! rad: w0 the blood halynds was low until 160 and 370 mm
after the wjecuon At these umes the ratio between steanc acd and patmtic acd
label was about the same as the rauo which was present in the hver phospholipids at
5mn It s possble that the turmover of the phospholipids is so slow that the pattern
oflabel i the lner does not afiect that in the blood untl several hours after the wyrction

Oxidation
Paloutie actd was shown by Goransson and Olivecrona 11964, to be oadized rapedhy
dunng the first few munutes after the mmyection Tha suggesis that the fatty auth:
avarlable for oadation immedsately after its entry mto the cell From 5 to 37D mn o
oudanon rate of palmitic acid was lower

I this work the stearic acid was oudized at t

the frst 5 man

he same sate as the palmitc acd dunng
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Less stearrc acad label was recovered 1n both hvers and carcass 1n the fasted rats than
m the refed rats Ths 15 not 1 agreement with the findings of Trout and Estes (1962)
who reported that no oxidanon takes place 1n the Ivers of fasted rats dunng the first
few minutes after mjection.

At 370 roin less palmitic acid Jabel than stearic acid Jabel was recovered This may
be explaned by the low turnover rate of the phospholipids (Dittmer and Hanat
1959 Goransson and Olvecrona 1964) and the unequal distribution of the labeled
steartc and palminc acid between glycendes and phospholipids

“Thus work was supported by grants from the Medical Faculty 1n Lund and from the U S
Public Health Sernice (He 03302—0+ MET)
s Irene halebsson gave excellent techucal assistance
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Abstract

Grransson G The metaboliom of fatty acrds 1 the rat § Palmtolere terd Acta phys of scand 1965
63 428-—433 — H! palautalerc and | ¢ palmitic acd were smultancously iny cted tnty
fasted or refed smale rats and the disappearance of Jabe! from the blood the tussue distr buton
of label after 2 and 320 run as well as the rectrculation of label into the blood were studied
It was fuund that the iyected palmitoleic acid was taken up and oxidized at 3 higher rate by
the celfs than was the imected palmitic acif  \¢ shart ttmer mace H label than € ¢ label was
found 1n the neutral fat mn most tissues that pal aed B pi 1
ncorporated mto the glycendes The total hiprds of the heart contamned more paimitolere
aeid label than palmutic ac d fab | the refed rats In all the mentioned respects palmitolerc
\ad was metabolized 1n the same way as oleic acid

A uscful meshod for biosyntheus of labeled palmitolerc acid from labeled patmatic aced 18
eported

n presious papers the results of expertments with palmstic acrd alone or in combina
uon with oleic acid arachidic acd or stearic acrd bave been reported {Goransson and
Olisecrona 1964 1965 Goransson 196> a by In the present expeniments [1¥ labeled
paloutolec acd was ingected together with G palmic aerd and the followsng para
meters weee studied | The disapprarance of Iabel from the aiccutaung blood 2 The
nssue distibuuon 3 The recireulation of fabel back mio the biood The salues for
palmitoléic acd were smilar to those obtamed for olae and (Geransson and Olive
crona 1963

Methods

1 utoleic
15 the present experiments fasted an{ refed male rats were v injected with H pa
aod l:gptrl}:tr with & palm tcacid Aficr 2 or 320 mun the rats werc sacriliced and tf ¢ duinbe
on of the label determuined Blood curves were obtained from separate rats at stort umT
{i=5 mm} by withdrawng small ht>d ramples from the jugular vein of three ras of cack
nutnbonal stat and at [ nger umes by sacrificing (wo fats at cact ume nterval by exsangu 13
uo_‘n_.hc rats, the operats ¢ p ocedures a0d the analyres performed on the 1amples have Dreni
deserbed 1 detail by Goransicn and Olivecrona (1964 1962

428
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The 1 ¢ palmne acd (Batch 27 speadic actswity 3 7> m{youmole) ws purchased fram
The Padiocherr 1cal Centre Amersham England 1t was punfied by reversed phas- chromateg
rophy 2nd by thin Layer chromatograghy

Tie following proced are for the biosyuthesis of palmutolere and (devised By J Elovson) was
wsed 10 g of glucose 5 g of peptone (Bactopeptone Difio Laborataries Detrost Mschigan
USA) and 5 g of peast extrat {Yeast extract Difce Labaratones Detrost, Mich san LS4
wer dusohved 1 1 ks of & slled water After stenhization of the solution 100 mg of com
rarzcad baker s yeast was added and the flask shakea for 1 Br at room temperature After
thus ¢ e wntesval J2 mg of RO\ was added to the muxture (2 X 30 VM) to mnhubit oudanen
of palmitc atid in the yeart cefls The flash was shaken for another hour and then 16 mg of
unlabeled and some S-10-H Libeled {20 x 10¢ CPM) palmitate was addrd 1o the form of
nethy} ester disolved 1 water by means of Cutscum® (Fisher Saeanfie Lompany  US3)
35 15 15 known that esters enter yeast vells more rradily than free fatty acds (Qura and
Siomalanen 1963} Afer 16 hirs of cont nued shaking the yzast was recavered by centnfuga
v and Frdralymed wh equal volumes of concenteated HCE and « ater for onc hour on 2
boihng waserbath The ! pid materiat was extracted  1th petroleum ether froma 50 ethaned
vater soluuen aud the fatty aads methylated with duzo-methane. The fatty and methyl
esters were teparated from sterols and other more polar lipds by elytion fiom a $iO (Mat
bnckrodt) column with 2 of ether m petroleum ether and separated accerding to number
of double bonds u ng an AgNO SI10 columa After saporsfication 2 ¢ palmtoletc acd was
then 1ofated by cevessed phase chromatography

o was found that about 80 ¢ of the label added 10 the Eftenmeyer flask » ax taken up by the
yeast zells 739, of the Jabel taken up was n the maonounsaturated fracuon and 80 %, of s
fraction proved to be palmtolas acd The oserall § cid of palmutoleic acy) was 4050 4 of
the sdded radicactivity

L 1ng thss procedure palmitoleic acid was bosynthesired € om 25 mG of 9 10-H padmauc
atd obtamed from The Radiochenucal Centre, Amenham Eogland. The palm toleic aod
#as punified by reversed phase chromatography twice and by thun layer chromatography
The speific activ 1y of the baosyatheszed acid was 7 mCymumole

An wyection solution containing approsmately @3 peq of labeled patmitole aad and
?l’;oﬁq of Tabeled palruuic 2c1d was prepared as described by Goranson and Obvecrona

1t was ne cxary to use H palms sod 2 a startng matenal m the biosyathesis of the
palmittalere aad breause of the fow apechic actvity of the commercally mvalable C  labrled
palmue aad

In the provent wock € palmitic ac d therefore bad to be used a3 a reference wastead of
H palmy acd a3 m eard er espenmens To confirm the ssuslar bebaviewr of € and H

palmite acQ these wese snuliancoudy myected wio 1ats Vo 3 gmficant differenices were
found dhes 1 the e distrbunion or dunng the analses

Results
The percentages of the imeuted palmate acd radioactnaty recosered 10 different
hipid fracuons were sumilar 1o thowe found earher by Goransson and Oba ecrona { 1964)
Therefore the present resulis arc ginen as the Tata between patnutolerc acid Jabel
¥ and palminc acid labef 1C4 The ravo i the ijected fatty acds was taken as

Testzf Rauo B € radoa tivity tn the blood free fatty zcd fraction n £ats af e the ¢
myecon of U palmtic and H patentalec acd in mat seram Each figure »s the
mean of vaturs € om 3 rats The ratia i the yecied faars acids wat cak o as 10

H A 3 + K M
Fa red [ 3 L Oby ¢ > [13:4
Refet 959 04

OB phyel 2 4 Bl §2
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one Thus a ratio greater than umty 1n a bipid fraction means that a lugher percentage
of the ijetted dose of palmitoleic acid than of palmitie acsd was found in that fraction
Dusappearance of label from the blood (Table 1) Palmutoleic acd was extracted at 2
hugher rate by the cells than palmiuc acid 23 can be seen from the ratio m Table |
Bath 1n the fasted and the refed rats the ratio H/C' 1n blood was smaller than unity
1 mun after the injection It decreased contrnually untl 3 mun after the injection tn the

Tawrx I} Ravo H /C ¢ radioactivity in the blood hipids 1n fasted rats afier the 13 injection
of C ¢ palmtic and H palrntolesc acid s rat serum The rato in the mjected fatty
acids wa, taken as J 0

Cholesterol Free fatty
Ain esters acids Glycendes Pho 1 holipds
0 03 [X:] 06 o8
03 o7 07 -
20 o7 07 07 [}
05 () 06 07
40 18 07 0b 05
12 06 06 06
80 40 - 1o 05
- —_ 03
160 ’6 06 0> 04
63 — 04 05
320 23 06 05 04
i) 05 0z a2

Taete {11 Raty H € rad oactsusty in tssue bpads 1 rats after the 1 v angection of &
<+ S E N The ratio in the injected fatty ac ds was taken as 1 0

Luer Adipose yssue Muscle Heart
i Total
Fasted
2 043004 103=011 095_vor 04 003
30 0212003 093+007 069 002 g3 oto
Refed
2 1172004 144:00> 127 00> 145 0u7
¢e3-00! 140010 113400 b3 003
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Fasted vats and in the refed anmals the rato at § mun bad a fower vadue than that af
1 mm

Reciredation of Tabel back o the blood w fusted vats {Table I} The HYCH ratia 1n the
cholesternt esters was smaBler than untty at 10 mun but ¢ gradually became greater
and fram 80 to 390 mn the rano was consderably greater thaa unuy  However, the
Hlood chalesterol esters showed Jow levels c( tadtoactivity thmugbnuz the trme period
styded Thus the ratios for the chol i esters are In the free
fatty aceds there was less palmitolec acid fabel than palmatic aad fabel throughout
the experiment In the ghycendes there Was kss palmitolere acid Tabel Dunng the
peak of radioactuvty sn the bleod at 20 and 80 mun the tatia was 0 607 The phospho-
hprd HYCH ratie dechined while the total radioactnaty m thus fraction rose throughout
the time studsed At 320 run the ratio was 03

Tusue distnbution {Table 1{]) In the totat body hpuls of the fasted rats the ratio of
palmitolesc acid Iabel to palsutic acid fahel was 08 at 2 min and 0 45 at 320 v
In the sefed rats more palmutolewc and label than palmatic acid labet was found at
2 rain m the kuer the heant the adipose tusue and the musele tissue In the kdneys
the lungs and the spleen the ratio was close tounaty At 370 min the ratio had decreased
m alf the argans exceptan the adipose tissue and the Jungs In the fasted rats the adspose
tistue and the muscle tssue showed a ratio close fo unity 21 2 min while i the other
organs the ratios were sraller than umty At 320 min the ratio 10 all the organs bad
decreased below the value found 3t 2 mun

There w3 consistently less palmitolere acid label than palminc acid Iabel in all the
Iipid fractions from fasted rass than in those from refed rats

Distredution between newtral fat and phosphalipds ot the tissves {Tadle I8 Both at 2 and
30 mun the satio H /O vas greater 1n the neutral fat than mn the phospholiptds w
the fasted sats {eveepe 10 the spleent Iu all fractions studied the rawe was gmaller
than uruty except wn the muscle at 2 mm

In the refed rats the pattern was more compler \t 2 wun the raue was sometimes
greater {hver  heart and spleen) sometmes equal {ruscle) and sometmes Yower
“kidnevs and lungs) in the nevtral fat than 1 the phospholipsds At 370 mm the rato

palm s and H palm tohe ¢ at d an rat serum Each safue 1 the mean of afues £ om 3 rars

K dneys Lungs Spieen Cascats in the rat
Tost

0w _fo3 Dud_ 0Dt 0 6002 LRI 2 ¢772007
02003 04 2003 0 3twn0 @8_007 045100
1082003 09 z00 10 =00, 110_003 IRY

°a_ oo tio 00 = " o5 00i

D60 =004 to0_oos 098004
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Tavee IV Ratio H /G ¢ radioactivity mn the neuteal ipid and the phaspholipid fractions of
tissue fipids n rats after the 1 v inection of Gt palmiticand H palmitoleic acd in
rat serum  Lach figure 15 the mean of values from 3 rats &S LM The ratio n
the mjected fatty acids was taken as 1 0

o Lipd

Z fraction  Luer Muscle  Heart Ridneys  Lungs Spleen
TFasted

2 Neutral 0 04006 J100:004 070400+ 081%£00! 057001 061603
lipdy

Phospho 007+001 0934007 0314007 0634002 0.°+007 D67400)
Tipids
320 Neutral 031 £006 079300 03540 O 047400 0 42003 0452601

lipids
Phospho 0040 0574002 0271004 037004 0314003 0411L0

Lpd

Refed
Neutral 1464014 1144£003 1424003 1074009 061003 (384014

hipids
Phospho 0194£00F 1144007 0674019 ) 154008 1 094£004 090£005

Lpids
320 Neutral 1324002 100+0 060+000 0381002 0864607 087003

ta

Iipads
Phospho 0124001 1224010 D60003 0911003 DBLNO3 D 744002

hpids

was Jower 1n the phospholipids than 1 the neutral Lipids (except in the muscle) The
ratios were always lower 1n the fasted rats than 1n the refed rats and fower at 370 min
than at 2 min (except 1 the muscle of the refed rats)

Discussion

Dusapearance of label from the blood The bility of diffe in dmapy
yate for separate fatty acids has been discussed by Goransson and Olivecrona (1965)

Frednckson and Gordon (1958) did not find any differences 1n extraction rate between
palmitic oleic and lnoleic acid In contrast to thesc findings expenments 1n our
laboratory have given results d. n the rates for palmitic
oleic arachidic and stearic aads (Goransson and Olivecrona 1965 Goransson 1963
a b) The present results moreover indicate that palmitolere and palmitic aod are
removed from blood at different rates P leic actd was d at a Jerabl)

hugher rate When the lack of agreement between our results and those of Fredrickson
and Gordon {1938} 15 considered 1t should be pointed out that Frednickson and Gordon
injected fatty acuds bound o buman serum albumin while 10 our expeniments whole
rat serum was used for dusolving the labeled matenial However further investigations

are needed to explam the divergent results
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Oudstion From the present data 1t 1s elear that the labeled palmstolee and was
more rapdly owidized than the labeled palmitic acd Bath the rasos in the total
body hipsds and the rateos i the fotal tissue hyeds were smaller than unity in the fasted
rats The fact that the ratio hecame smaller at 320 myn than at 2 mun m the fracuonated
tmue ipads abo mdicates a greater cudavon of palmaslec aad.

Intercos srsan Palmatolee ged may be elongated 1o o vaccenie acd m the huer
Prehmunary vesults show that the consersion 15 not extensive enough to affect the
nterpretation of the data in thus paper {Elovsan 1o be published} The mterconsession
of palmue acid has been discussed eachier {Goransson and Ol ecrona 1964)

Incorporation wty glscerol esters Palrutoleic 2aid was rapidy incorporated snto the
gheerol esters of all tissues studied In the heart the rato of palmssoloe and label to
paimmc atd Xabzl was very hugh an the refed rats This 18 1n agyeement with the marked

fory a2ad across the heart observed by Carlstan et ol
(l963) Wath respect o the lugh incacporation of palmiolac aad mto adipose and
muscle tissue the hugh content of glycendes in these organs should be noticed {Gorans-
son and Olnecrona {1964}

Fracucnaton of the total hpxd evtracts intoe neutral bpsds and phospholipds gave
sesults that shoued a p of said into the neutral
bpds This wrmponds ety well with the difference i a1ty atid compontion be
wheen the neutrsl peds and phosphokipids veported by Goransson and Olwecronx
{1964}

Reer eulator of label back into the blood For oleie and and for steane acad 1t has been
shown that the ratio berween the respectne acid and palmatic acid 1n the hver neutcal
Erpuds elosefy resembles that m the blood (Gi and Ol 1965 G

1965 b) 1In the present study the rano of palmstoleic acid label to palminc acd Iahel
0 the biood glycendes was also similar to that n the Iner neutral hpsds The turnover
of the lier phuspholids was so stow that the pattemn of fabel in the hiver phosphelipids
did not affect that i the blood until several haes after the imecton of the labeled

matenal

Thin wonk was supporied by grants from the Nfodical Facuhy i Lund and f om e L §
Bubl ¢ Health § o (e 0090701 MET)
s deéne Ralebsson gav excellent techn cad aswwnce
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Abstract

Carlson L A S Frobergand § Persson Comcentration and turnover of the free fulty aerds of plasma
and concentratian of 4l od placsse diring execcrie et borset Acta physeol scand 1965 67 433—441

~— The concentrauon of FF A and glycerol in plasma and of glucose and lactate in blood 1 a3
studied 11 5 horses during exercise The turnover of FPA was also determined During excrese
the efflux of FFA from plasma as well as the mobilization of FI'A 1nto plasma was mcreased
The glycersl concentration generally mcreased « hile the concentration of glucose fell T1us
decrease of glucose was very pronounced in 2 of the h rses The lactate concentration showed
no consistent changes When epinephrine was mfused into 2 horses the concentration and 1t &
turnover of FFA as well as the concenttration of glycerol increased The concentration of glitcase:
fell shightly while the lactate conrentration tacreased significantly 1 frsponse to adrenaline

Durning exeraise i man the concentration of the frec fatty acids (FF 4, of plasma de

creases duning the first {0—15 min (Carlson and Pernow 1959 Friedber, ¢f ol 1960

Bruce Cobb and Williams 1961 Carlson and Pernow 1961 hontunen ¢ al 1967

Friedberg et of 1963 Havel Nammark and Borchgrevink 1963) 1n order to increase of
the exercise 1s continued (Basu Passmore and Strong 1960 Carlson and Pernoy 1961

Triedberg et af 1963 Havel 22 al 1963)

It has been shown with labelled fatty acids that the il deesease of FF\ during
exercise 13 due (o increased efftux of FFA from plasma (Friedberg o of 1960 Carbon
and Pernow 1961 Triedberg ¢f al 1963 Havel et af 1963) The snerease eccurnng
when the exercise 15 prolonged 1s due to tncreased mobhization of IiA 1knedherg
et ol 1963 Havel et gl 1963) — presumably from adipose tissue The ymportance of
FTA for the energy metabolism int the resting state has secently been reviewed and

stressed (Freduchson and Gordon 1958 etz 1961) Furthermore  studics dunn”
subyeets 1 alked (Havel

exercise 1n the fasung state has shown that when well tramed

434
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o ol 1963} and untramed persons bicycled (Caslson et af 1963) 50 and 25 per cent,
respectvely of the carbon dioude expired dunng the exertise was derted fram im
mediate oxdanon of plagna FFA

Comparauyely few studes have been done on the FFA metabolism duning exeresse
an amimals As m man the concentration of FFA 1 plasma deceeases dunng exerese
1n dags (Issekutz and \dler 1967 Mller Issckutz and Rodahl 1963) However this
decrease was found to be due 1ot only to an increased effiux of FEA from plasma bue
also to a decreased mobihizanan of FF A wnto the biood stream (Muller o2 al 1963)
contrary 1o the Fndings 1n ran o studies are avadable on the metabolum of plavna
FFA dunng exercise m horses nors i knov 1 to what extent lipids and carbohyvdrates
are mezabolized 1n this speies dunng exercase In this study data ase reposted on the
concentration and turnover of FF4 in plasma and on the concentration of blood
glucose during exercue and during wlusions of adrenaline

Methods
4 mals and p ocedu ¢

Horses v sthoue rgus of any discases tra ned 10 7un on a horizontat treadmull. weve used They
‘nad all free aceess to food and warer the day before the 2xperiment The treadmll was droven
by an electnic motor at a constant speed {Lannck and Persson to be publ } A spraat bamess
iz used to p event acadents o wsse of st ppiag Two mares (Harse 1 and 2} standacd beeed
fom the Sofvalla rrotting ek were studied with shree success ve per ods of cxercise 2 mun
apart at spreds of 15 4 and 5 m sec rospecnely
The sotop ¢ stud s were performed on onc stathon (Horse 3) one former mliary mount

mare (Horse 4) and one form r race horse a gelding (Horse 5) These horses wene all standard
breed Ther phna cal acusity had been mun mal danng the year before e sudy Dunng the
x¢ cse perod each borse wa runn ng at a constant speed of 35 misec The excerase was
interrupted when the borse began o show 3 gns of vnwillingness to continue AS that time thev
alf were sweat ng ma kedly Fwo other horses one gelding {Hotse 6) and one mare (Horse 7)
were g ven constant nfusions of Durog he horses had the fol
simptoms Increas ng excitement musculae remor p ofuse yweanng elevated sk n tem

ture T ave changes and partal A\ block Th infus ons we & mtervupted on account of
stseme exoiement Catheters were msersed perootancously unde local anephena (Persson
10 be publ ; For blood samphng a polycthene heart catheter wats mserted on 1he Jeft side of
the nieck into the juguls sem The pressu o was recorded through the hicart eatherer wich an
ElemaSchonander p esure wransducer The position of the t p of the catheter wax ascertaed
f m the pressure curves In one of the expenments the up was 3 tated 1 e tight ventricle
a3} others 1 the pulmonary artery The wotope infasion way given traugh a teflon catheter
mto the r ght pugtlacy o The tp of this catherer was placed abowu 3 dm caudal of the mand
bula angie In the expenments where op nephnue wa  afused the drag was adwmistered
#rough 2 separate teflon catheter on the same  de as the sotope Ca £ was zaken not ta tn
Uoducz any b pann oto the blood stream  nce peetim nan studies howed that v ingection
©f hepa m 1@ 4 my kg T Jeased | pop otma Lipase acts ty wnto the blood st cam The heart
cathele was kept patent by a staw @ p of saline Blood way withdrawn through the hean
€athet ¢ wto ul cone sreated hepann od singes Th Blood was vnmediateds p cepitated
[ ¢ the descrminations of glo ose nd ko tase The rema q ng blaad was kept > about 1 hr on
108 bef re the pla ma wascent fuged and processed o hemal 3 was observed

Puparat mop b U dpatmwe [ wf w

400 73 of blood was taken { om (b horse by ven puncru ¢ the da befo  the experment and
llected im0 100 ml of ACDuofuton enn acd 048 g sod um atrate 1 37 g and glucose
L47 g per 100 ol Plasa was p epared under stenle p < autons Sbowd ? mG of palwte
369 IH  New England Nulea Corporat n 100 m( mmole was neutealired with
80 \NaOH 5 Ighicxces thesalew rmed toabout 3 € and *0 m} of the plasma added

2 solut 1 wasd uied 1o 3bout 0 miw th na 1 plasma This saluton was nfascd
Fant of I7Smimndurngt expenent
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Abstract

Carlsa, . A S Frobergand S Perxson Corcentrat on and turnoies of the free falyy ourds of plasma
and concentration of blood glucose during exescise tn horses Acta phystol scand 1965 63 433—441
— The concentration of FFA and glycerol in plasma and of glucose and lactate 1n blond was
*stuldicd in - horses duning exercise The turnover of FF A was also determuned Dusing exeraise
the efflux of EF A from plasma as well as the mobilization of FI A into plasma was mere
The glycerol concentration grncrally mcreased while the concenuration of glucose et Tt &
decrease of glucose was very pronounced 1n 2 of the horses The lactate concentration showed
no conustent changes When epinephnne was mfused 110 2 horses the concentration and the
turnover of FFA as well as the concentration of glycerol increased The concentraton of glucose
fell shightly while the lactate concentration increased signsficantly mn response to adrenal ne

Durine everase m man the concentration of the free fatty acids (FF 3) of plasma de
creases duning the fiest 10-~15 mun Carlson and Pernow 1959 Priedberg ef ol 1960
Bruce Cobb and Willams 1961 Carlson and Pernow 196! honttinen « al 1%
Fricdbery, et af 1963 Havel awmark and Borchgrevink 1963 1n order o increase if
the exercise 15 continued /Basu Fassmore and Strong 1960 Carlson and Pernow 1951
Friedberg ¢t af 1963 Havel er af 1963)

1t has beent shown with labelled fatty acids that the mitial decrease of FF A dunng
exercise 15 due 10 increased effux of FF A from plasma (Fredberg ¢f al 1960 Cailon
and Pernow 196] Fredberg ef of 1963 Havel ¢t al 1963, The ncrease ocrurmas
when the exercise is profonged 1 due to 1ncreased mobilizaton of FFA (Friedbert
¢t ol 1963 Havel ez ol 1963 -~ presumably from adipose ussue The mporunc;“!
FFA for the energy metabolism i the resting state has recently been rmﬂ*:ﬁ "
steessed (Frednickson and Gordon 1948 Fraz 1961) Furnthermore studl:l ;;:‘ o
exerasse 1n the fastung state has shov n that when wel] tramed subjecss walk {!
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et .l 1963) and vniramed persons bicycled (Carlson et af 1963) 50 and 25 per cent
repoctinely of the carbon dionide evpired dunng the exercise was denved from 1m
mediate ordation of plasma FFA

Comparatn elv few studtes have been done on the FI'S metabolism duning exeresse
1n ammals At m man the concentration of FTA 1 plasma decreases dunng exercese
10 dogs {Tssekutz and Miller 1967 Millee Iseekutz and Rodahl 1963) However thux
decrease was found to be due not only 10 an mereased efffux of TTA from plasma but
also 10 3 decreased mabization of FFA nto the bleod stream [Miller 2 a2 1963)
contrary to the findings 1o man No studes are avaidable on the metabolien of plasmy
FFA dunng exeraise 1n horses noris it known to what extent hpids and carbohydetes
are metabohzed 1 ths speeves dunng exerose In this study data are reported on the
concentratzon and turnaves of FFA m plasma and on the concentrition of biomd
glucose during exeraise and dusmg mfusions of adrenaline

Methods
umals ond p  edure

H ries without s gne of any deveants traned to yun on 3 hotiz nal seadnal) were uncd They
had all free access 1o food and water the day befo © the experment $he treadmill was deiven
by 4n clentsic Mo a1 2 constant speect {Lannek and Perss n 1 be publy A aprent hnes
was used 10 p event ace dents 1 case of 38 pp ng Two maces {H rac Land 2) atvadand freed
L om the Solvalla teatung sk were stud ed with thece sucecssive peoesh nf sxsrene
apartatgpecdsof 15 4 and 5 misce respecuvely
wotopic stud €5 were performed on one st on (orse 3) ¢ foemer 1l $ary vt

ma ¢ (Horse 4) and one former race horse a ged fing (Florse 1) 17 exe b raes were a8 atar d irit
reed Thear phes cal activiey had Been mmmal during the yeas bel v he mudy Dunng th
exestise penod each horse was runmimg at @ cor fant speedd of 32 mfs ¢ Th ek (s was
mierrupted when the horse b gan to how syt of anwsllingres 1o o ntinge AL thas o 19 ¥
all mere wearng smark diy Swo other b raes one gelding (Horse by and 1 s are (H e 1)
were g ven const 1 5fud ons of epinepbit ne Daring thes tatus sl ¢ horserbhad thed 1t g
tsmpioms In €2 ng exe remene ma cular Wemo  proluse sweating elevr | akeey s i ¢
tare Twave hanges and p cal AV block Th ot were ot rrupted noas b §
exreme evert ment Catheters wese merted p reatane wsly und  1cat Gneet! art (5 . »
wbepubl  Fo blond samplog a polyeth ne bes t ot ter was @t cted mase gt L
th neck mta the jugulsr vews The pressure wae veco ded through e | anr - (¢ ¢ with 0
Elema § honande p essure tramsduce The

ston of th up o
Tomthe pes s In ome of the expetiments iy Wp wa x(uﬂ:“l\::u W M !
Wall athers n he pul onary ¢ v The s Upe ofusan s gnen i rans g )y s
into the nght puguia Tretpotducat terwa plued abow Sdmenn s ga) o 1
s gl Inth cpen €t Where cpcphrne wa infume ) 1 e L
Wrough 3 sepat 86 b1t nih wme sd Zwe 1 ¢

5 th ol
toduce m § p o one the blwdss am smce p aly nnryn:r\’rr,,l,ﬁr;“?ldl( k
of heparn @ U maky ¥ L oed (pop O 0 3 pss acuvay e the § ey Qv o3
G ke pt b1 i of e B wag g e 39
e s U onox o wsslay ogs Theblo way peen AT @1 ¢
thdr v e me nddctar The 5 maimg blond y ,;,, Ay gt
vebet ot gl s en tuged o proces od "\ hemodup w1 | ' Vot
v

Pt 1k ¢ m owt  fuw
W0 s 8 3w knf b hmehycen

levsed th ff M Dsxluton cme mﬂ"fé“g":“d daybef 5 9
UiTgpe 100 3 P was prepared under aien) § 0™ 14
A48 i N ow kgl nd W ar Lomporaton; jho TN B8 Al
O NN O dgbe ves b ullw:rmdmabm": ?mex w e
o1 wreo o 31oed abeutlOmby ooy Cant20a) gy <
ta [} ¥ i ng t expenment P )

+
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4Analytical methods
Plasma FFA v as titrated according to Dole (19,6) as modified by Trout Lstes and I'niedbirg
(1960) i duplicate Glucose was determned i duplicate wth glucose oxidase accordsng to
Marks (1959) Glycerol was determined enzymatically accord ng to Wicland (19,7) The
enzymatic method of Scholz ef o {1959) was used for lactate esimations

Radioacuvity in the FFA fraction was determuned by taking off 3 ml of the sulfunic acd
washed heptane phase obtained 1n the extraction procedure Inactve palmitic acid and in
palmutin — 100 pg each — was added the sample evaporated to dryness and dissolved m
200 pl of chloroform Of this solution 100 zl was spotted on thin layer plates spread with
silica gel G (E Merck Darmstadt) The plates were run with 1 per cent acetic acid and 20 per
cent diethyl ether in Light petroleum cther The spots corresponding to the FFA fraction were
quantitatively scraped off into counting vials and 1 ml of methanol added Then 10 ml of tolu

0 6 per cent 2 5-chpt and 0 03 per cent 1 4 bis 2 (4 methyl 5 phemy]

oxazolyl) benzene was added The samples were counted in a Tr carb liquid santillation
spectrometer {Packard Instrument Co Inc Illinois) All samples were corrected for quenching
by the use of an internal standard The recovery of labelled pilmitic acid with this procedure 18
better than 95 per cent

Caleulations
The amount of tfused labelled palmitate has been corrected to a value of 10 epm/run i 21l
cases The turnover rate of FFA was calculated according to Armstrang et al (1961)

Results

Exercise ot increasing work loads

The results from one of the studics 1s grven i Fig 1 The results were similar 1n both
studies During each 5 minute pertod of exercise the FFA concentration decreased
The FFA concentration mcreased after all periods of exercise The concentration of
glycerol was doubled during exerase The glucose level decreased shightly

Lxercise at constant work logd

The results from the studies in horses 3 4 and Sare givenin Fig 2 3and 4 respectively
During the exercise the concentration of FT'A decreased shghtly in horses 3 and 4 and
rematned unchanged in horse 5 After the exercise the FFA concentration increased 1n
the 2 first horses The radicactivity n the plasma FFA fraction decreased with about

EXERCISE
1848
mom oM
o 5,5, %
PLASMA FFA
CONCENTRATION 04
eqfL
0z

[}
PLASMA GLYCEROL 1
CONCENTRATIGN o] _ -

Fig | Concentration of FF A and

| lveerol in phsma and of gluctse

momaueass w0 4 in blood before during and

EAT A exerc se for 5 min at] o 4an
3 msec in Horse ?

[ 10 20 30
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miL 1S
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SPEC ACT
omimeq 1

Fie @ Concentrat on of FFA and PLASMA FFA

glycerel s plasma and of glucoss ToRuoveR

and Jactate in blnod before dur
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™ 3ec m Horse 3 A contmuons ShA S
v nfusion of palmitate 9 10 H mmoti L

was started at O mun and con

tinued throughout the experi- Bu000 GLUCOSE
ment The radicactivity sn the f,",’txéﬁlﬁ‘ o
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speafic acuvitv of plasma FEA BB i

COW ERTRA
2nd the turmover of plasma FF 4 gt 13 m
a e also grven n the f gure

50 pre centin all cases duning exercuse wndicating increased efflux of FF A from plasma
The spectfic actaty of plasma FPA also decreased dunng exerase i the 3 horses This
indicates increased mobiization of FEA wnto the blood strcam The turnover of FFA
at rest vaned between 12 meq per minute Dunng the exercise thus turnos ex increased
to about 4 meq per minute 1n horses 3 and 4 and to about | 3 meg from ! 0 meg i
forse 5 The tumnoser of FFA mereased afier the exreise m horse 3 bus decreased in
horse 4 and 5

The concenration of glucose 1n blood decreased shghthy dunng the exe o1se m horse
3 and decreased pronouncedhy 1n horses 4 and 3 The concentranor of laciate in blood
showed minor nconsistent changes

Infusion of epinephrine

The concentration of FFA m plasma increased dunng and after the mfusions of ep
nephnoe (Fig 5and 6 This intrease was dne 10ancreased influx of FFA nto plasma
#ince the radiwactivity 1n the FF 4 fraction remained constant while 1he speaific actiin
decreased The turnover of EF A in plasma mereased from about | meq per minute at
T8t 10 8 and ¢ meq respeemvely an the w0 siuthes The fevel of ghveerol 1 plasma
1nereased 1n both horses dunng the infus ons of epinephrine

The concentrauen of glu o= ta blood decreased about Lo mg per 100 ml dunog che
fint tun stes af the (unan and th n slow! inrreased Lactate was follos ed 10 horse 7
(Fig 6) and the conceotrauon was fauad 6 e ase > ~6 € mes
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EXERCISE
35mis

&5
mn

a5

Tig 3 Cancentetion of FIA and
ghyeerol m plasma and of glacore
and Jactate 1a blood before duning
and after exereisc at 35 mjsce w
Homse 4 A continuaus tv miumon
of palmitate 910 H was started at
0 min and continued throughout
the experiment  The radioactvity
1hesolated plasma F1A fraction the
speaific actywty of plinna FFAand
the turnover of plasma THA are als
gven in the figure

big 4 Concentration of FFL
plasma and of glueose an § Jactate i
blood bef e during an { after excr
cue at 35 misec in Fforse5 Aecn
Gnuous 1v aafusi i o patmitate
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ment Te rad oactivity in the 1o
tated phasma TFA fraction the e
cific actvity < £ plasi a FEA and the
turnever of plasmt FEA are abo
given in the fgure
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Discussion

The two maw findings of this study are The efflux from as well as the mobthzation
100 the Blood of FFA increased and the concentranon of ghicase 1n blood: dr

when the horses exerases These findings could be explarned if FF A as well as glucose
were used i ancreased ameunts b the muscles This 38 supported
by the ttedies of Zuntz and Hagemann 118981 They fund that the respiva sory quotient
of horses decreased fram a value of around £ 95 at rest to about 0 88 during exercuse
Increased ¢fflux of FFA fram the blood stream duning exercise has beem observed in
mian (Freedberg of af 1960 Carlvon and Pesnow 1961 Fredberg of al 1963 Havel ¢!
19611 and m dogs (Mille o af 1963} The mechanism for this mcreased efffux 15 un
krown, but 1t has been supgested that the nercased blood flow duning exercise 15 an
smpartant factor an this coniext 1Carison and Pemow 1961}

In man exercise has been sh n 10 inerease the rate of mobitizaton of FF A mto the
blxod wream (Friedbery ¢ of 1903 Havel # ol 1963 Carlson 74l 19631 3tos not
known which factons) sumulate the mobilizagen of FE'\ duning exeraise  Fhe sym
Pabetic nenvous systes ay be  wohed i thus stmulated bpsd mobitizanon since
M8 asunty mreases duning e 1t ¢ vn man (Euler and Hellner 1955 Holmgren 19563
and catccholarmines are ko n « p rease the mabil zation of FFA from adipose
tssue It 1y of mterest 1a the cont xt that the hosses respanded 1o adrenahne with
creard Lt spobeinaton fhe we #ase of glycerol i plasma dunng exercise has
€ather bowp obsered m ma2 (arbon Ek lund and Oro 3963y Havel e af 1963 This
ncrease may be due to s as & 1 polvs s in adipose ussue The plasma concentration
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Fig 6 Concentration of FFA and
PLASMA GLYCEROSL glycerol - plasma and ¢f glucse
EONCENTEATION “‘i /'* and lactate i bloodd ang1s in
el o —— —4 fuson of epinephrine mt> Horse 7
BLOOO GUICTSE . A continuious 1 v infusion of palim
CONCENTRATION j o 7ed tate 910 H was started at 0 min
mg? 100l 0 - and conunued througtout th €x
20 penment  The radioactnity m te
BLOOD LACTATE welated plasma FF\ fraction the
Ot ToN <0 specilic actvity of plasma FI \ and
the turnover of plasma FF 4 are 2l

gven m i ¢ figure

of glycerol increases afier admmstration of norepmephnne to rabbats (Hagen 1961) an i
man (Carlson and Oro 1963, and as shown here 1n horses after epinephrins
In studies on dogs the mobilization of FF A was found to be decreasrd durning exeroise
(Miller ef al 19631 In these studies contrany to studies i man (Havel of of 1403
Carlion ¢f af 1963} and 10 the present studses the concentration of glucose and lactate
1 blood inereased sigmificantly The elevated Jenels of glucose and lactate sught have
depressed the mobihizaton of FFA In fact, admimstration of glucose to exercrans
persons abolishes the FE'A molnliztng effect of rxercise /Havel et al 1963 Caclscnerol
1963)
The decrease of the concentration of glucose n blood may be due to increased
pheral utlizauon or to decreased influx of glucese nto the blood or both Rarl et
studies have shown that after racing 1n trottees the blood glucose has bren found 2
inereast (Bogdanow rf af 1933 At the same time the concentraton of lactate sn bl o
snereased 516 tunes Lnder our conditions however no increase m lactate was found

yymed granm from the Swed sh VMed cal Rescar b Coun b fgrant W 337) Resery
S‘:,ngm‘ g:’ Roval \ etermary Urllege and from the Un ted States Pullc Health Senicr

(grant H 7023
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From the Department of Physiobgy University of Goteborg Sweden

Supraspinal Control of the Intestino-intestinal
Inhibitory Reflex
By
Borje Jouanssov Ouor Jovssov and Benor Ljune

Recewed 19 July 1964

Abstract

Johanson B O Jonson and B Lyang  Sup aspunsl control of the vuiestimo-inlestinal snbibit 1y
refex Acta phywiol scand 1965 63 442449 — Expertments were performed on chloralose
ureetharte anesthetized vagotomuzed cats Cl anves in the level of adrenomedullary hormr nes
were prevented Distension of a segment of distal jejunum produced a pro npt decrese in tone
and rhythraicity in the proximal jejunum  Thus 30 called intesttno mtestinal rahib von 1sa pros
priospinal reflex response apparendly mediated by sympathetic efferents. Electrical stmulation
in_the med ocaudal part of the rhombord fossa was fund to block this spiml ntestino
“inhibitory reflex The fact that bulbar stmulation slone sometimes produced an inerease 19 g4t
motifity seemed to be due to suppress on of a prevaihng activity iy the propriospinal reflex
When there was  low level of such activty nedullsey umulation per se had little or no effect
on ntestinal moul ty It 1s suggested that the supraspinal structures exert an inhib tory influ nee
on ympulsc transrussion 10 the propriosp nal intestno-nbibitory reflex arcs

Splanchaic afferents onginatag in the abdomenal viscera exert a reflex influence on
sheletal muscle motoneurones (e g Downman and McSwiney 1946 Euler and Sjo-
strand 1947) Some of these spmal reflex mechamsms have been studicd wath respeet
1o the control exertcd upon them from hicher levels of the CN\S fr was found by
Downman [1955) that the reflex response ehored i intercostal penes by splanchrac
was d after of the cervical spinal cord 1n decerebrated
antmals Further expeniments by Downman and Hussun (1958) indicated that strue
tures 1n the lower medulla exerted a tome restraint on this splanchaic to-miescontat
reflex bv way of fibre systems descending 1n the dorsolateryl fasnicult A molar or
gamzation of the control of unpulse wanstmusion from flexion reflex fferents 10
fexor hay been d d by Holmegst and Lundberg (1932
1961} The possbility of such suprasmnal reflex control within the autonomic nen ous
system hat apparently been invesugated only with regard to the galiame skin reflev
Wang Sten and Brown 11926 a by and Mang and Brown (1956 2 b} demonstrated

442
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1 2 senies of papers that this propriospmal reflex 1 subyected to an nfubitory mfluence
from the bulbar ventromedial retreudar formation

Different avtonomie reflex responses are clicired from splanchnic afferents and at
Jeast some of these effects are medated over propadspal reflex connections The
iatestuso intestmal imhabatory reflex 1 e the mhihition of tone and rhy themeses pro~
dured 10 ane segment of stesting by distension of same other separate seenon of the
Kut, Tepresents such an ayionomic spinal seflex (Chang and Hsu 1924 Johansson and
Langston 1964) A sumtar kind of mntestimal inhubsion can be ehated from different
sntra abdomunal regron e g panesal pentoncum ureitt ete If the prncaple of supra
spunal reflex conteol discussed above with regard 1o somatomotor functions operates
alo for autenomse splanchme reflexes gher centtes may wifluence intestinal motihty
by modidfymg m ather dwecuon the ympulse frazsmumon n those segmental veflex
arcs whick subserve the intestino-intestinal sohilution The effector result of actwation

orsmactnation of such pinal control would then belargely dependent
upon the frevatling level of acuvaty w the propriospmal reflex arc
The arm of the present was to study d aninals the pos

bte whluence of bulbaz on the & briory Tesponse antd
also 10 find cut whether the effect of buthar stmulation on watestinal mothty wmas
related to the actual level of acttvrty 1o thus spinal reflex

Methods

21 cats we ¢ ysed 1 thy Th were d by 1+ aden mistration of
hiorafest and weethane (40 and 80 mpfkg respect vely) afier inducnon w th 2the In sl ox
Peaments a tracheat cannula way mserted Blood p essure was secorded in one of the femoral

i by s of a casrcuey manomatter Both 25 mees disected 5t and ot 2t the cerneal
e el

The sbdomen was opened by a mudline e on Th o sepdrate seguents of We yepinum with
ntact esente e nerve and blood supply were prepa od by dviding the mntest ne between
1 gaturey The prasumal 1 om of the geunum wert wed fos tegstranon of nestnal motlin
A glass canmula wat ingerted 1o the hamen at the dustat end and connected 16 2 smalt esers air
The svstem vas filled witn sal ne and the vohume changss 1 the veserio  weee recoeded by
means of 2 p ston reconder The pressu e was kept fa Jy constant at 310 cm B O in thas feop
of intest e Fhe next 5—I3 cm of the jegunum were ronnecied n a1 lar way (0 SvF NEE
Flied with salme 2ad this Joop could thus be subjected to graded dustens ons Tatralurtnal pros
1 £ w3 measured by means of a water manometer The ezt of the small and the v hole of the
b g micstne wese removed

To avo dthe miuence of the a3 enomedullany hormones an gut mol fy ethe beth ad enal
ghands were carefully § sated and the ass of corticostero ds was compensated b nr aows ular
adnun strat o of hydrocortsone (3 mg kg bw 1 or the left adrenal gland was denervated b
Tutt ng the splanchmic nerves an this 5 3¢ wh e the nght ad enal was 3 gated Dunng the ex
perimert the abdomen was e the closed ork pt open but nehe latte e ¢ ¥ was covered wadh

F34%2 mar rened with warm sal ne and ches W ¥h 3 plasi© heel 1o 1 agtize ool ng by exa
pratan

o 0d soman ar et the dorsal suvizee of ihe medulia oblongm the poser ©n ok
musis were d ded and th med a1 part of the otaipital bone rmoved The atfanta-ocapial
membrane and the dura w € cut open and the pot Ho Pant of the « ebelhum was a #ully
fend from the surface of the medulla and evertaully sucked our The head 35 fived m o
¥ e (s ke sierrotatie asteument The medutha was stungtated w th & the 2 con entr
bipofar electrode of a pa 7 of po nted eloct odes 2pp axmatel 7 mm apart Squa e wane
¥mul wih varable mpube fequ nev du ot 0 and wiem tv were debvered b g Grass
Surialator type 94 r1e 2 sumalus solaton uni To avod esp ators dusts bances cod by
medullary vt mmlst on the an mals w s¢ ant fic allv ventlated w th 2 pump ot 13 ate ang
el valum Wl ch barch suppressed th spontanieous breath ng
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Fig | Cat 32 kg Chloralose urethane Artificrally ventilated Left panel Eflects of graded
gut distension on intesunal motility before and during stumualtion of medullary depressor
area Note that no mtestinal mhbition 13 obtaned by distension during stinulation of the
medulla Middle panel Effect of idennical bulbar sumulation during prolonged period of
distens o Intestinal tone 15 ¢o1s derably sncreased under these circumstances (cf effect of
bulbar sumulation n the Iefi pancl) Raght pancl Same series of procedures as in the left pancl
but with stimulanon of a different pomt in the medulla Note that sumulation here gives blood
pressure rise together with chmination of the intestino-inhibitory response to distension

Results

F1g 1 illustrates a recording of arterial blood pressure and of motility ir the proxmat
Jejunum taken from an expeniment where the effects of intestinal distension and bulbar
stimulation were studied In the Ieft pancl of the figure distension of the distal intcstinal
loop to an intralumrnal pressure of 100 em H,0 13 hrst seen to induce the characterstic
snfubition of tone and rhythmuaty in the proumal ygunum When the intesune had
afterwards regamned 1ts previous acuvity a regron of the medulla yust lateral to the
obex, was sumulated wath 60 imp/sec 3 msec and 5V This caused a marked fall of
artenal blood pressure and possibly some shight merease in intestinal motihity The mest
notable observation sillustrated 1 thiy panel 1s howeier that gut disten ion to the same
pressure as before had now no effect on intestinal motility when performed dunng the
penod of bulbar stimulsuion After the end of the stumulation there was a temporany
decrease 1n 1ntestinal tone assocsated with a return of blood pressure to the controt
Ievel
In the second panel of Fig 1 intestinal inhubstion 15 brought about by a profon «d
distension of the distal gut segment When the same type of medullary sumulauen 33
used 1 the left panei 1s given duning the period of distension a prompt and pronounc

sncrease w tntesunal tone occurs together with a fall 1n blood pressure comparable 10
that previously obtamed At the end of the bulbar sumulation micsunal tone decreavd
agam due to the conunued distension Comparning the ntestnal effects of the meduttany
sumulation by atself 1n the first two pancls of Fig 1 1t is evident thata much greer
increase 1n motility 15 chicsted during the peniod of reflesty inbibated sntestsnal acthihy

1 the sccond panc]
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¥ig 2 Cat 34 kg Chloralose urethane \ruificually venulated Effects of gut distens on and
smedullary stmulation on nfest nal mouhty Medullary sumulaton which alone bas no flect
20 tntestnal actiity seems 1@ block ¢ untesteaal tespanse ¢ di casion When budbar stm
ulation 1 sto there 18 a prompt detrease n sniestinal tone due o contnued distention
‘The region stmulated 1 mdrcated by a ring 1a the dizgram  The shaded area of the dagram
Tepresents pomnts from which mtestinal motor respe ases and el runation of the itesuno
b bitory veflex have been produced Ity dorsoventral extension seems to be enns derable
ma 817 occupyng the area between 2 and 8 mm below the dorsal surface

It appears from the first panel of Fig ! as1f the mtesuno-tntestizal inhbitory reflex
33 blocked 1n one way or another dunng bulbar stmulation Such an eliminauon
of the intestuno-aniubitary reflex 1 seen also wm the third panel of Fig 1 « here a pane
situated 2 mm dorsally to the previous one was simulated This regron produced a rse
m blood pressure 1n contrast to the depressor effect obtamed from the ventral pont

0 the expenment illustrated tn Fig 2 there was mtially a tugh levet of  spontancous
motty 1 the prowmal segment of the Jeunum A somes hat sluggish but clear-cut
wbubstion of tone was produced by distension of the dutal loop to a pressure of 45 cm
HO After recorery of intestinal acthity 2 region of the medulla indseated by a rng
w the inset diagram of Fig 7 was sumulated at 60 imp sec 2 msec and 4V Thas
stmulation produced a drastic fall m blood pressure but had by wself no sizuficant
eflect on wntesunal mothity However exacthy the same gut distension as belare dd not
miubne intestinal tone a1 alf while the bulbar sumulaton was conunued but as soon as
the atter was stopped there + as a prampt and pronounced decrease 1 intestinaf wne
despate the fact that the intestina) distenston was kept uachanged This abrupt sntestinat
relasauon preceeded the recovers of blood pressure When the distension was dis-
continued intestinal acus ity graduall recorercd In this experiment also the mtestinat

B €t phynal 5 d Vel 8
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Fig 3 Left panel Cat 37 kg Chloralose urcthane Artificially ventilated Fifects on blood
pressure and intestinal mot:lity produced by medullary sumulation and extrinsic “denervat on

of the gut Nerves around the supcrior mesentenic artery mfilirated with kdocame at artow
Notc that medullary lation and dencrvation uce fc ncreases i mottl 1y
when done duning conttnuous distenuion Right panel Cat 35 kg Chloralose urethane
A y lated Effects of medullary luning prols gutd stension Blockig
of the periarterial nerves (arrow) during second period of medullary sumulation does nst
signuficanily alter intestinal activaty

m’hlbllary response to graded gut d was app Iy blocked by
medullary structures which alone did not seem to affect gut moulhity

Bulbar regions with a blocking infl on the mt tesunal reflex responsc
could be demonstrated wn all expenments and the shaded area of the diagram 1o g, 2
sndicates the approamate locations of the electrodes no more exact mapping has been
performed so far It should be pointed out however that very strong reflex actisations
for instance by high distending pressures or by sirong electnical stumulations of mesen
teric afferents could produce mtestinal mhibition even dunng bulbar shmulstion
although the reflex response was then definttely reduced VWhen mntesunal tone was
wutially hugh the medullary sumulatons ger sz usually had no effect on the intestine
However when intestinal tone was imually low either  spontancowsty or dur 10 2

d P Iy snduced inhi y reflex medullary sumulauon often

wnereased intestinal actaty

Attempts hase been made to eluaidate the mechanum by which bulbar sumulation
produced ncreased intesunal moulity 10 these vagotomuzed animals Fig, 3 illustrates
recordings obtamned in o different expenments where the intesine was Hinally
depmed of all extrinsic nenvous influence by anestheuzing the nerved around e
superior mMesCLcne artery with 2 per cent hdocaine The local anestheic was admmis-
tered rig a polyethylene cannula 1n contact with a piece of cotton covenng the case
fully exposed nenves In the Ieft panel the intauncmhututory response to § rolom:f;’
dutenaon was first interrupted by medullary sumulagion durng, the period indicated
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leading to a raised intestinal actiuty A sumilar degree of mncreased intestinal activity
was obtamed also by anesthetizing the penartenal nerves (arrow) Comparable 1n
creates of intestinal motibty were thus smitiated by bulbac stmulation and by extnnsic
denervanon
The nght panel illustrates agam the effect on ntestinal actwaty obtained by pro-

longed d and by d medullary 1 which caused a returmn
of tone and motility During a prolonged second pertod of identical bulbar stumulation
the peniarterial nerves were now d as & bed above This of

the extrinsic nervous influence on the intestine caused 1f anything a further increase of
tone and penstalsis This fact suggests that the ncreased intestnal actmty which oc

cured on bulbar stimulation was brought about by a suppression of an inhthitory 1n

fluence on the smooth muscles rather than by an activation of excitatory fibres to these
cffectors It has also been observed 1n this senes of experiments that the intestinal re

sponse to bulbar could be abolished by int; injection of d

{1 mg/kg) indicating that adrenergic fibres are mvolved Stimulation of the distal end
of the cut vagal nerves at low inpulse rates induced a marked increase in intestinal

motility even after guanethidine

Discussion

The inhibiton of motihity produced 1n one section of intestne by distension of some
other part of the gut 15 a spunal reflex response ap y sympath
mtestino-inhibitory efferents (Chang and Hsu 1954 Johansson and Langston 1964)
The present o on d amumals have shown that this
effect of graded gut distensions can be blocked or greatly reduced by stimulating
<ertan areas in the lower medulla (pancl 1 and 310 Fig 1 and Fig 2) Itseems possible
to explai this ehmination of the reflex response by either of two mechanisms There
mught eust a system of fibres apart from the vagal nenves which exert a sumulating
action on the smooth muscles of the intestinal wall and which when activated from the
medulla make the intestine less responstve to the imhibitory influence of the ntestino-
intestinal reflex efferents Al ly the bulbar mught actvate de-
scending fibres which exert an mhibutory control of 1mpulse transmission n the pro-
Priospnal refiex ares which mediate the mtestino-ntestinal response

The expenmental results presented in Fig 3 above scem to speak strongly m favour
of the latter mechanusms Elminaton of the extrinsic nervous nfluence on intestinal
motility by blocking the penartenal nerves wath a local anaesthetc produced an
increase in intestinal activity of the same order of magmtude as that obtained by bulbar
simulation (first panel of Fig 3) On the other hand there was no sigruficant change
in motility wi en the mesenteric ner es were blocked during a penod of igh intestinad
Actaty imbiated by stumulation of the medulla (sccond panel of Fig 3) This indicates
that bulbar stimulation produced the intestinal motor response in these vagotomized
ammals by releasing the smooth muscies from an mhibitory influence rather then by
acthaung mtestno-excitatory nerve fibres Furthermore the observation that guane
thidine abolished the intestnal motor respanse to bulbar stimulation without affecting
the response 1o efferent vagal nenve sumulation suggests that the medullary structures
Operate by changing the impulse actvity 1n adrenergic nerve fibres It seems therefore
a1l the supraspinal region exerted 1ts intestinal action by suppresung the impulse
ran mussion 1n the propriospinal imntesuino-intubitory reflec are The fact that bulbar
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sumulation produced the most clear~cut increase 1n iotestnal tone when performed
dunng a penod of strong reflex mhubitory mflucnce on the intestine {cf first and second
panel of Fig 1) 1s m conformutv with thus conclusion

A reeent smestigation by Semba \oda and Fum (1963) concermag the effects of
medullary sumulation on gastrie motiity in vagotortzed dogs s of great mterest in the
light of the present findings Semba and ¢o-workers found that movements of the stom-
ach could be ehiated from the regmon of the ala cinerea and from the lateral a pects
of the dorsal horns i the cenvical and thoraaic spinal cord The responses were abolished
after transection of the thoracolumbar dorsal roots They suggested that the effeets of
bulbar sumulaiton were due to actinauon of efferent nenve fibres which reached the
splanchme nenves aa the dorsal roots and exerted an exaitatory action on gastne
motility It 1s possible houerer that the increased gastne motlity could have been
produced mstead by el of a tomc proy 1 bitory snfluence by ana
logy with the h for the 1 resps m the prosent study
There 15 probably always some tomuc activity m the mhibitory sympathetic efferents
when the abdomen has been opened  The effect of the dorsal root transection on the
gastric responses 1 compathble with this Iatter explanation since this procedure would
anterrupt on the afferent side the spinal reflex arc which according to this view s the
“substrate of the medullary control mechanism Direct sumulation of the peripheral
end of cut thoraco-Jumbar dorsal roots had no effect on gut motility 1n the expennments
by Hukuhara {1934, bui was found by huré Ichiko and Ishikawa (1931) and by
Semba and Hiraoka (1957, to produce increased gastro-intestinal mosements These
latter results mav not Iy mean that the al. 'y tract 15 innen ated by dorsal
root efferents since anudromuc simulavon of afferent nene fibres may posably produce
& 1 respy to the effect of antidromse sumulavon of thin
afferent fibres on cutaneous vesscls (the axon reflex mechanisin) The concept of a
spinal parasympatheuc system of donsal root efferents proposed by Kuré and co-
\ orkers has not been generally aceepted (huntz 1953,

The ¢l of the I responsc dunng bulbar sumulation was
ften assoiated in the present expenments with a pronounced fall 1n blood pressure
due 1o actnation of the medullary  depressor area  {ieft pane) of Fig 1 and Fig 2)
It was however possible to “block the sntestinal reflex also from more rostral and
Jorsal regions of the medulla which did not produce any decrease m blood pressure
ithard panclof Fig 11 [tseems therefore as if the structures responstbie for the mtesunal
lects do not correspond exacthy o those which inhubit cardioy aseutar svmpatf ebt
scurones It 15 also evident that the intestnal responses to medullary sumulation and
the induced changes 1n reflex acuvity are not secondary to the arculatory adjustments.

Prehmman bave ind ¢ that the 1 intabriony reflex
« subjetted to a tome restraunt, which can be abohished by dorsal hemiscction of the
—ervical spinal cord (Johansson Jonsson and Ljung unpublished; A supraspimal reflex
control smular to that descnbed for somatomotor reflexes (Downman 1955 Hotm-
quist and Lundberg 1959 19611 and for the galvansc skin refiex (Wang Stean and
Erown 1956 b Wang and Brown 196 2.b ) may thus be operanng also on gasiso
wesanal spnal reflexes Different supraspinal autonomc structures mav thus nfuenee

testinal motifitv 10 the vagotormzed antmial by adjusting in exther direction, the un
w I ! inhibatory reflex arc The

prtse in the
| effects of sumulation of such bigher centres must then always b juderd
:n relauon 1o the actual lev o of acuvity in the spinal reflex
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Fig 1 Cat 38 kg Effect of sympathenc simulavon dunng rest and exercise §fsec on bl tod

wressure tissue volume radiorctivity from the calf and blood flow Note that the blood flow

ale was changed immediately before the exereue Mier the exercise the venous outfiow

+ a3 abruptly raised by 15 cm H,O for about ? min to allow comparison between the

bange 1n tssue volume and 10 radioactivity The rad oacuvity curve was transposed photo
 graphically from the ongmnal record

uon At fower frequencies t ¢ {—Z2 impfscc the vasoconstriction was only shight but
persisted throughout the sumulation period At higher frequencies (generally above
4/sec) the mtial vasoconstriction was marhed but subsided within some minutes 10
persist at a plateau just above exeresing level Fig | shovs the effects of sympathetic
stimulation that induced marked vasoconstrietion both during rest and exercise Daring
rest the v was well d th h the \ period but
dunng exeraise the constrictor response ceased within a few minutes

Fig 2 A shows the frequency response cunves for the blood flow resistance dunng

p and exercuse (1 per sec) 1n 16 espts
compared with the same relstionship duning rest Both during restand exercise  erestt
ance values were noted twice for each h il — first dunng

constriction and then when resistance had weakened and attained a new steady state
1t was not difficult to detect the fatter level during exercuse but during rest the resstance
tended to weaken shightly throughout the sumulation penod The values recorded after
8~-10 min of sympathetic sumutation were thereforc somewhat arbutranfly taken 3
steady state Tevels Sympatheuc sumulation duning rest increased the penpheral
sesistance up to more than fourfold and these constrictions tended to subside only
shghtly even dunng long periods of sumulation
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Fg 2 Frequency response curves for 16 cats 67 sympathetic sumulat ons dunng rest and 57
dunng exetctse of onte twitch scc Panel A shows the blood flow resistance panel P the regional
blood volume Circles == values during rest crosses = values dunng exercse The flow resis-
tance was determuned during maximm constriction and during the steadv state cond uons.
‘The changes from the former to the laster values are denoted by the arrows

Stimulation of the vasoconstnctor fibres during exercise of the leg produced up to a
sefold increase of the resistance to Bow but within a frw mun the resstance fell —
despite continued stimulation — to a level just above that noted dunng exercise only
(The resstance value during exercse alone 1s given by the value at 0 svmpathenc
mp/sec)

At lugher intensiues of exercise the effect of h l:

on the
was weaker and shorter
3 TEIPOTS: h nerve d txercise s asthe
same when the blood flow was kept constant by the pump 2t when 1t was allowed to
vary
Capacitance

V Tissue rolume Sympathene sumulation induced 2 rapid decrease of ussue volume
duning rest as well as durng exercise (Fig 1) Thus rapid decrease in volume which
occurred simuftaneously with the reduction of blood flow was taken as 2 sign of changr
s regonal blood volume Fig 2 B gnves the frequency response curves for chanees of
Tegional blood volume recorded on sympathetic sumulation 1n 16 cats The resung
fegonal blood volume of 2 5 ml 100 g was taken as a reasonable estimate ¢f \fellander
1960 p 38) The regional blood volume increased @ 56 m1/100 g dunng exercas~ This
Increase was due mainly to distenson of capacitance vessels (K Umer 1964

Dunng rest the reduction of the tissuc volume persisted throughout the period of
sympathenc sumulation Dunng exercuse the tssue volume began to ncrease agan
stonuhaneowly with the decreanng resistance Tespomse (Fig 1) When the peniod of
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‘Fig 3 Car$0%kg Effect of sympathetc sumulation duning exercise on blood prevsure e
volume racwacuvaty from the £2) and blood flow The was recorded i}
with the ratemeter and counted al intervals with the sealer The acaler counts are tndicated
by erosses The connecting fine is drawn from the ratemeter cusve Using the relation i ¥ g 4
the passt ¢ respanise due 10 reduction of blood flow was calculated and way subtracted from the
total response 10 gave the active responise {circles) The dustance between total respanse (dagted
Tne and the active respontc (dashed bnc) 18 1} us the passive response calculated from Fig 4

constietor fibre sumulation was long enough the nssuc volume sncreased to eveerd
that st had before path 1 {Fig 3) A that this phase of volume
gain represented the ot effect of changes m reponal blood volume and m capllary
filtration the radsoactivity was alo followod in order to estimate what proporton of the
ncrease could be ascribed 1o changes in the regional blood votume
B Radwactery The changes in the cadioactynty from the ealf roughly parallelled
these 10 fsssue solune Thus, the radioactivity decreased and remained low dunng
svmpathetic stmulation at rest When exercuse was started the radivactivity increased
amultaneoush with the ramd phase of solume increase and on supenmpositian of
fbre it both the rad) and ussue volume decreased
Dunng the dechmng response of the howeser the rad ty rerarned
towards control Yeved much slower than did tissue solume — fig 1
The decrease of regional blood volwme duning sympathene sumulanon depends on
two factors 1 a passne companent due to decreased posteapillary dustending pressure
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o oAct T
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Fig 4 Same esp asun Fig 3
Relaton  between  passne
changes of radiactmiry and Py
changes of blood flow indaced
bt the graded m chamical ob-
struct on of the cognate artery 00 ¢
R 0 [ .

oto FLO¥ wftm 1004

caused by the reduction of blood flow and 2 an active component due fo a frue increase
1n tone of the capacitance vessels
To separate these two components of the capaotance Tesponse three diffevent
procedures were adopted 1 The t response to
during exeraise was studied under constans flow conditwons and. Vkas found to be much
better preserved than the resistance response 2 The capacitance response to sym
pathetic sumulation was measured at different lesels of venous outflow pressure The
Iower the venous pressure the more matked « as the decrease 1o volume bath dunng
165t and exercse and the higher the yenous pressure during exercise the better the
mamicnance of the response 3 The femoral artery was gradually obstructed with a
screw clamp duning steady state exercise and the relationshep between decrease of blood
Aolume {in terms of decrease of radioactivity) and graded reductions of bloed flow was
noted [t was then possible to calculate roughly what part of the tatal decrease of
Tahoattnty dunog sympathetic stmulation was due to 2 passive response — a de
creased distension of the capacitance vessels because of the reduced blood flow The
change of the rad, would then reflect the true constnction of the
<apacitance vessels Fig 4 gves the relationship between graded flow reductions and
the passine decrease of rad: m the same as that shown mz Fig 3
The values 1n Fig & were obtained duning the same perod of exercise about ten m
nutes after the sympathetc sumulation had been stopped Fig 3 guves the radioacuvity
recorded {crosses) For cach level of flow reduction the passive component was est
mrated from Fig 4 and subtracted from the total changes dunng sympathetic sumula
tn The results (curcles) show the active response of the capacitance vessels It 15 ob-
vious that while the passive of th response Lened with the
Tesistanice response the active component persisted almast unchanged dunng the whale
Penod of svnpathetic sumulation
A typical finding was that as soon as the actine change of 10ne could be evaluated
sejarately 1t was found to persist unchanged or to be reduced by at most 50 per cent
t hule the response of the ressi vessels tually almost di

CFC The capiliary filtration coefficient (CFC) was determined m 7 expty dunng
test and exercuse %

fibre was then dunng
xerae and the CFC value was re-determuned as soon as the blood flow had agan
berome steady \ tor fibre atlow — 1o 2ump sec —

Troduced at most small changes of CFC, but a3 soon as the va.0cOnstrict on was mtense
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Fig 5 Cat 38 ke Efle t of sympathetic smulation duning exeraise on blood pressure

capillacy filtration coefficient {CFC) mean capillary Fressure (4 values devote chanees
relative resting fevell tissue volume and blood flow CFC duning rest immediately bef e
exere sc 0 014

~nough substanually to impede blood flow the CFC values tended to mcrease further
Fig 5) In no iuscance way any reduction of the CFC obsersed dunng sympatheue
snrmulation Dunng rest the mean value was 0014 mljimin x mm Hg 100 g} and
““rose to 0022 during excraise with 1 impfsee When a svmpathetic sumalation of {or 7

unpfiec was supenmposed no changes occurted at 4 implsec the CFC rose 1o
0034 and at Bisec 1o D030 Imean values

Whra blood flow was kept constant the CFC alo rose dunng exercise Supenmposed
svmpatheuc sumulation then produced no further change in the CFC

Mean caprllary pressure The slov continuous imcrease of volume when blood flaw had
reached a hugh constant 1esel dunng steady state excraise was due to outward capillary
filtration following a nse of the mean capillary pressure (hjellmer 1964) The magmtude
of this pressure rise can be calculated since both the filtration and filtration cocflicients
are known n these expeniments exercrse increased the mean capillary pressure by
5--10 mm Hz \When symp ntbene sumulation was suprnmposed 1t was not possible
to estsmate changes of capllany pressure unt! the blood flow had agam beccme steads
Then the sympathetc sumulation duning exercise eaused a further eievation of the mean
capullary pressure — in the 7 expts where the CFC was determined the mean eapilfary
pressures were wnereased {urther by 010 mm Hg depending on the degree of ssm
pathetic activation Fiz 5 shaws how these vaturs were obtained The ancle betaeen
the control stape and the filtration slope during exercise 13 designated @ It shows ditt
(he amount of Rltrate formed per minute per 100 g was 6 14 mt Since the CFC 1as
028 mij{min » mm Hg 100 g) the mean capilary pressuré must have wcteased
by 5mm Hg compared with s Jevel dunng rest Dunng exerase + sympthetic achivity
filtration n tnereased — angle B which corresponds to 3 mean capillary pressurt of 9
mm Hg abovethat noted dunng rest
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Discussion

Rein and hus co-norkers analyzed the effect of h and of

mjected 1 v on the vascular remstance of the resung and evercising skeletal muscle
{Rem 1930) Their finding that sympathetic activation caused less efficient vasoconstric
tion 10 exercinng than in resting muscles has since been confirmed by ¢ g Remen
snyder Mitchell and Samnoff (1962) The present results are in line wath the aforemen
uoned findings but also show that the 1minial responsc to sympathetic sumulation during
exerase need not be dimumshed while the steady state response 1s very much reduced
and secondly that the different consecutne vascular sections m the muscle differ
from one another in functional behaviour

When the maxamal obtamed by 1} dunng rest
and exercise were 1 with y values and exp d 1o terms of
relauve changes of blood flow no d n de of the response
was recorded except at the lowest fr of 3

and duning
the most severe muscular exercse Thus the ability of the sympathenc eonstrictor
fibres to reduce blood Aow mtially may be as great in the exercising as in the resung
muscle The important d:ifference 15 hawever that the resistance response to increased
sympathetic activity soon wears off in the exerastng but not in the resting muscle
Dunng exeresse the reduction of the vasoconstnctor response occurred after some
munutes both in those expenments where blood flow was allos ed to decrease and in the
corstant perfusion expenments This makes 1t less hikely that the reducuon of con
strictor response was due prmanly to an it of vasod

sympathetic sumulauon

dunng

Assummg that the capillay permeability does not change during sympathetc
sumulation the changes of CFC mav be regarded as manifestations of changes i the
tone of the precapillary sphincters The fact that the CFC never decreased dunng
svmpathetic sumulation but tended to ruse when the blood flow v as restncted (Fig 5)
suggests that the precapillary sphincters are particularly sensiti e ta the locally released

metabolites ~—~ an observation mn line with the findings of Cobbold ef al (1963) m
resting muscle

The eapacitance vessels responded to h 1 by lline up to
06 1l blood/100 g dunng rest (Fig 2 B) — a fivure in close agtcemtn:‘::h the alue
found by \fellander (1960} During muscular actity the sympathetc stimulation
indyced a decrease of regional blood solume by at most 1 1 mlf/100 g (Fig 2 B) which
means that the extra blood accumulated in the capacitance yessels dunnx exercise was
expelled together with the amount of blood that could be mobihzed already dunng
vest Thug of the fibres 15 a potent mechanism
for an abrupt reduction of the amount of blood pooled 1n the muscle dunng exencse

To separate the actw e from the passive component of the capacitance response the
relatne magmtudes of the two components were vaned By keeping the blood flow
constant the passive effects were reduced (bur not abolished since some changes of
capillary and postcapillary pressure sull occurred) By elevatng the venous outflow
grmu&t the passive response was Lkewse reduced since the effect of changes in
o::n g presure 13 strongest when the vemns are not already fully distended (of

78 1965) Both these procedures shawed that the actve constnction of the capaa

@nce vessels was better maintained than that of the resistance vessels The sarac result
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was obtamed 1n the expeniments where the passive component of the capaatance
response was evaluated by mech 1 red of the blood flow (Fig 3)

Tt may therefore be concluded that the tone of the capacitance vessels 1s dependent
to a greater extent on the vasoconstrctor fibres than on metabolites locally released
duning exercisc

The main vessels are p y and the main capacitance vesscls
posteapillary The deduccd changes i capillary pressure indicate that the difference
1n response to h it between and vessels may
hold for the whole pre and postcapillary sections The postcapillary resistance must
be relatively more d than the y dunng L 1
superumposed on excrcise since the already high capillacy pressure rose further duning
the steady state phase of sympathetic sumulation Thus leads to an inereased outpour
of flwid 1nto the tissues when activation of the vasoconstrictor flbres 1s added to exeraise
(Fig 1 3and5)

The general tendency of the resistance vessels to be dommated by the vasodilator

bolites and of the vessels to be d d by the nervous supply has
been described by Lewts and Mellander (1962) who studied the competition between
metabolic influences during reduced blood upply to resting muscles exposed to-
constrictor fibre activation The present study shows that the result of this competition
1s the same when the normal relation between nssue metaholism and blood flow s
disturbed not by reducing the blood flow but by increasing the metabohsm

Itis to attnbute a fi 1 fi to the d pattern of the
response produced by the combination of excraise and increased vasoconstrictor fibre
actvty It seems appropriate that the amount of blood flowing through a muscle as
well as the distribution of this blood within the muscle 1s dictated by the metabolic

ds of the tissue while the amount of blood pooled 1 the muscle 18 directly
luenced by the sympathetic tone since the regional blood volume 15 the immedtate
idurce of an mcreased venous return and an adequate central blood volume But 1t 1s

sbvious that such an arrangement could not be adequate 1f the inreg
of the resistance and the capacitance vessels were absolute since sudden situations may
mpose such a stress on the general 1 as to of the blood

Jow even through exercising muscles The sympathetic system can apparently cope
th such situations for shorter periods during which the exercising muscle can com
pensate such a reduction only by increasing the capillary surfacc area and thereby
lable for exct and the diffusion distances

1ncreanng the surface area

Thus study was supported by grants from the Faculty of Medicine University of Gbteborg fro 1
Svenska idrottens vetenskaphiga forskmingsrid from School of Acrospace Mediane AFSC
through the European Office Acrospace Research United States Air Force (Grant AF EOAR
61-47) and from U § Public Health Service (Grant HE-05675-03) The 1 otope equipment
was sponsored n part by Grant U 122 from the Swedul Med cal Research Council
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The Potassium Jon as a Vasodilator during
Muscular Exercise
By
InGEMAR RJELISER
Recened 23 July 1961

Abstract

hyellmer 1 The potass um 1on a5 a rasodilator durtn, musculer exercuse Acta physiol scand 1965
63 460-—468 — Calf muscles of cats were perfused with blood at constant flow rates Tissue
rolume blood flow artersal and venous pressures W re measured Lxercise was imitated by
ntermittent contractions of the muscles During contracuons the potassium concentrabion of
the venous plasma from the calf inereased by up o 100 per cent Potassium sales mfused itra
arterally at lo v rates dilated the vessels It was calculated that the potassium released duriig
exercise directh explams 25 to 65 per cent of the dilatat on during exercisc th e pertentage
being smallest when dilataton was shehtest There 1y presumably a diffusion gradient for
Patass um brtween tssuc and blyod v ith consequent underestimation of the rofe of the potas-
swm sons particulasly when the dilatations are only weak Tl erelore 63 per cent probably
comes closest to the truc value of the proportion of the dilatation due to the potass um 1o

Patasstum wnfusions produced the ame vascular response as exercue a decre=se of flow
resistance was accompanied by 3 proportionate mcrease of the capillary Fltraton coeffurent
without signs of anv increass 1n capillary permeabil ty or d latation of the capacitance vessels
Potasswurn ts the only dilatine substance butherto found to produce exactly the same response
as exercise

ft has long been known that fsmall f dilate pertph:
al vessels In hus review of the vascular effects of potastiam Dawes (1941) suggested
that the hyperemia of excreise might be due (o the action of potassiuns 1ons for it was
then knoun that potassum rons pass from the mtra 1o the extracellufar space dunng
muscle actnity It was thi possibihity which does not scem to have anracted much
attention that prompted the present studies Ireliminany expenments (hclimer 1960
19613 showed that tetaac contractions of skeletal muscle were accompanied by 30
efflux of potassium 1ons from the muscle to the venous plasma and that intra arterial
infuvons of salts | \ )? Cony of the senous plasms
potasnurm concentration after tetanus and dunng potassium infusions mdicated that
about onc thurd of the vasodilatauon dunng exercise can be etplaincd by the ncrease
tn the potassium concentration

460
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Thete obseryations have now been followed up along two different lines Fisstly to
allow of quantitative companson between the sasodilatation durmg exerase and the
didatapon dunng potassum sofusions the were statul t
muscle contractions and by ntez artenal mfisions dunng constant blood flow perfusion
Secondly the effects of the two dilating pracedures on different sections of the rmuscle
vaseular bed 1 e veswels L and

P! Yy 5P g e vessels
were compared I 1oms ace respoustble for 2 major part of the ddatatson
dunng exereise aafumons of potassium should reproduce the vascular pattern of
Terene

Methods

[N

o cats 1 eghing 26 t0 4% ky were anesthetzed with ether and given ither chio alose 70
mglkg or nembutal 33 mg/kg t v The zn mals were tracheotom zed and hepan 5 mglke
wasgwens v The volume of blood sampled for the electraly was

cabee by a Jow weight dextran Tyrode solution (Rheomacrodex® Phaemaxia) of by blood
from = donor cat

The preparat on of 1he calf has bren devenbed ecently (haellmer 1964) Et consssts almost
only of calf muscles 10 oroulatory connection with the sest of the bady salely through the
popliteal vemels Blood Baw was secorded w h 2 phato-electric drop counter connected to the
canoulated pophteat vein Artersal mflow was regulated wath a perfusion pump whichd ected
e tflow from the femoral to the pophteal artezy Proximal to the pump solutions were mbused
anto the perfus on tubing to ensure complese miwng The systemic asienal pressure was meas
wed with 2 g manomeer cannected with the contralate 3} femorat aniery and the pressare
at which the perfis ors was delivered by the pumn was measured wath another Hg manom ter
vonnected with the b ng dista) to the punp The volame changes of the calf were regsstered
with 3 plethysmograph flled w th wate  and a piston recordes

c cap flary Rliration coefficient was obtained by rais ng the venous outfiow pressa € by
10 mrm Hg for about ? m n and calcutaung the amount of fu d filte ed pes 100 g of usue per
@ 5 per mm Fg change of tap Harv prossure assuming that 100 per ceat of the appl ed venout
yressure reached the capsllanies dur ng consrant pe fusion

The scaatic nerve was d vided and the per pheral ond st mulated by b pola_siiver electrodes
connected with o Grass st mulator Model $ 4 retat i~ 2\ 01 msec ard © 72 ~2 & prsec
bsoton & solutsons of RCI (117 g 100 sl KNG (153 /100 mly and as a

pirol \aCl
(0987100 i) were mfused 2 2
11 5 experments the effects fany from the adrenal medulfa we ¢l 1 a ted by esurpat ng
the aght and dencrvating the L & suprar 12l gland.

Fo slectrolyie analyss blood s nples we e Taken n smalt tcon ed test tubes £ ars the

fows cutfle ouhng close 10 the s le and cccanionally also € o the arier af perfusen
tab o Lyne an Eppendorf flan e pt tometer double det fm minons w re ade { the pota
1um and wdirm on concentrat on n ¢ & phsma sanple  nd the mean vt wa used 1he
difference between the duple te d terminat on of passam w3 4 per cent of the mea
salue found for 43 pars of s mples 13 E 018 e omespond ap fruses f sodum § ag
3lpe centand 107 parsof amples |9 L 037 Fo  normal cat phisma f40neg R 1
M0 meg Na Y e neane s fdirm ua  cthus®itmegtand 47 mql
respects Iy

Samples were tak o p 1t 1 pe od and durng siable asdlataton p xdu et h
exercse o potass ur sal¢ rfy un In 7o) thedlat tanwa podu od by both vr & awt
Pomues nfaion At b n W dbyexc edlone and n by pats urs onlv

Tn5cacsthe poias wn n ara os nthesed ells as caleutated fom bisod ampl
partof wh howash mnlzed » tF 31 equal \olume of st fed wat  wh I anocther pa t was
used for deternminavon £ 4 plas a possun and the t nate 1 The oncent at on of
polasemt n th nil oeves wa oo abls Tess than e that nth plasma wb b n
complete 2 adan wihih  rr ot fues publshed b Beenst wlo found the
QuUOtent betw en th rt ande ta fhot fent at » f potastum n cat blood 1o be
§7 Hem b bwn ot ¥ these experm at A 0 anabvaes on huzmen blood
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Fig 1 Ca132kg Effect of muscle contractions on pump pressure systemic arferial pressure
tssue volume blood flow capillary fltratron (CFC) and T potassium
and sodium 10 venous plasma The systemic pressure persisted af about 100 mm Hg dunng
the whole period + hule the pump pressure dropped duning exercise The venous samples were
taken immediately after each CFCdetermination ~ the sampling periods are indicated by the
black bars mn the floy record

Results

vercise. Rhythmie contractions of the calf muscles produced a drop in vascular resis

tance This drop which was graded by adjustment of the frequency of muscle con

tractions was accomparied by an efflux of potasium from the muscles as evidenced
by an unchanged artenal and a simultaneously clevated venous plasma potasstum con

centration The elevaton of the potasium concentration 1n yenous plasma was related
1o the scverity of exercise and to the degree of vasodifatation Fig | shows a typical
cxample where two different intensitics of exercise were used Note that the potassium
cancentratton increased more during the more mtense exeraise and that after exercise
the concentration of potassium i the senous plasma returned towards control level
largely at the same rate as the flow resistance Fig | also shows that exercrse did not
produce any consistent changes 11 the sodium concentration of venous plasma which
was a typical inding

The change of the potassium concentration m the scnous plasma in all the 11 expts

with exerase are given m Fig 2 as mean ralues To enable companson of the resuhs
obained 1 severa) expeniments both the vascular restance and the increase of the
It are exg 1 per cent of control values because the
absolute values vanied within one and the same experiment as well as between cxpen

ments Fig 2 shows the correlstion between the nse of the potasstum concentration in
\enous plasma and the degree of vatodilatation Dursng, the more scvere exercise when
the flow resistance was mmimal the potassum i the venous plasma rose

1o double the

control value
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Patassum infusions When sotoruc KRG was infised intra actentally flaw cesttance
decteased in proporuon to the merease of the venous potasstum concentration The
most pronounced didatations were induced by infusions that rased the potasswn con
centration 1 the venous plasma ta about 15 or 20 meq/l These dilatatsons were only
occanonally maomal — usually the vessels could be dlated further by other dilanng
agents ot by exssoise Infusion of sull more HCl produced not further didstauan but
sasocomstricuon The ceversal from dilatauon to constriction usuafly occurred at 2
potassium concenteation of 20~-30 megAl Fiy, 3 shows an example i which ACl
wnfused as 3 fow rate devreased and at a bigher rate inereased sasculss sessmnee The
same results were obtamed when RND was wsed instead of REG1 Contral infusions
with 09 per cept NaCl produced no such effects except at the hughest rates of s
fusion, when a sught vasodslatation way eecorded At euch high rates potasum mfisons
caused rasoconstiction Dunng ilusons of potassium a1 1 ¢ highest ratex e sodwm
conceptration of the \enous plasma felf by 101 per cent

Exclusion of the adrenals did pot affret the potassum efffuc from the contrart nt
muscles or the vascular resgx nse to snfusions of potasaum salts. Sympatholyee drugs
{dindroergotamnr pher ubrnzamsne m doses callicsent to blxck the consinctor ;t
aponse to sumutation of the sy mpathetic nerves did not affret the s asodilatat on fotlo-
+ 1ng wmall doses of potassium or the constcuon [ollgwing Larger doses
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Fig § The relst onshsp between change of fasus volume due to vanuuon of regronal blood
ralume [capactance chages) and Secreased peripheral resstance mtueed by exerase (13

@etermzaat ons) and by snfusions of potass sm salts {31 deter nanons) The revults obiaried
wth he other substances are taken from Ryeflmer and Odelram 1965

The pocled resufts from all 12 expts where potassiam salis were wiused axe also
shown 1 Fig ¥ The celationshup between the degree af vasudilatation and the change
of potassium carcentratéon 1 the blood gives the expected dose response zurnve with
the convaxny towards the response axis

The extent to which the potasstam wns released dunng exercse were yespormble
for the exervise vasodidatation was calalated from the relanon between the change of
vascular and increase of m renous blood dutiag
potassium infusrons respectnely dunng graded exerase This proporuon was found
to sary from about 25 per cent at she smoilest dilatations to 63 per cent during the
penads of most intense exercuse (Fig 2/

Lfects on vatwus onsecutiee vasqular sectwns m the skeletal muscle The effects of exerase
have been reported 1 detait previousts, (hyelimer 1964 Ryelimer and Odeiram 196%)
but vl be desensbed agam hoely to enable companson with the dilatation caused by
potassumn. 1z 1 shows that evercue decreased the fiow resistance and increased the
capillary filtcation coell crat (GFO) but had no sppresable effect on the capaciance
sessele as evidenced by the absmee of any rnerease in v.sue Volume duning the phase
of deveeaning vascular resstance The findings thavtraeed s F g 1 hold tewe tor the
“whole sertes of expennments They ace summanzed 1w iy 4 which sher 3 the relavon
between change n vascular resstance and change m CFG dunag exerose and i
Frg 5 wiuch gne the refation between the change of vasculas resistance and change
af wssue sntume due 1o vanation of vascular capacitance during exercise

The infusion of potassium salis 2lso wereased the CFC 30 proportion 1o the degree
of vasodilatat on Fig 3 gines an sxample of CEC dunng conirol conditions and dunnry
Adgraren Fiz 4 dhows she results for all potasstum infusons 1 1s clear that the relavon




466 INGFVMAR RJELLMFR

betw cen decrease of flow ressstanice and increase of CFC during potasssum infustons was
largely the same as that during exercise

Dunng potassium tnfusions only small inconsistent tissue volume changes that could
be ascnibed to dil or of e vessels were noted {¢f Fig 3)
Fig 5 grves the relation between change of tissue volume due to capacitance changes
and decrease of Row resistance during potasssum infusions and here too 1t can be seen
that the relations are the same as those found for exercisc

When the potassium concentration was increased to reversal point ¢ ¢ when the
vessels reacted with constriction instead of dilatation the CFC remained high or in
creased further in those 5 cxpts where 1t wnas determined duning the constrictor phase
An example of this 1s grven sn Fig 3 The vasoconstriction did not influence the capact
tance vessels enough to produce any discermible change in the ussue volume

Discusston

In 1880 Gaskeil suggested that the hypererma of exercise is due to the locat refease of
some factor fram the muscle Despite extensive rescarch it has howeier, not been
posuible to find any one sub capahle of expl; such dil of the vessels
(for reviews seec Hulton 1962 and Barcroft 1963) As a working hypothests 1t therefere
appeared reasonable to ascribe the phenomenon to the joint cffect of two or more
substances The next step was then (o assess what proportion of the dilatation can be
explained by substances proposed by eatlier workers In the presentinvestipationinterest
was focused on only onc of these substances namely potassium When the role played
by § was calculated by the duced by exercisc with
that caused by a p. safusion that d the tton 1 the

extent as did the exerase the fracuon explamed by the released potassium ions

inted between 25 and 65 per cent (Fig 2)

The vasodiatation following the infusion of potassum must hiave been due to the
potassium 1on since hCl and ANO produced the same effect The decrease in sodium
cancentration following the infusions cannot explain the dilatation — such a decrease
tending if anything to constrict the vessels {¢f Friedman and Friedman 1963)
However the changes in sodium concentration were probably much too small to affect
vascular toae at all i¢f Qverbeck “Molnar and Haddy 1961}

It can thus be fuded that p tons are responsible for 2 1 pro-
poruan of exercise hyperenma cspecially sinee this type of comparison mas under
esumate the i of the 10ns for the foll: reasons 1t 1s assumed

that the arterolar smooth muscle cells react not to the concentration of compounds 1n
the actual plasma but rather to the concentration of compounds tn the fluid in which
they are bathed 7 ¢ 1n the ! flud the of i the
venous plasma s lower than the relaant concentration value duning exerase when
potassium diffuses from the cells to the interstices and to the plasma but 13 higher when
potasstum moves n the opposite direction following irfusion of potassium salis

“The extent of this underestimation depends durectly on the actual concentratiens
gradient between tssue and blood but this gradent cannot br determned at present
Howerer 10 studies on the kin tics of potassiur exchange between blod and skeletal
muscle Renkin (1929) who used tracer amounts of R4* added to the artenal sup ply
of arufically perfused gracilis or gastroenermius muscles of dogs showed that :t‘:!:
extremely low cate of blood flow the extracuon af h¢* approached 100 per ¢ent bu




POTASSIUM AND EXERCISE 36X PEREVIA 467

gecreased at ngher fow rates to become 47 per centat I0mif{min X 100 g} (calculated
from Renfan 3 table 2) Since the blood flow m the present expenments was 540
ml’{mun X 100 g) the diffusion of potassrum was presumably not fast enough to produce
an equilibnium begwern hssue and blaod
1t way thought that lymph ought seflect the tissue potasswm beteer than senous
blood But lysnph samples from the call muscles were found to contaw the same con
sentration of patassium as enous b!ood However at the Jow lymph flows in ths
way exchanged so rapidly across the tymph vessel wall that any
txmczmmum gradient was equbbrated dunng the pasoge aleng the lymph sessel
{Jacobsson and hyelimer 1964) Carchac Iymph on the other band which flows at
enuch hugher rate has tecently been shown in a heart lung prepattanon to have o
potasmum roncentration some 30 per cent higher than that of coronary sinus hlood
(t\ynlag persanal commumeation) which mdicaws that at least i this particular
T

1 s dafly between tissue and venous biood
A substantial concentration gradient would result in underesumatian of the role
plaved by n exercise hy p For the esvor should be greatest

2t the lowest potassium concentrations Firstly a gnen gradrent wall affect the cal
celated yesult most when the to the s1eepest part
of the dose response curve for potassum and sasodilatation and secondly the diffusion
diniance will be longest dunny rest and at the fowest degrees of vasodiatation when
only a small fraction of the capliaries are open to blood flow According ta thas hine of
thought the fracnon of exercise hyperemua evplatned by released potassium ons
should be smallest at the bowest potassum concentsabons which also prosed to be the
case {Fig 2} Therefore the true fraction prebably hes closer to 63 per cent than to 25
per teny

Companson of the patterns of dul; by the two d grves
Further support to the that 13 responsible for a sub pro-
portion of the vasodilatation dunng exerase Both exercsse and potassirm tons dilage
#he resistance vessels with an merease of the CFC while the capaciance vessels semain
targels unefected In sralar sxpeniments kyellmer and Odelram (1965 found acetsd
cholne TP histarmpe and bradskipin so produce a respanse differing from that of
¢xeraue atenylchobne and ATPE dilawed whe capacnance vessels while fostamene and
bradykinin produced signs of wncreased capiilary permeabiity as reffected by seny
tugh C¥C alues toqu}wr with the production of ireersihie tssue edema Nerther
exeraise nor was a tt by these signs of mcereased permea
bility The relanionships between the thanges m <ascular ressianee and o CFQ
fespectnedy ma wascular  apactance durng exerase and potassum anfus ans tn the
presem experments are shoy non Fig 4and 5 heek for companson also nelude the
effects of the other used n the abo d studs Sofar the potasstum
ton s the onty ditator thas has produced a response closely resernbling that ©f exercise

The effect of potassumy als  aned s th the dose nfused small doses produoing
dilstation  large ones comstncuon Fig 3 One mught therefere wonde « hether
the amount of potassium v Yeased during stvere exercise maghs nnt be able 10 conyert
the dilaracon o const seson Imamet S ot and Haddy 1115} ha ¢ howeser
Presenied evidence that potas 1m indured CORSUCHIAN (s conined 10t darcer artenes
fabovr 05 mm while th aric oles remain & lazed Bobr and Goulet t 161
studres also found Jarge v els and artenoles to d fle nthe  yesporse ta an inc eased
potassium con ent acon Th hinding 1 the present se ws that € FC emamed nereased

moyota
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1 ¢ that precapill h remaied open my
therefore bc rcqardcd a: evdence that the smalf vmch are ditated and the large
arteries constricted by an mcrease of p ~ the

having a higher thoeshold Thos voaght mean that the sessels that react to polassium
with constriction are situated ouvtyde the muscle tssue and are thus not dicectly 1
fluenced by changesn of tissue i Morcover aecyrs
only at such hugh potassum concentranons as probably neyver normally occur dunag
exergise

This study was supported by grants from the Faculty of Medicines Unrveraity of Goteborg
from Svenska Mroutens vetenskapliga forskningardd frooe School of Aerospace Mehane
AFSC through the Eusopean Office Acrospace Rescarch Unsted States Arr Force (Gram
AF EOAR 6147} and fremt U § Public Health Service (Grant HE 03675~03)
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From the Nobel Iastitute for logy Rarolimska Institutet Xholm Sseden

A Strychnmine-Resistant Postsynaptic Inlnbntion m
the Spinal Cord
By
Jax Oror hevreren
Recenned 3 dugust 1964

Abstract

helleris 3 O 3 :rrnhn m mmnm pomymplu vzh)bi » w the Apmf wrd %:1: phys ot s(and

1963 63 463471 ~—

mpaled with pclamum e microcap thg The mhibitory mﬁue‘n:e ﬁ-nm scle strench
b ed Attent on was paid i 1) monio-

ynapne 2) g by

3} synapt ¢ acuvation nose md ) ahufy of average membsanc posensial A postsynapt cam

hhanon 13 described wh ch 15 tnseus £ e 0 convulsise doses of strychn e Ths strychane

resistant postsynaphc whibt on was frequently found Sowcalled p esynapne nfubion was
neser obicryed

Since the first s esugation of stnychane reversal (Owen and Shemngien 1911 many
attempes have been made 1o cluadate the mechamsm by which stevchune affects the
reflex acuvaty 1o the spinal cond

Actorting to current vievs (Eceles 1963} stroehnane very effectivehy ehminates the
Postsynapue mhibstory actions 1 the spmal cord leaving only the so-called presynaptic
whsbition intact Preeotoun on the other hand  dumimshes the effect of presvaaptic
wnhsbition but has no d rect mfluence on the postsynapuc membrane |Eccles Schmudt
and Waks 1963) This difference m pharmacological action i supposed to be related
10 the occurrence of two scparate types of mhibitory transmnters one acung presy
n:lphczﬂy and the other postsynaptscaliy

h TERSERL 1K

has been desenibed an ¢ 2 hippocampus
ind cen:bcllum { \ndevsen et al 1963 but us cxueence in the spimal cord has been
considered 10 be doubtful The expenment to be reported demonstrases postspaptic
snbabition fram stretch receptors on motoneurones which 13 retant to stochmne

In adult cats anaestheczed with pentobarbitone and paraled  wh gailanune
tethwodide | Flavedil [ lumbar motoncurones were unpaled w th ? M potasium
aate sucrocapillanies A brdge arcunt umutar wo the one descrbed by Araks and Otam
1955 was aranged for the simuliancous recording of trans membra ne voliage chanzes
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Tig 1 Stryehminuzed eat Popliteal motoneurone (monosynaptic spike size 65 m\) during
wi current [igure sbows two 00 g pulls of the
semitend nosus muscle (A) the bibialis antenor (8) and the tneeps surae {C)

and passing polarizing currents through the microcapillary Stretch could be apphed to
the carefully freed semitendinosus triceps sura¢ and tibralis anterior muscles by loading
them with weights across a pulley connected to a myograph

The cats were given 1ntra s of 02 mg strych: Lg

Only such were used as responded by d repetitive finng to a
long lasting depolanzing current

A number of motoncurones were found whose behaviour dunng stretch of the
Tifferent muscles was analyzed by the aid of the following enterta
1) monosynaptic excutablity
2; finng rate during i by trans current
3} synapuc activation nosse  and
41 shuft of average membranc potennal

The work by Grantt Kellerth and Willhams (1964 a b) shows that with natwral
stimult such as muscle stretch only cnterion 2 [sttmulatron by trans membrane cur
rent) a8 g ly reltable in hing changes of e bility while the other cntena
can be musleading The synaptic actnnation nowse 1s sometmes absent but when
present (s aq smportant sign of engagement of the postsvnaptic membranc

Fig 1 shous records from a pophteal motoncurone (monosynaptic spike size 65
m\ ) after the admimstration of D2 mg strychninefkg The neurone s set to fire rc
pettnely by a continuous depolanzing current In A the upward deflection of the
musorraph indrcates stretch of the semitendinosus muscle which inhbits the discharge
When the load 15 released the finng es In B a strong infub 1 induced
In stretch of the tibialis anterior while pulling on the triceps surae tn C mncreases the
ratc of finng In both A and B the muscle stretches caused a by perpolanzation of the
order of 2—3 mV s hich was only scen 1n connection with the depalarzing current
and hence nat fully relable The stze of the ynaptic EPSP of this
showed a decrease by 10 duning pull of either semutendinosus or titnalis antenos
Syretch of tibalis antenor ar triceps surae wax accompanied by a marked snerease of

svpaptie noise indicatins, an act auon of the postsynaptic membrane
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IR

Fig 2 Strychnmued cat $ame motan urane as i Fig ! The purture shows onc 500 g pul of
the tbuals antenor On the fast Al-sweeps the “synaptc activatian nowe  and on the contin
vous DC-record ng the average level of the membranc potential

Fig 2 from the same motoncurone shows on the AC-swweeps the increase 1t notse
2cimity dunng the pull on tibiaks avtestor that proved fo be inbubitory by the tests of
Fig 1 The contipuous DC recording tn ths cas~ revealt no change of avesage mem
brane potential fevel No activation nose  was observed dunng stretch of the serm
tendinosus musele possibly meaning that the engaged synapses were 100 remote to be
detezted by the micro-clectrode
In the popliteal peroneal and hamstring motoneurones in estigated in this work
yeh Tesistant p p has proved to be a common finding In no
Case Was it nccessary to explam the results on the basis of presyrtaptic sahibition. Use of

stinulation by transmembrane current always located the mhibntion to the activated
¢ell membrane

This work will be contned

Y

This it estigation has been supported by a grant from “Therese och Johan Anderssons Minne
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In Vitro Glucose Metabolism in Different Tissues
of Hypophysectomized Rabbits
By
Dora Jacoesons, S Larsson and A NORGREN
Recerved 6 August 1964

Abstract

Jacobsohn D S Larsson and A Norgren Jn vitro glucose metabolem tn d ferent tissues of hrpo

Physectom.ed rabbits Acta physiol scand 1965 63 472—478 — The effect of hvpophysectomy
on the fate of uniformly labelled  Cglucose wasstud ed m cerebral cortex anterior and posterior
Bypothalamus adrenal cortex and thyroud gland of rabbuts Determmations were also made of
DN\ A content and oxygen consumption of the tssues The findings after hype physectomy were
as follows Orxygen uptake of all bramn parts increased The *CO, production of the postenor
hypothalarnus was tncreased_Oxygen consumption and * CO  production decreased 1n adrenal
cortex and thyroid gland The formation of free G alamune in the cerebral cortex d creased

The formation of C aspartic acid 1 the posterior hypothalamus increased In the adremal
o rtex and thyroid gland a decreased comsersion of - C glucose into all metabolites studied was
€ und. The rate of formauon of rads.active protein bound am no acids in the bramn parts re

mained unchanged In the protemns of adrenal cortex and th yro d gland hardly any rad »
actvity could be detected  The changes appeared to be closely correlated with the actvit 3.8
‘anous enzyme systems obsened previousty

Hypophysectomy in rats and rabbits was obsen ed to be followed by a decreased acunity
of the cnzymes imoh ed 10 the metabohism of glucose (Jacobsohn Larsson and Sorgren
1963) The decrease in enzyme actinaty was found in Iiver and skeletal muscle as well
asn the thyroid gland and adrenal cortex Whether the changes observed were duc 10
a drcrease of a single rate imiung enzyme remains 1o be studied In rats wath alloxan
diabetes Fitch and Chaikoff (1962 found changes in the actisities of a congiderable
number of enzymes 1n the bver  The authors mentioned did not obtain support for the
assumption that general changes 1n enzyme systems are dur to a single  bott) neck
enzsme

A change 1n acthity of enzvmes myolved 1n the metabolism of glucose s ould seem
1o be reflected m the fae of glucose incubated v 1310 with ussue shices The fate of "0
labelled glucose was found to vary in different tasues (Beloff Chain et of 1935 Hellman
Larsson and Westman 1361 a and 4 Herdenstam 1962) Diflerent parts of the bram atw
showed vanations 11 the 1 ¢ ¢ 5 metabolum of glucose (Chain Larson and Focchian
19603 and Andersson Larson and focctuan 1961

172
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The present study was performed i order to see whether correlations coutd he fownd
between the effect of hypophysectomy on enzyme activities {Jacobsohn et 2! 1961) and
the i titro metabohsm of glucose

Material and methods

"3 young adult rabbus of both sexes were used The females were virging AU rabbuts were
cbtamed from the same breeder The ammals had free access ta a pellet dies (Fors Ltd) and
tapwater After thew armval at the Jasutute the an mals receweed sulfa pyom dine { Ragesol
Fersosan Litd) with the tap water 1n grder to counteract cocerd osis
ypophysectomny was perfosmed in 12 an mals by the parapharyngeal route (Jacobsohn and

Westman 1940) Detals concem ng the controt of completencss of hypaphysectomy as well ay
the evaluanon of the matenat may be found 1 a previous pub <at on { Jacobsohn et al 1964)

8 weeks or more aher hypophysectomy the an mals were killed by decap tation and as
quthly as possible tssues were removed for study a) sereb of cortex adjacent ta the saguttal
3 nus and anterior to the censral gyrus b} aafenor hpothalamus that s 4n area hinsed anteno by
B the caudal margn of the optic chrasmia and postenotly by a mud section through the m
fund boskars, faterally by the mediad margsa of the columpa forosx descendent The thickness of
e piece of tisue was the distance from the basal surfate of the brun to the ventro-medial
shafarnic nucler ¢} ¢ terw Ayp tholamus wnvelving the tissues postentar to the farmer part and
reachung the castral parts of the mesencephalon d) ad enal cortex dussected free § om medullary
tssues of both adrenals €) thyrod gland cleaned of fat and connect ve tissues  Mieroscop ¢ cx
minations of sect ons through parts of the sataple wete pesformed  hen 1t appeared desirable
clearly toadentify the structure of the ussues All samples were cut mto abour 02 mm thick
shices (Cham tal 1960z} The slices were transferred o Warbarg vessels conta nng 0.5 mi
ofsee chilled incubation med um Th meubaton med 2 contawed 01 ghacese with x wial
12dinactivuty of 10 pC per Warburg vesset Untformly £ labelled glucose was obtained from
the Rad ochem caf Centre Amersham England The radioactve glucose was d luted weth
non rad cactne substrate to g ve 2 specfc actwty of 25 ¢ Gmg The incubauon med wm
contained a sod um potassium buffer with the described by Chan
#tal (1960h] The centre wells of the vemsely contamed rolls of filter paper smaked with 3¢
ROH far the absorption of resp ratory €O The icubation was performed m oxjgen for 60
min 2t 37 C Omgen consumpt on was measured every 35 min Afier meubation 8 e formed
KGO was collerted wuh Ball as described by Vallee and Hast ngs 119390 and the tad o=
uty measured as BalO

Afiet incubanan the ussues were homogenized and extracted The radioactive metabol tes
were separated by paper chromatography as descibed b Chan (ol (18602 and H Himan
and Larsson {1964 o) The inwluble readues bta ned s ere poot d fwo and wo ud then
Tyd ofy2ed a3 described by Larw @ Relloan aad Gorst osen (1907 All h omatsge my werg
scanned quaniia vely bh mod & at nofshedes edmgned by Fank ¢ 2 (18 2

Party of the tissues we ¢ preseny d £> DN Adetermnaron DNVwasext a ted e bed

Sthne der (1915) and deten » daccord ngroiscn 1930 amidtedby R hr 199D

Resules

DAL Table Isho sthe DN atues T the v2 06 Visues nopta 1 and hy pog Liysr
tomized rabbit  [he DNA cont ntan ad enal  reex and oy «d gland was aign)
scandy increased afe bapcop e cromn

Qugen uptak and CO p hat n The ovigen uptake of th bran parts sted] 4
ereased signeficantly afier hvpeph secromy Table 5T gardiess of wh sher 10 ¢y teen
rere expressed pe Lt wel  ght or pev unt DNA In adrenal cort x n feb yr o
land bypoy bnsecton s rsulted an 3 decreased oxvern uptake A 7 by yar gomy
th €O products nwassgmf antl increased in the postenar By thata ¢ b it st
W the rrebral co 1 < and wnten hvpothalamus Lable 35 1r () | ucnee
in adeenal ¢ sex and e and dre cased signul candy aft 1§ ypw g 1 yyees
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Tastz] D\A content (mg prr g wetweighty in different tssues of intact and hypophysect >
muzed rabbits Mean L SENM (number of obscrvauons) Dufferences between
1ntact and hypophvsectomized rabbits hase been calculated according to Student s
tiest. a¥ <0001

Cerebral Ant Post, Adrenal Thyrod
cortex hypothal hypothal cortex gland
Intact ?2=011 2F+033 691050 522044 T7€4£050
112) (13) (o) (13) {(un
Hyprphysctomszed 262013 385049 72206 1231168 J10+06”
(12; 12) {10) (12)a {11)a

Taste I Oxvgen consumption and *CO, production i different tis ves of intact and Fypo
physcctomized rabbis Results expressed as al of oxygen uptake and  glucoe
comerted into CO 1 72 mg of wet ustue perumt D\ Aafter 1 hrincubationat
37 Cin O n 0. ml medium Glucose o1 Total rad)
per vessel = [0 pl. Mean = SENf The differences between intact and hypo-
physectomized rabbits have been calcufated accord ng to Studentg t st P
000l P - 001 P00

Aumber of

o, o samples
Lercbral cortex
Intact 1>2-000 111-073 i
Hype phwsect 1e2_003 116-08" J
Antesior hypothalamus
Intact 282038 56-033 13
Hypephysret. 16004, 46 038 1
Postrnor bypathalamus
Intact 49_038 34024 w
Hypophvrct €2-043 472031 0
Adrenal cortex
fatsct 43 04° 70 018 13
Hypopt ysect 14 019 07 010 !
Thyro d gland
Intact 107 or 009 "
Hypophyseet 10y 03 00r 1"

Lot cord s mav br seen from Jable 111 hypophysectomy did not chanve the ft
of Clacuc aad formation from the subrirate glucose in any of the brain parts studird
Oa the other hand  hypophysectomv causd a sgmificant decrease 15 the rate of 5
lactic aad formation 1n adrenal cortex and thyroid gland
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Tastz 1 Effect of hypaphysectomy ot the conversion of ¢ C glucose mto Iactate and amino
acd i dfferent tissues of rablnts Resules expressad as  glucote comerted
25 mg of wet twsue pes une DN A after | b wmeubaton at 37 Cin O m Goml
medmen Ghacose cancentrauon 01 TFotal rad cactraty per vessel = 10 C
Aean =S EAL The differences between mtact ant hypophyscctomzed rabburs
have been talculated according to Students tiew 2P <DOM P <O
P <005 Number of samples from dufferent smmals see Table 11

lacuc Glutam.
aad Asp acd Alamoe acd Glutarune GABA
Carebral conex.

Intact 4874550 03250001 036£0068 4252027 19750161 08000 >
Hypo- 431459 04140000 03350062, 4244036 136201/6 06520024
physect,

Antenior hypothalamus

Intact 3065271 071£0070 01840013 | 0201y 034£008 09920017
Hypo 2772281 0200077 D1620013 151016 03110043 0980018
physect,

Postenior hypothalamus

Iatact 2474158 01510007 014£0015 10020040 0130010 073008t
Hypo- 2642262 01910013 01T£00I3 31640110 02:200% 0830100
physece.

Adrenal corte

Intact 464024 0120007 0040003 01620012 0070008

Hypo. 265022 00240002 007200027 0OBLO00Y 00%+0060>
Physect

Thyr 1d gland

fact 232018 003<0003 014400i> 01,4008 004£000s

Hypo- 131017, 00750003 0100014 00320010, 00320003

Physeet
A-amino gevds 10 the cerebral cortex of b { rabbits the of
C alaninedecreased {Table HI' The anteriar hy 1 scemed o be unaffe

by hypophysectomy with regard o the formazan of any of the amma acids formed from
the substrate glucose In the postenior hypothalacmus hvpaphvsectoms resulted 1 an
moreased  C wspartic and formaton The rate of formatan of labelled @ amuno acids
@ the adrenal cortey and thyroid gland decreased afser hypophysectoms
Glatamine ond p-amsmobutc ood (GABA) Afier hvpophvsectomn
formation from the substrate glucese was wcreased 1 the posterzor
(Table £y Mo changr in € GABA formation « as found
a0y of the bram parts studied  fter C
wreased i the adrenal cortes but not in the thyred gland
Hrd lyed msoluble endues Tabic 1% shows that hrdrolvzed snsoluble residues from
the various tissues of intsct anmals contamed  C labelled amo acds Afier hypo-

G glutamne
by pathalames
after by pophysectomy
d & de
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Taste I\ Effcce of bype pl ysertomy on the comersvn of ¢ C glucase mio pratein bouad
amino acids Results expressed as 1 Table JII \umber of pooted samples of
different tinyes = 4

Leusine

Tesue  acd Alamine Glat and  Glutamune a0 frwome  Prolne

Cercbral cortex

Intact 0030005 traces 04110031 01240016 DI4100%

Hypo-  007£000> traces 0430052 01520017 01410022

physect,

Ant. hivpothalamus

Ineact 01120018 traces ¢73£0023 00610007 0150017

Hypo- 0124006 traces 020£0077 00610008 01640018

phvseer

Poss hypothalamus

Intact 01 =007 traces 027:-0027 00210001 01220018

Hype-  Di020M2 traces 0190076 00220008 Q12001

phyveect

Adrenal ¢ rtex

Intzet 00> L0003 ¥03-0003 00420003 Q@ 0003 0O0B-QODY

Hepo-  wraces traces traces traces traces
~Phvsect

41570 d gland
- tdaa 007 0004 60> 0000 005 004 sraces 610 _0014
“Hypo-  trates traces traces o0t 090

ph et

phasectoms the incorporation was gencrally decreased in the adrenal cortex and
thvroid gland but seetned to be unchanged i the vanous parts siudhed of the bram

Discussion

The present work on by pophvsectomized rabints revealed an increase of the ovigen
uptake 1n theee different parts of the bram This mught be aslumed to be due 1o 3
ightened level of the general metabolsm of bran ussues An incrcased tuetabohsm
wualh mohies an snerease an the uithzation of exogenous substrates in the pracat
studh thes wonld concern the fabefed glucow medium  Amongst other things wncreasd

CO-values should trasonabls be expested then As may be seen from Table 13 the

COpvalues were not elesated after hypophysrctomy When  exogenous HQ salurs
{ COJO, were calaulated st acsualls turned out that the wtlizavon of exor a3
glucase decreased after by pophyasctomy 1 the cevebral cortex and the aateniar tvpo-
shalamus Anderswn 22al 1961 found that the RO of the various parts of the bran
was elowe to § In the present study the true R was not measured At outh unbikedy
a changrd REQ after hypophyssctomy cannot be excluded

The obseniation of an mtreased ovgrn uptabe s the braa after Tvpop Byvectoms
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agrees with previous findiogs of others Gordan (1926} who studied the arteno-venous
differences of axygen obsersed an mcreased 0%y gen uptake of the tatal bram tssue 1
hypophysectorurzed patents Resss and Rees {1947) found 1 rats that the hexokunase
attwty of sutpensions made from the grey matter of the bram as well as the anarrobie
ghyeolyws of shees from the same parts mcrcased a.ﬁ:r hypophysectomy

1 the postenior b the wl glucose g shighsly
wereased after hypoph)scc(omy The cons ersion of Calucose mto € asparne aad

and gh was af X i the

agree with a previous
studv showing that the acuues of tacue dehydrogesase and glutamie otalaceue
transaminase m a2 pat of the hypothalamus corresponding to the posterior hypo-
halamus inereased after hypophysectomy (Jacobsohn et af 1964) The findines seem
to be of mterest with regard to the tendency of hypophysectomzed rabbsts to succumb
1o hypoglytaema

With regard to dhffe m the of glucose 1 different parts
of the brasn 1t should be menuoned that Forssberg and Larsson {1994 and 1920) and
Anand etal {1961} n metahohc studies obsered that different areas of the hypo-
thatamus dsd not respond equally 1o physological stimult such ax hunger and satiety

In the brain of animaly with mtact pratary gland the incarporation of G glucose
mta  C amno acds was found to be rather high (Chatn et of 19602 and Gastonde
Marcht and Richter 1964) The major portion of the axuno acds formed wm the bratg
notably e the cercbral tortex by thecomersionaof Cglucose consistsof glutamse acid
In view of the presence of actv € transammase and of the retato eby farge glutamate poot
i the bram lhu dou not seem surpnsing {(hrebs Eggleston and Herns 194 In the
hyvpothat of the ds formed from the substrate glucose
was found as Gsm the decarbosylation product of ghutamuc acid (Table HE

For the adrenal cortex and the thyvoid gland both of which atrophv connderably
after bypophysectomy 1t appeared appsopriate not fo epress 1alues on a wet v aght
basis but per umit DN\ (ef Jacobsohs et af 1963) As sn the previous study the DN
content 1 the adrenal cortex and thyroid gland was 1n the present work found to be
signficantly inereased afier hvpophysectoms (Table I After hypophvsectomy thety o
endornine organs presented a derreased ourrall metabol sm of glucose including de
creased farmanion of amsno acids from the subsirate glucose This agrees with previous
obser anons of decreased activities of the enzvmes partcrpatine wa the mclabohsm of
ghuicoe a3 well as of & amuno aad hn ot af $964 [
Roseq and Nichol (1963 the unportance of transamination reactons fies mthe rabilns

10 catalyze the intercom ersion of am o acids and a keto aaids \ hich are carhohvdrate
precursors

Hypophysectomy did not chanze the zmount of  ( mcorporated mto the protrns
ol the brawn regrons studied In the adrenal cortex and thy aud gland the rate of metab-
alism was 3o depressed shat after hvpophvsetiomn only ares of G could be found
n the protoms Thit s e line  1th th Brdings of decreased comverston of  Coglecose
infe free amino ands 1 these orzans From the tofal rec 1d it would seem that the
modifications observed prevs miv afte the remosat of the rabbut s prunan gland in

nzyme svstems ase closely related to chanors toncernng the n

¢ meabohsm of
Bluese

Ou thanksaeduet Chem nx 5 A J ntwn and Mawes Lita Hoff Clam Mkt nd
Eva ¥ ngren for sk Yull and devotrst 1 hn 2l awntancs The expenves of th work were o
Port defraned by granta 1L 18 nd L 433 £ m the Swed sh Ved ¢ 1 Resea oh Counc |

BEWOT &t ay ot 431 6
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$rom the Instssute of Physiology Unneruty of Helsmle Findand

Responsiveness of the Erythron to Varatrons of Oxygen
Tenston 1n the Chick Embryo and Young Chicken
By
Erva Jaravisro I Acorrvka and M ORYLLasTNEN

Recrwed 14 Yugusr 1964

Abstract

Jalavisio 1 huonnka and M hylasunen Respans peness of the exyth on to voratons f oxygen
nsion v the chick embyye and young <h hen Acta phywwol scand 1965 63 479436 — The
reacywity of the chick embiryo erythron to varying ambient oxygen cofcentrations way 1n
vesugated The hemoglabun (Hb] concentration the hemitoent and red cell count were
deterce ned 1w embryos incubated an 40 avandls O Theage of the embryos vaned
between B and 19 days The resubts ind cated that embryos weigh ng less than 7 g and approst
mately less than 14 days old do not mcrease thew Hb hematocrit or erythrocyte count when
eposed 1015 O In embryss aged 16 days ot over the 15 exerts 2 sumulinory eirct
the Hb and hematocrt vatues those found e the rrbryos meubated 3n 40 O The
mean corpuscular volume and the mean corpussulze Hb 3 ¢ not affected by diflerences
amb €5t oxypen concentrat ans

1 PO ated out that the 15tk day of mrubatan seerus to rep esent a cibzal phase m ch <k
cwmbeys developorent —~ 1t u not only approumately the date when myelo d erpthropoiesy
begins 10 dominate but also the date when { v instance yome polyan: nes begin 10 be synthe
122 20 the bypophyms becomes funct onally rcuse

for the of the red cell production 15 stll 10 &
cerimn extent obseure Et s well known that anowe exposition bleeding and adeun
steation of cobalt mive mat 10 humoral agents the so-called enilropocuny which
sumulate the production of red eells Fhe raam s of production of the ey thropoyetin
seems to be the kadney but the renal erythropoietin is under these conditons not the
sole arythsoporess stinulating factor {Rosse and Waldman 1962 Piha 1962) However
the mechansm by which the erythropoetsts are formed and thar mode of actian 15
5oL clear (for refecences Jacobson and Dovle 1962 Stolman 1967 Remmele 1963
The satare and role of 1he accewory fagtors are cven less known

0 2 presious paper {Astola ef af 1929} i was shown that in the sasly chick embryo
eubited at different vy gen tensans the waal hemoslobn (Hb) was 1 4 constant
relaton so embn o weight wrrexpecine of the oxygen tenmon The wnutivity of theHb,,
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4
3

e Fig 1 Hemtocrit satues in chicken reared at vanous
oxigen tensions On the abscissa the firstand last day of
exposure in the different expentmeneat groups

YT YT
e dimge

formung system (o vapations i o%ygen tension thus seems to develop during the
ontogeny The purpose of the present paper was to investisate more closcly the phase
dusning the embryonic development which corresponds to the appearance of respons

veness to a reduction 1n the oxygen supply It was thought that if a lunit can be estab
hshed at mught be possible to relate 1t to some defimite desclopmental stage tn the
embryo It would then perhaps be possible to obtain some hints as to the system 10

volved in the adult organism as well

Material and methods

“hrie Leghorn eges  ere inzubated 1 air ught v ooden boxes and venulared through t o
uhes (et and outlet tubes situited diagonally at « ppos te .« mers f the be ves) The sentida
on rate was adjusted  tth Totameters to 200 mi min On the bottom of 1} ¢ boses was 1 free
water surface but the ventilatcn mamtaned the monsture at about 80—89 per cent The
incubation tes sperature a5 390 Three sentilaung gas mustures werewsed 15 O n ™
ar and 40 O N the fast mentioned acting as control since accord ng t Cruz and
Romanoff (194) 40 O represents the optimun ¢ ncentrati n £ 1 grwth { the embnye

Tl ¢ control and the exper mentai cggs were always meubated s multancously ar d bel nged
1o the same b tch of exgs This 15 absolutels necessary because there seem o exist seaw il
differences in for nstance the level of Hb envthr xcyte count ctc In spring the hen at Drical
values have a sl ght e 1dencs (0 mcrese

The hemat log cal d te minate ns were by, an after 9daysmcubi o One b fatefl U
mg days up (0 1B days 1 seast nally to 19 dayy) some (€~ 7) egey were reaoved § r analysis
The arteries and vemn were Iated and blond samples drawn frem the grran sesscls e
hematoent wa d te macd wtt 4 mn cent fugati n o hepinm ed cap lanes at 11 08
rpm which correspends t a1a erage (celerau nof 60008 JIC A<l IMB ninfuz ) HU
was determmned by ph ta setry in an alkaln (%a €O b selution as <wh mopl tn J1e red
cofl count way performed with 0 f ctcad Celise pe (Fpanglong AR ted cell £ unier
After taking the blood sanples tf mbry s we ¢ freed fr m the membranes anw gled

Snce the purpose fthe twlvw  nl 1 nt whihrorn t entlfoyhatracel
relatne values wer ¢ s dered sat sfact v

Inordert ascertam th tchcksan e earhy postenbry nell recit vanay nyain €O R
weosion ehicks aged ? 3 13and .9 favs w e exposed | uns daly dunng € =7 dap f 2
fow barometnc presure (400 4705 m Hg Met m tocntwa | termined at the enich

T

“v::ux:!:pmmmu wat condu ted in (e 8 r e see wbarte exp wure () nereawd nx‘)nv:’l
tenson (0 Oy 1w uidIkewise Tctthed n txntlesel Tehcki smn-f”“l:m'
were d vnled 1nt0 ® groups with 7 1 ken an ea h an 1 reared an 2 g s eontainers yev!
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g » Hematological vslues (hemo- Ko
globin  bematocrit  erythrocytes) 10 {1t
of chuck embryos cubated 11
dhfferent oxygen tensions

wibatand wiha40° O gas mixiure respectnely for 9 days The b ere deter
wiced from cobatat vem blood

Stausucal evaluation Berause of the great vanabibiey n the development of chick embryos
the bematolr gacal values show cons derable varations The ordinary Student s test for evalua
001 of the statsncal significance of diffesences 1 therefore not quite adrquate The Walcoson
165t wh ch 15 recommended for data with & fasgs vamabif 1y and ndefn 1¢ dsnbut o of the
values (Geigy AB 1961) was used 1ostesd

Results

Although the number of 1 small the with exposure to low
pressure shov ed quite clearly that the 2—7 p + davs old chuch reacts with mereased
h matocnt 1o the hypovc sumulus The observation 15 consistent with the results
obtamned with older chicks Since the mtensity of reaction does not interest us s thas

his connecnon we saw no rea on to contnue these experiments Fig 1 shovs sthe
results

1t 13 seen furthermore that there seems to presail a shight tendency of the chick to
reduce the hematocrit fevel as a response to 1creased oxypen tension (Fig 1 thomby)
However the difference does not reach staustical sigmhicance the probability level
being approvmaely 0 1

Ef ot of oxygen tension upon hematole  al alues 1 chick emb vo

Because vanatons in ambient oxygen tension tend to affect the growth rate ot the
*mbryo a comparison cannot be based on equal age of ncubation Therefore the
embryos were dnided tnto groups of equal weight and the graphs were construcied to
show the hematologcal values as a function of embrio weight Fig 2 shor s vanations
mn the erythrocytc count (mmill g hematoent rper cent packed red cell) and Hb
(R7100 mi blood) as a funcuon of embryvo werght (1 + cight groups) Durag the
relamedy carly devclopmental perod « ¢ before the 14th wcubstion day and an
embrvo wesght of less than 7 g none of these varables seems to be affrcted by the
difference 1 0vugen tension althougt they tcrease 1 1th increasing embryonic weight
In the beavier 1and older) embryos 3 tendency of the  low oxvien group values to
eweed those of the 40 oavgen gr up becomes clearly usible Hov ever 1ts 2 well
Lnown fact that chuck embryes sho  ver Iarge vananens + hateser 1 beng measured
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Taste I

15 O 2 O 40 ©
n 13 o 17
Weight g 1604010 1994017 18950118
Hb g/ 100 blood 42 £024 46 £025 45 4022
Hex 168 £11 157 1089 174 2093
E mull/mm* 1084012 10540103 10540065
Age range days 910 9—11 911
n 12 i3 23
Weight FRIET I 3014013 3033080
Hb 43 £034 46 2035 48 +022
Her 148 £083% 153 +13 171 3083
E 1204009 1201011 118400850
Age range 1n—12 10-12 1012
n 13 17 3y
Weight 510018 493102 5314015
Hp 51 03 56 031 53 1017
Her 205 +141 221 £144 591 1044
T 1434015 1554010 143.£0043
Age range 1213 12- 14 11—

8 21 24
e ght 8224027 848+020 831 +01t
Hb 67 £027 €3 £025 64 3023
Her 257 =103 255 1097 238 1100
E 17240084 165:0083 17840004
Age raage 1413 1316 13y
n 15 13 25
Wesght 117 =020 14 2030 1F o302t
b 84 £0%U 7L 03 77 10127
Her 318 £083 72 414> 769 3090
E 214007} 2011044 1950079
Age range 1 -8 15—18 "7
n n 7 21
Weight 146 2041 151 £037 143 107
Hb 27 1031 80 £045 75 z02)
Her 335 -060 31 42 Wi 0%
E 234 _01c 2172017 19340037
Age range 16 18 i 18 5o
n i 1] 7
e ght 183 ~05° 180 064 189 2042
Hb 93 2D%F 89 .93 82 %07
Yhor 339 14 335 12 302 078
E 237000 22720097 \RIELL
\ge range [T 4 iwose 16—19

\fean 2 § E, of the mean
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Stausucal evaluation (Wileoton test) of dufference between values ohtaned at 40 Oy and

1 O 21 O 15° and 21 O combined
P b3 P

Weight range 100249
>01 — ~01

—_ >01 ~
>01 — >01 - >01 -
>01 - >01 - >01 -

Weight range 250--399 g
~01 - >01 - [tBY i
=01 — >01 - 01>P>000—
>0t - >01 — 01 -
We ght range 4 0—6 93 g
>0t — 01 — 01 -
-0t — 01.-P>00y —_— 01-P 00—
»01 — L0 — >01 -
Waght range 7099 ¢
>01 — 1 - 01 -
<001 < ~01 — 01 -
>01 - ~01 — >0l -
Weight range 100—129 ¢
(3] o — oL P 00> —
<001 01 — 00>
=01 — 01 — ~o1 —
Weght range 130159 ¢
001 01 — 001
-0 o1 — <001 «
~001 o1 - ool
W ghtange 160709 ¢
Q0 >01 — 00
oot 00> 003 x
LY - o1 - (3] ~

S gn ficance
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et uen [ LA

Fig 3 Meaa corpusculac v fume an § meaa
corpuscutar I emogiolin content as a func
tion of embryo weight in embryos cubat
e at different osygen tensions

InTable T the hematologieal values and the statistical ey afuation of results {Wileovon
test) are shawn As may be scen and as suggested by the curves in Fig 2 there 15 no
significant difference between any of the hematolotical vatucs i embry os dev cloped 3t
40 °, O, as compared with those developed cither in aie o in 15 Oy of the embiryo
weight s less than 7 g In the weight group 299 g the hematocnt of the embryos
incubated 10 15° O, exceeds significantly that of the 48, O, controls and in the
next heavier group both Hb and hematocrit but not the erythrocyes shos a sumlar
difference In the weight group 13 0~15 9 g the erythrocyte count 1s alo signshicantly
highrrsn the 15 O embryos than in the 40¢ O, group On the whole however
the dufference in the ersthrocy te count as so small that attaming, of statisticaf sygnificance
+ ould require a very large number of experiments The thfference between the hemo-
globn alues refrrring to the 15 ¢ Q, group and the group of embryos incubated 1
air 15 also of some interest In the heaviest embryos there is no dufference At embnyo
weiLht groups from 100 to 159 g the differences brtwern e and 15, talues
agam are sighificant At smaller embryonic weights however there is a reversal of the
salues The hiyhest Hb values are in the 21 or 40 ¢ O, group and the fowest in the
15° Q, group Hawever these differences do not quite attamn staustical significince
1n any of the weight groups Furthermore 1t 13 to be noted that the mean weight of the
smallest embryos s lesssn the 15 group thanen the 21 gooup « hech aught partly
explan the smaller Hb concentration

The sensitn sty of the hematoent for differenices in aminent oxvgen tension makes it
necessary to compare the mean corpuscalar solume (MCV ) in the expenimental groups
11 arder to rule out the possibility that the obsersed reactions were actuath dependent
upon anations i solume of the celly Lakewwse the mean corpuscular Hb (ML
was calculated 1 order ta see whether the increased Hb concentrauon 1s due marniy
10 wncreased cellular Hb or to mcereased number of cells with equal Hb content The
sesults of these ealetlations are seen i Fig 3 1t as obvious that the sarations i the
cunes are not systematreally dependent upon ambirnt oxygen concentranon Except
for an mutial shht drop an the mean corpuscular Hb common for alt 3 evpenmental
groups the curves both those eeprosenun,, MCHDL and hose of MOV run practically

honzontally
Discussion

If the general wend of the vananons in Hb concentrauon ervihrocy te countand h'rr'w
ocrit dunng embryome developm nt « compared with those found i previous studsrs
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the corrrspondence 13 quite sausfactory (for ref Romanoff pp 54596 10601 Seudies
concerning the effect of ambient oxsgen concentration on hematological values in the
chick embryo are but few and they deal mostly with embryos wcubated for 4 fes
days only The paper of Flemuster and Cunnigham (1940} concernmy the effect of
mereased atmosphernic pressure upon development of the v asculature and hematological
values 1 chick embryos seems to be contradictory to the present findings 1n o far
that they found very much lower (ahout 50 per cent) Hb content and erythrocyte
count 1n 8 dav old embros developed at a pressure of 40 pounds than in embrves
mcubated at atmosphenc pressure Hov ever the Hb concentrations i the control
embnios aged 8 and 10 days were hugher than tn @5y of our efmbryos of the same 25
or those mentoned i other papers {Zorn and Dalton 1937 Pilipenko 1957 Barnes
and Jensen 1959) On the other hand, the “decreased  values in the fugh pressure
embrvos exeeeded the normal salues for chick embryo Hb usually found at that age
I the present expenments are compared with & sumilar study made by the semor
author a few years ago (Astola et af 1929) there 15 complete agreement as far as com
paratlle data exist Thus the independence of the total Hb content of vanations i the
ambient oxygen concentration 1 the early chick embrye up o the age of 9 davs
T to the sumular wdepend of the relative Hb valucs enthrocyvte count
and hematocot up to age of some 14-~16 days in this study The difference bets een
the hemoglobm concentration of the embryos developing 11 15°, O and those de
selopine 1n 40° O, docs not seem 1o appear untl 1n the last week before hatching
Our working hypothens that the sensitivity (o oxygrn lack dexelops during the ontovensy
scemy, thus wartanted EHow cver the queston amses whether the phase of embrvonte
development at which the reactinty of the ervtheon to hypoa beguns to be man fested
depeads upon the degree of hypova and the metabolic need of oxvgen [hus one could
ssuree that durtng the later stages of embryomic hfe a relatne lack of oxveen easts
€0 1 the embryos ncubated 1n air but that no such disproportion betwcen oxvgen
need and supply eusts 1n the early chick embryo with an HBO, disociation cune
shufted to the left (Hall 1934) even at los er ambient osveen concentrations This
asumption however has ven hitle probab Fistlv Oy Tower
than 15 already mcrease the mortality 1n the early stases quite considerably Sec
ondly Yt 13 mot hkely 1hat 2 more severe hypooa woald exent a stmmlatons effect
because even the 159 O concentration seems rather to depress than 1o sumulate the
erythron of the youne rmbrvos weighmyg less than 7 & and beng less than 1+ davs of
age
If the age of 15 days as sugorsted by the present data would be accepred as a st
of reactivaty of the erythron to hypaxia in the developing chick embrio a quettion
poses tself as to what else 13 happemng 1n the orgsamm at that phase Considenme the
Blooad formune tsues 1t 1s at about this ime or sl ehdy carlier 12— 13 davs that blood
formagon bemns n the bone marrow It would therefore be tempting to conclude that
the reactivity of the ervit ron 18 matnly dependent on th bone marrow Unforunaicly
this conclumon cannot be made because the 15th day of embryonic development scems
10 Yepresent a cnitical pownt in many osher respects too Thus for instance the syn.hests
of some polvamunes ¢ g spermune bemn at that date (Ramna 1963 and the stabilin
of serum proteins (ereases suddenty at the 16th dav (Schechtman (931 Althoueh
the weight curves of dufferent organs show mostl a steady gan of weght ¢ g lunws
heart. b er bram) duning the entire embn onic penod some endocrines the by hop wis
and the testes reach ther maximum embriome weght atready at the §6th day of
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ncubation and the hypophysis becomes functionally actue at that date ({Case 19521
Likewsse the mawmum weght of the mesonephros 15 beng attamed approvimatel
at the §5th day after which it begins to regress (data campiled by Romanofl 1960 o
1449~~1151) More direct experniments are therefare needed hefore definite conclustons
are possble Examination of bone marrous for foct and elecrroph
determinations of the blood protesas 1 embry os meubated at different oxygen fensions
are the nearest targets of our inyestigations

As mentioned an the introduction the question af ety throparetims 1 closely linked to
the reactiaty of the erythron agamst hypavia One may ask whether the unresponst
veness of the carhy chick embryo ss due to wnability to form erythropoietins or 1o in
ability to respond to erythroporetns

This we intend to study injecting chick embryos with cobalt and with erythroporenn
contuming extracts i different phases of embry onie development

Wath the techmieal assistance of T Haapianen A heskmen P L Linspure M Morssmn
and L Seppala
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From the Laboratorre de Phys ologie Faculté de Médeane Toulouse France

Central Control of Static and Dynamic Sensitivaties
of Muscle Spindle Primary Endings
By
B Areeiserc! and Frangorse EMOVET Denasn

Recerved 19 August 196¢

Abstract

Appelberg B and F Emonct Derand  Central o trol of static and dynamic sensitirites of muscle
spwdle prumary ends gs Acta physiol scand 1965 63 487—494 — In cats under hight Nembutal/
urcthane ancsthesia electrical sumulat an within a restricted arca in the mesencephalon caused
3 atrong increase of the dynamic seositmaty of extensor as well as flexor muscle sp ndles Static
effects were usually weak from this region and sometines intubition of static actvity was evoked
s multaneously with dynamic activation From ne ghibounag regions augmentaon or mhiby
ton of static sensitivity was obtaned without effects on the dynamic sensit vity By usmg small
muscles and record ng electromyograms st could be shown that the ¢ffects on the spradles were:
ehicited without simaltaneous ext afusal activaion The couclusion 1 reached that central
st mulat on 1n appropriate reg 0 3 may m a rather sclective way actvate different populations
gamma efferent fibres having cither a dynam c or a statsc effect on the spindles The results

a ¢ duscussed 19 refat on o recent mvestigations of the effect of s ngle samma fib e swnulation on
spindle sensitiity

The discharge frequency of primary afferents from muscle spindles 1s dependent upon
muscle length and upon the actisity in motor fibres to the spindles Dunng steady
fusimotor discharge or n de p the primary disch 1 propor
tional to the marntased length of the muscle (the static response) Durning the phase of
extending a muscle the drscharge of the spndle primary afferents shows a phasic
behaviour The size of this phas ¢ burst of impulscs (the dynam ¢ cesponse ) s velated
to the velotity of the extension The static as well as the dynamic senuuvity of the
Pnmary endings may be increased by sntrafusal muscle contraction

* Present address Department of Phys ology \ eter nirhogskolan Stockbolm 50 Sweden

* The term  d namuc response was used by Jansen and Matthews (1967) ta mean the dif
ference in frequency between a po nt at the end of the period of siretching and a potnt 0 5 see
later Crowe and VMatthews (19t $a} suggested th term  dynanuc imdex o replace the imnal

one In the present comtext th term dynam response 13 used to mean the burst of impulses
seen du ng the penod of extending the mus 1



488 B APPFLBERG AND FRANGOISE EMONFT DENAND

Jansen and Matthews (1961 published 1 full 1962) suggrsted that the efierent 1a
ncrvaton of muscle spindles 18 so organized that the state and dynamic sensitivities can
be independently controlicd These authors found that ehanges 1n fusimotor 2ctnation
of spindies anduced by ventral root eutting reflex stmulation or spontancously occur
nng i decerebrate p caused tated 1 statse and dynamic
seamtwittes of ndiidual spindles Later expenments by Matthews {1962) indicated
the exsstence of two groups of fustmotor fibres the one increasing static sensitnaty and
dunminushurg the dynamuc index  the other augmenting marnly the  dymamic index
and arting only weakly on the static response

Lately expertments have been carried out to study the acuon of a smgle gamma fibre
on several spndles (Crowe and Mautiews 1963 1964 3 b, Bessou Laporte and 1 1ges
personal commumcanion) This sork has shown that snmulaton of a anen mungle
gamma fibre causes an increase of either static or dynamic sensttinaty in alt spindles ta
which the fibre 1s distributed this cems to prove the custeacr af 2 penpheral arpant
zation for modifying sclectively dynamic and static sensitivitres It should hov ever
e noted that accarding to the last mentioned authors fibres with effects intermediate
between statse and dynarnic are found

Durning exg with clectrreal ! in the region of the red nuciens
observations were made which seemed ta wndicate that sumulaton of adjacent but
separate reeons act differently on the statc and dynamic senniisstes of spiadies in the
gasteocnenuus muscle In expermments designed to invesngate ths phenomenon it
could e shown that an increase of gastrocnenuus spindle dynarmic sensias ity can be
obtamed from a restricied region i the mesencephalon cf bref communication by

~ Appelbery 1963)

The expeniments to be described were undertzken 1n an attempt fo determne
}ﬁhuhcr the central nervous system may selectinchy influence the different groups of
(usimotor fibres found tn the perphery  Fusimotor fibres to some muscies alio include 2
sroup of slow-conducting alpha fibres ‘Bessau Lmonet Denand and Laporte 19632
Emonet Denand 1903, Wish regard 1o thss fact smaji muscles one extensor and one
flexor were used mnce in such muscles any activation of alpha hibres conld mere
casthy be detected (for furthes description and references see Results) The results
obtamed show that central stimulauon m appropriate regions can actis ate selectely

s,amna efferents s hich have mainly a dynamic or a static effect on the s; mdles

Metbods

41 cats were wsed € 1 the expeninents In the begsnn ng 1 1) & oxper mental series pur N m
butal was tsed as an anesttenc [t son became cvident thas @ ¢ repeated admint traon
Nermbutal during extended e perim nts tx much depres ¢ 1 th cemiral ners us systess By
wsing a ruxture of Nembutal {32 mg 4y and urethane 2,8 mg b th rcatdse (N m utab
was consderably reduced and the apmls remamed m a moe Lvoursble condit 0 fle
anesthetic level was impertant § 1 the ef ¢ tanon of dynams eflects The nost sue enfuf ex
mens were caraed Tut 0 ammal baweng wme t o oespedally ¢ e fre lmtmant n
heck an § check musches and posseasing 3 learecut flex Feell < upen pro boAg a paw
operatne procedure sachuded expusure of the furil v and sacral spmal arf afer
lam nectomy Ther ght dorsstsnd sentralse al € % wereu willy utextradurallyt aso t
movements caused by contzal stimulat m n the leg and Lol On et fis feall ventaal e 1
were Jeft intact whitd the d mal rxt4 1 10 d were cut and u od £7 reeos fing th ifth ’l
Limnb was dencrvaced as compl el a3 poauble zxcept § 7 1t e mus! beag stud o Tre m:\( s
wsed were the med ad o Lateral Bastrenenm soleusdene ut g the preoneus lemuy e
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of the fort_extensor and abductor of the fifth digit) or the flesor longus digutorum (extensor of
the foot) The nerve ta the muscle under study and the muscle 1tself were exposed and covered
by 3 poat of Iqud paraffin kept at body tempe The leg was tulized by nig div

clampine the upper and lower ends of the tbia The tendon of the muscle was ronnected 10 1
myvgraph via the pulling device p eviomly described {Appelberg 1962b)

The act vity of single muscle spindle aflerents was recorded f om thm dorsal root filaments
The spmdle character of an ending was ascertamed hy observing the pause m ts discharee
durmg a musele twitch Only fibres having the charactenstics of pr mary endmns 1 ¢ conduc
tion velocity well abave 73 m sec and showing a dynam ¢ component i ther response 1 ex
tension were used The response of the spindie to extension of the muscle was recorded under

ontrol conditions and during electrical shrr ulation m the bramn For reasons which will be
ment oned under Results electromy ograph ¢ record ng was chosen as the standard method for
Trvealing act vation of alpha fibres to the muscle smudied This was accomphshed with the wd
“{ two Rl:lgtmoakcd wick clectrodes 1n contact witt the upper and lower parts of the belly of
the muscle

The fead from the afferent fibre the electromyogtaphic recording and the myograph output
{recor ing the tension developed in the muscle dunng ext nsor) 1 ere displayed on two

bl beam  oscilloscopes and photographed on flm moving at 50 mmsec After the ex
Perments instantaneous frequency curves were made by measunng sp ke intersals on magméed
traces of the film and constructing graphs with the teciprocal 1alues of thes 17 tervals Ina few
€¥peniments at 1t ¢ end of the senes an 1fistantaneo 15 {requ ney meter v as used instead

lated with thea dof a = electrode guded accord ng.
1 the Homley Clarke stereotaxic techn que St mul t on cons sted of traws of square wave
Impulses at a frequency of 300 impfsec and with a pulse durat on of 1 msec The d iration of
nd vidual st mulations was hept as shott a possible, usually about fi ¢ seconds Inaddimon
N br tno nunutes were allawed to pass between successt ¢ sumilation perods as  rebtund
dim nution of central excitab lity was often noted
Stimulaton was usuallv carned out on the kefiside e ps Laterally to the recording s de

Hustological venficat on of stunulating electrode sit€s was not made in the present senes of ex
ents

Perime

Results
The first I d a directed of the work p ly re
Ported (Appelberg 1963) It could be that electncal 1 contra

laterally 10 the bram in a reqion stereotaxically localized 16 be within the red nucleus
<aued a strong mcrease 1n gastrocnermus spindle dvnamuc sensitivaty  Ipsilateral
sumulation at a level probably shightly caudally to the red nuclews caused the same
type of effect and this stmulating site was used during the rest of the series The
sumulstion causing an ncrease of dynamie sensitvity of spindies often also modified
th i static response Such static etfects were however comgletely unrelated to the
dynamic effect and var ed for extensor spindles between fanly strong excitation to
clear—cut mhibiyon (Fig 1 in Appelberg 1963 demonstrated an oceasion where the
static effect was pracucaliy zer  but where the dvnamic sensitnaty of the spindle was
strongly increased)

mam ¢ act ation of muscl sp dles may ac ord ngtof cvent knowledge be accon pl sted
miwodferentways ith rb ¢t ton of dynamic g mma Fbres (ste above) Gr 13 shaw
condy &ing alph £b esha ng meratusal conn ¢ o3 The last ment oned tvpe of fibres ha ¢
n hown 1o ex ¢ 1n the dref | ntneal muscles of the cat (Bewou etal 1963 a Emonet
Denand 1963) and th posblt of th r presen € n other nuscles cannot be excluded The
stimulat on of 53 b fibres auxe an n reuse of sp ndle dynamic sen it vity (Bessou ¢t o 1963 by
Meweslow alphan torunt a  fu ther known to cause only small muscle act on potenuals
th y b1 eweak o tch ontra tions trang ngbetw en0120d09g) a d their tetan ¢ 1ens on 15
su By less thop 3 g Steg 1% 1% 4 Em net Denand 193 Appelberg Emon t Denand 1o
be publshed) % th rega @ to the ery small changes n tens on produ ed by these fibres 1t
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Fig 1 Recording from extensor spidle affercnt (flexor Jongus digttorum) Eack dot represents
one ’P‘ki and 1n the vertical plane also indicates the 1nstantancous frequency of ths sprke

o the one (sce frequency scale to the Ieft) A 15 the control record ng B
was obtained while sumulaiing the dynamie excitatory region Duning both frecordings the
muscle was extended linearly 4 mm from an mitially pracuically unloaded position ‘The pefodl
of extension 15 indicated by oblique part of the line below the recordings
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peroncus tertius) 3 1s the controf cecord ng B
reticular formation and € during sumulation
within the dynamic exaitatory regtan Muscle extenston i all recordings 4 men from unloaded
position (tndzcated by oblique part of line below recordingy,

Fig 2 Recording from flevor spindle afferent (|
btamed wh the

was considered ad 0 use elect ! ¢ recording as 3 ennt ve check ofalpl 3
activation snstcad of conventional tension recordiog Further a small muscle was chosen to
allow even small clectrical events wn the mtenor of the muscle to be recorded on ity surfsce

In expertments carmied out on the flexor longus digitorum muscle 1t could be shown
that dynamic actnation of spindles was obtained without any electromyographic
changes being recorded in the muscle 1 e without any simultancous alpha activation
It should be noted here that 1n spite of an existing tone 1n many muscles especiatlhy in
the anteriar part of the preparation spontancous alpha actnaty in the muscles used was
but rarely observed Fig | fumnhes an example of dynamic activation of a spandle 10
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Fig 3 Rerording from spindle afferent from peroneus tertus. A and B were both obta ned as
<controls but at different stages of the expermment Note spar tanrous change mawnly 1n dynamic
sensitvity G was recorded during electncal stumutation i the dynamic exciatory region and
shows a strong increase m dynamic sensitvity with practically no stauc effect In all recordings
the muscle was extended 5 ram from an 1unally pract cally unloaded position.

the flexor longus digitorum  Central stmulation 1n the dynamic region moderately
ncreased the static discharge of this spindle as seen when companng recordings A and
B before begimung of stretch or at the end of the recordmgs when the spindle has
adapted to the new length of the muscle The change 1n behaviour of the spindle during
the phase of extension was however much more important. Dunng stmulation 1 B
the spindle thus starts 10 react to the extension earhier than 1n A and then contipuously
ncreases its rate of firmg throughout the phase of extension
The dynamic senmtmaty of muscle spindles m the peroneus tertius muscle could be
readily inereased by sumulation m the same region as for extensor spindles Here also
the dynamic effect could regularly be obtamed without concomatant alpha actsvation
The stmultancous effects on the static response of flexor spindles were always more or
Jess excitatory 1t was considered valuable to compare n the same spindle a centrally
evoked static effect with onc of € ¢ dynamic y type Such a s
demonstrated 1 Fig 2 where A 1 a control B was obtamed while sumulating the
lormatio retirulans mesencephalt and € was vecorded duning stimulation 1n the usual
region deeper In the brain stea The artivaton of the spmdle in B concerns only the
staue discharge and the dynamic burst 1s consequently practically absent InC on the
other hand the spindle 1 statically activated to about the same degree before streteh
but also responds vigorously during the phase of extension producing a dynamic burst
consnderably bigeer than in A and B The frequency then rapidly falls to a level close to
that i B
n bser which was f ly made s il by the duffe

betwcen the recordings shown in Fig 3 A and B These were both obtasned as contyols
without any simultancous central stumalauon. but at different stages of the expennment
The record ngs demonstrate a spontaneous 1ncrease 1o the dynatmue sensitinaty of this
spindle § m lar spontancous chanzes of static sens vty were also encountered Fig 3 C
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agan shows the effect of central sumulation which in this case caused a consderably
stronger dynami¢ activation of the spindle than was ty evoked O 1
such a strong spontanecus augmentation of the dynamic sensitivaty occurred that the
centrai stimulation was more or less wathout effect Fig 3 Calso grves a demonstration
of a fairly slow decrease of frequency occurnng after the iniial rapud drop of the dis
charge at completion of stretch Crowe and Matthes s (1964 a} noted this stow compo-
nent of the dynamic response and attubuted 1t to a slow drcay of tension in the
wntrafusal musele underlying the dynamic receptors

The above described dynamic effeet as well as inhibtory and facthtatony static
effects occasionally observed were thus as previously mentioned obtained sithour
action potentals bemng recorded from the muscle The spindle cantrol as 1t has been
prosented above 15 therefore exerted via purely fusimotor pathways, 1 ¢ sea the
gamma motor system It was however regulasly observed for extensor as well as for
flexor spindiey that an augmentation of the wtensity of the central sumulus m the
dynamic area ncreased the dynamic effect on the spmdles but simultancously brought
an small spikes 1n the electromyogram These muscle actron potentinls were never

d with sible ¢ s of the muscle and differed conniderably i size
from buy, spikes occasionally seen occurring stmultaneously with twitches in the muscle
Te1s possible therefore that the electicomyogram cvoked by stronger sttmulauon 1 the
dvnamic region and being associated with an mereased dynamic effect on the spindles
was caused by actnaty m slow alpha motor upits  Atiempts to evoke ths type of alphia
actrauion from neashy regions without dynamic spindle effects bring ehened were not
successful Obsiowsly the present cxperiments do not reveal whether the increased
~dynamic effect on the spmdles 1n this case was caused by ntrafusal branches of sloy

conducting alpha fibres being actnated or was sumply due o a more complete stm
wation of the dynamic camma motoneurones
“ Difficulnes in obtaiming the dvnamic effect could almast always be referred to the
anesthesta bring to derp ar occanionally to the stmulatin., electrode being wrongly
placed [1+ asfrequenths observed that even small add; ! of the anesth
completehy prevented the transmission of the dynamuc effect while the stanc #ffects
were sull obtaned Under fi ble expernimental cond, the cf of the
dvname effect seemed to be independent of the pertpheral end organ chosen Even ot
quanutatne differenees i the reaction of individual spindles were scen the results
descnibed are typical for all spindles ms cstimated m Rexor as well as m extensor muscles

Discussion

The results of the present i ahgation demonstrate the exstence of separaie TeRiony
watlun the central nenons systemn the stumulaticn of which causes 3 setting, of musct

spindle sensitivaty in esther dynamic or stave direction From the fact thas clrctromyo-
graphuc vecording at the surface of the small muscles used detected no signs of extra

fusal activation during the penods of central sumulaten 1t must be concluded that
the effects studied were transautted wa purely fustmotor pathways 1€ via th gamma
motor system The inerease s dvnamic activation of the spindles upen ay~menting
the central stumulation tmay hase been caused by actnann of slow-conducung alpha
fibires having intrafusal connrctions but may shernanely reflect only a stronger

amma actis ation
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A concept of the fusimotor system as being strictly separable into two functional fibre
groupe having cither purely static or purely dynamic action on the spindles 1s probably
amphfied Bessou Laporte and Pages (personal communication) have observed that
some gamma fibres cause effects intermediary between dynamic and static With this
i mund 1t 18 not surprising to find that central sumulation 15 not alwavs capable of
Producing completely selective static or dynamuc effects It 1s becoming more and more
evident that the region of the red nucleus 13 an 1mportant area for muscle spindle
control (see also Appelberg 1962 2 b Appelberg and hosary 1963) It seems hikely that
from such an arca the spindles may by appropriate actrvation of their motor fibres be
set at any desired combination of static and dynamuc sensitivity During the present
expentments varying static effects werc obsenved to occur simultaneously with the
dynamic actnanoen. This was probably due to the stmulation activatmg mamly 4
region controlling dynamic gamma motoneurones but to a certan extent spreadmg
also to neighbounng regions so as to yreld sorme static or mixed effects

The observation that the central nersous system left to 1tself under farrly Iight anaes

thesia may ly alter tn an way dynamic or static properties
of the spindles 1s interesting Stmular observations were reported by Jansen and Mat
thews (1962) on decerebrate cats The functional of 1nd. central

contral of muscle spindle static and dynamic sensittvity seems to be emphastzed by
these findings

The importance of the depth of anesthesia for the chicitation of various effects on
the gamma system from the region of the red nucleus 1s remarkable In the decply
anesthetized ammal the spindles behave as de eflerented and even strong central
sumulation does not alter their regular discharge The first signs of connection between
the bram and the penipheny tions 1n the stat ¢ disch f the spind
Jes In thus stage decrease of static sensitvity duc to gamma nfubitton 1s the only cffect
€aused by rubral sumulation In a more acuve preparation faciitation of static
sensinity 1s evoked from parts of the red nucleus (cf Appelberg and Kosary 1963)
The dynamc effects described 1n the present work scem to be evenmoressensitive to the
influence of the anesthenc used It seems likely that these differences m susceptibility to
anesthesia reflect differences either in number of neurones tn the pathy avs concerned
or n the qualities of different pools of neurones 1 the stmulated area

The fact that ipsilateral sumulation was employ ed 1n the present scrics of expenments
does not exclude the participation of the red nucleus i the effectsobserved Itis believed
that the sumulation affected aither the already crossed rubrospmal tract or fibres from
the cercbellum destined for the red nucleus This suggestion 1s supported by the observa
tien an prel ¥y exp that I 1 1 localized
10 the red nucleus produced rdentical effects Also dynaruc effects were obtarned by
hustologicaliy localized rubral stimulation by Appelberg (1962 b} These effects were
then descnbed as resulung from mechameal events 1thin the spindle and thus as
bemng secondary to the stanc effects sumuliancously cvoked Tt may now be supposed
that the results were duc to the dynamuc area having been umy uungh stimulated
Further work with appropriate hustological local zatton of stimulating pomis will
however be needed to elucidate this pont

36503 44 phyw! 4 K1 BT
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Fig 1 Aboe VWash out curves from one expenment with occlusion of smaller sidebranel (A)
larger sulcbranch (B) and mamn trunk (C) of ] ft anteror descending artery
Blow Corresponding semiloganitl mye plott ngy resolved into 2 slnw plase repres ntng

coronary collateral blood flow (CCBE) and a fast phase representing bl sod flow 10 1 rsnally

prrfused myocardium _Caleulated values for CCBF demonstrate its deprndence on the nire of
L te schemc regn n The quonent FS 15 obtained from the zero sme activity valyes of fast

and slow phase and 1s an espression of nrmally perfused versus schemic myocar il m «

i1 extended nchemic mass from A to C 1 reflected i these quottents The terminal rips §

whsh out of ind cator . 3 reactive hyp i afer

s

Mecthods

Tre results [resented i ths repest wer obtamed 1n expert sents on 70 d s The expr +
racntal pr xedure Fas been described fully sn the previous papee 1 Johanson fal §0 1) 1
which the realer is ref rred £r method Dgrcal d tads st goven bel w In prnoigl o o
majs were anesthetized 1 v with pentcbarbital curarized and artificially sentidat of wit
pen svstem The heart way exposed by a Jeft th r ot tay A fine pelyettylene attet £t
beused f rclmearterial ingects ns of hr* a lut on was suture £ int > the left antert ¢ escen bing
coronary artery Sections of this sessel distal and/ar proxanal € th ot £y (€ nowere dis
sected free and placed v nares f s subsequent scclusi n The elm st nof Ret e m tle
myocardium afier close art nal a lonmustrats nowas  brerved by extern. b r e rding anf o
wash out cunes btammed were aradvied as drscrbed 1t e prev ou publi o ¢
Arterual 2] pressure and 1€ were rec rled € atpussly R peateddeters man o f

cardiac utput were d n during the ¢ urse of the exprr wnis usi 2 th Rrvpt o te hn ju
descrited by Lo melt Braumesld an} Brorkeabr vels 11X) ) keep the gerer ) e
vascular state a3 constant a3 poss bl rtenal Hw | presure was dpu ted i nany expre 1 ert
I'y means of a presure Ictilecnrn tedto ¢ fdefer ralartnies alte rie o wae
trelled by electnaal sumulaty o i sentn da aft rblockigtt v Vo ssnlby n
srction of frmal ne or ale Yl o septun (Curnaneal 1929

T ¢ appraumate size of 1t e my scardial re ns subjecsrd ¢ sch ma v b A rent s
nary actrry occlus na was d ternined at e end feach experment Ttese estm tom wer
o e on the b of the gross anat my of th veswlsand £ ¢ forag Ttinmd s syect s

Cdve (heatn fast green C ba ot the d Terent brarches File anter Yeueniimg € v
nary artey The pespecuine pe ruyoms of the my xardium wer cut ut and wegled Vw1t
wtal wegttsclfthebeartand Cebeleft ventr ele wer 1 ted
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rd
Fg 2 Paed values from 29 double
determinations of € CBF in 16 expts
Deviations from hne of dentiey less than
15 per cent / TCBF mitmin Mg
©0 0 x 4“0

Results

The wash out recordings from one expenment (Fig 1) are shou 1 to illustrate the
m; ial clL of 1 a ad d I when artenal branches of different
caliber were occluded Curve A was obtamned + hen a smaller side branch of the left
antertor descending artery was occluded snstantancously at the arrow on the cune
Curve B was recorded after occlusion of the larger branch from the same division of
the main trunk  Occlusion of the latter prouraal to the bifurtation resulted 1n the
decay curce in G Krypton® was injected n afl three recordings through a thin poly
ethylene catheter sntured into the artery some cm proumal to the occlusion site 1n C
When plotted semuloganthmscally  as desenibed i 2 previous commumication {Jo-
ansson ef al 1964) and shown below the recordings i Fig | these cunves can be
resolved into two distinct components By using the rate constant of the slow compo-
hent 1t s possible to calculate the amount of blood flowng inta the 1schemic regon
Ha mtercoronary anastomoses and posibly from otber sources This flow will be
trlereed to as coronary collateral blod flow COBF \alues for CCBF calculated
from the actual recordings were in A 22 1B 17 2ndn C 10 miymm % 100 g muscle
The fast component (E; in the plottungs is deduced by subtracting the ordinate
values of the slow from the curve and 15 1dered to represent
flow 10 the normally perfused muscle Calculated flow rates from these components
tn the actual expenment were of the same order during the inseriptions of curves B
and C amounting to 176 and 116 mlmun 100 g tissue respectnely  Furthermore
th y correlated v el with a value of 124 ml oun 100 g for normal coronary blood
flow obtained betore the recordings sn Frg 1 The sigruficantly h gher value arrnved
at e \ desoite same heart rate and svstemic blood pressure prevailed throughout all 3
retordings + as probably duc to the reactine hyperemia o1 e11ed by a previous ecclusion
since at A e was mpecied 1 athin one mmute after release of this occlusion According
to Coffman and Gregg 1960 the reactive hypererma enswng, extended periods of
temporary myocardial scherma wsually lasts 7 un or longer
The ardinat values of fast and slow cormponents at the moment of artenal ocelusion
are gnen as a quouent FiS 1n each plottine, in Ftg | According to the analysis re
cently presented (Johansson ¢ af 1964 this quotient should reflect the size of the
normally perfised crsus the  chemic part of th m ocardial remon saturated with
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Fig 1 4bove Wash out curves from ene expenment with occlusion of smaller sidebranch (A)
Iarger sidebranch (B) and main trunk (C) of left anterior descending artery

Below Corresponding semilogarithmic plottings resolied into @ slow phase represenung
coronary collateral blood flow (CCBF) and a fase phase representing blood flow 1n narmallv
serfused myocardium _Calculated values for CCLF demonstrate 1ts dependence on the size of
ihe 1schemic region The quotient F/S 15 obtained from the zero Ume actinaty values of fast

d slow phase and 12 4n expression of normally perfused versus ischemue myocardil mass
11 ¢ extended 1schemuc mass from A to G 13 reft cted 1n thes quotients The termnal rapid
¢ush out of nd catar ponds 1o reactive b afier uncl

Methods

The results presented an this repcrt were obtained 11 expeniments on 20 dogs Th  xpen
mental procedure has been descnbed fully in the previous paper {Johansson ¢f of 1974) ts
which the reader 1s referred for methodological detarls not given below It prineiple the ant
mals were anesthetzed + v with pentobarbital curarized and aruficually ventitated wit) 4n
open svstem The heart was exposed by a | fi thoracotomy A fine pols ety lene cath eter ke
be used for closearternal inject sns of he* solution was sutured into the | ft anterinr descend ng
coronary artery Sections of this vessel distal andjor proimal to the site of iyects nwere d s
sected free and placed in snares for subsequent occlus on The eliminat in of F5* from the
myocardum afier close riern) admnutr- 1 0 was obscrved by exicrnal recording and she
wash out curves Gbta ned were analysed as described 10 the previous publ cat n

Arteral biood pressure and ECG were recorded continuously Repeated det rm aaton [
cardiac output were done dunng the course of the expeniments using ! &€ Rrypte n techn que
deseri] by Cornell Braunwald and Brockenbrough (196 T keep the groeral ard »
vascular state as constant as possible artersal blood pressure was adgusted i many expetir cns$
by means of a pressure botile onnected €2 e of it ¢ femoral art ez and Feart rate wa 1
trolled by electrical sumulauon of the ventn les after tlocking the A—V transmuscnt o
section of formaline or alechol 1nto the seprun (Guzman ef 19 9)

The approximate size of the my xcard al reg ns subjected W sschernia by it e dfferent -
nary anery ccclusions was det rmwsed at the end of esch experin ent These estimations w ¢
done on the bass of the g7 ss anatomy of the vossels and of the celer ng Eeuned by img 1
of dee {heaton fast green Cibs info the dufferent branches of the anten ¢ dexcending ¢ £
nary artery The respect ve prruon f the my xard um were cur out and wesfed S e

total we ghus of th heart and of the lefi ventric! were poted
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and Gregg {1960) of the magnitude of the hyperemc flow after perods of coronary
artery occlunion of increasing length the Row values obrained with the present desatar
auon techmaue probably correspond to peak flow alter the prolonged chemia 10
duced 1 the present study Caleutated values for reactne hvperenuc flow wm Fig |
at¢ i the same range i A and B but considerably ngher m C afier longstanding
schemsa 1 a farge myocardhal region However no conmstent correlation bets een
the reactive hyperesmc flow and the size of the ischentc regron has been found m the
present senies of experiments

A rapid wash out of residual mdieator after release of an occlusion has been taken
a5 2 entenon of nonrestnieted artenal mflow and undisturbed clearance of ke

The reproducibility of values for cororary collateral blood flow obtained with the
present technrque was studied tn a series of repeated rdenucal and mostly consecutne
occlusions m 16 evpts as lustrated in Fig 2 The pasred vahues differed by fess than
10 pre cent 1n 24 double determinations and by 1613 per cent 1 the remaimag 5
¥n some of these expeniments artental occlusion vas made proumat to the injection
ste In these cases the slow phase appeared very soon 1 the wash out cures { Johans
sonet al) CCBE ranged from 6 10 36 mhrmin 100 g tschemic muscle in the sertes
of doutle detesmunations

In the present study determmanon of normat blood Sow has been made briore and

altee each occlusion penod Values from these curves
correlated well with thase dert ed from the fast components i the biphasic recordings
dunng oeclusion in an apprecable number of d Some

€ud nce has ndseated that occlusion of an artertal branch may affect flow in nerghbour
branches (West hohavastu and Snderson 162 Guzman Swenson and Jones 1962)
To study s problem further a separate cxpenment was designed and will be desenbed
mate sn detal The results are reparted tn Table 1

Cathetee for th hrvpton myections + as postioned m the keft antenor descending
artery about 2 cm from 1s ong n and some cm prowmal o #ts rammficanion nio a
somewhat larger let branch and a rght branch Snares were placed around
bath branches close fo the bifurcanon Stable A% block was mduced and the heart
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Fig 4 CCBI in relation to the estmated weight of the acutcly sschemec muscle \ alues in
each dog are interconnected

was stimulated aruficrafly Varations in the systematc blood pressure were kept at a
mmmum  Determination of normal blood flow without occlusion and with a heart
rate of 120 was performed The nght branch was then occluded hr® was injected
withm J aun thereafter and the desaturation curve recorded Calculated flow from the
resulting monoexponential decay curve did not difer grossly from the previous de
termunation of normal blood flow Occluston was released and somewhat later the
Ieft branch was occtuded and Ri™ anjected | mun later The obtained flow value

was also in the same range as in the two previous determinations ay well av a flow
deternminauon without occlusion repeated shortly afterwards The next step way (0
occlude the nght  branch afier Rr® njection 1n order to determine coronary col
lateral blood flow After a sufficient tme antenval the same determmations were per
formed with the left  branch occluded The same procedures were repeated after
stepy 1se increase of heart rate to 160 and 200 beats/min and return to 130 as scen in
Table I\ alues for myocardial blood flow obtained from the monophastc cunves « ith
and without occlusion and those calculated from the fast components tn the compoute
desaturation curves dunng artenat occluson did not differ systematically at any heart
ratr The lighostrvalue of 172 ml smin 100 g was obtuned vithtn | mm after reletse
of a previous occluvion and 13 thus probably influenced by the reactive hyperemia

Euvidently there was no further increment in coronany blood flow when heart rate
was stepped up (rom 160 to 200 beats min There was a fall m total coronary sascular
resistance with increasing heart rate and a readjustment to control salues after rester
ing wteal heart rate

The Juctbility of the F'S qi was studied 1n 2 double determinaticns
Fig 3 1o of the paired s aluey differed by mose

P
1 L experuments as reparted 0
than 30 per cent

A« already mentioned the weights of the muscular portons supphied by the occlu led
branches were esumated at the canclusion of the expeniments  Thene welts have
been § lotted 1o Fig # against the corresponding values for corcnary collateral toad
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Fo 5 CCBF m relation to the s ze of the sschemic region expressed 1n per cent of Ieft v entc
ular weight Same expenments as in Fig 4

flow obtamed 1n 20 expts with occlusion of different sized artenal branches in each
doo Flow values onginate from the first desaturation curves with artenal occlusions
nsenbed under stable card: 1t d in each As one mught
expect there 15 a great vanabity among the dogs 1n the magnitudes of coronary
collateral blood flow and the sizes of the ischemuc vegion None the less there 15 a
striking correlauon betneen flow and werght of 1schenuc muscle in most animals In
6 dogs wath the lowest values of CCBF this flow seems httle influenced by altenng
the mass of schemic myocardium Three of them were markedly hypotensive which
might have reduced the CCBF Despute this fact probably all six of thesc dogs had
collatera} pathways with more lunited flow capacity than the others The oppostte
Was true especially 1n one dog with a coronary collateral blood flow of 14 mlfmun x 100 g
\ﬂhllx"\ an 1 chemic muscle mass of 53 g representing 37 per cent of left ventnicular
weight

o values for CCBF were obtained from ischemic regions of less than 5 g In these
€ases no slow phase of sufficient durat on appeared at the end of the recordings before
indicator activaty had fallen to the background level On the other hand detcrminat on
of CCBT 1 as made only once i an ischemic muscle region larger than 35 g This
was due to the h gh frequency of ventricular fibnllanon resulting from occlusion of
an arterial branch of that cahiber

s scen 1n Fig 5 CCBF has been stud ed within ischem ¢ regions ranging (rom 6 to
37 per cent of 1otal left ventnicular v eights

Discussion

Sexeral different methods hay e been used 1n previous expenimental stud es of myocard al
tollatera) blood flow after acute occlusions of caronary arteries

Retrograde flow from the 1 gated artery has been used as an indirect measure of the
collateral blood suppls When the antenor descending coronary artery of the dos
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supplying some 50 g muscle was acutely ligated 2 retrograde outflow 1 the range of
3 mi/mm was obtained (Gregg and Fisher 1963) Such measurements have been as

sumed to overestimate collateral blood flow duc to the relatnely Jow flow resstance
of the draming canmula as compared to that of the drstal coronary svascular bed

However studses of myocardial uptake of Rb * have mdicated that the capillry
blood flow withnn the acut by wschemic heart muscle 1s considerably greater than the
retrograde flow from the same region (Levy Impenal and Zieske 19G1) They found
with Rb* a CCBI corresponding ta 3375 per cent of blood flow w the normally
perfused myocardium (sec also Chansky and Levy 1962) The discrepancy between
values of CGBT obtained with the two technigues seemed to mdicate that the schesuc
regton recerved additional blood supply through channels other than intercoronary
anastomnoscs

Myocardial uptake of deuterium oxide was used as an indicator of ussue blood flow
in the experiments by Mc Lean Hedenstrom and Rayner (1962) They found an up
take m acutely sschemnic heart muscle which averaged 7 per cent of that i the normalhy
perfused regions The ehmination of NaI®! after dircct sntramyocardial myection nas
recorded externally by Hollander MadofT and Chobanian (196! 1963) Iotal occlu
s1on of the coronary artery supplying the actual reg1on was reported to stop eltmsnation
of indicator completely

Studies of uptake or eimimation of indicator substances should be expeeted 1o reflect
collateral capillary blood flow better than measurements of retrograde flow It as
evident howerver that there are considerable dis ergences between the results obtwned
with the vanous ndicator techniques mentioned above In the present study with
hr* the values for CCBF afier occlusion of the main artery agree best with those of

#Me Lean and co-workers using D,0 The Lact that these two indicators are both inert
and rapidly diffusing molecules probably explains ths conformty of the results
The comparably high uptake R found in ischemic myocardium by Levy and collabo-
rators may be at least partly explatned by the refatively greater extracuon of Rb at
low flow rates (Nolung ¢f af 1938 Lave and Bruch 1907 Wath the method of locrl
njection of an indicator as in the expeniments by Hollander Madoff and Chobanran
(1961 1963) catheterization of coronary artenes 18 srvoided and also 1t should be pos
sible to determune flow within certain restncted areas or cven layers of the myvocardium
It remains to be shown howeser that chiminanon of a tracer from such a local mjec
tion 1s sumphy flow dependent and 15 not imited by the diffusion distances

Part of the present report has been concerned with the reproducibality of the values
for CCBF obtained 1 1th Rr® The senies of double determinations presented m Lig 2
shows a difference between paised values of less than 15 per eent Lsuimations of CCBI
with this are thus ly reproducible under stable cardsosaseular
condition  Signdficantly larger alterations in CCBL have bren produced by expen
mental changes of artenal blood pressure hematocnit and blood visconty  Johanwon
Linder and Seeman to be published?

As indicated W the results of alternative ocelusions at different levels of the feft
antenor descending arters the collateral capillary bloed flow per untt wesght of tissue
1« dependent upon the wize of the uehemuc region 1F1g 4) Dunng clamping of the
trunk of thus artery v hich made some 0 to 30 g of myocardium 1schemue collatrral
tlood flows 10 the range of 6 to 21 ml mip 100 g were obtaned Dutal occlusion
of the artery or occlusion of stngle side branches was in most anumals asociated with
relatnnely hugher values of COBE per unit waght Some ammals Fowever did not
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show sgmficant diffe w CCBF a ph which may zeflect x less adequate
supply of collateral vessels It 1 reasonable to assume that the latter group of ammals
would have abio increased thewr relame flow values of sull more diseal occlusions had
beent made:

Some patticular attention was pard 1o the determinatons of the relatne nize of the
aschenuc region 23 veflected by the zero tsmeantercepts of the fast and slow components
fospectively 1t was assumed that 1 al of card lar parame
ters {blood pressure heart rate blood viscosiny ) myght rafluence not only the collateral
blood How but perhaps also the mass of myocardial tisue which was subjected to
sestrcted blood flow duning cotonary artery acclusion. Even of the quonents obtatned

w with alternats 1 were cleatly d d upon the size of
the myocardial segions supplied by the different v essels occduded (Fag 1) they saried
derably in double & (Fig 3) Thuvw apparentty due to difficuitics 1n

standasding the Rrypton tngections n making an instantancaus occluston and in
mackine this moment exactly on the curve Small or moderate changes i these quo-
tents must endently be judged with great caution

The rapid phase of the compastte wath aut cune ohtamed duang coronary oc
clusion showed 2 rate constant which closely correlated with that of the monoexponen
tial curve abtamed 1n & ding ar follovang di of normal myocarcial
blood flow 3 ¢ when the coronary artery watlefi apen It mav be questioned whether
he rapid phase of the composste curye gises A true prcture of ussue blood fow i the
Tyocardial regrons supplied by the patent branches of the artery It has been reported
that embalization of enc astenal branch produces reflex changes of vascular fone m
other parss of the coronary vasculature Studies of such mntercoronary reflexes have

ven conflicting results Some authors report others
(¢ & Guzman Swenson and Junes 1952 West #2 ol 1967) Mhocardul blood fow
outaide the Tegion of ischemua was d d selectieh i the exp desenbed

20 Table T The blood flow vatues fowad under these Qrcumstances were not svitemane
ally different from the contral values obtawed v hen no coronary artery \ as clamped
The sesults 1 Table 1 wdicate also that the capid phase of the cornpostr Cune 18
Tepresentative of blood flow outside the sschenue regian The present studs thus dends
T support ta the exsstence of mtercoronary reflexes acuvated by artenal occlusion
One possible reason for this negative result could be that the nervous connections
mediating such reflexes had been interrupted by the dissection of the anteries

The present studv + as upported by grants £o  Sven ba Nar onalf enwgen mn Hy 1 och
Lungyukdomar
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From the Department of Anatomy Umivernty of Helsmkr Finland

Fibres Containing both Noradrenaline and
Acetylcholinesterase in the Nerve Net of the Rat Imis
By

Oravi ErRaNkO and Lusa RABANEN

Ganglion cels which contam both (NA) and acetylchol:
(AChE) have been demonstrated mn the supertor cervical ganglion of the rat (Eranko
2nd Harkonen 1964) In the present report cbservauions are presented showing that

A and ACKE are present together also mn some fine fibres of the sympathetic nerve
net of the ins

The s was spread fresh on a clean shde and was allos ed © dry \4 and AChE we ¢ then
demonstrated 1 cach preparaton as described recently (Eranko 1964) The dry ins was
t expsed to formaldehyde vapour 10 render NA fluorescent and photographed It was then
subjected to Gomon s (1957) modsfi of Roell s method and
agan
As applied to s the method proved d ficult because formaldehyde tended to dest oy all
ACHE acuvity 1n 1t However by reducing the exposure to farmaldehyde just long enough to

:;_duca A fluo escence about 20 min at 40 G ACHE activity was sull demonstrable there
frer

The distnbutions of NA and AChE were compared by supenmposing the pars of
Photomicrographs made of each s preparation It was thus posstble 10 compare the
%o reactions in the fine tortuous fibres more easily than n pictures examned side
by side Fibres with NA appeared white agamst dark background in the fluorescence
Photograph and those with AChE acuwity appeared dark agamnst bght background in
the other photograph Accordingh fibres which were white n one picture and dark
n the other when 1

Many of the finest fibres of the 115 obviously belongus t the terminal svmpathetic
n e net not only exh bited fluorescence due to NA but also sho ed AChE actwity
Other fibres were Aluorescent but did not exh b t AChE act vity and tice ersa This
suggests that the mnervation apparatus of the s includes 3 types of fibres 1 ¢ fibres
contamng both \ A and ACE and fibres contammng ether N or AChE

Confi our v on the ins (Eranko and Harkonen 1964)
the results noy further the hesis of the eustence of svm
Pathenic fibres shich are at the same ume adrenergic and cholinergic 1Burm and Rand
1967 Roelle 1962, They also complement Richardson's (1964 recent electron mi
croscopic obsenations according to wh ch some synapsesof theins presumably the
cholinermc ones contain synaptic tsicles only while others presumably the adrenergic
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ones contain both synaptic vesicles and clectron-dense  probably catecholamme
contammng droplets

However Richardson {1964) also shoned that fine nene fibres ofien run so close
together that they probably appear as one fibre under the hoht mucroscope The
demonstration in the present work of both NA and ACHT apparently in single fibres
may therefore be due to closely associated but separate fine fibres some of which contain
A and others winch exhibit AChE acusaty In view of the existence of ganglon cell
containing both N A and ACHF 1n the supenor cervical ginghon (1 rankd and Harkonen
1964) from which ongmate the sympathetc fibres of the sns the real castence of
similar penipheral fibres appears more hikely Laven of adrenergic and cholinergic fibres
of the iris should be separate they appear to be close enough 1o make posuble the
nteracnion of cholinergre and adrenergic mechanisms s proposed s Burn and Rand
11962)

Duning Ir fessor G B Roelle s vistt 1o our laboratory i \ugust 1961 1t became af pirent
that cbsenvations essentally sumafar to the  reporied an the 1 resent paper hase independently
been made 1n b Jaboratory in the Lnr ers ty of Pennnhants We gratefully acknos lelce
stmulstiog discuss s with him
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From the Deparument of Pharmacology Unnersnty of Lund Sweden

The Dynamucs of the Inotropic Changes Produced by
Ouabamn and Increased Contraction Rate
By

K A P Epmas and E Natssos

The aun of the present mestigation has been to explore the dynamee mechansmsof
the motroprc changes produced by ovaban and mcreased contractaon frequency
abhut papdiary yuscles

state of acuv ty of the contractile umt (Hill 1343 2t vanaus mon aats after stmulation
2 deterniined by usng the shorteming veloc ty a1 a wmall load (30—100 mg) as an sndex
atcurd ag 10 the quick release method used previously mn skeletal musele {Jewelland W Ik e
13.8) Admiost the whole e caurse of the active state of the papitlany muscle can be ade
Gustely determ ned n this v ay thed Factivigy at bemgexp esedas

2 fraction of the tennty at full actmh  The experumentat procedure abo rmge 1t pass ble
# measure the serves clastic compliance (see Wilkie 1948) The force scloaty ohat on was
by afierloaded m close w th the of the tme

foune of the achmite state Sinultancous record ags of tension amd shorenmg could

made by mounting the preparanan between an ssotome lever (stauc facuoe 2 mg
30 valent roass 113 my photoclectne recording of movements) and an RCA 5734 transducer
fitted sn the bath

¥ie 1 allustrates the force  clocity retation of a papillan muscle (38 C) at contrac
fion frequencies of 30 per run and 75 per nun n ordinany Ranger s solusson and at 30
CABIACHONS Per min n the presenee of 0 48 2N ouzbais s can beseen onabam and
mereased frequency affect the force velotitv cune 10 a very simitar way causng an
almost paraliel saft of the cure away from the ongm The mtersecnon of the
force welocity cunes with the abscissa represents thr capacity of the contracule umit
te produce wometne tension dunng full activits ¢ e the maximal intennty of actne
ate at the different stuauons studied anewing the somene hwneh tension and the
fraction of the maximal activaty of the contrachle umt at the mament when the peak
tension 1g soached the artual value of the maxmmal capacity to produce tenswon can
be denved The valucs so esymated ploteed m Fio | fit well tia the evirapolated
Parts of the force scloaty cunes 1113 concluded that ausban and nereased frequency
buth inerease the maximal wtenst of the acte state

Fiz 2 (A ©) sWustrates the fime conr  of the actn € stare of 2 rabbut papitian muscle
under condstions swmlbac to those w Fie | At a contract on rate of 30 per mum mn
ordmary Reager (\s full actnity w reached at sbout %) msec after sumulation and
ity begins to dechne at about 135 msec The actnany has dectined 1o abouy 80
of the plateay 1alue at the moment vhen the wometne tanch i mat mum Cuaban
(CY increases the rate of nse of the act vty leading 10 attamment of full inten in
2t an earhier moment afirr stmulation The decay of act 1y also starts carher wosultog
0 4 marked reducuan of the durztion of the scwve siate Ssmifar effeers are produced
by wncreases i frequencs (B Howeve  for 3 gsen increase i the mavmal capacity
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Fig 1 Force veloaty curves of rabbit
papillary muscle at contracuon rate 30
per mun (@) and 75 per mun (Q)

% v
N ordinary Ringer s soluyon and 120 min
£ after mtroduction of 048 ; M ouabain
. at frequency 30 per mun (A) Temp
H 30 C Expenmental data refer tod [
H ferent moments afier snmulauon de
pending of the load used Dashed lines
H after correction of expenimental data by
HE a factor determined by the ratio of the
€ maximal intensity of active state to the
& degree of actvity at the moment of re
cording  Extrapolaton indicated by
@ G 0 B 75 dots Tor the estimation of loads cor
W0 g mm responding to zero velocity see text
A -1
P |
R sc[ . / !

g m\} ! «

g » e f

i ) :

bt w T - o

e mese TE mae yE mire

7§ 2 Actne state curves of rabb t papillary muscle at conteacuon rate 30 per min (A) and
75 per mmn (B} 1n ordinary Ringer # solution and 140 mn afier ntroduction of 048 4 ou
b at frequency 30 per mun (Cj Ordinate velserty 1 shostemng of contractile un ¢ 0 per
cent of velsany at full actevity load 20 mg Atscissa unm e after stumulus Arrot 3 sndicate the
tume at which twitch tens on 13 mavimum

to produce tension the duratton of actissty s fess aflected by the frequency change
than by ouabain — o substanual alteration of the senes elastic complance occurs
1 association « ith the notropic effects studied

Conclusions
‘The potentiation of the sometnc twitch amplitude as observed 10 pamllary mu cles
produced by ouaban and increased frequency can be agat®ied both to an merease
of the maxsmal intenssty of the actnve state and to the fact chat full actvaty of the con
tractile unit 1s attained carhier after sumulation of the ¢ell [ he decrease in the duriuen
of the active state 1s the primany cause of the reduction of the ume to peak tenuon
associated with the positise inc tropic effects
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From the Dep of Physiology Raroknska Insututet Stockholm Sweden

Catecholamines 1n Adrenals from
Fetal Rabbits

By

Tovas BRuvpv

Ithas been gencratly assumed that dme 15 the only holamine present 1n

adrenals from rabint fetuses and that adrenaline does not appear unal after birth
(Shepherd and \vest 1951) However this prelummary repost presents evidence for
the of consuderable q of line 0 rablut adrenals already
dunng their mtrautenne development

Albuo rabbut fetuses were remaved from the uterus at different times att ¢ concep
tion They were smmediately decapitated and the adrenals were dissected our under 2
microscope The catecholammes m the organs were estmated according to 1 uler and
Ls hajko (1961) Adrenahne was found in all organs analyzed (Fig 1) The dren iy
Quantines exceeded those of noradrenaline from the 20th day after conceptinn i i
showed a large increasc towards the end of gestauon at about 30 days after coneeption
The relstuvely hugh adr naline salues fluonmeteicalls found were conficmed 1y by 1s
53y on the hen s rectal caccum and by separation on an Smberlie coluinp (14,

Sigmficantly Tower adrenaline vatucs ere found 1 the Tetal adrenaly o the
mother was previously anesthetized  1th urcthane mnstead of being kffe b l, 1c
on the head before the fetuses  ere remo ed ¥ bl

After fetal asphywia a sim far decrease of adrenaline content jp 4}
was observed Ths effect could be demonstrated as early ag 30
Ifetus decrease 1s due to a true release of adrenaliae then a funcyo,
svstem exrsts already dupng fetat hife Worb 110 progress on
and other mammalian fetuses

he supeacenal g land
d138 after comept
Ting adrenom dufl ™
e3¢ functions in rat Ut

This wa  has been upported by gram from hatoloska oty g g0 0o, Lan
Hertay M nne "
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Tig 1 Meon values of nortl

. renaline and adrenaline in fetad

L rabbit adsenals ot dhfferent tuner

B after concephion % ertecal bars

o e - N standard error of mean
A
U
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30
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by Column of dy e and hne 31
10 adrenals from rabbir fotuses at full tesn (8 glands pooled) Oc
dinate flunrescence wnis Al seisv fracton numbers
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From the Department of Anatomy Umisersity of Hels nke Finland

Monoamne Containing Small Cells 1n the Superior
Cervical Ganglion of the Rat and an
QOrgan Composed of Them
By

Oravt Eranxo and Martt HARROSEY

Srrall eells have been observed 1n the superior cervical ganglion of the rat which ex
hibit an extremely bright yellow fuorescence after expasute o formaldehyde (Eranko
20d Harkonen 1963 see also Fig 1 tn Eranko and Harkonen 1965) The present report
destnbes some properties of these cells and an organ composed of them

Freeze dned ganglia were exposed to as described p Iv (Eranko
1964} "The fuorescence tn the small cells was not only hnghter and of differnt colous
than thatin the ganghon cells but 1t was also revstant to treatment with dusulied water
vhile ¥reathing once on the section entirely abolished the green fluorescence of the
8anglon cells After stamun, 11 1 thromn whuch did not etther destroy the fluores-
cence i the small cel's (Fig 1) no colaur was sren wm the cytoplasm (Fig 2) Thus
shows that the cells were not mast cells which 15 of interest becanse these also exhibas
an mtense yellow fuorescence resistant to ¢ ater {unpubl shed obsenatons see also
Lagunoft et o 1961)

Complete series of scctions were prepared from ganglia fixed m 35 o potassium
dichromate \a or few chromaffin erlls were found w ~ach gangl an This tndicates
that the far more numerous small cells must be non-chromaffin 3t 15 therefore some
what surprising that cells of the same sizc and shape as the strongly fluorescent ones
* ere electron micro copically observed to closely resemble the chromaffin cells of the
adrenal medulla ke these intensely granules
(Eranko and Hannwen to be published)

It thus sreras that the small cells contam high concentrations of a muoznune
Perhaps 2 hydroxytryptamine  apparently stored in secretory granules m the same
manner as catecholammes m the adrenal medulla They represent a nev sanety of
nen-chromaffin amine storing cells

While the small ¢ Iz cre scattered 1n the supenor cenvical ganghon espeaally
tear and @ nene buadles 2 v ell vasculanized organ composed of these celis was
accidentally abserved ncar the ganglion (Fg 3) The organ was first thought to be
the earotid body but this was subsequently found to be composed of cetls exhibing a
green  less antense Buorescence Thercore the small cells apparenthy form a hrtherto
unknor n endocrite gland which perhaps secretes S-hydrovytryptamme
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Fig 1 P a frocze-dried ganglion exposed 10 [ rmaTiehyde sad

named wuh § lhmnm Twe sma]l czH.l sull fiusrescr intensely £00 ~

Fig 7 Same firld 34 1n Fig 1 photoeraphed 1a transmitted visible 1 ghe € anglon celis and
nucte are s ned but the cyte pla m of the two small cells 1 unstamed H00

Fiz 3 Organ cow pred of the small sntensely Ruorescent cells in the cratee Qn th Jeft wal
of an arters Cn the nght the supers 1 cervical gangly 1 § mal fetn de mduced fuorescerce
»
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