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From the Department of Physiological Chemistry Unuersity of Lund S veden

The Metabolism of Fatty Acids in the Rat
VI Arachidome Acid
By
Goran GoRANSSON

Receved 5 August 196¢

Abstract

Goransson G The metabolsm [ fatty acids wn the rat VI A achudoma annd  Acta physiol scand

1965 64 1—5 -— H labeled arachidonic acid and C  labeled palmitic acid were siomat

taneously injected 1nto male rats Arachidoruc acid was 1 nto hver
phospholip ds as m ght be expected from the preponderance of this fatty acd n hver phospho-
Iipids as compared to glycendes Inttially the fabeled arachidonic aad and the labeled palmutic
acxd were owdized at sumilar rates but at later tmes more arach:donic acid than palmitic acxd
was recovered from the vhole animal This may be explained by the p cferential mcorporatio s
of arachidonic acid into phosphol pid n combination with the low turnover rate of the phospho-
1 pads espe 1ally those contamng essential fatty ac ds The pattern of labelin the blood ghy cerides
closely resembled that 1n the co responding Liver fracton

The metabolism of several common non essential fatty acids (palmutic oleic stearic
and palmutolesc) has been studied 1 our y {G and QO 1964
1965 Goransson 1965 a b) Experiments with a more rare non esential fatty acd
(arachidic acid) have also been performed (Goransson 1965 c}

The present paper reports the results from experiments mn which an essentsal fatty
actd (arachidonic acid) and palmitic acd were sunul
mto male rats mn different 1 states Tissue d
arculation of radicactivity mnto the blood were studied

njected
a

and re

Methods

The rats the method of prepar ng the wyecuon solution the operat ¢ procedu cs and the
analyses performed on the samples have been described eather (Goransson and Qlivecrona
1964 1965) Special care was taken 10 the present work to avord auto-oudation of the poly
unsaturated fatry acids 1 the samples

V653003 At phy [ cad B 1 6F
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The average recovery of 89 of the labeled arachidonic acid from the IO columns as
compared with the recovery of 92 of the labeled palmitic aeid v as taken a3 evidence that
the ar.\chydomc acid was not oxidized dunng the analyses

The 5 9 11 12 14 15H arachidomic and (specnﬁc actnsty 721 mClmmole) was
councouxl) provided by F Hoffman La Roche & Co Base! According to their analvses
the arachidenic acd contamed 4% of by products mostly with a chamlength of 20 carbon
atoms but with differing number and location of doublc bonds No attempt was made to punfy
the arachidonic acd

The | G palmitic acid (Batch 22 Specific actiity 3 75 mCjmmole) v as delwered by The
Rndnodlemnal Centre Amersham England It was punficd as described earlier (Goransson
and Ohvecrona 1964)

“The myected dose of serum (0 5 ml) contamned approximtely 0 01 jreq of labeled arachidonic
acid and 01 peq of labeled palmine acd

Results

The results have been expressed as the ratio H¥/GY radioactn ity in the scparate kpid
fracuions The ratio in the myected rmy aCIdx was taken as 10

Tussue b of The of rad; 1ty over hver adipose
tissue muscle tissue heart kidneys lungs and spleen 5 and 320 mun after the intrave
nous 1njection 1s shown 1n Table T

The ratio H% C** radioactinity i the fasted rats at 5 min was greater than unity in
some organs and less 1n others In the hver neutral Lipids there was less H? than C4
radioactivity whereas the reverse was true for the Inver phospholipids

In the fasted rats the HY/GM ratio rose dunng the mterval of 5 to 370 min 1n all the
organs studied In the whole rat the ratio equalled 1 0 at 5 mun and 1 3 at 3°0 min

Taae I Rato H''C  radwactiaty 1n tissue bipids from rati after the s v anjection of H ar
achidonic and € palmutie acxd in rat serum The rauo in the ingected fatty acids
was taken as 1 0

H u
- i 8
il E P
g 2 [
§ Luer v »
£ £ E ¥ ¢+ £ o8 o5 E %
ER £ s & § = 5 £ E =
z 2 z NOoPLZ2O2 2 2 2 & 8 2
Total Total
Fasted 5 1 07 16 3] 09 17 13 16 [N 08 10
10 07 19 08 08 15 14 15 to 08 1o

59 19 19 24 14

Fasted 370 17 [ 18 09 1
51 19 18 26 11 13

21 17 21 og
Refed 5 13 05 14 07 06 05 13 1 07 09 1o
13 X1 14 06 08 o5 12 10 08 09 11

Refed 370 13 05 13 05 10 02 13 12 10 [} 10
15 ofr 14 04 07 ot 15 14 18 o8 10
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‘Tavre 1 Rato H {C  radwactnity m biood § prds sn rats after the 1v  amecoon of H
arach donic and G ¢ palouuc aaid 1 rat sevum The ratao i the tnjected fatty acds
was taken as 10

Fast d rats Refed rats
Cholestercl Phospho Cholesterol Phospho-
Min esters Glycendes  hpids esters Clycersdes pids
% — 17 - s 03 -
- 18 - — 12 ~—
40 54 08 32 21 59 20
26 10 33 16 o9 23
0 35 11 25 28 08 14
38 11 26 - 15 15
160 52 2t 22 32 1t 20
59 26 33 43 17 18
320 04 - 28 44 — is
30 — 29 42 - 22
In beth the refed and fasted amumals the HY{CH rad. ratia was in

greater and 1 others less than umty Sumlar values were found at 320 min a: ar
5run n all the organs as well as m the lver neutral hipids and phospholipids i the
refed rats

“Fhe only major difference between fasted and refed rats at § min was found 1 the
heart where the ratio mn the fasted rats was considerably highee than that m the refed
rats At 320 mm the ratio was consistently higher i the Fasted rats

Reewenlation of sedwactiaty back wio the dlood The HYCH radwactivily ratos wn the
blood lipids fram 20 to 370 mun after the smjection are showed 1n Table 11 In both
nutritional states the ratio in the cholesteral esters rose throughout the tme perod
studied At 40 vun the ratio 1 the glycendes had 2 value close to umity while the
phospholipids displayed a ratio well above umty from 40 min onwards

Discussion

I the myection selistion used in thus work only 96 £ of the wmyeeted I radiactity
was present as arachidome acid Thus fact would make the interpretaton of curves

g the ¢ of rad, fram: the blood difficult and accordingly
no attempt was made to obtamn such curves Howeser the amount of xmpumy conld
notsgndicandy affect the values for nasue d and of

back nta the blood

Uptake from the blood and estmfiration Both arachidome and palmutic aqd \ ere
rapidly extracted from the blood by all the organs studied Tn the refed rats shere
virrally 1o oxidatson takes place dursng the first fow mnutes after injection [Goransson
and Olsscerona 1964) the values at 5 nun suggest that the separate argans extract
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the two aads at different rates assuming that no transport of labeled fatty acids takes
place between separate organs dunng the first 5 mun after injecuon

Tissues nch in glycendes such as adipose tissue and muscle tissue contaned less
arachidomic acid label than palmitic acid label This as 1n agreement wath the finding
that arachidonic acid 13 preferentially incorporated into phospholipids m the Iner

The low ratio of arachidonic acid label 10 palmitic aeid label 1n the heart may
result from a preferential uptake of palmitic acid as 1t has been shown that the heart
extract separate fatty acds at different rate (Carlsten es ol 1963)

Ouidation The fasted rats provide means of companng the oxidation of the labeled
arach:donic and the labeled palmitic acid

Dunng the first 5 mun the 2 acids were cadized at the same rate This suggests
that immedtately after the entry of the 2 fatty acids 1nto the cells they are both equally
available for owidation After 320 min more arachidome acid label than palmiuc
acid label was recovered from the whole anmimal as well as from the indinidual organs
and hpid fractions This may depend on the observed preferential ncorporation of
arachidonic acid label into phospholipid and the slow turnover of this ipid fraction
(Diuttmer and Hanahan 1959 Goransson and Ohvecrona 1965) In addition phospho-
lipds contaiming essential fatty acids have bren proposed by Morin and Alfin Slater
(1964) to have a lower turnover rate than other phosphohipids

The suggestion that the slower oxidation of labeled arachidomic acid at later tumes
13 due to the preferential incorporation of this fatty acid into phospholipids 1s supported
also by the finding that 1n organs nch in glycernides (adipose tissue and muscle tissue)
the ratio of arachidonic acid label to palmitic acid Jabel does not increase with time
to the same extent as in other organs

Pecirculation of radoactualy back into the blood M ble amounts of
appeared m the blood cholesterol esters 40 mun after the injection of the free fau)
aads The ratto was greater than umty at that time and it rose to approximately 4 1n
the refed rats and to 10 in the fasted ammals at 320 rin This 13 not unexpeeted 1n
view of the high percentage (55 © ) of arachidonic acid in the plasma cholesterol esters
found by Goransson and Olivecrona {1964)

The blood glycende radioactinaty rose to a maxumum at 40 mun after the injection
At this uime the rato in the blood giycendes was similar to that 1n the hver neutral
Iipids at 5 min These findings are taken as additional evidence that blood glycendes
onginate mainly in (hc luer (L:nurcll 1959)

The blood 1ty showed a at 160—320 mn At this
time the ratio between arachidonic acid label and palmitie acid label an the blood
phospholipids and the ratto 1n the same fraction 1n the Iiner were not quite simitar
Howerver the difference was not sufficient to make the present data incompatible with
carlier results showing that the blood phospholipids onginate in the hiver (Lishler o af
1943)

‘Thus work was supported bv grants from lhe Medscal Taculty in Jund and from tte U S
Public Health Scrvice (H 0,302--04 ME
Muss iréne Ralebsson gave excellent m(hmcal asustance
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The Steady State and Endogenous Respiration
in Neuron and Gha
By
Horcer Hypéx and Paul W Lance
Recerved 21 August 196+

Abstract

Hydén H and Lange P W The steady stale and end genous respirahion n neuron and glia Acta

physol scand 195 ¢4 6—14 — Thc oxygen consumption of indvidual surviving nerve
celly and ghal cells was studsed for two hours periods An extrapolation procedure was s orked
cut which p d the of the oxygen rate 1n the steady atate

1n treo and the substeate amount for endogenous respiration The oxygen consumption rate
of the neurons cxceeded that of 1l e gl a by at least ten times in the steady state  The values
cbramed were used £r calcutation of the amount of glucose per nerve cell which wasf und tobe
 pet cent of the dry weight of the cell corresponding to a 70 mM glucose solution The amunt
of glue e 1n gha 13 5 to 10 umes lower than that of nerve cells Additin of glucose or f# hy
droxybutyrate to nerve cells having respired without exogenous substrate for two hours highly
inereased the respiration rate In neurons with mcreased RNA synthesisand respiratory enzyme
actnaties the sespiration rate and substrate level were low

The following study deals with the steady state and the endogenous respiration tn nerv ¢
cells and the sur ding gha E has been defined as follovs

the respiration in cells under di where no exogenous substrate 13
added +Lamanna 193 There has been pomnted out hov ever that a defimuion 13
difficult since the metabolism of most 15 provided s an endogenous
process A study of n lian cells 13 further compheated

by the regulatony mechamsms exstng between the metabolism of ex0 enous and endo-
genous substrares. The aim with the § resent study 1s to add further snformation on the
metabolic behaviour of neurons in ¢ to that of the gha since 3
regulatory mechanisim has been shown to exist between these two types of cells from a
brochermical as well as from a functi nal point of view (Hydén and Lange 1967 ¢ om
rate and Hydén 1963

1 reliminary obsenations dunng a kincue study of enzyme actnaties 1o bran cells
made 1t scem prebable tf at the substrate for endo enous respiration diflered 1n nene

'
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cells compared with the surrounding gha {Hydén and Lasge 1962) In previous studies
was found that respuratory enzyme acnvmes are Tugher 1 the gha than m the neurons
which they surround {Hydén 1959) Faverse enzyme changes and RNA and protem
changes aocusred. howenet 1 these cells durng tncreased nearal function (Hydén and
Pigon 1960} A perunent question 13 therefore o for
also reflect functional changes

In the present sady an exmapolation proceduse 13 gwen by which the rate of
endogenous resptration and the amount of sts substrate can be cstimated It will be
sho v that the substrate level for endogenous resprraon i low tn the gha and con
sderable in the nevrons the magmtude 1v asound 1 relatie unis s the gha compased
ta that of 10 umuts 1n the neusan The endogenous substeate diminishes ta a level close
10 zero 1 the latter at perods of increased ENA and proten synthesss wath hugh res
prratory enzyme acthaties

Material and expernmental set up

One hundred and seventy white rabbits weighing 1 5-~16 kg v er¢ used and 3 to ¢ Dexters
veeve olls ar gl 4 samples were taken from the lateral vesubular nuclous of each anmal The
ammaly were illed by an mtravenous 237 embolus wh oh rendered the sabbit unconscious
withm 3 few seeonds after which the carotides were severed The skull was rzp dly apened and
& thuck secuon through the lateral vest bular nucleus was placed wn & substrate selunon Ths
phase of the procedure 1ok 3 mumates

The Deiters neeve cells of the sarvounding gha — the dry weght of cach of which was
2 10 g — were 1olated from the fresh section by free hand dissection ot 8¢ magn ficanon
The eolls were dissected and handled for the manometr ¢ determumnation sccording 1o one of
the follo g procedures (a} The cell spacimens were dissected [rom the secuon st room
wmperature and qumersed in a standard medsum of 37 G The temperatore of the medium
was kept constant by a thermocouple 1nserted s the medium and connected to an infrared
eachator (b} The samples were removed ac 37 € the a r temperature betag kept constant by
@ regulated tnfrared rad ator placed at § 5 m frosm (he stereo-mucroscope {c} The samples were
usccted and handled 10 the med umat + 4 € For th s purpose a special microscope table was
constructed Tt cons sts of fwa metal plates betweens vhich & feeon kqu d b cwculat ag from
a 1 horse power freezing un 1 prov ded w il an addat anal air cooler and temperature regulator

The time 1atervad between kiling of the an mal and plarng the ccll samples i micradivers
for subsequent manemetoe measurement was 8 o (0 mn The theee microd vess esch con
g one or twa nerve cells or one gl 3 sample were then mroduced snto the thermostate
bath (37 4 0005 C) (Hamberger 1963) ar approwmately five munutes after disect on of

e cells En pach expersment one m crodiver conta sed the siandard medm But 1o biolog val
ssmiple and served 24 2 blank

“Fhe isofatron of nerve cells wath duruption of their axons and the {ner term isals of the den
drutes seems 10 be & dravuc meassre which could be mxpreted 10 mevernbly damage the efls
Vet such solated cells tagether with clusters of surrounding gl a hava heen cultivated m su ¢
able mediy (Hansson and Sourander 1964} Detter s nerve cells and ther gha have been cul
wwated at tf s abovatory for penods of months. Thus thest cells consutute an 1 120 mavenat
A pertin ot question 8 whether such ssolated nerve cells will undergo morphologreal changes n
the course of aur expenn erts

In the phase contrast microseope no morpholog cal changes could be deteeted n the cetls

n the end of the cxpenment. four hiours after the remo al of the cefls Hamberges (1963) found

:c structursd changes of such serve cells and gl a which bad rema ned in microd vers for 24

s

Determinat on of oxrpen tonsumption per nerve ooll of gha cell sample was carr ed ovt wnng a
mad fied m crodiver techn que {Hydén and P gon 1960) accord ng to Zeathen {1933 The
volume of the divers was © 2 to 8% 1 ot wore than one serve cell or g} 2 ssmpte was placed
s each d ver Four d vers were run at each expen nent, one of which was » blank withaut
balomeal sample Each cell sample as mentoned easher had an a erage dry weght of
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AN Fig | The oxygen consumption rate of
M nerve cells and glha expresed as xl

0, 10 *fsample s a function of tme afier

) e w5 7o removal of the cells from the hving ammal
The standard deviation of the means (stand
ard error) 1s given for the first four sets of
values used for the extrapolation and [ rtwo
fusther sets of values measured at the de
LA + creased oxygen consumption rate The
averages of the first four sets of v alues for the
nenve cells arc sigmifieantly different from
the zcro (blank) level with a high degree of
significance contrary to those of the glha
cells which are not significantly dilferent

from zero

OXYGEN CONSUMPTION RATE plo 10 /CELL HOUR

20000 4 ;¢ (Hydén 1959) \ll solutions used 1n these experiments were preconditioned by are
bubbling for scveral hours
The standard medium used was t ¢ following
Mg SO 67 mM
RO 25 m\
Na pl osphate (pH 7 4) 133 m\{
Cytochreme G (Sigma) 0 02 mA
Sucrose 025 A\

Extrapolation procedure

‘The aim with tt e present procedure 1s 1o utthize U ¢ first rate measurements of the oxvgent n
sumption for extrapolation back to the time of removal of the brain cel

In all experiments a reference diver without biological sample was used as a blank Random
vanations of the behaviour of the divers with sample and the reference diver influence the
wvalues of the measurements of a s ngle series of microds ers The behaviour of 1l e divers dunng
this first periord was therefure averaged and calculated statistically 1n the fHllowing way

The rate {tte change f1the manometer recordings were noted at ten minutes intervals for
every d ver dunng two hours. Thus in the present study 69 senies ¢f measurements on diers
contaming nerve ¢ 1ls from 4. animals and 27 senes { measurements on d vers contain ng gl 3
cells from 70 amimals werr performed gett er with 47 simultaneous series of measurements on
blank divers Thus { r every ten menutes there is a series of 69 rate values for divers containing
anenecell 27rate aluesl £ dinen contaning gha cells and 42 rate values for 1) e reference
diver ‘The average and stan lard deviatin of the data from these three series are calculated
The difference between 1 average rate salue £ “the nenve cell Inen anltlatof tte
reference d vers g €3 an serage value of the oxygen consumpts n rate of it e nerve cells
In thesame way an serac salue of the atygen ¢ nsumption rate { £ gha cells was cafeul ted
These ascrage values are rec rledun ig § togeth rwitt the ratandsrd devtats n inwheh
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‘Tapte T Standard error of the mean of diers contumng nerve cells (S g) gha eclls (Sp)
and of reference divers (S ) The standard error of the oxygen consumption rate for
nerve cells (S ) and gha cells {Sp)are gnenbyS =\'S g+ and §;=4'8 q+>*

Time

mn Sq n Sa n s n 5 S¢
50 05 58 16 25 09 39 10 18
60 04 6 09 26 05 40 06 10
7 03 69 09 27 04 2 05 10
80 02 69 04 27 03 42 04 05
100 o1 69 0z 7 02 42 02 03

n = pumber of measurements

are thus meluded both the staustical spread of the divers contamn ng the biological sample and
the statistical spread of the behaviour of the reference dvers {see further Table 1)

The curve showang the oxygen consumption rate of the nerve cells 1s cxtrapolated back to
the time of the removal of the cells from the hving matcnial Thus extrapolated value should
give the evygen consumption rate of the nerve cells in the steady state it swo “The standard
deviaton of this cxtrapolated value 15 not calculated with the a d of statistics but s abo
obtamed as  result of extrapolat on of the standard deviation of the means on the curve as
ndicated 1n F g 1

Comments on the metbod

The following obscrvations support and make the view conclus ve that the rate measurcments
presented 1 thu study can be used as measure of the rate of endogenous respiration and that
the area undee the curves represents the amount of substrate available 1n each cell for endo-
genous yespiratan

Farstnetve cells were placed 1n the standard medium without substrate for 2 hrs Then the
cells were transferred to divers and the oxygen onsumption measured The values were found
1o e closc 1o the o level as denoted by the dotted line close (0 zero 1n Fig 2 Thus1s a con
clusive information that the imitially high respiration rate 18 a function of endogenous sulstrates
only found 1n fresh cells and do not represent techn cal errors

Secondly the addition of glucose and 8 hydroxybutyrate 1o nerve cells and gha after two
hours in a medium without substrate st mulated the oxygen consumption and raused the curves
from a zer0 level 1o average values bevween 5and 10710 10 per cell sample and hour See
below Fig 2

Thirdly 1 the cxpeniments w th induced R\ \ synthesis by tncyano-amino-propene the
amount of R\ A and protems in ppg cell increased by 25 and the cytochrome oudase and
succinoudase activities measured as sl O 10 per cell and hour rose by 300 per cent In spite
of ths fact the resp ration rate curves of such nerve cells b close to the zero level Sce Fig 3

Fourth when rabhits injected with tncyano-amino-propene were placed n an  tmosphere
wath decreased oxygen tension (3 O 93 ) they ded ea ber compared to the control
rabb ts subjected to the same oxygen tens on. These findings which w It be presented below
(see p 6) constwte further support for the conclusion that the area under the extrapolated

respiration rat curves presented in this study represent a measure of the substrate lesel for
endogenous respiration 1n nenve cells and 1n gha
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Fig 2 The effect of the addition {at zero time) of glucose and £ hydroxy butyrate to nerse cells
{A) and gha (B) having respired for 2 hrs in standard medium without substrate

Results

Control maters I The vesults from analyses of 69 nerve cells (45 ammals) resprring tn the
standard medium are summanzed sn the curves of Fig 1 and mn the same figure are
presented the results on the gha 2 total of 27 analyses from 20 aninrals as descrnibed on
p3

The oxyien consumption rate of the ghal cells)s 010 1 41 O, 10 rer ccll and hour
By contrast the first rate measurements of the ovygen consumption of the nerve cells
deviate from the zero value with a high degree of sigmificance as can casily be cal
culated by applying conventional staustreal tests These values can therefore be used
for extrapolation back to the time of cell removal as demonstrated i Fig 1 The extra
polated value thus obtamed for the nerve cells lies around 10 41 O, 10 ¢ per cell and
hour This means that the oxygen consumption rate of nenve cells  r1es of these control
animals exceeds that of the glia by at least ten tmes

‘The data obtained can also be used for a calculation of the amount of substrate for
endogenous respiration in the neurons The respiratory quotient of the bran les close
to 1 0 which means that the brain tssue covers its energy demands mainly by glucose
(Retv 1962 p 113 There 13 no reason to believe that the Drenters nerve cells and glia
differ n R Q value from that of the average brain Furthermore Gainer All cis and
Chaikoff (1963 have found that in intact ammals all metabolic CO, 1s denved from
plucose

In tas study we found the oxygen consumption rate per nerve cell at zero ume
(1ewro)tobeld 10 1O, percelland hour Hased on the firurc2 10 gas the
dry v aight of these ncurons (Hvdén and Pison 19G0) the oxygen consumption can e
recaleulated as 50 ml O, per gdrv eell weight and hour Inorder tocalculate the glucose
content avaulable for endorenous respiration the area under the oxygen consumption
rate cune s as calculated It was assumed that the oxygen consumption per cell was
zero after 1 5 hour which 13 4 reasonable vatu judged from Fig, | Dunng this ume 50
ml O pergper hour 15hour 123 consumed ¢ ¢ 375 ml O, per g ofdny weight
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10
3'; 522‘: mol glucose = 50 myg glucosely dry weight

This means using R Q =

avarlable for endogenous respuation

Thus 5 per centaf the dry sei ht of the nen e cell consists of glucose and that means
for the Deiters nerve cells an amount of 1 000 geg of glucose The amount of glucese
1 the same dry weight of gha 1s then more lh:m 10 tmes less Considenng the rcgulam\ 3
mechansms of the cell wath respect to y (bobism these caleulated values
must be conudered as maximal glucase values (Danforth and Walson 196! Geiger
hawakita and Baikuhs 1960) The glucose dissolved in the nerve cell will correspond to
a 70 mM glucose solution This value 13 high but not nnreasonable Guger (1962 p
128) reported values of 50 mgz glucose pes 20 g of dry cortes of cats Takng the ghea to
neuron rato as 3 {¢f also Hess) this amounts to a glucose content of 10 mg per g dry
nerve cell neglecting the glucose content of the gha

tddition of glucose and f hydrogbutyrate to ner ¢ cells and gla ha iy respired i standard
mediun for tuo buer
The oxygen consumption rate of the nerve cells was found fo be clos~ to the zero level
after tao hours of respicatian wn the standard medium Fig 2 (A} demonstrates thar the
addrmon of 12 5 m\{ glucose or 10 m\ § vd: b te increased the
fate 1n a stnking way In all 20 ghicose and 15 hydroxybutyrate expenments were
peformed on altogether 25 animals

Fig 2 {B) shows results from stmilar expenrments on the gla from aliogether 18
anumals divided on 14 glucose and 11 hydrovy butyrate expenments

As 15 seen from the curves 1n Frg 2 the additon of these substrates raused the res
piration rate to high values

Thus the increased respiration rate values made possible by the additron of exo~enous
substrates demonstrate that the cells are functroning and furthermore that the decreas
1ng rates m the control experiments reflect endogenous reactions of nene cells and
glha Using 1solated Deiters nerve cells in a Rrebs Runger solution and trittum labeled
cytidine 1t could be shown by microelectrophoresis that such nenve cells mcorporate
cytidme nto RNA which is synthesized (Brattgard and Hydén)

Endogenous respiration of nerve cells during
induced RNA synthests

The of t pene (20 mg/ig body + eight) mereased the
amount of RNA per Desters nerse cell by 25 from an s erae of 1550 e (0 2100
iteg of RN per cell in one hour (Egyhaz and Hydén 1961) The base ratio composs
ton of this & nuctear and RNA proved to be chaned with
respect to the guamne and cytosine values (Hydén and Egyhaz 1962) As was pointed
out above the respiratory enzyme acuvitres were hkewise tncreased

Fi7 3 shows that the oxygen consumpnion rate of nenve cells vith mcreased RNA
content respinng in standard medium does not sigmficamly differ from the zero lesel
Nineteen nerve cells from 13 rabbits were used

Tuelve analvses on gha from 10 rabbuts having recened tneyano-amuno-propene
were carmied out All rate cunves obtamed hie close to zero and did not sigruficantly
duffer from those of control ammals
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8 Nerve Cell Response
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° > 88%=3 Fig 3 The oxygen consumption rate of nenve
3 |50 cells and gha cells of the ammals after tcyanos
= TIME MIN amuno-propene treatment Zero time 1 hr after
w ° - the 1 v admimstration of tricyanc-amuno-
3 NERVE CELLS o propene

o GLIA

It has been found that a moderate hypovia of 8 ¢, O, and 92 §p N, for 15 hrs in
rabbits increased the cytochrome oaidase activity and the amaerobic glveolyss sigmfi
cantly of the Desters nurse cells (Hamberger and Hydén 1963) The effect of a more
severe hvpoua of 3%, O and 97 °, N on the survival umcs of rabbuts after admimsira
tian of tncy ano-amno-propene was therefore studied Seven control and 13 expenimen
tal rabbuts were used A glass cage with a flow rate of 3 it per minute was used (Ham
berger and Hydén 1963) The CO, content of the gas used did not exceed 035°
The animals m which mncreased RNA and protem synthess of nerve cellsoccurred did
onlv survn e for half the ime dunng which the control rabbats could stand the decreased
oxygen tension A decreased resistance towards hypoxia was thus observed in the ammals
having nerve cells with oxvgen consumption rate curves dose to the zero lesel This
could be expetted if the demands of synthetic activities had lowered the substrate of the
cells lable for cnd Thus if the oxygen consumption rate of the
control nenve cells in standard medium would reflect ssmply enzyme acnvities then
this oxygen consumpuon rate should be obsers ed exen during RNA and protein synthesis
or 1t should be aboc normal But the rate curves of these nerve cells hie ¢lose to zero
Stnce such intense synthesis of polymers requires encrgy 1t s clear that the oxygen
consumption rate curves presented n this study do not simply reflect enzyme actnaties
but with 2 high probability demonstrate a change in the level of substrates avaiable for
endogenous respiration

Discussion

In the present study special efforts have been made to stabilize the expenimental proce-
dure used for the of oxygen it rates even during the fiest hour
after the microdn ers used were introduced mn the thermostate bath An average blank
salue (divers without cells) obtained from a great number of measurements under
d was used M of ovvgen ption rate could
then be performed 40 minutes after the remosal of the brawmn cells and 5 to 10 minutes
afier inserting the divers in the thermostate bath
The extrapolation procedure used in the study was thus based on a great number
of takin~ the between the values of nene cells and gha and
that of the reference divers Thercfore from a methodclo 1eal point of view  the baus
of the study was well establisticd On the other hand the authors arc well aware of the
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caution needed m applyng an extrapolation proc=dure with due respect to its inherent
weakness m elucidating a time gap The consistent results and the plausibility of the
quantitative data obtained support methods and conclusions about the i 1 2 conditions
of the cells

It 18 obvious that the oxygen consumption rate of the nenve cells exceeds that of the
gha by at least ten tmes Previous analyses of wsolated Derters nerve and ghal cells
have shown that the eytochrome onrdasc and succinoxidase actsvaties are highestin the
glia but can reverse durg mereased functional demands (Hyden and Pigan 1960)
‘The present results constitute no contradiction stace the actanties of single enzvme
systems are no measure of the total integrated process 1n this case the oxygen con
sumption Qur data that the oxygen consumption of the whole brain maraly reflects
that of the neurons a,ree with those of Hess (1961 p 200)

The expenments with exovenous addrtion of glucose and f hydrovy butyrate and
measurement of rate curves dunng mereased RN A and protein synthess show nccord
g to our view that the oxygen consumption rate cunes reflect the endogenous
respiration and that the mtegral of the cunes constitute a measure of the amount of
substrates available in the cells The mavimal amount of glucose | 000 g caleulated
per nerve cell 1 ¢ about 5 per cent of the total cell body + eight of 20 000 iy seems
plausible

“The ueurons ase capable of synthesizing RNA and proteias as part of a fanctiopal
response When the synthesss of such polymers 1s high as in our expeniments with
rt p it s to note that the level of endogenous sub-
strates decreases It agrees with known facts about the need of energy for polymer
synthenis It furtber stresses the need for more knowledge about the action of psycho-
pt to which the propene belongs

The results presented i thus study indicate a raprd replemshment of substrates
drrectly to the neurons at increased functional demands
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Abstract

Aberg A B G and] Axelsion home mechanscal aspects of an intestinal sowoth musele heta physot

scand 1903 64 1527 ~ Atonic preces of tacars col muscle s ere ubia ned w th the aid of
adrenatur which abolishes spantaneous sprke discharge As reference lergth the i v o length
2137 C yelaxed v sth adrenabine was used Lo { someinc) 18 arbstranly defined as the gy atest
length of an 1sactne muscle when the frce apphied (0 strugthen 1t does not exveed 50 dynes

At thas lergth the miuscles were found to develop maamum tenmon Ly {uotonsc) 1 the pre

{oaded fength of 2 selaxed muscle These condimons gave results which were repeatable watt

reasonable s atistical accuracy other condivions gave less reproducible results Force valotty
curves obeying Hafl s equation (P +a) {y-+b} = (Bo -+ a} b were obta ned Maxmum velociry

of shortenng of an unloaded mucle was extrapolated 10 30 per eent of Lossec Veloaty of
shortening appesred related 1o the raro Po P Rate of tension development was velated 1o
wuscle length and resung tension w th a maximum at 170 €3 180 per cent of Lo The highest

rate measured was ? 800 dynes/sec Mauimum physical work was prrformed with constant
losd of abou 30 per cent of Py, Maxurnum shorterong of the muscles under 100 dynes t nsion
varied from 60800 The results are discussed 1 relation to athee types {musele

The expenimental work presented here was performed on the taema cob of the guinea
g The purpose of this work was to try to establish standardized expenimentat conds
uons permutung the colleetion of mechameal data and a more quanttative treatment
of some earhier findings {Axelsson and Bulbning 1961 Axelsson 1961)

The paper destnbes the relatonshsps between (2) external foree and velooy of
shortening 1b) muscle length and rate of sometee tepsion dovelopment {¢) manimurn
Lometric tension at Ly {for defimition see Methods) and selocsty of thorterang (i} ten

sion and physical work fej length and tenton {casting and actn e, and other mechameal
properues
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Methods

Male guinea pigs weighing 250 to 350°g were used They were stunned and bled out

Dussection end pretreatment Pieces of taema coli were dussected 11 conditions which are known
ta abohsh spontaneous spike discharge This was achieved (1) by cooling and (?) by treatment
with adrenaline (Bulbnng 1954 1957 Burnstock 19:8) (1) At temperature below 15 C the
muscles fa1l to exhibit spontaneous diseharge of spikes. Duning dussection the whole muscle and
underlying colon were therefore smmersed n modificd krebs solution The temperature of the
solutron was 10 C 1t rose to about 12 C dunng dissection

(2) To obtamn “mnactive wn situ length at 37 C the whole muscle was immersed 1 Rrebs
solution Line 1a the 2x10

“The length of the muscles beforc dissection n cither of the abovc deseribed conditions wall
be referred to as inactve m situ leng

After being carcfully dissected free from connect ve tusue the pieces were transferred oz
small dish contaming the same kind of solution and kept at the same temperature Hooks of
stainless steel (each weighing 10 mg) were tied on to each end

“The muscles were then mounted i the recording apparatus sull in the same solution and at
the same temperature and their “mactive w citro length - was determined

For experiments done with isometric recording inactive v ertro Jength 15 arbitranly defined
as the greatest Jength of an “mmactine muscle  when the force applied to straighten 1t docs not
exceed 50 dynes The external force applied to determine “inactive i itro length  wvas constant
for each muscle The mean i sttu diameter of the muscles was 12 & 02 mm The vanatons
in diameter do not affect the validity of this operational definition for practical pus

For experiments done with usotanic recording the definition 1s modified by stating the pre
loaded length of an “mnactive muscle under loads varying from 100 to 12 000 dynes

After the first determination of “inactne wn titro length  the muscles were exeept otherwise
stated allowed to recorver fcr 60 min at 37 Cn normal solution and therr “inactive length
was then agam d before b the

Solutions
Normal sol ton The solution referred to as normal solution was a mod fied hrebs solution lts
composition was as follows (mM) Na 13747 Ca 249 K 493 \g* 119 O 13111
HCO 1548 HPO 119 glucose 115 It was acrated with a muxture of O (97 ) and
€O (3 ) IspHwar 775

High potassium solutson This solution contained 128 mM K and was abtained by replacing the
NaCl of the normal solution with KCI On a few occasions the NaHCO of the normal solution
was replaced with RHCO  The solution then contatned 14340 mM K ¢ ¢ about 24 ¥ the
normal concentration

Stimulation Three tvpes of sumulation were used  clectrical sumulation by square waves of
vanyng amplitude and duration drugs of sarying concentrations and general reduction In
membrane potential by rawing the external potassium concentration

Elect wal stimulation by 1quare waves The device for electrical stimufation was simular to that
described by Bumnstock (1928) It was uud 1n experiments where the mechanical responsc was
measured of the clectrical actmnty

Chemical st mulation

1 Drugs The drugs used for sumulanion were acetylehol ne and carbachol The lowest con
centrations of each drug which gave 3 maumum mechanical response 1n normal solution at
37 C were Twice the at which the 1 response was ot
further increased 1s referred to as supramaximal st mulus The following concentrations were
used acetylcholine chlond 7 10 wfv carbachol chlonide 2 ¥ 10 wiv

2 Jigh external } Ve obtuined a maximum mechanical response with 118 mMV The
supramax mal st mulus used under both sometric and wotomic conditions was 128 m\M ~

\fechamical recording techn que
Liotoric mearrement Two  types of transducers were used (1) d ferential transf rmer {7
mechano-photoelectnie transducer

In the construct on of th transducers, care was taken 1o reduce [ rees modifying the records
of the muscle reponse
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“The output from both transducers wag recorded an a Grass polygraph model 5 D

ITromelrw: tmeasurement The force displycement wamsducers used for mometne recording of
maascle tenswon were of 2 d flerent manufactures Grass type FL 03 and RCA 5734 The duse
placement per wst foad was FT 03 1 jufg and RCA 5734 3 afg The owtpot potential was
reconded erther derectly an the ink writer of used for displattment of one beam of an osallo.
scope and recorded photographicatly

Combined meeswrements “The apparatus described below enabled both wsotomie and sometne
measwsements to be made 1 one experunent without disconnecting the muscle

“The apparatus conststed of 2 functonally mdependent parts Isometne measurements were
done with the 1ame type of transducers as desenbed above & plaste coated wire connecting
mgcle and someine transducers rons sted of 2 pany the free endpoints of wiath were npdly
tield together with the ard of a small electromignet Immediate change from ometne to
0i0nIc measurements was possible by mterrupting the curtent activating the magnet The
1sotensc measurements were done with 3 photoclectme transducer

Recarding of electrioal astssyy For s mud recording of electncal and
acuvity wie wsed the  sacrese gap method  (Seropie 1934)

“The apphication of thu method to smoath muscle was desenbed by Burnstock and Straub
£1938y

metne 1

Results

A I ity length of an  snaciece muscle
The i stz length of an sactive stoated musele has been used as reference fength and
catled Yo (Wilkie 1924} Atabout that length stnated muscle has been found to develop
maxrnal tennon m response to tetansc sumulation Ramsey (1960} defines Lo as the
length at which the muscle develops maxumal tension

“Tacnid coh on the other hand when not stumulated  periher atonic nor wmactive
Arbody 1 ty changes its h state b
poitntid thanges spontansouly ansiag m the mmcle self

As deseribed s methods  imactive muscles  were obtained enther by cooling or by
treatment witb adienalme We found however 1o consstency wn the refanonship be
tween wacuve msfwand machve n adreJengths The underlying cofon 18 probably
exerting foree on the taactve muscle theschy deteromntgns i atu tength The wac
use 1 ity lengih was therefore reprcted as & basis for defimition of Ly, for thus mauscle

B In vuro length of an wnach £ muscle

When the muscles were rendered  wactve by coobng to 12 Cand meunted 1satont
cally at that temperature preloaded with 100 dynes constans load these Jength did ot
remain constant The method of cooling was therefore regected as unsurtable for obtan
wg a reference length and the m mitre length i the presence of adrenaline at 37 Cwas
wvestigated The followang senes of experiments was done to test whesher that length
remained canstant whule a gven external force was applied

I Fsometnz reco ding Preces of mascle were dissected at 37 C 1n 2 sokaton contamng
adrenaline (see Methods) They were mounted ssometncally snll 1 the presence of
adrenabine 30 dynes foree was apphed to straighten the muscles and thewr length under
that force was deternmuned The adrenahne v a3 then washed out wherewpon the muscles
b fy actn e and developed di tension Ads line was again
apphied alter 30 mun and the length of the wmactive sauscle under 50 dynes force re
cheeked 1t was found that the relattonship beween external force and length of the
adsenatine ekaed muscles remained constant for at least 4 s That lengih was ~alled
L (isometrie)
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If the muscles mounted tn the condition described above were repeatedly subjected
to suprimaximal stmulation by high [K ] carbachol ctc (sec Methods) a change
m the ratio external foree/muscle length was sometimes observed

2 Isotonic recording Adrenaline relaxed muscles were mounted isotontcally under
100 dynes tenmon Vith 15 mun intenal the load was stepwise increased up to 10 000
dynes (When the load was changed a stopper saved the muscles from strecth) After
the mrtial increase tn Iength following increase 1n load a slow increase 1n deformation
lasting for about 5 min was usually observed Retarded deformation of this kind occur
ring under constant stress has been called creep {for rel’ see Landowne and Stacy 1957)
Thereafter the length beeame constant during the testing persod of 15 mun as long
no change 1n the expenimental conditions was introduced On withdranal or stepwise
reduction in the external force the muscle length did not follow the same path as dunng
increase in force This resulted in a fc ofanh loop All the exy
described sn this paper in which the muscles were subjected to external forces exceeding
50 dynes were done after the imuial plastic changes had taken place and when the
muscles followed 1dentical paths upon application and withdrawal of the forcing agent

3 Metabolism and the inactue in turo length  Apart from the creep descnibed above
changes in the adrenaline relaxed length sometimes occurred after repeated supra
maximal sumulation with constant external force The question arose whether these
changes represented changes n tone 1n spite of no spike discharge or plastic changes
some passive elements of the muscle

Tone in taema coli depends on metabolic energy supply for sts maintenance There
fore 1t was tested whether the inactinve length could be affected by either withdrawal
of glucase or by exposure toa bohc snhibator ( doacetate [IAA] concentra
tion in the bath of 3 x 10 2w/v)

In each experniment 4 muscles were mounted and their inactne  lengths were
determined in the presence of adrenaline as descnibed above Two muscles were kept
1 normal solution as controls the other 2 exposed to glucose free solution or to JAY
for 3hrs Thewr anactive length was determined every 30 min No significant increase
was observed 1n the nactive  length of the 2 latter groups compared with the control
groups

It 1s concluded that the adrenaline relaxed muscle at 37 C s atome For both 1so-
metnic and sotonic conditions the tr titro lengih of an adrenaline refaxed muscle 15
proposed as the most reasonable operanonal defimition of Ly for the purpose of our
expeniments When changes in that length occur duning an expeniment they are treated
as changes in L,

C Rate of contraction
In all experiments the muscles were refaxed by adrenaline before stimulation Supra
maxmal sumulaton was carried out by applying a high [N ], m both 1sotenic and
sametnc conditions In additon 3n the psometnc conditions acetylcholine and car
bachol were used

I Isotorc recording A condition for a stictly 1sofonic contraction is that the muscular
force P1s equal to the constant load T during the whole process of shortening Neglecting
the fncuonal forces and the mass of the muscle (see Mcthods) the general equation
for the thorterungs described below can bewnitten 1 = 1 4 My (M = cffectine mase
v = d% di* where x  amount of shorterung and t = ume} [o approach a true 150-
tonmc shortening where § I the term My must be made small compared to |
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Fg 1 Force velousty curves. Abscasae force Ordinates velocwy Uppey curve maximum
velacity of shorterung Lower curve mean velocuty of shorterung At 100 dynes wension Lo was
18 mm (A) and 14 mm (B) respectsely

For the expeniments descnbed here the force necessary to aceclerate the whole
system Up to the maximum veloaty was calculated to be 3 8 dynes durung the smtal
aceeleration (mavunum veloaty 3 7 mmfsec ganed dusing { sec) Thus the forces due
tomerti2 \ ould be small compared with P at the velociies present in these experments
(R = maumum sometne force atly) However consiam loads vamyng from 100—
12000 dynes were used Therefore during the acceleration from zero veloaty ta the
velocity of a tow tom per second Mv may m a few cases have become sufficrently great
compared with F to ¢ause a deviation from the conditian of sotome contracton

The purpose of these experutents howeser wa3 to obtam a cutve selaung the velor
wy of shortenwng 10 1soteme force ‘The mavumura rate in cach contraction was obtamed
from (a) the tangent at the pont of mflewon or (b) by extrapolating the sicepest hincar
part of ¥ cune The values for mean veloomes were obtamed by diiding the wtal
change w length by the ume clapsed from the btgwming of the shortening

\ typicat force veloraty 1t shown i Fag 1 AL The cusse fis Hill s equacon (P + a})
v+ b) = (Po+ a) b = constant (Foll 1939} (P = the constant load P = ithe
masunum sometne teasion at by v = dx/dt = velouty of shortening a and b con
stanes with dimensions of foree and seloaty) Geraphical determunation of a and b
according to the metsod of hasz (1939) showed thiat both were constant  Determined
Sot the maamum selocity of shortening agment different afterlonds of 2 39 mm long
muscle a and b were 800 dynes and 0 24 mmjsec respectnvely (Frg | A



20 N h G ADERG AND ] AXELSSON

@
Fig 2 The rate of tension development
al s funcuon of musele lengih Abscissae
H muscle length expressed as  of L
g (Lo of this muscle was 7 5 mm) Ords
o nate rate of tenston development Open
5 circles maxsmum rate Closed owcles

L

1

mean rate The standird deviation at
each length is shown in the figures

® ]
oty

leummalmmw H ‘ l"’"‘v
tension WANAAAN Jo%ayn
DIig 3 Llecctneal and mechanscal re-
Tor

sponses to electneal stimulation
description sec text

Fig ! B shows a force veloaity curve 1n which neither a nor b were constant Such
curves were obtamned if the experiments were started before adrenaline had been guen
repeatedly for some tme Itis believed that the changes in mechanical qualities oceur
ring duning the course of these expeniments are secondary to a change in the metabohe
status of the muscles

The mramum velotity of an unloaded musele was found to be approumately 30
per cent of Lysec (determined by extrapoliting a number of foree veloaity cunves)
The maximum velocitics measured at 100 dynes differed considerably from one mucle
to another The highest vatue which has been measured was 26 per cent of Ly/sec

Wuh increasng load the L, of the preloaded muscles increased with a consequent
decrease in cross-scctionat area Therefore the changes in stress (force per umit areal
will be greater than the changes in tension {total force apphed along the muscle to
steetch 3t} which are indicated in the figure

In a sertes of expertments the muscles were prevented by a stopper from ncreaung
sn length beyond the length of the resting muscles under the smallest tension The veloc
1ty of shorterung, with increasing load of the after losded muscles was not sigmficantly
different from that of the muscles which had been extended by increasng the load

2 Dometrie recording

) Stimulation by hgh (7]

InFig 2 the maumum rate and the mean rate of tennan development obtained at each
length are platicd against the length expressed i of Ly, In thss muscle maumum
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Fig 4 The relationship betweer
veloaty of shortening and P
Abscissae The tension 1 each o6
contraction as fraction of the o
maximum tension developed by
that muscle at L, Ordmate o
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Fig 5 Isometnc and sotomc  Zas
contractions of the same muscle B _/_‘g—
Upper trace msometnc contrac o [P
ton  Lower frace 1otonic con € ]
tract en For description see text oo

Tate was obtaed at 145 ; L In 12 muscles the length at which maximum rate was
obtamed vaned from 131—180 per cent of L,

As the rate of tension development appears to be a function of muscle length and
thereby resting tension L maust be considered if the veloaties of the contractile pro-
cesses an 1sometric and sotomie conditions are to be compared The rate of tension
development at L was mf] by the d tension before the
muscle was relaxed (The higher the tenston the greater the rate )

The maximum rate recorded 1n these expensments was 2 800 dynes per sec

8) Stimulation by acety! holine or carbachol

In a series of vanous of acetylcholine and carbachol were
used as simuh \faximum response was obtawned with acetylcholine at a concentration
of 10 Carbachol 10  gave the same response as acetylcholine 10 and the
response with 1t was obtained at a eoncentration of 1 x 10 The difference m potency
bctwccn the two drugs was eltmunated by presious application to the muscles of a
t intabitor { mthebath ! v 10 ) The rate
of tension dexelopment obtamed with optimum concentration of each drug did not
differ significanily from the rates obtaned when hugh [h ] was used as the stmulus
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TasLe I Summation of the results obtained during 1sotorie and 1sometric contraction of one
muscle under different resting tenston

Maximum Tension total

\Maxmum rate of (1e resting +
Resting  Resting  aeloaty of  Phyweal tension Tension tension
tension  length  shorterung  work detelopment developed  developed)
10%dyn ° L,  mmfsec 100 erg 10 dynes sec 10% dyn 10% dyn
o1 109 32 10 10 90 2t
20 129 08 162 12 90 HE
50 159 02 101 1e 75 125

¢) Llectrical stumulation

Fig 3 shows the tension response to clectncal stimulation The forces developed 1n
response to single sumult are small d with 15¢ ric force (This s
further considered on p 12) The maumum rate of tension development (V[max]) in
response to single stimult was 1 100 dynesfsec When the muscle was stimulated at
higher frequency  the tension never returned to the resting value between stunule
\ (max) was then only 500 dynes/sec The recording, was done with the muscle at about
oo, L,

3 Isometric and wsotonic recording from the samemuscles Hill s equation (seep 5) rearranged
mto the form V = (P, —1) b/(P 4+ a) suggests that the velocity of shortenmg de
pends on the rato between the maximum force which the muscle can develop and the
force acting on the muscle Therefore in a series of experiments sometnic force and
veloctty of shortening were measured in the same muscle The constant load F cor
responds to Hills 1 Fig 4 shows the results obtained from 5 muscles In all experiments
the constant load was 2 000 dynes

Before and after each isotonic contraction the muscle was made ta contract wsometrt
cally and the mean P was calculated As P, may change during the course of an cxpert
ment different values for Po/I were obtamned from one and the same muscle The cune
indicates that velocity increases with mereasing Py

In Fig 5 the sotomc and 1sometric contractions of one and the same muscle can be
compared at 3 different lengths L, in the sometnic condition was 17 mm With 100
2000 and 5 000 dynes resung tension the length was 100, 129°, and 159 o Lo
respectinely under both preloaded sotamc and 1sometric conditions

The results obtatned 1n this experrment are summarnzed in Table T

D The amowunt of wotome shorienine ot rarous loads

The shortenung of preloaded muscles under sarous loads when stimulated with high

{h ] areplottedin Fig 6 A and B The broken hine 1s actual shortening in mm plotted

apainstload The solid cunc exprexses the shortemny, as per cent of L, at the given load
The il sncrease i actual shortening (seen in the broken line in T1g 6 3} occurs

because the muscle tncreases in length when the load 1s increased from 100 to 300 dvars

*This instial snerease n length i relatn ely greater than the inerease which occurs when
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Fig 6 Ttoton ¢ shartening undes vanous Joads A Tensions of 100800 dynes Ths shows n
d‘tg\m} for one muscle “l)::gl 13 vared for another muscle 24 the bempawag of B

B Another muscle Ioaded with tensions of 10010000 dvnes Sobd e shorienungs expressed
a1 ¢ of the preloaded Lo For fucther descripion ser texg

Fig 7 Phyncal werk Absassae load Ord nate
1otk \ertical lmey thow sandard deviauon
Each period 1 the mean of about $ obscrahors

greater Joads ase apphed The shortenmg under 190 dynes load of the muscle shown i
Fig 6 B was about 60 pes cent of L,

The shortening of 12 muscles under 100 dynes load expressed as parcentage of Ly at
the tme of sumulanon vanet between 60 and 80 per cent

E Phyacel work at raraus fonds
In Fig 7 the work done by 2 musele at vanous {oads is plotted It will be seen that
maximum physical work 18 pecformed by tns muscle under a load which 1 aboat { 3

of the greatest load which the muscle can bt 1n ten museles 1t was found that maxumum
weosh was performed with 2 constant load of 30 per cent of ¥y, 3 5

The maxmum phyucal wark was found to he between 4 70!"’ andP L

F Marumum womecnc foree

182 - 8524
The maxumum force developed by 19 muscles at Ly was —menln The area t$
om

the mean crosssecnonal arexa of cach muscle prece The values are obrained by making
P, » length P,

2 —2 There was howtaer a poor corselstion be

the assumprion that
solume area
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Fig 8 Length tension relationsbip For deseniption see text,

tween fengthjvolume ratios and the force deseloped by these 19 muscles Ths indicates
thae cither the muscle pieces are not of umform thickness or nat homogeneous (r ¢ not
contmmng the same number cantractide fibres per unst area)

The relationship berween maximum force and the dength of the muscle appears from
Fig 8\

G Length tengion relatorshp
The curse labelled smactne (Fis 8 % shows the lennth tenvon refationstup i the
resung muscle Adrenaline was myven before each stretch The speed of lengthentng was
constant throughout the expeniment Each point an that cunve represents the stable
tenson mamntamned at that tength When the tension was stable the muscle was simu
fated b tugh [h 1 Each point on the upper curve shoy s the hughast tatal teason
(1 ¢ resing fensnion developed tension) dunng suenulation at that fength The
broken hne shows the dhfference betwcen the passne and actise tenssion 1 ¢ the tension
developed m addwmion o the cesting tension The mavmu tenvion was developed by
s muscle at about L, although the total tension conttnued to tncreas- ta at beast
1B0© lg This was a constant hinctag 1 all the muscles tns estigated

Fig 8B showa the length tenuan cunve of a depolanzed (1 ¢ actne) muscle The
muscle wasdepolanzed ar L, by high{h § Thisproducedae winha
tensmion dev elopment of | 200 dynes  Fhr tenvon which was maintamned by the depolar
1260 mwscle w23 B OO Bwnes at L, In thus state the muscle was stretched The ordinate
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15 the mcrease 1 the tensron m terms of P 1 ¢ PAP In ths case P 15 the mantaned
tension and not the maamum On the absossae the increase 1n length 18 plotted
teems of L The depolarized muscle condd be stretched to about 130 per cent of Ly,
with ncrease 1 tension

Discussion

When first p to put the mech of the muscl a basss we
were faced with many difficulties Several authors workang on different types of smooth
musele have discussed these difficulties among them Bulbning {1958) werking on taensa
colt and Lundholm and Mohme Lundholm {1862} workng on mesentenc artenecs
These authors pomt out that as an solated smooth muscle may mantan a varymng
degree of tone the change ¥ response to sumulation may 1n many cases reflect only
\anatons wm this tone When stimulanon ceases the tone may Bot retum to its onginal
fevel Spontancous changes 18 muscle fone may occur during the expenment Under
thess condhitions work on the 1 prope of a muscle becomes
extremely difficult The first 1ask was therefore to obiam a reference length which one
could returmn to and which represented an atonic state of the muscle

Riference bongth
We tried to abolish spike disch. n subs oefore < m order to
obtan more comparable muscle precee However there was no conswstent relatonshup
Between the adrenaline selaxed  situ length and the adeenzhae relaxed i ruro tength
under constant external force Ve therefore rejected the wackne wy sitx tength as a
reference length According to aur expenence tt s of hamted meamng to walk about
the natural length 1n the body  as reference length for this muscle (Yoshida Toshira
1963)

“The adrenaline refaxed w it length at 37 € was used ax reference length Ly, (5o~
metne) was athitranly defined as the greatest iength of an inacine muscle when the
force apphed ta stemghten 1.3 2= 50 dynes The kength of the aruseles under 50 dyacs
resting tension was enly shghtly greater than their mtial dength {the length of ananac
wve muscle when po exiernal forces other than ¥ aze apphicd) Appl
of greater force caused sncrease in muscle length with consequent dectease w diameter
Length tention curves showed that masimum tension was developed at about L,
{Fig 8) Thus the L, used 1 these expenments proved to be i good agreement with
the defintuon of Ly, given by Ramsey {1960} L, (isotonsc) denotes the resting lengths
of a prefoaded muscle In this condition cveep and plastic changes oceus causing change
in the L, at 2 gnen load e have avosded thus problem by including only results ob-
tamned when the plastic changes had taken place (p 4)

Ve abandoned the rdea of stretching muscles of differeat \ wghts per vt leneth o
the same numencal value for the weightdength ratio as we found that by dowg 0 we
wete mtroducing very vanable stress 1n the muscles without secunng the same cress-
sectional area fsee p 10)

By our defintion of L, the differcnt peces of muscle will hace the same resting ten
si0n and be hept at the length at which they dexclop maximum tension

In thus conditzon {2 ¢ at Ly we obtaned resuhis which were repeatable with reason
able stanstical aceuracy Other conditions proved 1o give lese reproducible eesules
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§ eboctty of shortening

We obtained force velosty curves sn which values for a and ban Hill s equation were
constant {Fig 1 A} The deviavions obsen ed 1a some carlier expeniments were <upposed
to be a consequence of shmulated metabolsm and increased energy supply dunng the
beginzung of the expenments whach might hav e delayed the decrease in velocaty a1 the
Joad was mncreased The decreased veloaty of shortening obsen ed with mcreanng Joad
can be expl dasa of $ work and energy requirements per unit
shartening The findings that both veloaty of shorterung under constant load and the
sate of tenston development decreased when the external glutose was removed {see
Axelsson Hégberg and Timms 1964) support the view that energy productsen may bea
rate himssing factor in contraction (Fenn 1924 1957 Hll 1938 Vilkie 1954)

Wilkse (1927} suggests that  the chemcal reactions which produce muscular energy
are themsehes controlted by the force on the muscle  Table I shows that at 129 per
cent of L, the veloaity of shortening was decreased 4 times compared with the veloosty
at 109 per centof Ly The work however 316 times and quently the work
per unit ume increased with snereasng force up to a certam kmt Sioutarly the tenston
developed per umt tme mezeased with the force on the muscle up 10 2 given himit for
rath muscle (Fig 2} In ex n which force and velocsty
of shortemng were detensmned for the same muscles (Fig 4) 1t was found that selocty
increased with iacreastng Po 3¢ would be predicted from el s equation

Firgures for the vcloaty of shortemng of taenia colt are much Jower than those for
stnated muscle  elocity of an unloaded taensa was cal as 30 per cent
of Lyssec (Fig 1 %) whercas for an unloaded frog sactortus «t can he calculated by
extrapolation 10 $0—.0 mmisec or about $3.4 per cent of Lyfsce (ENll 1938 Walkae
1957} Hall's salues were obtaned 28 0 G All our salues were obtained at 37 ©
Buchthal and Rosenfalck (1957} found the maxsmum veloessy of an uslaaded single
fibre from frog sartorius 10 be about 160 per cent of Lojsec 3t 0 C There arc also
great duffesences an velocity bet een different types of smooth musele The masimum
elocity of mesentesic artertes expressed as the mavimum mitsal rate of an unloaded
muscle at 38 C 1 as found to be about 024 per cent of L jsec {Lundholm and
Nohme Lundholm 19620 For utenne musele Joad witha 2, Yoad (7 per cent of P 1
at 375 € Caapo (1962 found maxsmum reloaity to be 4 5 mmsec ¢ e 14 per cent
of L, s¢ br extrapolation en tus force velocny cune he caleufated that the velor
ety of an unloaded muscle was u 5 mm se 1 ¢ 17 per cent of Ly, sec The maxsmurm
veloany of tacnia col under corresponding tessions were 10 per cent of Lytscc and
39 per cent of Lo sec Fig 1 As Thus the farm of the force velocity cune for txema
colt v different from that for wenne muscle

In the experiments described in thss paper the veloetty of contraction was himded
tn diffusion processes chermucal stumulatian) and by the rate of conducuon of 30
action potencial alung the whote mece of muscle felectncal sumulavon by ungle
pulses  Higher selocsties have been obtamed s hen  he muscles were qubyected 10
tugh frequent clectncat sumulauon smultaneously over the enure muscle length
The maximum foree was howeser the same

Ve wih to thank aneias pr feawt Lennan f undh Im § 1 £ mulanng dirus oo snd vas ow
telp ing Andras Bova f tructi 3 {6 e transducen § ¥ ¥ 1 mc measurements and A1 3
Lubeth Olaon D7 valuable tred  3f 2 stanee
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Abstract

Axcsson } S G R Hogbergand A R Tunms The of ctaf enncing and readmsft ng glucsse on
the lect wol and mechameal actionty and glucose and glycogen conten? of antestinal smoath s le from the
tama tods of the gumes p g Sc1a physiol scand 1963 64 28—37  The offects of ¢t anging the
)glutak cancentration 1 the bathing 30lution on frequency of spike discharge membrine
potentn] and on the mechanical vesponses 1 desanbed quantitatively and related ta ussue
canten of ghacose and glyrogen Remoing glucose mcreases and readmitting mhibits spike
dudurgc The membrane poiential depends on carbotyd s for tts
pend B howerver or latsely different from that of the contracule
mcc!mmm Spke duch:rge of high frenuency peesisted for hours after the mechanrcd re
spome was abotuted In glucose free solution the mechanucal respanse e i paraliel with
tssue content of gheogen In formal sclution these was no correlanon betw.een tension an 3
glycogen content

tPart  the tiochemucal work reperied way done while one of the suthars (AR T ) wa
working 1 th Dept of Paih br tagy Johas Hoplins Schsol of Hvgsene and Pul he Health
fatumare Manyl nd

The expesiments n which th glucne 2nd glycogen levels were measured were perf rmed
under ot e cond € n S ne m an remens. kindly perf rmed for wx undee ww metac € 8
datona by Dr F B d oy dem onsteate 2 arly tha glycog nd plet on 13 ncompf 1 even afier
7 brsund £ glue ae feee ndt A

Clyegen wg mgw tweght

Exp 1 Txp 1

Contrale (%2 ev gluc ne o84 114
45 min glucosr fr ¢ 54 a9
? hrs glucose fr e o9 DuY

(\Misvalusaremean T3 Yer wma n
Thr authors are ext m } g ar £ 1e D Bued 0% { 1 ¢a mang <ut th ey expenmeny



GLLCOSE ACTION ON SMOOTH MUSCLE 29

1In 1912 Rona and Neukirch found that mn glucose free solution the mechanieal activity
of intestinal smooth muscle dumnished and disappeared These findings were confirmed
and extended by Feldberg and Solandt {1942) who worked on the wolated small
mtestine of the rabbit

Working on taema col from guinea pigs Axelsson Bueding and Bulbring (1959)
found that the abolitton of mechanical actiaty m glucose free solution s not due to
cessation of spontaneous discharge On the contrary the frequency of spontaneous
duscharge was increased on ghicose removal and inhibrted by returning glucose to the
bathung solution In spite of cantnued electacal actvity however the tenson response
was gradually abolshed 1n the absence of glucose

The effect of glucose d; 1 and read: has been d m more detail
“Three aspects of this problem have recerved pasticular attention namely (A) the effects
of removing and readmutting glucose on the electneal activity and the mechamical
changes following the spikes (B) the effect of glucose on the mechamcal response to
supramaumal stnulation and (C) the effects of vanations in external ghucose on the
glucose and glycogen content of this muscle

Methods

The tissue used was the tacnsa coh of pig For £l
and determmation of mactive in vitro length (Lo) see Axelsson and Aberg {1963) As we found
that the glycogen level of this muscle changes sgmficantly during the first 2 brs m the solated
organ bath we adopted routinely a two hours period of incubation at 36 G under acrobic
conditions before commenc ng any expenmentation

S lutons The solution referred to as pormal solution was a modified Krebs solunon The
compos tion was as follows (m™M) Na 13747 Ca* 249 K 593 Mg 119 Q1 1341
HCOj 1548 H PO, 119 Glecose 115 It wasaerated with a mixture of O (97 ) and CO
(3 ) IspHwas72>

In ‘the glucose f e¢ solut on glucose was replaced by equivalent amount of sucrose

‘The solution refersed to as high potassium solution contaned 128m K This was obtamed
by replacing all the NaCl of the normal solution with KCI

Recordn of electrical and mechaneal acticty For simultaneous recordimg of electrseal and
1sometric mechamcal activity we used the  sucrose gap method (Stampfls 1954) For sometnic
recording of muscle tension we wsed two different rypes of transducers RCA 573% and Grass
type FT03 Isotomc measurements were obta ned wath either a differential trandformer or 3
mechano photoclectne transducer

St mulation Electpical simulation was performed in similar way as desenbed by Burnstock
(1938) Chemical sumulat on was performed by rass ng the external concentration of potass um
10 128 mM For further description of recording techn que and sumulation sce Axelsson and
Aberg (1964)
Deterrs nanan of gl cot and glye gen

Seven or esght p cces of muscle [ om the same ammal were subjected as far as passible to the
same expenimental conditions 3 a further prece of muscle {ram whch clectncal and wechanical
actryity and tens on were simnltancowsly recorded Samples were remosed from the bath at
app opruste times and their content of glucose and glycogen determuned

Gluzase ‘The glucose content of the nssue was determined enzymaucally (Sletn Con and
Con 1930) We ghed samples of taen a col muscle were removed from the bath and qu ckhy
frozen by placing them on a petri dish conta n ng dry ice The frozen pieces were then rap dly
drawn through ice-cold glucose free Rrebs solution $o that glucese adberent to the outade of
the ussuc was washed off while the rema nder of the tissue remaimned frozen. The ex ess flusd
was then removed by repeatedly drawing the tusue over a glass plate Drving the ussue with
filter paper was avo ded because 1t was found that this resulted 1n a cons derable loss of glucose
The weighed p eces were quickly immersed in chilled all glass homogenuzers conta ausg 0 4 ml
of wcecold ¢  perchlonc acid and The h were d to ctul
led centnfuge tubes and centrfuged at 4 C for 15 mn at | 000 ~ g Measured olumes of
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Abstract

Axelson | S G R Hogbergand A R Timms The ffect of remoting and readmtting glucose on
the elect wcal and mechamcal acticrty and glucose and glycogen content of sndestinal smooth musele from the
taema cols of the guinea-prg Acta physiol scand 196> 64 28-—42 The effects of changng the
glucose concentration in the bathing solution on frequency of spike discharge membrane
# potential and on the mechamcal responses 1s described quanutatively and related to tusve
coruent of glucose and ghycogen Removing glucose increases and readmtting imhibns spike
discharge The membrane potential dzpcndx on hism for its
I 15 however r qual cifferent from that of the contract le
mechansm Spike discharge of high m-qumcy persisted for hours after the mechamical re
sprnse was abolshed In glucose free solution the mechanical response f 1 in parallel with
tissue content of glvcogen In normal soluuon there was na correlation between tension and
glyeogen content

Part of the b ochem cal work reported was done while one of the authors (A R T ) was
working in the Depr of Fathobiology Johns Hopkins Schol of Hygicene and Public Health
Batumore Manvland,

The experiments in which th  glucos and glycogen levels were measured were perf rm d
under soton ¢ conditions Some measurem ats kindly performed f ¢ us under sometric con
dinons by Dr E Bueding demonstrate clearly that glycog ndeplet on 15 incomplete even after
2 tirs und  glucose frec condition

Glycogn ug'mg wet we ght
Exp 1 Exp 11

Controls (*hrs ~ gluc s oey 1l
45 min glucose free 034 098
2 hrs glucose free 029 ota

(Al values ate means £3 d termonaton )
“The authors are extrem s grat ful v br Burding { r carning oul these experiments
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Fig 2 Reduction in membrane potentsal and abolition of sp ke discharge after prolonged

exposure ta glucose free solation and restoration of both by readmtting glucose Records as m

Fig 1 For description see text

spontaneous spike discharge 2nd on the tension response to each spike After 30 min
exposure to glucose free solution the tension response had decreased by 66 per cent
while the frequency of spike discharge had increased by 82 per cent After 120 mun
exposure the tension had decreased to 10 per cent of the tension m normal solution
‘The frequency of spike discharge slowed agawn but was stll 36 per cent greater than
that 1n normal solution During 2 brs exposure to glucese free solution the membrane
potential deyreased by about 10 mV

Glucose (11 5 mM) was readmutted after 122 min exposure to glucose free solutron
(Fig 1B) In24secspontaneous actvty stopped and the membrane potenteal mncreased
After about 10 mun 1 normal solution the first spike appeared  followed by the develop
ment of tension which was 50 per cent of the normal At that pomnt the membrane
potential began to decrease slowly and within 12 mun after readmtting glucose spon
taneous spikes of the same frequency as 1 normal solution were recorded By this ime
the tension had recovered to 83 per cent of that recorded in normal solution at the
beginmang of the expertment

Qualitatiyely sumular results were obtaned with 40 muscles but the ume taken to
reduce the tension response by 50 per cent varied from 10 to 70 min

The mamtenance of tension 1n glucose free solution was wversely related to the
frequency of spike discharge

The mutial effect of removing glucose from the bathing solution was always an
imcreased of spike discharge After prol
tme course of the compound spikes was observed

The ultimate eflfect of removing ghicose was a fall m membrane potental and
cessation of spontaneous spike discharge This oceusred after 4—8 hrs exposure to
glucose free soluuon Fig 2 sllustrates the effect of long term exposure to glucose free
solution In (a) the muscle had been i glucose free solution for 100 min The frequency
of spike discharge was increased by 100 per cent and tension decreased by 90 per cent

d exposurc a slowed
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Fiz 1 The effect of removing and readmutting glucosc on spontaneous electrical and wsometric
mechamcal acuvity A The effect of removing glucose B The cfect of readmetting ghacose
Upper record  electrical actnity Lower record tension For descriphion sec text

the supernates were ncutralized with 2 KOH to pH 7 0 after the addation of 0 02 ml 0 53\
potassium glycyl glveine buffer {pH 7 4) Potassium perchlorate was removed by centrifugation
at 100 ~ g for 15 mn at 4 C Al quots of the neutralized supernates wete taken and glucose
was determined In 3 reaction mivture contaming 0 01 MgCl 0 0 M potassium glycyl glycine
buffer (pH 74) 00003 M TPN and 0003 M ATP in a final volume of 08 ml (Bueding et o

960) ml gl £ di ( ) diluted 1 5010 005 A\
potasium ghieyl glyemne bufler pH 7 4and 0 02 ml of hexokirase {Bochninger) diluted 1 201n
the same diluent were then added to the cells and the incrensc in opucal denaity at 360 mp
resulung from the formation of TPNH was measured spectrophotometrically The reaction usu
allv went 10 completion in less than seven minutes

Glye gen Glycogen was determined 1n we ghed samples of tacnia colt by digestion 1 02 ml of

45  hOHat 100" Cfor Omun followed by precipitation at the same temperaturc with 3
‘olumesof 93 ethanol \fier alfowing precipiiation to occus (5 min at 4 C) the samples were
centnfuged at room temperature at 3 000 rpm for 15 mun and the clear supernatant fAuid was
discarded Gheogen was determmned 1 the residue by the methad of Bued ng and Hawkiny
(1964) by degradation 1o glucose 1 ptosphate and glucosc using 1 6 amyloglucondase and
phospharyLase in the presence of tnorganse phosphate and AMP Glucose 1 phosphate and glu
¢osc were then determuned enzymancally

Results

A The cflect of remo 1 g ard readmutting glucose on clectrical and vsometric mechameal sctirity
1 Spontancous actizity Fig | A shows the effect of glucose removal on the frequency of
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concentration modsfies the :panun:mn acunu, of zema mh. Changes 1n frequency of
spike dhsch pike ¢ the

of the h. 1 ly anung spikes i glucose free wuh thase
1n normal solution Ve tned v.herzforv to climnate some of the vanables bv applvmz
electrical sumulation at fixed 1antervals 1n both normal and glucese-free solunon.
Electneal sumulation made 1t possible to compare the mechanieal responses o sumula
uons of identical frequency strength and duration 1 normal solution +1th those
obtained at different intervals after removal of glucose.

The device for electncal sumulation was similar to that described by Burnstock
(1958)

“The highest rate at which each musde would respond to electncal stimulanon
(*dnving rate } was determined n normal solution. The muscles were stmulated
at thus rate and at vanous lov er rates. The rate at which the mechanical response was
greatest was determmed and s called the “opumum rate” The duraton of each
series of sumub was 30 scc the intervals ben«cm stimulation lasted 10 suoutes Dura
tion and strength of stunuh was unch the The optimum
strength durztion and frequency vaned from onc muscle to another Fig 3 (a) and
(b) shaws the mechanscal response m normal solution both to spontancously ansng
spikes and to electncal sumulaton of o different frequenaes (24 and 30 stmuli/
mun} 30 shmul’mun was the opumum driving rate i normal solution Parns () {d)
and () show the decrease m the mechanical response to both spontancous and clectn
cally evoked action potentals sa glucose free solution The frequency of sumulation
shown 1n (c) 15 30 stmuli’'mn. The drving rate was howeser greatly increased and
(d) shows the response to 48 sumul min After 60 min no tenvion response could be
obtawned exther to spontaneous or evoled spikes (c}

In normal solution the tension dbs 1y arsing spikes
-as smular to that in response to electrical sumulation of “optunum rate On a frw
occasions shghtly higher tension could be obtamed by dectneal stimulation than was
evoked by the spontaneously anung spikes after prolonged exposure to glucose-free
solutton However the tume taken for the dusappearance of the mechameal respanse
to electnical stimulanon was simular to that described for spontancous acuvity

In (f) 15 shown the effect of readmutting glucose on both spontaneous actvity
and exauability Within 4 min_ spontancous actvity stopped and the muscle did not
respond 10 electncal sumulation of the strength and duration which had previowsh
been effectne The membrane potenual increased and spontancous actwity did nat
reappear until the muscle had been 12 mn i normal solution (¢} The frequency of
spike discharge and the tension wncreased thereafrer slowly (h) and (1)

B The effct of veming ond veadmittin  glucose on the mechamcal sesponse &> subramatmal
stimuly
The mechanical response was recorded both ssotorucally and sometncally Isotomic
recording was done with preloaded muscles under two constantloads 1 000 and 5 000
dynes The used i these was high [K ], see methods The
duration of each sumulus was 5 mm The muscles were sumulated with 15 mm intervals
throushout each expenment.

In normal solution the muscles were spontaneousls actuve When measunng the
maumum mechanmcat to changng from normal solution to 2 solaton con-
tning 128mM K wecither warted until the musele was active or sumutated durmg
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Feg 3 Effect of removal and readmession of glucose on spontancous and eioked actvity
Recatdeanin Fig | For description see text

Then glucose was admined for 10 mun In (b) the usual effects of glucose are scen
decrease w spontanenus frequeney of sprike diseharge and increased membrane potential
and terson This ume glucose did not completely abolish spike discharge as st ded 12
Fig 1 after 120 mun exposure to glucose free solutton The glucose was agun remoned
and panch e~ show the changes which 100k place Yirst there was an increase sn
frequency  thereafier there was a gradual fall in membrane potennal decreasing
amplitude and tune course of spikes and finally small osallations fter a total of 4 b
and 40 mun 1 glucose free solunon glucose (1) 5 mAD was added once more The
effccisareshownn ¢ As usual the plucose caused an increase sn membrane potential
At the 5m  when glocow way d d the brane was depol d below the
lenet of ypke grneration therefore an merease m membrane potential led sn this case
102 restorauon € fspike discharge Thus the effect of glucose 1 on” and the same muscle
mav eitber be an inhubison or an mitaten of spontancous discharge dependng on
the membrane potenual at the tune of glucose admnsiranon

n alf casrs when glucose was readmitted at a stage when spike discharge was sull
present 1t d ¢ or absolished sprke and exuved an morease
s membrane potennal { sarving decres In appearance the effect of glucose at thi
stane was indstnmushable from the wsual effect of adrenaline on this musele {Bulbring
104

1n most expriment m which glucose wan readmutted when sprkes sull persisted one
could olseme 3 rest anen of mechanics) acysiny smultaneousdy with the mbnbition
of spike discharze Ihr trns on reaponse (0 cach 6 ke began 1o merease and the frev
quency of ke d whare + decerase 3050 src after glucose was seadmutted

2 Bl wel st ey T+ expeniments drarsibed so far show how the extrrnal glucos
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Fg 5 The mamtenance of ssoton ¢ shortening duning st mulation n glacose frec solution The
muscle v-as under 5000 dynes constant load Ordinate the amount of shortening at different
intervals after onsct of sumulation expressed as per cent reductions of the p cloaded Lo (at
5000 dynes) Abscissa time m glucose-free solution

of the preloaded L the shortening of the muscles under
1000 dynes Toad was decreased by only 15—20 per cent after 3 hrs exposure to ghu
cose free solution The maximum shortening of the muscles mounted under 5000
dynes load was however decreased by 84—88 per cent at the same tme

b The effect on physical weork

In Fig 4A the physical work performed by four muscles 15 plotted agamst time 1n
glucose free solution a and b were under 1 000 dynes load ¢ and d under 5 000 dynes
load The shortenng of all four muscles tn normal solution ranged from 65 to 75 per
cent of Lo The physical \ ork performed by a and b was however small compared
with ¢ and d which were under 5 times greater tension ‘The physical work of a and b
was only reduced by 15—20 per cent aficr 3 hrs exposure to ghucose free solution
The work performed by ¢ and d was reduced more than 80 per cent

€ The effect on the du ation of contraction

Although the physical work of muscles under 1 000 dynes load was only shghtly de
creased the ability of the muscles to mamntain the contraction was greatly reduced

In Fig 4 (B and C) the whole course of contraction of two different muscles 1s shown
The graphs show 15 and 1? records respectively at different stages during cxposure to
glucose free solution B was under 1 000 dynes C under 5 000 dynes load

This phenomenon recenves more quantitative treatment i Fig 5 The amount of
shorteming (expressed as percentage reduction of the preloaded Lg) at various itervals
after the onset of sumulation 1s plotted against time 1 glucose free solution The muscle
was under 5000 dynes load In normal solution the contraction remamned almost
unchanged dunng the 5 min of stmulation but in glucose free solution the contraction
‘was not maintained
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Fig 4 Fffect of exposure to glucase free solution on physical work 12 respx ne 1o stmulat 1
with 128mM K ] (A)and on contractures produced by t} e same potassium concentraton
(Band () Abscisae the ume in glucose free sclution A Ordinate the physical work per
formed by 4 muscles 3 and b were unfer 1000 dynes c and d under 5000 dynes tensi n
Band  Ordinates notonic shortening B under 1 000 dvnes € under 5000 dynes ten
Tle top curve 1n both B and € shows the concentrations in normal solut on The successive
cunves were recorded at 15 mn intervals in glucose frec solution and show especially the
decrease i the maintenance of contractures

a spomtaneous contraction The results obtained by these two methads did not differ
ugmificantly

The 1niual effect of glucose remosal was increased frequency of spontaneous activity
resulting 1n shortlasting increase in muscle tone Lsually after 30 mun exposure (o
glucose free solution no spentancous mechamcal activity was recorded
1 Isotoric re ordin
a Theefecton the maximan shortenng
Lo (the resting lenmth of preloaded muscle was constant for the muscles which were
mounted under 1000 dvnes load during 3 hrs exposure to glucose free solutron Lo of
¢ muscles mounted under 5 000 dynes foad increased Ly 4 5 per cent per hr
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muscle was under § dynes constant load Osd nate the amount of shorterung a¢ different.
intervals after onset of ssumufation expressed as per cent reductions of the pretoaded Lo {at

5000 dynes) Absoissa time 10 glucoediee whovon

of the prel Lo the of the muscles under
1 000 dyncs load was detreased by only 13~—~20 per cent afier 3 hrs exposure to glu
cose free solution  The mavimum shortemng of the muscles mounted under 5 D00
dynes load was howerer deereased by B4--B8 per cent at the same trme:

© The affict on physical work

In Fig 4A the physical work performied by four muscles 1s plotted against hme
glucose free solution a and b were under 1 000 dynes load < and & uader 5 000 dynes
ioad The shortening of all four muscles ;n normal solution ranged from 65 1o 75 per
tenr of Lg The physicat work performed by a and b was however small compared
with ¢ and d which were undes 5 simes greater tension The phyncal work of s and b
was only reduced by 1520 per cent afier 3 hrs exposure 10 glucose free sohenon
The werk performed by ¢ and d was reduced more than 80 per cent.

© The eff ot on the dusalion of cont action

Slthough the physicat work of muscles under § 000 dvnes toad was enly shghtly de
ereased the abulity of the muscles 1o mauataw the contracuion was greadly reduced

In Fig 448 and C) the whole course of contracuon of two different muscles is shown
The graphs show 15 and 12 records respectnely at diffesent stages dunng exposure to
glucose Tree soluton B was under ) 000 dynes € under 5 008 dynes load

“This phenomenon mivenes mOTT qusnttauve treatmaent wn $33 5 The amount of

rienin of the prel d Lgyb as vanous interals
aftey the onset nf sumu[.mon 15 plotied aganot e i glucose feee solution The muscle
was under 5000 dynes load In normal solubon the contraction remained almost
unchanged during the 3 mun of stmulaton but m glucoss Tree solution the contraction
Wwas ot mamuuned
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#15 6 Recorery of mechameal responseto h gh h Ordlmu: thet aricnungr obtaimed in
each sumulation expressed as per cent of the Absowae

tme m aormal soluton A znd B uoton ¢ shortenings under 5000 dynea constant ind B
Th muncles bad been » glocose free safonion for 3 58 A1 the beginming of the F gure they
were stimulated a3 u ual mlh hghik } O glucose {11 5 mMM) was sdded 1o the Ligh h

wlutian

& The efect on the celoctty of shartening
Lnder 1 000 dvnes load (e selomty of shorienng i one muscle decreased from being
1 27 mm se¢ 1n vormal salutson <o 0 83 and 037 mm ser aficr J sespectnely 2 b
glucose free solution
¢ The recacery of the mechanical respanse 1 noymal solution
Fis 63 shows thr ume mum of the recoren of the mavimum shorterung tn resphose
10 sup The respomse of the two muscles examned
was reduced to 1 and 23 per cent sespeetinedy of that in normal sofution dunng 3 hrs
previous expoture o glucine free solution Thrse museles were sumulated §0 mun after
readmitung plucoss and then wich 10 gun ttenvals In 30 msn therr mauimsm sesponse
was restored 10 €3 ~ 0 per <ent of normat

To obtain m 1v dewnird information abour the ume course of the utihzation of
glucose by the ¢ miractle mrchamsm the foflowing experiment way donr

The muscles werr expened to ] BmVM A afier 3 bes exposurr to glutes free solution
When the mutal shortlat tn respomse was myer glucose was added winle the muste
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content rosc to 50 per cent of the mutial pre-depleton level and sn three minutes the
Jescl was approvimately 75 per cent of the smttal Thereafter the rate of repletion de
creased and i fact the results obtamned suggest that the imual pre-depletion Ievel 1
not completely reattamned at least within the 15 min duration of these expeniments

1In the control muscles the electrical and mechanical activity m nosmal and glucose
Iree solutions was identical with that desenbed 1n section A

2 Changes 1 the glyce er content of tazwa cole

Fig 9\ illustrates an expenment m winch the glycogen was determined at vanious
intersals after the muscle had been mounted m normal bathing solution under 1 000
dynes resting tension

Although this represents only one experument, the results suggest that the glycogen
level of this tissue changes significantly after 1t 15 set up in the organ bath After 2 brs
ghoogen was ncreased by approvimately 35 per cent compared to 2 sample taken

immediately before setting up Thereafier the level of glycogen appeared to wncrease
stowly

3 The effert of ghutose withdraual on the glycogen content

The presens svindies midizate thar under glucose free condinons the fall in tissue glucese
)uc\s was not parallel to the fall in tension The possiblity existed, however that the
d; of glycogen was ble for the of tenston under glucose
frec condittons Accordingly the rate of depletion of glycogen was determined under
glucose free acrobie conditrons
Fig OB shows the results of 2 expts ‘The rate at which gly cogen disappeared from the
ussue 15 rclatnvely slow After one hour the fall i glycogen ranged from 15 to 50 per
cent Enen after 4 hrs there was still a sigmificant amount of glycogen present m the
ussue In these expenments pracucally ne glycogen could be detected after 6 hrs
exposure (o glucose free medium However Bueding and Hawkins (1964) usmg a more
refned version of the ongmal method (which was used in the present expeniments)
found that even after six hours under ylicose free aerobic conditions sigmaficant
amounts of glycogen could be detected It should be noted howerver that the smal

mare eapid fall in glycogen appears to have essentially the same tume course a3 the loss
of the mechantcal response
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Fiz 8 A Rate of depletion of ussue glucose from taenia coh under glucose free condions.
\ alues taken from 4 expts from d ferent amimals B Repletion of tussue glucose in taenia colt
depleted of glucose in glucose free medium 10—30 min at 37 C (4 cxpts} After tramferto
normal solution samples were removed at vanous time antervals Shaded area indicates
scatter of salues Normal mean glucose Ievel and S D shown

normal was obtaned in all muscles within 1 hr The time coursc of recovery however
differed conuiderably Few muscles recovered to 80—90 per cent of normal response
n 30 min

In a fow exper ts after prol d exp to glucose free solution adrenaline
was added to the bathing solution before simulation It always caused a shortlasting
1ncrease 1n tension or physical work sn response 1o simulation

C The effct of remoring and readmutting external glucose on the glucose and glycogen content of

the rruscles

In all experiments 8 picees of taenia coli were removed and subjected to identical

expenimental conditions One piece was used for recording spontancous electrical and
h 1actinty The preces were remosed atintervals and their content

of glucos~ and ghycogen was determined

| Changes n glucose content of tarma cols
The normal total tissue glucose level ranged from 0 7—1 1 mg/g wet wereht The mean
1alue was 0 87 mg/g with a standard error of - 00 When the muscles were transferred
to a glucose free solution a rapid fall in total ssue glucose occurred This s dltustrated
n Fig 8\ Orer 75 per cent of the glucose disappears in the first 3 minutes and thereafter
the dechine 18 much slower ionh a further 10 per cent or 30 10 the next 30 ma}
Control picces kept 1n normal solution throughout the peniod of thess expenments
showed no significant change 1n their glucose content compared with the initial samples

The muscles from which the el ctncal and mechanical actis ity were recorded showed
no decreas- an mechanical actiaty dunng the finst ten minutes 1n glucase free solution
“The charactenstic imual sncrease in the frequency of spontancous spike discharge
occurred however dunng the period of the rapid fall en tussue glucoss It s clear that
the glucose Jevels would be extrem 1y low at the ume that dusociation of electrcal and
mechanical activaty orcurred

AWhen glucose 15 readmitted after 10 or 30 min exposure to glucose free conditions the
toral ussur plucose Imels me veny quickly (Fiz 8B In the fint minute the glucoy
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content rose to 50 per cent of the wutial pre-depletion Tevet and in three mautes the
level was approxunately 75 per centof the ! Thereafter the rate of repletion de
creased and n fact the results obtaned suggest that the matnal pre-depleton fevel 1
not campletely reattained at least within the 15 min duration of these expenments

In the control muscles, the electnial and mechantcal activity i narmal and ghicose
free salutsons was dentical wuh that desenbed, m section Au

2 Chanyes 1n the pheogen conten? of terma eolt
Fig 9\ Musirates an expenment 1z whuch the ghytogen was determmed at vanous
wteeyals after the muscle had been mounted 1 normal bathing solattan under 1 000
dynes resung tension

Although this represents only one expernent the results suggest that the glycogen
Ievet of thus Lissue changes sgmfcanly afier 138 st vp n the organ bath After 2 s
glicogen was wereased by approwumately 35 per cent compared ta a sample taken

smmediately before seting up Thereafier the fevel of gheogen appeared to merease
slowly

3 The effect of glucose withd awal an the glcogen content
“The present studies aindicate that under glucose free conditans the fall i tssue glucose
Terels v as not parallel to the fall in tension The possibility casted howeser that the
it af glycogen was tesponsble for the af tension under glucoswe
free A the rate of depl of glycogen was determuned under
glucose free aerohie conditions

¥ig 9B shows the resubts of 2 exprs The rate at which gh rogen disappeased from thr
Bissute ¥ relatively slow  After one hour the fall in gheoren ranged from 13 w0 50 per
cent Even after 4 hrs there was sull a sigmficant amount of glyeagen present in the
twsue fa these experments pracucally no ghrogen could be detected afeer 6 hrs
axposure 10 glucoe free medsam However Bucding and Hawkns {1963 using a more
vefined sersion of the onginal methad (which was used 11 the present expenments)
found that even after st¢ hours under glucose free acrobic condtuons sgmficans
amounts of glycogen could be deteeted Lt showld be noted howeser that the wutal

mare capid fall m glycagen appears to hove essentially the same tune course as the loss
of the mechanicat response
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Although ghycogen 1s apparently utihized by taemia cok for mamtenance of tension
under glucose free condittons st does not necessanily follow that glycopenolyas 1s
essental to this bissue under optimal condstions Fig 10Nustrates 3 expts m which a
companison of the glycoren content was made with samples of tssue from the same
animal under different tenstons It can be seen that no correlation exists between hugher
tension and lower glycogen In fact n all 3 expts the glycogen content under ten

sion app not to differ ficantly from that of muscles suspended 11 the same
bath but w1th no tension

Discussion
Hawvng blished fized which pernit quanutatine ereatment of

the various mechanical parameters (Anelsson and Aberg 1965) the next step was to
try 10 relate these 1o some metabolic processes which may ultimately provide the energy
of contraction In the present work we have confined oursehes to the description of the
relationship betneen vanous h 1 and electrical prog and the tssue content
of glucose and glycogen

Physical work ond tension

In normal sotution there appeared to be no correlation between the tension under
which the muscles were mounted and ther content of glycogen (Fig 10} This suggests
that gl 11 not ymportant to the of tenvion when glucose i3
present However final proof of this pornt must await evidence of the rate of turnover
of glycogen for 1t may be that under higher ten 10n the incorportion of glucose into
glycogen 1s accelerated as s cll as the breakdown of gheogen In the absence of glucose
howerer a parallehsm bets een the fall in glycoren and the change of certain mechni
cal parameters becomes obvious Supporting evidence for the view that glucose mas be
unlized dircetly without comversion to ghcogen comes from the fact that glucose 1s
immediately unlized in the development of contractures by depolinized muscles which
have lost these mechanical response tn glucose free solution (Fig 0B as s ell as in the
development of tension wn response 1o sy ikes (p 361 This suggests that under glucose
free conditions glycogenolyus may b important for the maintenince of tenuon and
this is borne out by the results of Bueding, and Hawkins 1964, who demnnstrated that
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under glucose free conditions glycogen 1s depleted more rapidly and more completely
when the muscles are subjected to a high degree of stretch than when they are stretched
to a lesser extent In normal solution glucose may be the principal source of energy for
the contractile processes

\aximum physical work 1s performed by this muscle at about 30 per cent Po (the max
smum force developed by the muscle at Lo isometnic) (Axelsson and Aberg 1965) The
sntial shortening ¢ ¢ the physical work of muscles mounted under 1 000 dynes tension
was only shightly affected by thrce hours exposure to glucose free solution (Fig 44) It
should be noted that during the work performed v as only about
10° erg These muscles can continue to perform work 1n the absence of glucose  but they
are unable to maintain the contracture This ability (Fig 4B) fell 1n parallel wath the
glycogen content in glucose free solution (Fig 9B) Two muscles mounted under five
times hugher tension (5000 dynes) (Fig 4A) performed 4 to 5 X 10° erg 1n normal
solution Under these conditions the work was progressnely decreased mn glucose free
solution The marntenance of contractures however was again affected much sooner
than the phystcal work (Fig 5)

The 1sometnc tension response appeared to decline more rapidly 1n glucose free
solution than dud the physical work (Fig 4 52nd 7) In thus case the level of maintained
tension fell ssmultaneously with the mawmum tension response

Influence of metabolism on the electrical activsty

Changes in the glucase concentration 1n the bathing solution 1 ere immedaately reflected
1n the glucose content of the muscles (Fig 8) Simultancously the frequency of spon

tancous spike discharge was affected (p 11) When the glucose content fell the frequency
increased When st rose spike discharge was ihibited In normal solution glucose
appears to function as a brake on the frequency of spontaneous discharge

Duning prolonged exposure to glucose free solutton the membrane potential gradualty
Fll (Fg 2) Atthat e the glycogen content of the muscle was very low (Fig 93) Thus
the membrane potential mght depend for its on metab-

olsm The dependence of the membrane potential 1s however erther quanu!;lll\ ely or
quahitatincly entirely different from that of the contractile mechamsm It was possible
for spike discharge to persist at high frequency for hours after the mechanical response
was abolished (p 4) W hen glucose was readmusted after prolonged exposure to glucose
free solution at a stage when spike discharge had ceased 1t caused a great increase in
membrane potential (Fig 2) After shorter cxposure glucose also caused an increase
1n membrane potential It might however be argued that the small increase i mem
brane potential scen for example in Fig 1 was secondany 10 the mhibition of spike
discharge That argument does not apply to Fig 2 as no spike duscharge persisted at
the tme of the readmission of glucose On thecontrary glucose restored spike discharge
at appropnate level for firng only to abolish st later as the membrane repolarized
further

No specific membranc effect of glucose 15 known Besides various substitutes for
glucose such as acetate and sodium acetoacetate have been found to have the same
inhibuing effect on spike discharge as glucose {xelsson Bulbrmg and Krebs un
published) At the same time as glucose decreased the frequency of discharge 1t caused
an ncrease 1n the force of the mechamcal responses It 1s Likely that the chief effect
of glucose 1s to provide an ncreased supply of encrgy
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All the effeets described abose are consistent with the view that varauons 1 the
eneryy supph dern ed from cark d. bolsm cause 1 thr 2
potenual 2nd thereby o the flcqu—nq of spike discharge. The underlying mechansm
may be 1} vanauens i the rate of acts e 1on transport {2) a more direct dependence
of the pe bul of the 12 on energy supply or (3) a cominnation
of both.

The strung surdaras was pomted out (p 5) between the usual effect of adrenaline on
th~ el~ctneal actmity of thus musel~ (Bulbring 1954 1956 Burnstock 1958) and thr
effect of glucus~ Thus supports the view that the inlubiting cffect of adrenaline on
spotancous sprike discharge mas be related 1o sts metabolic sumulaung action Adrena
Ine has been found 1o czus* a great increass 1 energynch phosphate compounds
1Burdinz st ¢! 12, and erem after prolorzrd exposure to glucose free solution adrena
bire w3 found to increas the mechameal response 0 lugh [h ], 1 much the same was
as éors readmisan of glucose for a short ume (p §1)

}az 2 dlustrates that imnereased energy suppl) may have what appears to br opposte
eff~cts 1n one and the same muscle readmuwon of glucose may enther miubnt spike
drsrhare# or immate st. Both effects arr probably due 16 mereased membrane potential
what 2 atrned depends on the membrane potential at the time of readmission. The
actiom of 3 druz may be revers~d i one and the zame piece of muscle depending on 1s
nuinuon and the metabolic supph of enrrgy at the moment of applicanon Thus st
mas pot 3lwavs br necessary 10 postulate diffrrent receptor wites for apparently opposite
2ctms of 09+ and the me drug To do 50 smply restates the problem and dors not
ncoxsanthy belp w0 erplam st

Ve r grateful wing Ardras Bz, Mo Lubrtt Oloon and AMr A Salama £ shalful tee!
nealbelp and tr the Swer 1} NaturalScwnce Revearch Councd f v inancia) support

References

Axzesox | F Brapree and E Bossanc The action of artremal ne un phompharylas actn
2 A rwbrane praer 1l of eooth sl 7 Physed Lond 139 148 62 €3

Axtisves | E Bror apd T Baisere The i} titory actin of adrenatine on antesunal
amonnt fruscle n r laten w s acuon on pf rphemylase act v 7 Phynd (lend 191
ERRX

inz AN G Axrison ) and Some mechanical provrris of an mies nal st} susde
Laghrad word 162 041 o

Pam E LB temv ( Goouxand B ke La  dacmavn of pl ap xmlar
by adreal e dunng s P vrsewal offrct on ot al smath usede A e Lo
19 1 9% b7

Earv L aw] 1 Havars r_nn-nm drgradatin and mucr Artermunatem A ghe won
Amlt By orr 1987 ¢

Lap~ E L bwimsr € w.-fzuwu S Apavtt and H J Saz Lewher weal f'ots
oA amx v o the armswh pwan Tevbuns u pi Buchem §harmacd 196) 5 311

e

Exvrocs € The o L x malels or motoer brane penen al spke frequeaes mtsc
e elxst dex avat n e wena o Uy Ruosaepg 7 Thod Lond 193
FZN LV

Frivvax W avd 0 M Sna ot s Admm Jz noand .deu!n.a ey may s
sruls raane drabat J Flrad erv! 138 140 1Y )

Por P and Pt axsat Fxwr tor o bt ar st P qorwmie oy Darrees 111 7 17
Ldpe Frad 131 12 T3 L2

Span MW € T ClomadC J Gyt A mma  tu dbakoawlvnyess o
sraltewas J bd (om0 [P 5



Acta physiol scand 1965 64 4357

From the Nobel Institute for N 2! Rarohnska Instirutet, Sreden

Auditory Activity in Uncrossed Centrifugal Cochlear
Fibres in Cat
A Study of a Feedback System II
By
Jorces Fex
Recewved 4 September 196%

Abstract

Fex J duditoy acturty n wnrosed cenrfgl cxblen fbes i cot 4 study of a feedback gystem 1T
Acta'physiol scand 1963 64 43— decerebrate eats all of the cochlear efferents
except the uncrossed obvo-cochlear Bres wers -t the vessbularcorbloar soatemous vms
exposed through the vestibule and single umt activity was recorded in and close to the anasto-
‘mosis with mucrop pette electrodes Although the audstory function was destroyod m the dissect
ed corhlea resung activity was found 1n pnmary aud tory afferents suggesung that synapuc
raechanssms could stll be mtact i such a — Uncrossed bres were
actwated by electnical sumulation of the spulateral cochlear nerve and by acoust ¢ stunulation
of the contralateral car When activated by sound the uncrossed efferents i the basal fascxcle
of the anastomosis generally responded to hugher tone frequencics than did fibres 1 the ap cal
fasc cle + b ch suggests that afferents and uncrossed efferents from homotopic cochlcar po nts
n oppos te enchlcae are connected The fibres responded charactersucally wich a low regular
finng rate wichout an 1rutial burst and with a long latency at threshold tndicating-that thewr
input would be integrated over a conuderable tme Many of the efferents showed resting
acts tv which with few exceptions could be wh b ted by sound depending on the choice of
tone f equency — The findings suggest that the uncrosed cochlear efferents and tpsilateral
aud torv afferents together form an auditery closed foedback loop  whach s directly mfuenced
by the contralatcral car and support the bypothens (Fex 1967) that the uncrossed and the
crossed olinacnchlcar bundies together form & complex auditory fecdback mechantsm

Th 0 scparate centnfugal tracts to the cochlea are known  the uncrossed and the crossed
olicocochlear bundles The crossed olvo-cochlear fibres have been studied rather
extensnely The fibres anse i the superior olivary complex (Rasmussen 1946 1953
1960} and form a large number of endings in the contralateral organ of Corti on hatr
cells and on afferent nerve termunals as shown by lurato (19%69) in the rat by Rimura
and Wersall (1962) in the guinea pig by Smuth and Rasmussen (19631 1n the chinchulla
and by Spocndhin and Gacek (19631 1n the cat These crossed ol o-cochlear fibres are

43
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Fiz 1 Dagram of the far and recording from the
uncrosed ol ocochlear fitres ooc. crossed ol ocochlear fibres RE rencular effcrents of
Rom and Cortenna (192, SO supenior ¢Inany complex LCO uncrossed of vo-coctlear
fibrs VLA sosubulo-cochlear anastom 5

ctrvated by sound and form part of an auditons feedback system as shown by Fex
1872 1n a study of single eochlear fibres in the modiolus of the cat The funcuion of this
redtack svstem 1 not well understond
Much s 13 known about the uncrossed tract It was first desenibed 1n the cat by
Rasmussen 11960 who traced the fibres from the S-shaped ol ary segment into and
throuzh the yestibul hlear and d that the number of fibres
werr about 123 The fibres probably end 1n the organ of Corts but the exact termination
15 0t yet known ¢f Spoendlin and Gacek 1963: Onlv onc study has drealt with the
functiena! senificance of the uncrossed bundle Thus 1t bas recenty been shown with
a macroelectrode techmique that clrctncal sumulation of the uncrossed oliso-rochlear
fibres depresses the z2ction potenual component of the round window response to a
clck. Drmumedt and LaGrutta {93 found ths cffrct 10 be considerably smaller than
that of the crossed olinococt lear effrrents (Galambos 1955,
In the prevent work it will be shown that the uncrossed oln o<cochlear fibres are also

actnated by sound

Technique and procedure

Preparctum. The presnt expenmient were cammied out on 40 cats free from car iefection and
wngt ng betmern 1§ nd 37 kz Tie cats were decerebrated precell culasly by suct m T3
wrutial 530w of the Aot 1o wa perf amed under etl et et e Lisung 1010 mn Sub-

1 am erder 5 prevent elmatem of the b »d pressure 3 shert List ng barb turate
Thyeral B Merck dam A0 Hrigwas admmsterrd s v untl Tlrermr
brdore the acoual rec
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The technique and the p ocedure used in this v ork were to a large extent identcal v 1th thase
described n an earher paper {¢f Fex 1967 pp 8—16) The vest bulo-cochlcar anastomosis v as
exposed on the left side Through a posterior craniotomy part of the cerebellum was removed
to expose the fourth ventnicle Inorder to cut all the effcrents ta the cochlea except the uncrossed
olivo-cochlear fibres {¢f Rasmussen 1946 Rosst and Cortesina 19) an 1ncs on was made n
the floor of the fourth ventricle (Fig 1) The iness on was made 0 3—0 5 mm to the left of and
paeallel with the m dline 1 mm deep and 4 mm long with the mdpount at the level of the
facral genua The nght ear was amputated

In a senes of 16 ammals sumulanng clectrodes were placed in the cochlear nerve perspheral
10 1ts basal tumn Thus necess tated enlargement of the opening of the vesubular floor In these
animals sumulating electrodes were also placed stereotaxically 1n d flerent regions sn the left s de
of the brain stem in order to sunulak the unerossed olivo-cochlear fibres electr cally The elec
trodes formed an angle of 45 with the honzontal plane pointing in a rostro-caudal direction
“The bony tentorum was thus avoided

Gallamine tnethiod de (Flaxedid \May & Baker ) was used routinely in doses of 8—10
mglkg to smmobilize the cats 1n which electrical sumulation was used thesc cats were then
artficially respirated Any tendency to develop edema of the bram was effectvely countered
by the ntravenous mject on of a 30 urea solution with 10 invert sugar i 3 of 4 doses of
030—040 glkg at intervals of 1—2 hrs (see Janid and Setlage 1956 Javid 1928} When
stimulating clectrodes were not placed 1n the brain stem and Flaxedil and artificial resptration
were not used brain edema was rarely seen and urea was not necessary In these cats the re
<cording cond tions were relatvely stable, Some umts were kept for more than 1> min No
attempts were made to immobilize the recording site 1n any of the cats

The vestibulo-cochlear anastomosis was carefully dissected foltowing cach experiment as the
final step in the attempt to deaide to wh ch part cular fascicle each recorded urut did belong

There were no systemat cally recorded obscrvations periatming 1o the general condition of
the ammal The activity of the right car was not mon tored 1n any d rect way

Electrical stimul tion ‘The sumulator used had an output of 1 00082 and del ered square wave
pulses of 0 2—0 3 msec as single shocks or as bursts of repeative stimuls The pulse form was
distorted by the isolation transformer For sumulation of the left cochlear nerve perpheral to
ats basal port on two msulated copper wires with a diamete of 40u were used the bared tips

05 mm long and 0.5 mm apart [ om each other and also from the recording s te in the
vest bulo-cochlear anastomos s For st mulation mn the S-shaped ol vary nucleus and 1n adja
«cent structures concentnic clectrodes s ere used The 1nner electrode consisted of an enamalled
plat num indium wire with a drameter of 0 3 mm Its bared tp protruded 0 5 mm from the rum
of the outer electrode consisting of an uminsulated steel tube with an outer d ameter of 0 8 mm

The sumulus strength used as expressed in voltage output of the sumulator vaned between
08\ and 8V 2V being the strength generally used Stimulat ng current was not measured
“The stimulat on s tes were marked by electro-coagulation and subsequently wdentified 1
histological section

coustic st m lation The cxpenmental devices used for acouste stmulation m this series have
been described prewously (Fex 1967 pp 11—I2) To summarize (Fg 1) the output from
a tone generator was fed through attenuators to a loudspeaker erther durectly or through an
electronic gate The gate was used 1o produce tone pips that were synchronous with the signal
that triggered the sweep to the oscilloscope Continuous tones p ps or cl cks were produced
and p esented 1 an open fild through a dynamc loudspeaker placed 30 cm from the nght
1ympan ¢ membrane The dyn muc loudspeaker 1 -as calibrated under experimental condit ons
“The f equency response for the loudspeaker system w s flat within - b db between 200—
5000 c/s and showed a few dips of the o der of 15 db between 5 000 and 7 000 ¢fs The magm
tud and locaton of these dips d ered w th d flerent pos tions of the loudspeaker with n
expenmmental condit ons Above 7 000 c/s there was a downward slope of the order of 30 db/
octave The loudspeaker s maximal output was 115 db SPL (SPL = Sound Pressu e Level rela
tive 0000 dyn/cm ) Long tone pips we € uscd 1n the determunations of best f equenc es and
of band w dths No correcuon has been made fo  the loudspeaker system s deviat on from an
weally flat cune For latency measurements a hearng ad rece er was placed close o the
nght tympanic membrane mounted 1 one end of a 9 mm long tube the other end f ced the
tympanic membrane at a distance of 2—3 mm
The figures for the nois level of the expenimental room have been g1 en pres ously (Fex
1967 p 12) The record ng techmgue (F'g 1) was ident cal with that described p eviously
(Fex 1967 pp 17—13) exc pt that the capillary microelectrodes wer filled w th 3 M KRGl
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The change of nosse 1n the monstonng loudspesker and the presence of resting actity or
activity evoked through summulation with various sound sumul were used as guides when
probing with the electrode 1 the vestibulo-cochlear anastomosis Thus method fvours a hih
madence of fibres with resting actinsty and a low incidence of fibres that respond 1o sumnlatin
of the psilateral cochlear nerve only

Results

As will be discussed below the activity recorded in the vesttbulo-cochlear anastomosis
n the present expennents could derise either from uncrossed ohvo-cochlear fibres or
from pnimary auduory afferents Irregular restng actmaty considered to be afferent
{sec Dy ) 18 d below Al actnaty descnibed here i dered
10 be efferent A total of 189 uncrossed ohivo-cochlear fibres were found in the 40 cats
Attempts to 1dennfy the uncrossed olno-cochlear fibres through clectrieal drving
from the superior olnary complex and adjacent structures were not satisfactory be
causc 1t proved very difficult to rule out the possibility that pnmary auditory ncurons
were antidromically dnsen through such sumulation The findings of Lewy and Kobrak
£1916) that pnmary auditory fibres project i 2 small number in the trapezod body
(see also Ramén ¥ Cagal 1952) offer an ! basis for this ¢ lity together
with the findings of Rasmussen (1953) that a small number of primary auditory neurons
may be found 1n the s estibulo-cochlear anastomoss Howerer a centrl projecuon of
prnimary auditory neurons beyond the cochlear nucler has been denied more recently
(Stotler 1949 1961 Powell and Cowan 1962 also ¢f Powell and Lrulkar 1962)
Resting actrerty 74 fibres out of 189 uncrossed ol o-cochlear fibres showed restiny,
actinaty This activiaty never occured in bursts and had a frequency of 330 imp'sec
s a rule the firng was requiar except when the rate was very low The actinats of all
fibres showing this kind of resung actnaty could be influenced by stimulation of the
contralateral ear with sound or by electrical sumulation of the ipsilateral cochler nene
Many fibres showing fast irregular resting acunity were found deep below the surface
of the yestibulo-cochlear anistomosnis It was not possible to decide whether these
belonged to the anastomoss or not The actnty of these fibres was not changed by
sumulavon of enher of the cochlear nerves and the fibres v ere held to be pnmany
auditory fibres isee Discussion) Strmilar activity was recorded from pnimary aflerents
bath close to and far away from the vestibulo-cochlear anastomoss
Responie to sound \Imost all uncrossed oliso-cochlear fibres responded to sound
sumulaton of the contralateral ear and showed excitation nhbation or both IThe
mode 1n which a fibre showtng both excitation and inhibition responded depended
primanly on the frequency of the sumulating tone Many of the 182 fibres were lost
before st could be ascertained whether or not they could be both excited and inhabuted
be sound
a The cxatatony effect of sound 1o the contralateral ear was tested in 184 out of the
187 uncrossed olno~ochlear fibres and of these 177 fibres showed exatation Of the
remaiming seven Bbres fine shov ed inhibition only and t o fibres did not respond
to sound but only to rlectnical sumulauon of the ipilateral cochlear nene
Uncraued ohso-cochlear fibres that were excited by sound showed with very few
exceptions no mitial bunts and had a reqular and low finng rate (hig 2) These
characterutics were shared with the crowed oliso-cochlear fibres t¢f Fex 1967 Mot
fibres had a graded response to sound and of the 0 fibres tested 1 this respect 18 had
a2 dynamic range betwren 70 and 60 db The finng rate of one fibre did not reach 2
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t
consecutive tone p ps of 2 sec duraton with w LA
tavals of 7 st owere given as andicated by the

harizontal bars Note that the mhubition deercases.
with repetition v
T

platcau within the 5% db over which it could be tested The finng rate of the vt of
Fig 2wassull with sund pr 2 69 db above thre.hold

The finng rates dl d i Fig 2 ace tep Howerer wome fitrees coutd
not be stimulated 10 discharge more than 5—10 impulses/sec whale the highest finng
rate at the beginning of 2 tram of impulses was 12 impulses during 100 msec The
shortest spike ntenal produced by short strong pups of sound was 4 msec

Some fibres showed a pronounced deeresae m firing rate with ume 15 response 10
loud continuons tones ‘The resung actvty s eight of the fibres was silenced for some
seconds after toud tone pips of Yong duration € out of these 8 fibres could be intibited
by sound the zemanmng 2 fibees were not tested n s respect In fne fibres with
no resung actmty there was an affer-discharge for several seconds following sound
stimylation
& Inhubmion of resting activity i response to sound (Fig 3} was tested 15 44 fbres
out of the 189 uncrossed oling-cocklear fibres and « 28 found an all but five 2 out of
these § fibres coutd not be excited by sound 2 thrd fibre was anly excited atvers high
sound prossures and @ fourth showcd an uncommon watability of the resting actmin
In these 4 fibres braum stem electrodes mav have mterfered wath the wmpur 33 fibres
ot of the 33 that could be mhibited « ere tested also for cxatanon $ our of these 3%
coudd nat be excreed but on the other hand all five were inhanted within almost the
tatal range of tone frequencies emplned  In the 4 <2l corresponding 1o these 5
umts bran stem electrodes were not used

A reduction of infubitson was seen at high pressures of sound Rebound after mhibiion
was never observed.
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I fig ¢ Sound pressure cures fr
{ three uncrossed efferents tested f r
¢ ranges of frequencics which gave ex
» n“} aitation at dafferent sound pressures
AV nereasing in steps of 6 db or more
! » selative to the thresholds of the neu
7 zme rons  The different values of the ab-
s e solute thresholds are not given Note
the wide range of tone frequencies
RiIng exatation at the respecine
exertatory thresholds

Thresholds The lowest sound pressurc using steps of 3 db at which a fibre could be
exeited or intubited will be called the fibres exaitatory or inhibitory  threshold
respectively The tonal sine frequency at which the threshold + as found will be
referred (o as the fibre s best exentatory (see Fex 1962) or inhibitory frequency

Every unit that eould be tested in this respect had a well defined exaitatory or
libitory threshold or both with the qualification that strong sounds often inereased the
threshold

The absolute salues for the excitatory thresholds of 109 fibres out of which 37 fibres
had shown resung activity were calculated The median for this population was about
50 db SI L. Several fibres were exarted at approxamately 20 db SPL but on the other
hand quite a few fibres did not respond below sound pressures of 80 db SPL

An analysis of the results did not indicate that fibres with resting activity had lower
thresholds than those without such actwity The findings instead expressed the marked
tendency that the higher the incidence n a ginven espenment of fibres with resting
acuvity the fower were the excatatory threshold of the fibres One of several obvious
explananons of these findings s that small changes i the height of the precollicular
decerebration had a decisive influence on the activity of the uncrossed olivo-cochlear
cfferent system

For 12 fibres that showed both cxatation and imhibitton the respective absolute
thresholds could be determined The excitatory threshold was fower than the inhibitory
threshold in all instances but one and the differences ranged from —6db to 5+ db The
lowest inhibitory threshold found was at 40 db SPL.

Best frequencies and band wrdth The uncrossed oliy o-cochlear fibres generally responded
over a wider range of tone frequencies at the exaitatory threshold than did the crosed
efferents most of which had best frequencies determinable within [0®  The sound
pressure cunes of big 4 give a graphical expression of the frequency range at different
sound pressures for three different fibres VWhen discussing such fibres or many of the
other uncrowsed cfferents st would be more appropniate to refer 1o best exaitatory
band nstead of best excnatory frequency  However some uncrossed efferent
fibres had a best exatatony frequency which could be determined wittun 10

Somenmes 1t could be deesded in which fascicle of the yestibulo-cochlear apastommiy
the clectrode tp b1l bern placed Thus at was possable to ascertain whether or not

fibres running to different pans of the cochlea responded preferentially to &ff rent
frequenaes Tabl I flers data on all fibres which ran 1o the most basal or the most
aprcal fascacke of 1h ot bud »cock Irar anastomeons assenfied atsechien and for which
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best frequencies or best frequency bands had been determined  Tn some instances best
are given as apy for best freq y bands

‘The best frequencies from the basal fascicle were higher than those from the apical
fascicle with only & @ thstances of overlapping (Table I unit 2 cat 23 1062 and unit
I car 121162

Resung actvity in fibres from the apical fascicle was inhibited by tones of frequencies
tugher than the best exaitatory frequency an the four units « ith full information on this
point On the other hand 1n two corresponding unuts from the basal fascicle resung
acuvity was inhibited by tones of frequencies lawer than the best exestatory frequencies

Table I)

Sound pressure cun s were determined for only very few hbreswhichshowed inhibn
uon The charactensucs of such a fibre are displayed 1n Fig 5 Although the fibres
frequency dscnimination was poor at the respectine thresholds it was sery good at high
sound pressures 1n that excytation of the fibre was changed into inhrnuon with a change
of tonc of only 100—50 eps around 1 550 eps

Prrman auditory neurons with best exatatory frequencies v ithin the lower part of
<he audio frequrncy range hase as a rule a symmetncal response area tRatsuk) ef of
1962 when exaited by sound of dfferent frequencies and at different pressure Jevels In
other words the sound response cunves of these neurons do not show a cut-off at the
high frequency side A high frequency cut-off howeser charactenzes pnmany auditony
neurons with high best frequenaies «f Natsuki ¢ ol 19621 and secondary audntory
neurons Galambos and Davis 1943 Tasaks and Davis 1955 Ratsuki ef ol 198 Rose
o ol 195 Cronsed olivocochlear fibres responding to high frequencies (Fex | %2
often lacked 3 hivh frequency cut-off In the present exprriments many uncrosed
olino-cochlear fibres with no high frequencs cut-ofl were found from all [arts of the
vesubulo-cochlear anastomoss withun the low as well as within the high frequency
can~e Some of thesr tegults are expressed m lable | which  frequency range
det 1es the range within which the respet tive fibres were excrted at the miumal eutpat
of the | fspeaker system

Laten 1 ¢ remse t> ound Latency determinations wese made frr 17 fibres exaiied bv
tone prj+ Th latency of many ums was found to deprnd markedhy on the yourd
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smggle ancrossed efferent fibre A the background acte M X A
ity B tone pps were presented starting synchronously

weth the trggenng of the sweeps and mhibited the back me
ground actmaty {see text)

Trear

pressure used A typical umit gave the follawing findings When the sound pressure was
high the latency was 89 msec when the pressure was gust above threshold the
latency was 40 mycc and at an intermediate sound pressure the latenev s as 5 msec In
some fibres considerably Jonger latencics could be found at sound pressures close to
thresholds

Latencres between 5 and 20 mee were found m the 27 fibres when high sound prese
sures and short tone pips were used gne to the shorteat possible fatencies 22 of the
fibres had latenties of 5~ msee

Although the latency for mhibitson of resting activiey has not been studsed closely
s this wark one of the shartest fatenctes for nhibtuon found i these expenments 1s
Mustrated 1n Fig & The resting actviyy (Fig & ) was inhtbited abaut 10 msec after
the tone pips were presented at the beginmng of the sweep (Fig 68) In a seres of 150
consecutine sweeps no spike occurred later shan 9 msec after the stant of the tone pip

Response to efectrical shacks do the spsilatesal cocklear nzre 1t 1 2s shown zbove that un
crossed ohva<cochlear fibres respond to acousuc sumulauon of the contralateral ear
The rpsilateral ear could not be used for tesving by physiological sumutatien swce the
cochlea had been put out of function as part of the preparation for the expenment
Hat ever the cochlear nerve could be stmulated electrically In 2a attempt to avord

i of the olrio-cochlear fibres, the portion of the cocklear

nerve lyng penpheral 10 the basal fum was chosen for stmulaton 1 ¢ the aprcal part,
Electrical sumidation of the cochlear nenve was carned out satsfactorily in ten out of
the sixteen anmmals Single shocks and repetitive sumuylation ac the rae of | 000 shacks;
sec v ere used Sixteen out of 23 fibres tes1ed 1n this respect could be excited through
wdirect elecineal sumulation

“The uncrossed ol o~cochlear fibres responded with only one wmpulse 1o a single shock
10 the spsidateral cochlear nernve In 11 fibres. the shortest Latencies 1o single shocks were
i the range 3 0—6 8 msec and for 2 tmelfih fibre thus fateney was 12 msec Responses
with {agencres about | msec wnphing anudromuc sumulayon through cusrent spread
have been excluded from this senes of ebservauony

Repetnne electneal snmulation of the nene was used on a fow occavions In one
umt the finng induced by a mven sound sumulus had its kaghest rate when the sound
1 as presented immediately after the end of a repetitine burst of eleceneal shocks gnen
10 the ipsfateral nene  Snother umit fired faster when sound and electricad repentne
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05sec

hig 7 Responses of an uncrossed efferent hibre 1o repetitn e electrical stsmulation of the 1psila
teral cochlear nerve Note the fow regular finng rate with n» mtial burst and also the increase
of finng rate above the resung les el s hich followed the strmulation

stmuli were presented simultancously than when either stimulation was presented
alone In this experiment several of the other uncrossed efferents were sumulated
! ally f 1y with the orthod; I: of the afferents

An tncrease of finng rate was seen 1 2 uncrossed ol o~cochlear fibres duning repets
tve electrical sumulasion of the tpsilateral cochlear nerve (Fig 7) The finng rate was
lov and regular strmlar to that induced by sound sumult In the ume of Iy, 7 and 1
tho other units a long lasting, increase of the firing rate followed repetitne electrical
sumulation In 3 units with no resting actnaty such sumulation mduced regular afier
discharges which in one umt reached a finng rate of 40 ymp scc

o certain inhibition could be induced through electrical sumulation in any of the
6 umts with resing actnaty studied 1n this respect Two of these units were tested for
mhibition by sound one showed such inlubstion

Discussion

I'he recording conditions « hen the cochlear nenve was sumulated @5 mm from the
recording site in the vestibulo~cochlear anastomosis were exactly the same as m 1
previous work (Fex 1967 It was concluded (Fex 1962) that current spread an arti
fictal ssnapse Gramit and Skoglund 1945 a and by or some kind of ephaptic trins
nussion ¢f Llovd 194?) could not explain the occurrence of spikes in crassed oliso-
cochlear fibresin the anastomasts which were drnven with 2 latenes of 3 5 muec or more
The conclusion can be exiended to corver the responses of fibres v ath latencies dov n
to 30 msee i the present v ork  These responses tre thus (see beloy  af 4 and af 5
eudence of efferent actroty

Fibres in the vestubulo-cochlear anastomosis may be 1) unmychiaated autonomic
fibres 2 efferent fibres from ¢he reticular systeny of the medulla (Rosu and Cortesina
192 3 crosed chvocochlear fibres Rasmussen 1916 1933 1960) 4 uner xsed
olno-cochlear fibrs Rasmussen 160 and 5 priman auditony fibres (Rasmussen
193

af | Unmyelinated a soncmic fibres have neither been found in the anastomosts ner
definitely been oxeluded (s k and Rasmussen 190 Faenafsuch fibres exnstit s most
unlikely that they  ull be recirded from b tte techniques used 1n the present work

el 2 Lancrosed eflerert fibres are clumed s Rovs and Cartesna (19%7) € run
rom celle at different Jry | an the medulhy © rmin= an uncrossed efferent retcular
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bundle whch joins the crossed ol o~cochlear bundle immediately beside the median
raphe cose fo the fioor of the fourth ventricle The further perpheral tourse has not
bern analyzed and more sprafically the results da oot permit any conclusion as to
whether or not reticular efferent fibres form part of the y estibufo-cochlear anastomasss
However Rasmussen 11953 1960} holds the opimuon that ohvo-cochlear fibres with
the possble addaton of 2 small number of priman auditony affercnes fully account
for the my elinated fibres 1n the vestbulo-cochlear Even of reticuk il
fbres cast m the vestabulo-cochlear anasiomass tus would not he enteal for the
present results since such fibres would bave been divided {see Rosss and Cortes na
1962) by the eut made in the floor of the fourth ventnele {see Metheda)

a!73 The crossed ohno-cochlesr fibres were divided just lateral of there crosang w
the midhine of the floor of the fourth yentnele {Rasmussen 1946) The cut was made
extensive to save the necessity of histological controls

ad 4 Of the different possibibitzes histed above only the uncrossed efferents could have
shown actiaty n the basal fascicles of the vestibulo-cochlear anastomoss since the
corvesponding part of the organ of Corts had been destroyed The remarning fibres
that were wfiucnced through esther of the cochlear nenes could only have been un
crossed efferents or primary auditory afferents and 1 1w concladed that they were un
crossed efferents (see below ad 5)

ad & Decp under the surface of the anastomons fibres were found with wregular
resting actavaty that could not be mfluenced by stimulavon of exther cochlear nene 1t
could not be determimed whether or not these fibres helonged to the anastornosts ae
were bing wnd 1 They were a 0 be pnmarny auditory afferent fbres
This assumplion was based on the finding that sinilay fast arregular resung actvigy
that was not changed by sound sumuli at bagh sound pressures could be recorded from.
primary afferemis both clase 10 and far from the veshbulocochlear anastomosns Ths
actnsty s 3s turn had the same charactensiies as the resting actviy of prumary
auditory neurons of an intact inper ear fof Tasak: 1954 Ravsukiet af 1928 Fex 1962
Rupert Mowhegpan and Galambos 1963} Rupertetal (1963 f thear Fig 4) described
one neuron which differed widely i s charactensties from the other newrons they
inesugated 1o the auditory nenve The authors considered this neuron o be most
probably an clivercochlear fibre Xt can be added thar since ¢ responded to sound
wih & late phase of inhubitian st was presarnzbly an uncrossed efferent

The processes underlying resting activity of pamary audran Deurons are as yet
tutle known Howeer the new finding that 2 can parsist when the sealac have been
opened suggests strongly that the sy maptic mechatusmy of the organ of Cort roay be fune
uonng men under such condiens and thus that alsa i such a preparstion afferens
vesung actiaty could be changed whrough changes of the outflow of efferent sctimy
1z the present experiments al) fibres runmng in the basal fascrcles of the sestsbulo-
cachiear anastomosis were dinwded before they could have reached therr termunals
Activaty secorded 1 the basal fascicles and fluenced through stmutation of either
cochlear sene eould then not have been afferent acnvie, The posshl 1y remains that
seme actwan found in the apical fascicles was afferent Such aferents s ould have
been impimged upan by uncrossed efferents, all other efferents bang cur These un
cratsed offecents v ould have been preferentially ¢ f Table 11 influenced by low frequen
< sound throush the contralateral eas and or they would hasve been nffuenced through
electneal sumulat on of the pslateral nene Thus the hypothesss that some af the
aconity 1 the apcal fasacks that v as influenced by sumasation of either cochtear
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nerve was vecorded from afferents would lead to the same mamn conclusions concerning
the uncrossed efferents as the conclusions actually drawn in the present work However
the hypothesis that there are primary auditory fibres running in the vestibulo-cochlear
anastomosis which have characteristics quite different from those of other cochlear
afferents has no documented experimental evidence to substtntiate 1t and may there
fore be rejected Itas concluded that the fibres recorded from 1n the vestibulo-cochlear
anastomoss actuslly are uncrosed olino-cochlear fibres whether the fibre aciy
was esoked by sound sumulation of the contralateral ear or by electrical simulatnion
of the 1p ilateral cochlear nenve

letiwrty of the uncrossed eochlear efferents The uncrossed efferents of these expenments
had a regular and low firing rate 1n contrast with the primary and sccandary auditony
necurons This and the long latencies imdicate that the input to the uncrossed efft rents
would be integrated over a considerable ime The same conclusion and for the same
reason has already been drawn for the crossed efferents (Tex 1962)

[he findings that the uncrossed olis o-cochlear fibres do respond to sound stimulation
of the contralateral ear together with Rasmussen s (1960) report that these fibres do
not recen € connexions from the contralateral cochlear nucleus imply that this sumula
t10n 18 mediated through auditery neurons of the third or higher order

‘The results do not permit any conclusion as to whether the ipaitateral or the contra
lateral ear 1y the most effective 1n actnaung the uncrossed efferents  [he method for
finding the neurons introduced a bias the simulating electrodes in the brain stem may
have anterrupted preferennially one of several mputs to the uncrossed neurons and only
the apieal part of the spulateral cochlear nerve was simulated clectrically. However
electneal 1l and sound il of cochlear nerves are not strictly com
parable Electrical sumulation may well give nise 10 an unphysiological mxture of
exatatory and inhibitors wnfluences The shorter latency obtamed in response to
clectrical stmulation mav be explained by the shortened pathway Concerning the
crossed olivo-cochlear fibres results on caty with both ears intact suggested strongly
that these fibres are more cffectively activated through the ear to which they run than
through the other ear 1Tex 1963)

When actnvated by sound stmulauon of the contralateral ear uncrossed olivo-
cochlear fibres 1n the basal fascicle of the bulo-cochlear pr 4}
responded to lagher tone frequencies than did the fibres in the apteal fascicle In other
words activity 1 afferent endings 1 the basal (apical ipart of the one cochlea gnes
nise to actnaty 1 the terminals of the uncrossed ¢fferents i the basal (apical )part of
the apposite cochler This combined with the assumption that the uncrowed olno-
cochleas fibres end in the organ of Corti like the crossed efferents (lurato 1967
Rimura and Wersall 1962 Smauth and Rasmussen 1363 Spoendln and Gacek 1963)
feads to the hypothesss that the one cochlea 1s projeeted upon the other so that afferents
and uncrossed off rents from homotopic cochlear ponts in apposite cochleae are con
nected  This general prineiple has already been formulated for the crowed efferents

{Fex 1962y The sclrctine d pletion of acetyicholinesterase an the cochiey an the basal
part after suroulanon vith hugh tones tn the apical part after low tones {Vinmkov and
Titova 19,8 Conu 1361 alw points to an orderly arrantement of cfferent nene
endings

Because s¢ few results were obtained it canne t be decided whether or not electueal
stumulanian of the apieal fart of the spulateral cochlear nene preferentalhy exated
apicall directed uncrosad olivocorhiear fibres
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Uncrossed ohiso-cochlear fibres were found mn all parts of the vestibulo-cochlear
anastomons implying thay they may 1nfluctce the aetwit sh the organ of Corn m all
pars of the cochiea To do Yuus these fibres moust ramafy exensntly wnce they number
only about 123 (Rasmwssen 19601 A sign of such an extensn & racadfication may be
seen a1 the wide range of tone frequencies orver which many of the uncrossed efferents
respond at the exatatory threshold {of Fig 4} as well as av hugh sound pressures
(¢f Table 1}

n showsng sahib the d ciffered ty from the crossed efferents
Inbabation of resting achivity by sound stimufaton of the contealateral var was found
1 all but five cut of 44 uncrossed efferents tested w thus sespect The brai stem elec
trodes may hate waterfered wath the wputs to four out of these five umts The resules

therefore permt the shat sound i of the ear as a
Tule whabits the resting actvaty of uncrossed ol ocochlear efferents with few excep~
uons The poosiabity that 3! of the ! J car guen a proper cheate

of e frequency can kbt actanty 1n all uncrassed olso-cochlear fibres must sull
be left open
Although few the figures of Table I for best inhubitory frequencaies together wath
the Bndings iltustrated in Fig 5 saggest that mbibstory influences may sharpen up the
4 orderly of the efferents through + huch cach
mh!a 1 prayeceed upon the oppostte cochlea At high sound pressures the usat of Fig 5
was highly sensatrve 10 small changes of tone frequencies at a certam entical frequency
It may well be that without the mbshitory mfluences at play the excitatory sound
pressure cune of thus unst would have shown the same slope or tack of lugh frequency
cut-off ascid the curves of many of the other anus
1% seems prabable that by sound at a sub-catlieular or colheular fevel of
uncrossed ¢fferent cochlear actvity can be of great functional importance constitutin”
a means through whseh the sum of uncrossed and crossed efferent output 1o the organ
of Corts can be better or more finely controlied than if exenatory influences onfv were
at play
Function of the uncrossed cochlear efferents The present new findings that the acvvuy of
d ol ‘hlear fibres can be inf: d by both cochlear nerves perut the
conclumon that these efferents form part of a feedback svstem within the auditory
sstem as do the crossed ol a~cochlear fibres (Fex 19673 The funchon of both svstems
15 sull unknown but some ovidence has been offered thar they may hase a cenerally
controfied achivsty Thus the acton porennal component {AP) of 1he round vondow
response to a chick decreases shghily dunng habitvation (Altmap 1960 Burgeat
Mndnanjatero and Burgeat Menguy 1963 Velseh 1963) and durmg the development
of an orentation reaction {Marusesa 19611 Wil findingy could be obtained 1n amumals
i s huch the auddie ear muscles had been put out of funcuon and so weve tnterpreted
as teue eeninfugal effecss The effect of the habttuation on the AP was whibated through
corncaf ablauon {Burgear  Andriamjatovo and Burgest Vienguy 19631 or through
spreading corucal depression (Vesehy 1963, Unfortunately ali these ssuches facked
contrals with the cochlcar efferents cus and are thus not finally conclunive
To the obsenanon that the above meatoned changes of the AP » ere smalt the
following thauld be added It was found m 2 maccoelectsode studv (Desmedt and
LaGrurta 1963 thar the effect of cleetricat of the d ol hl
fibres is small at Jow rates of sumutation The same holds true for she ¢rossed cachlear
clferenes (Galambes 1936 In the present work 1t has bern demonstrated that the
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firing rate of uncrossed cochlear efferents 1s Jow and so 15 the fitng rate of the crossed
efferents {Fex 1962) The conclusion 1s that if the finng rate of the efferents as found in
these expeniments on decerebrate cats 1s representatine then the cffect of the efferents
on cochlear cvents under physiological conditions must he small as expressed 1n db
TTus conclusion 1t of course fully compatible with the assumpuion that the cochlear
efferents are of great functional importance

This work has been supporicd by grants from the Swedish Medteal Research Counerd
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Identification and Cellular
Localization of the Catecholamines in the Retina
and the Choroid of the Rabbit
B
Jas Hacoexnat and TForrjors \Maustrors
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Abstract

Hargendal § and [ Malmfors 4! firoton end cellula locali_of mn of the caf cholamines w1 the
set a8 and the chor 1 of che radbut \eta phivsiol scand 1960 GF 58 67 ~ By means of fusros.
cence m er nenp cal and chermea) methods the catecholamunes of retmas and chorowds were
examoned 0 sabb s narmally after treatment woih drugs aterferng with catccholanine
stmage and after b lateral cen cal sympathectoray Doparmine was found to be the dommmating
atech Lumine s the retia 01 02 pg per g 1 was localized to parucular neurcas Th

rerults suppont e view 1hat d pemine srves s 8 € dransmittor of 1} ese neurons Noradrenaline
was found in the choryd 0 03, g pes g §1 was Jocal zed 10 adrenerg © vascular penes

Noradrenal ne NA and acetvicholine are genetally recogmzed as transmutters m the
penpheral nemous svstrm Thes have also bren found in the central nen ous sestern
CNS and have bren surgested 1o exent the same function there Other compounds
hase alo bern discussed as transmitter substances i the NS for snstance dopamime
DA and >b droxstaplammne 3513 Recenthy contluune ey sdence has accumulated
1 suppart of the e that monasrunes serve at transmutters - the GG bt MY
D3 and 3-H 1 havr been demonstrated in central neurons by means of a histochermeal
techmique the nal o ben- sally the same as that of NA
penpheral adrencrow neurons Cartsson ef el 1962 Larkson Falek and Fllarp 1967
Dahistrom and Fuxe 1 ¥ 2 and b Fuxe 164 Carlson et af 1941 Second the di-
appearance of mor wmunes and one of the mzymo responsible for ther synthese
{olominz axotoms has bren d N\ and Renengren §963 Cardson
\a~rzawm and R ameren $ 03 Andenefaf §%4a band ¢ Dabhtromani bur

1863 ¢4 Third the £ lease f 2 me nsanure flowing sumulation «f central avens has

bren biaened Andéna e 1%id

eq
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The retuna 1s considered to be a part of the central nertous system from embryo
logical hustological and functional pomnts of view

Nobody scems 1o have demonstrated any of the above mentioned compounds w the
retina Specthe chohnesterase has been found by histochemscal methods tn the retina
of the cat suggesting that acetylcholtne may serve as a transmitter in the retna (hoelle
o ol 1952)

Dunér Euler and Pernow (1954 found the \A contenit of the choroid an the cow o be
03~-04 pg per g wet weight In the retna of N\ or \
{A) were not found /< 005 and < Q003 pglg respectnely) Using a Auortmetnc
method Bernhewner (1964) was not able 10 demonstrate any catecholamines 1 the
reuna of calf (< 001 pg/g)

Reserpine treated animals show proneunced sensitivaty to hght and extreme miosis
Reserpine causes depletion of NA sn the adrenergic nenve tissues which then cease to
funcion (Carlsson  al 1957) Stnce the cause of the uncreased hight sensitsvty might
be a blockade of an inhibitory neurons
1 the retina were Jooked for

 hen the fluorescence microscopical method of Falck o of (1962) was applied to the
retina of un!iczled rats Ruorescent nerve cell bodies and cell processes were discovered
From and b h ! tests there v as good reason fo
behiese that the fluorescence was derned from a pnmary catecholamine such as DA
or \A {Malmfors 1963) In order to establish the identity of this ammine 1t was found
necessary to use a sensine chemical method Iike that of Haggendal (1963}

The discovered neuron svstear 1s much more abundant (@ the retna of rabhts than
m the rennas from several other examined ammals

1n a prehmunary report st was found that DA was the dormmant catecholamme
the retna of rabbits hut a small amount of NA was 2lso detected (Hageendal and
Matmfors 1963}

The present paper gives detaded data concermng the occurrence and localization
of catecholamunes 1n the retina and for companison i the choroid of rabbyts normally
after cervical s mpashectomy and afier ircatment with drugs

Matersal and methods

About 100 miced albino and p gmented rabbuts of bath sexes with @ body 3 eght of 2—3 Lg
were used D fferent groups of an mals were teeated as follows
a) Rescrpne 2> mgperkg v 16 birs bef ¢ the preparation
b1 Two doses of 00 mg @ methy] meta tyros ne (a MMTiperkg  + w ib an mteral of
> s The first tnyection v as g ven 24 48 or 96 hrs before the preparation
} For hustochemical purpose rabls 1s were treated w th the same doses of @ MAT abo 16
and 77 hrs before death Other.an mals  ere t cased with 3 dses of 100 mg mets tyrosine
perkgs  tth ntenalsof 2 hrs Thes were k led 3 hrs afie the last dose Sull other
rabbits we e tre ted w th 100 mg per kg nalam de 1 p 3 brs before the p eparation
d B} 1eral cen cad sympathectomy was performed under ether anacsthesta 8 davs before
the e pa aton
The ammal were kil d by a_-embolism The eves were immeduately dusected out and
@ vided about 2 mm bels nd the imbus The prep rat >n for the b ochemical detesminations
was started by making 1 cut n the posten r half of the eye ball Th r tna way carefull
P epared free from the underh ng chorod Some of th _pign ent ¢p thel um of the e1na
Tllo ed the ret na but part of t rema ned on the choro d Thea the rec na wax cat free from th
optie pap Il and placed tn ic <old 04 perchlonc acid Tissues £ om at least 3 n mals were
pocled D exery separate determ nation of both the reund and th cho od

a
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Lig | Retina ant chorntd of a rabbit treated with malamile In the inncr nucler hyer
the reuna one fluorcseent cell bedy 18 £ und (arrcw) In the mner pl af rm dayer (a) three
tep wrate Myers of fluorescent varicose fibers are seen I the chor of () flu_ rescent 1 brenerg ¢
nervex are distnbuted arcund the vesels The Jagment ef ithehum (c) shows a hagh aut >
funrescence (d) 1w an artfict Lluorescence ¢l ctmier grph Magmification 210

The 5. mples were bem gen 7ed and centnfuged $or the determmation of the cuect |
amnes the ptlcf the extracts was adputed 13 3 3 The extrrcts were ten allmed 1 115
thr ugh a1 n-exchitinge column Diowex 0 W \8 with 4 length of 35 wmm and a dian cter

f2a mm Afier washiig with  ater nd bulfer the clution was 2t first performe b with N
hvdroct! nie acilan three 1 ml fractions and then continued with N\ hydrochl ric aesl i
81 ml fractions {f r detaly see Higgen 131 19%3) The first 3 fract nv were esumate ! [ ¢
NSAand Aace ring t Hagg n 1l (1903} and the other fractions Or D\ accrding to Carl wn
an) Walleck {19 81 n xhified Ly Carbsen an b Dindeuast (S Te thuorescence v 1 read
man A\t tneo-Brwman pectropt toflusronet v an ! the act vating anl flu rescence specira

ere recrded from every fraict noand ompared wit! standard sctun naof pathetse NA A
and DA Tie det rmuin ton [5HT v as made aceerding 1o Beeth v (1901

1 ¢ e hstochenu al sudy mn U pieces > mm were cut sut from d Herent ports of
W e posters ¢ half [ the eye ball and treated essentially ace rhing to § alck (19t 71 Tlej cces
were frecre-dnied and treated with §rmaldety fe gas o cptmum Lun idiy (Hamberg ¢
Malmf 5 oani S Pa ot bejublshed enbedied in paraffn se 0o Vand m unted The
sects ns were then exam ek 318 sctie of them ph tograp! wd 1n a fu rescence mern pe
withadark ¢ 1lctdenvraniah ik Wrat ntifters | b ube Th wurce (1
acti ation i gt wa an Osram HBO 001 gh rresure ner ury lamjp witha 3 rdmoaSed 3t
BC 1P thr

Results
Hutxchenucal fnd ngs
In the secticns from the untreated ammals a r ng vellow green Muorescence wa £ un
The speific fluorescence 10 the rennt + 3 Dcated te ¢ 1L b dies n the anner art o
e snner auclear layer and 1o very fine © ) prxeves with stronger fluarescent san
cosites 1 the inner pleul vm taver The Alu resc ot structures in the Latter layer were
accumulated sn three separate layers parall 1y ath onr ancther an 't wath the internal



CATECHOLAMINES IN RETINA 61

“Taste 1 N of the as revesled by the histoctemical method
I Z I
- v~ o ~ -
= E O ot £ = > &
g . = £ < g £ -
£ £ =z = & - & z
Reuna Lit — 4+ -1 e b i Lo

Chorad <4+ — 4  + - RIS i

“Tasts 1T Catecholarunes n the retina and choro d of the rabb t

Bg per Fgpergwensy e ght
Eact determinanon  as performed reuna  choroid retna  chorod
on 6—10 eyes D4 s DA N4
Normal 34 136 004 o2

60 53 007 on
95 77 014 043
77 150 012 07y
ean values 53 141 009 0%
Reserpine treated 07 02 000 ¢o00
(1] - aar -
24 00 004 000
Aean values 1 o1 007 000
@ \IM treated After Mh - 00 — 000
After 24 b 26 — 00+ -
After 131 67 74 013 031
Alter 96 b 77 07 91 020
Sympathectontuceu Afier 8 days 98 00 009 000
16 00 60> 000
11> - 013 —
31 ot 004 000
88 - 020 -
Mean values ‘6 00 010 000

hmiting memb ane 1§ | The bn vancose f bers had the same appearance as
sypaptic terminals reveated by the same sechmque m the hypothalamus and other N A
nich parts of the C\S Carlsson ¢ af 1967 Carlsson Falck and Hillarp 1962 Tuve
%% The auter layer of the fluorescent fibers which sh aed the most pronounced
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RETHA “’f crorom
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o
20
5
19, 108, L, 0 HORIAAL
SW 5 $1g 2 Scparation of noradrenstine {\ AV
and d (D%} m extracis of retna
1 E) 9 [ B £ and chorond nn a strong cat on exchange

sesin column

O PEERRRE 0y RESERPAE, Column Dowex o0 W—\8 length 3
5 5 wm dameter 27 mm Na [ em
Elatron  the fint Jmlwuh N HCT dte

T PR ety rest with 2N $iClin | md fractions The
first 3 fracuona were asayed £ £\ A and

] < WT 19, FRtr the rest of the fractions for DA\ scc od
. s g to 1be prnciples of the adr ©

! wdale method The figures thow the
° mean values of the flusrexcence mten-

! B ® } * 9 wties of the fractions The figres 111
rapond to Table 1T Dotted i ind cate

'O SWHEDFLTOM  10¢  SYWRATAECIOMY ) tinks € NA snd DA resprctnely
5 ) Spectra not nypreal £r N
Specara not nypical £ r DA
El El §

v

FLUORESCEACE

5 9
FRALTICH NO

fluorescence was situated just a1 the border between the imner nuclear Iayer and the
inney pleuform laver and the fibers seemed fo surround non fluorescent cell bodies
The tecond layer was ntuaced in the middle of the iner plexiform fayer and none of
s fibers seemed to be tn contact with 2 non fluorescent cell body  The third mace
tayer which was the weakest was sitwated qurite near the ganghion cell fayer and some
of the fibers scemed to br mn contact with a few of the ganghion cells Same very weakly
Auorescent celf processes w ere found betwern the three fayers but none m the ganghon
cell laver sn the nene iber Laser or outude the snner part of the snner nuclear laver

Semr of the sperimens from untreated rabbits were treated with formaldefivde gas
for Thrs 2t 80 . The fuorcscence in the sections from these sperimens was about
the tame as 1 the sections from specumens treated for only 3 hr Thus no suppost for
the presence of a srcondany catecholanune was obtained

In the choroid apecific fluorrsconce was found to br localized to fibers with veny
stronh fluorescent sancostira. The fiben diplas od the samne ap pearance as adrenerie
N\ Aqcontarang nene Hibera in other organs treated in the samr way  Phe flurmsernt
nene fibers were stuated ciose 10 thr outnde of the media of th farge vesels espeaaally
she antenoles o adsenergic nenve flens were demonstrated around the rennal ewels
cxcept in the opuc fagpulla and thes arnve fibens ded not srem £ accomny any the el
qut aner the retinat sueface

In the secuom fr mothe ammals treatrd with reserpime speaf e flu rescens was
found net er m 1t e retma n ot m the chorod exerpt very sall fant rest i son - cell
bodima The batkgr mnd flusrrscrencr was unchamord

In t} e secthions from an mals treated wath mets troune the specihic fluorescen < wav
greatly reduced st wrme weak Ruorescence remaned be o th cell bidien and the
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Tasee U1 Catechalamunes i the res na and chorod of the normal bt

Rasuns Charerd

Normal values Ny DA A DA

‘hemesnvaluesoftablell 007 53 41 29 ng per eye

610 eyes n erery 900 008 82 0G6 SEPRY g wet weght e

esimation vosery of 50 ng N\ and
D Yadded to tusue extract
about 30 per cent

Results of one &3t mation 013 123 80 26 ag per eye

o6 70 tyes 0gs 013 017 60>

g per g wet weight 1e
covery of 30 ng WA and
DAadded to nsvue extract
about EQO per cent
Results from carler ¢x

‘penments
(Haggenda} \faimfars

1903
2 eyes 85 13 - g per eve
9% eyes 88> B [CR ]

cell processes m the reting a3 well 2y m the nesve Sbers i the choroid The back-ground
Auorescence had tncreased presumably due to accumulanon of meta tyrosme w the
tissues

1n the scenons from the ansmals treated with a MMT the fiuorescence in the retna
seetned to be shightly reduced 16 brs afier the treatment whnle s seemed to have returned.
ta almost the same wmrensity as 1n those from uatreated anumals 24 and 72 hrs after the
treatment The spenfic fluorcscence 1n the choroid was sarkedh reduced 16 and 74 hrs
after the @ MMT treatment but « a3 almest the same as thas of the normal ammals
72 hes afier the treatment The back ground fluarescence was weaker than that of
the meta tyrostne treated anmmals and about the same as i the untreated animaly
Eight days after the bilateral excinan of the cervical svinpathene eham the Buorescence
1 the retina seemed 10 be unchanged while there were no fluorescent nenve fibers 1a the
charoid

The of the B m the malamid, d anumals seemed 0 be
the same as in the untreated ansmals but the intenaes was imcrrased both m the retna
andt i toe chovosd

A schematic illusiration of the results with the histochemical methads are gnven in
Table

Beocheor cal find ags

Tu some of the renna samples of the untreatrd rabbucs and f spectra
typrcal of \ A were found 1 fraction ® No A was found DA was regularh desected in
e yeona samples 1Talble 1Y The Buosrscente miennues of the frachons refernng o
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200 400 400 mp 600 200 400 400 €00 my
Fig 3 ¥ig 4
Tz 3 (Lefy; \ctvahon and fuorescence spectra of cluate from retina extract of 20 fabb t
o

1 Acthation spectrum Flunrescent wavelength 400 mip

1§ Flunrescence spectrum  Acunating wavelength 3 0 my

DA Depam ne standard RE reagent blank

S sanple corresponding to fraction no 6 1n Fig 2

S sample corresponding to fraction no 9

Fig 4 Right  Activat on and fluorescence spectra of eluate from chorod of 70 rat bit eyes
1 Actnauon spectrum Fluorescent waselength 515 nt

1l Flu rescence spectrum \ctiwating wavelength 400 my

N\ Noradrenaline standard

S sampl fracuon oo ¢

DA fractions $—10 + ere lughest :n fractions 5—7 fix 2 Fhe intensities were vers
smaff but actinatin, and fluorescence spectra tupical for DA were recorded 1hig 3
In the determunations where 50 ng D\ had been added 10 the rennal extract the hivhest
fluorescence intensines appeared 1n fractions 5~ 7 The recovers of the added amount
of DA was about 100 per cent in the expeniment where the esumation was performed
on 20 eses Table 13} In other exptnments however the secosery was onby abnut
50 per cent

In the ¢ rrowd of the untreated amimals fracuion 2 had actnauny and fuorescence
speetra tvpical of NV Biz 4 ™o \ was Hund i this fraction The flunrescence
intensiia m the fractions refernng to DY fractions 4 —10 were Jower than the
from the retina

o w7y of >HT were found in the actnatns, and fluorescenes spectra frem the
retina and the chorort g reparations of untre2ted anymals

After reserpine treatssent th D\ values in the retma and the N A values in de
chorodd were tarkedly reduced

In the retinas and the ¢h romds of the g ML treated animaly (e carech lamins
were Dund i vers small am unts 4 b after (e freayment 17 ¢ amounts of \ A the
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chorard and the amounts of DY an the retina were abnost the same as those an the
untreated ammats 48 and 96 hrs after the same treatment

‘The ™) had disappeared i the chormds of the sympathecionuzed ammmals Hom
ever the amounts of DA 1n the setinas of these ammals seemed 10 be yn the normal
range

Drscusston

“The hustochenuzal ghsers atians mdicate that the speasfic Buorescente observed m the
ventina and choroid 1s demsed from priman czx:c}nlammcx These ammn » exerdentt
fied by col fr aphv and h 1 W
raphy synthetie DY added to the exteact of rouna appeared 1n the same fracuans as
the compaund from the normal retina of untreated armmals Syatheuc DY and the
compound fram the norraal retma thow od sdentical actnatng and Buarescence
specira In the same manner the wentity of NA in the charad was established

The great reduction of the DA in the retna and of the V4 n the chorod 16 hss
alter a rather lush dose of reserpme can be taken as a further support of the wentities

The resuhs of the bochemucat determunations show that DA 1 the domuinating
moneamine 1n the senna of untreated rabbis The amounts of Y howeser areven
Jow That DA has not heen demonstrated earlier m the retna may be explaned by
the tugher sepsitavity of our procedure The sanasons in our different determmations
are presuraably due to the great techmcal difficaltes especially te get constant secon
eses and blanks The amounts of DA m the retina have been calewdaced 1o about
010 2 ugfg vssue wet weight and 10~~15 ngireuna N defisie difference has beent
found between premented and altuno rablbug

In the chorod of rabbit WA was found 1n about the same amounts ay previously
described by Dunée Fuler and Pernow (1854} m the cow and by Bernhesmer (1964
1 the call’ Further worh 13 needed 1o astablish the possible presence of sznall amounts of
DA m the chorod

The Buorescence ntensity 1 the hustolagical sectvansof resmawas reduced. 16 bat not
24 hrs after the @ MNIT treatment (Table 1) Cherucally howeser there s assull a
rediction of the DA after 24 hrs (Table I This suggests that a moderate reduction
m DA {ahout 50 per cent’ will not be detzcted by means of the present histochermncal
technigue

The disappearance of the fuorescent fibers and the strong reduction of the N Aan the
chorasd alter sympathectom shaw that these fibers belong to the »wmpathetc nersous
svtem n the retina hos oser the IDY was rot sigmificandy safluenced by the nmpz
thetic denesvation The flgorestent structures tn the retina thus does aox 2ppear o be
connecicd wob th & cervical sympatbetic chan

Qur results indicate that DA s the dominatng catecholamine 10 the reuna of the
mabln and that the DA s localized w6 fluorescem cell bodies and s anicose fibers » fuch
seemt 1o belong to cach other The data are consistent with the view that DA serves as
the trapsmnter af these neurons

The resrar b supported n th s document Fas been spomsored by A\IR FORCE OFFICE Of
SCIENTIFIC RESEARCH OAR 1w 30, chsougt the European T o of Ae ospice
Reseae t Lnved Staves L o £ by a Public Health Sercies Reseaech Gramt A0 Q & 3~ 61

1 om the “anonal tnst wte of \eucologwea! 1) seases and Bl ndaes and by 16 Swed sh \ed cal
Rrsear | Coun §

For techn al axs wane wea ¢ adebred ¢ \liss Mom 3 Frcsen
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‘wophysiatogical records of taste actsyity have been obtamed from the chorda tympan: perve or
otosclerotic pat ents When pasable preaperat v psvchophysical responses to taste stmul
werealso gbty ted The summated charda tympan: d scharge 108 2 M NaC) adapis completely
and th tm requted agrees with psythophysica) reporis Psychophymal esumates of the
sweetness of different sugare correspond closely + 1th nerve resporrse maenitudes Gymnema
extract abals hes bath the = cet seasaton and the nen ¢ response tosweet 1astng chemicals
The total sum of taste actvity 1n tf € enbire ¢} orda tympam atnve appears to be an smportant
determmans of the psychophysical responses There ace large nddvidual differenees 1a the rela
tresize of the seural respans~ te d ferent taste sum th Responses to ethy) akcohol are descnbed

Flectrophysiobagicat cecards from the human chorda tympan: nene ¢an provide in
formation about the relationship between the taste semulus and the neural tesponse
Thece neural respopses 1 turn mav be related 1o the corresponding psychophysial
respanses
The chawe of the 2 crcording techmague 18 particularly impor

Is the recufied summated and filtered transformation of the activty of the whole
chorda t mpant nene related to the intrnsittes and Quahties of the 1aste sensations we
expettence  Vie do not know whether the central nervous system sees the respanses.
{from the chosda tympani a th same way as our electroar apparatus What we record
anght be gust an cpipt enomenon that paralichs n tme the troe and uarccorded m
formatson bearing responses of the propheral taste norve Howerer of there s a good
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e pondence betweenthe chorda tympam disch and thepsschophvsieal
responses we can infer not onls that we hate chosen a meamneful recording technique
1o tip into the peripheral input ine  but al o that the central mechanmms do not
seriously alter the input If such a correspondence 1s lacking we must conclude that
cither an nappropnate recordine technique was used andfor the s nsory input s
modified 1n the central nenous system

This report complements presious studies of human electtophyvsiological taste
responses (Diamant and Zotterman 1959 Diamant Skoog and Zotterman 1960
Diamant ot af 196% by placin,, greater emphasts upon the relatianslup betseen nerve
actwaty and psychophysieal responses Tvidence will be presented which indicates that
the summated response of the whole chorda tympans nerve 1s a vahd and relevant
measure of taste actnaty

Methods

1 Subjects and materials
Tt ese cxperiments 1 ere carmied out m the Department of Otorhinolarynge gy Uniyersity of
Umed in January and April of 1964 The data an thas study are based upon results from 6 ps
uents dengrated as fllows

Patient Sex Age
1 fermale %
2 female 40
3 male o4
4 male 33
> f male 50
G female 3

Ali ch m cal salutic 0 were made up in dustilled water Tap water was used f £ wanmng and
cwhing the U ngue The &1l wing chemicals were used  sucrose lactoss maltose glucese
fructose g lactose sad um cvelamate sodm sacchann glycern sodium chlorde atric aced
cthane) quin ne sulphate quinme (m h hydrate and Nhncarl wm de

vmn ma extract was prepated asa water decsxcton of dred leaves « [ Gim ema syl estre
These were heated { £ ur b ursat8 Canid e water extract remeved In the case of panents
o ) ? 3 te Mnal c ncentrat 3 was 07 g leases misclution and e patentsne § o Gn
w 3 04gleavesiml solots n This entrespends to 1 percent 10d 2 percent sauttns ¢f punifired
 vmncma oxtract according t3 Warren and Maff nann (19 9)

P \walrsd g
Special precauts ns were taken t av o d M) cpr matns mterference sinee 1] € reec rding ha £y be
perf amed i an lectrically anscrecned foom 1t e ptient was greunded through rreeal e Min
arcund th nck and arm Th nenve mpubses were recor Ied via an RC amplifer hich
ncorporated a tw T tejects 1 filter tuned 1 0 cpy By 1pphying | ravy negative fredback
arwnd (h filter the rejectt n bandw dih was reduced vo about  cpsar3dbd ws ThHs
permatted e rec ethng f the soapsnse from the b orla ympans i the preence «fa 0 s
d sturbance 1 0 1 mes Larter than the nen unpulses. The ampbified reaponse was recorded on
me channel of  ster tapere rdrr Tandberg whilctte 1} rchann twasusedfrav e
recerdng £tt prteal The mpulses were mont red noan acllosope Later th 13p¢
recorded data wa prxessed with an electronic summator and Crasy P lygraph stk wnter
Prottvpes f the sun mat 1 fias been in use § ¢ ten yeary in the Dep. rim ni of Phy D
andussmyleccutdear b st wnnlg | Wuhttelastp tensthesur ¢ temperature
(Le tonue was rec rird with  thers w mp! an ittt thisand el summat £ ojtput were
dpbeed mln nap s hune b (s Cras nkwars

The exprr ments wer perfwemed unvder ol t general anestt s (N O Flu thare andite
patients were em 1 Plized wib o m) b Ino ) presens mosement an facs Tre l<'11
lymnans nerve war sualed a0 ] ear cut mnall anddesteath e o el The
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Fag 1 Schemat cdiagram of the summator
{ ntegrater ) arcwe Ths s preceded bya
oltage ampl ficat on stage (EFB6) with ga n
control

=10 C =C =01—10 F stepwse varable D =D = 0381 R =1\ £
R ~1M2

R may br part of the recording dev ce

nerve acuvity was recorded th ougha ingle plaunum electrode and the spreulum sersed as the
reference electrode A special plastic stmulus dispenser was used Its up was located at the
tongue surface and the 15 mt of taste solut on  ere held in the dispenser reservotr some 25 em
above the tongue All taste solutions were warmed to approximately 30 C The recording
sessions lasted for about 1 hr

3 Pgrhophysical test
\ artous psychophysical tests werc carrsed out on four pat nts the day before their operat on
Only+ thpatientsno 3 and 4 did we fully succeed n obtaming both psychophys cal and nerve
responses All taste solutions were at room temperature and distilled wate was used as the
¢ nse between the The followng tests were carmed out
A Time for the complete adaptation of the salt taste The pauent held about 10 ml of 0.2 \{
NaCl n lus mouth He was wstructed not to move his tongue vigo ously and to rase
Hus ba1d when the salt taste disappeared
The pauents were gnen 0005 M phenylthiocarbam de and asked to report what they
tasted Ths was a quick test for taste blindness
\agnitude estimation of the sweetness of sugars The following solutions  erc tasted once
1n forward and once 1n reverse order 0.5 M solutions of sucrose fructose ghucose galactose
lactose and maltose 0 004 \{ sod um sacchann 003 M sodium cyclamate and 02 M
sucrose The pat ent was a ked to judge the 51 eetness of each sohrtion and compare it w th
the standard 0 5 M sucrose wh chi was given a sweemess rating of 100 If a solution rasted
one half as sweet he was to call 11 50 etc Patentsno 4 5 6 received the standard before
each of the comparisons Patient no 3 rece ved the standa d only at the beginnng and end
of the two runs
The effect of Gymnema extract upon taste The sequence of tastc solutions was 02 \{
NaCl 05 M suerose 007 M atric aad 0005 M qumne hydrochlonde (or 0003 M
qu mine sulphate) — Gymnema cxtract appled to the tongue for 2 min — 0.2 M NaCl
05 M sucrose 002 M aitne acid € 00> M quimne hydrochlonde {or 0003 M qu mne
sulphate) 05 M sucrose The patient was instructed to judge only the strength of each
taste solution calling 0.2 \MIN Cl a strength of 100 He was told 1o sgniore the qual ty of the
solutions After the Gymnema es ract treatment he was aga n rold to call the intens ty
of the salt 100
Acotton Qup appl cator was used to apply the solut ons to the tangue of patient no 3
mn test G and D S nce a diseased ear can produce abnormal taste funcuion the logic of this
testng procedure wa to restnct the solution to the anterto part and psilateral s de of the
tongue  Ho ever the csulis £ om nerve record ng suggested that more relable psycho-
phys: 1 procedures might impro ¢ the ¢ Between psy and neural
results For this eason patentsno 4 5 and 6 were instructed to take about 3 ml in the front
of the mouth and taste normally

o

-]

Results
The summated chorda tympam nere response 1o 02 M NaCl ss shos nin Fig 2 The
dechine in nene actvity to 3 mun of salt simulation for each of 3 patients may be seen
wnrecords A B C Dunng this 3 min penod there was a continuous flo + of salt over the
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Fix 2 Ite summated chords tympim response to a coninuows 3 mun flow of 02 M A\l
A B Care human responses for patsents no 1 2 3 respectnely and 1 15 1 rat respome Dots
sndicate responise duning spplication of distilled water_nrrows onsct af salt Tape sec rded dita

processed under entical conditions with nise and f3ll tume constants of 19 sec The tape
recorder was off at begtning of B Time base 1n 10 sec mtenals

tongue al a rate of 7 mlisec The imual Jarge response to salt 1 indicated by an arrow
while the applicaton of distlled water 13 indtcated by 1 dot abave the cunves (The
responses to v ater here were due pnmanly il not whelly te cooling, and/or mechanieal
stimulation } Record A is the most sanshetory fiom the technieal point of view for the
signal to-norse rato was good and the baseline quite stable The respomse was N
pereent adapted within 50 sec In addition to the 3 records shown hicre the adaptation
of the salt response of patients no 4 and 6 was very similar to that shown i A and G
Qur records of human neural adaptation to sodiwm chlonde distinetly contrast with
record D which 1s taken from the r chorda tympant Here the response dechines veny
slowly over a 3 min period and when the record 13 continued for some minutes more
little or no further dechine in amplitude 1s seen (Badler 193 Zotterman 1956) 1 anent
00 3 whose neural response 1s shown in record G indicated 0 the psychophysical test
that the salt tastc disappeared after 90 sec Latient na 4 inchicated that ke could no
longer taste salt afier 79 sec « huch corresponded to a 94 per cent reduction in the
magnitude of his newral response

Same indinviduals are 1aste bhind  for phenylthocarbamude (1 faffmann 1159 and
s e attempied to determine whether thiy deficiency has 1 peripheral basis However
the 3 patients tested no 4 5 6 all reported an intense butter taste

There are rather substantial indwidual differences in taste sensitinaty to sweet ¢
cals Cam ron 1947 ¥ or thn reason st 13 of relauely lutle value tn compare the nene
responses of indinidual panents with psvehophysical respcnaes frcm other subyects We
were able with 7 patients to obtain both psychopt vical mignitude estimates ¢ the
relatn e sweetness of different chemicals and summated chorda tympin discharges O
these same chermicab (Table I [he values in exch eclumn have been rounded 1o the
nearest o per cent and are relat € to the cespon ¢ to 0 5 M sucrose which has been set
at 100 The psychophysical reperts are means of 7 determmati ns while the neural
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Tastz 1 Comparison of psychophysical and neural response to sweet tasting substances The
salues 1n each column are relative to 0 3 N\ sucrose set at 100 The maximum height
of the summator record was measured

Pauent 3 Patrent 4
Sumulus Psy Neur Psv Neur
05 \sucrose 100 100 100 100
05 N fructose 100 100 80 80
03 N maktose —_ 40 7 60
05 Mfgalactose 40 kS 45 40
05 M lactose 4 42 30 30
05 M glucase 25 4 3 40
0 004 N\ Na sacchann 100 6 122 102
903\ Na cyclamate 53 80 s 100

Taste 1T Ind vidual d ferences i the chorda tympans discharge. The values 1o each column

are relative to 0 2 M sucrose set at 100 The maxamum height of the summator
record was measured

St mulus Patient no

1 2 3 4
05 M sucrose 100 100 100 100
02 \NaCl 102 100 150 50
002 AL cttric aed las 193 60 100
0004 M Na sacchana 50 70 62 10>
003 M Na cyclamate %0 120 80 100

values are based upon a single determination There is a good correspondence between
the psychophysical and neural data especially for the sugars The actficial 1 eeteners
saccharin and cyclamate have quahtatiely different tastes from the sugars and this
may hase affected the judgments of sweetness The psychophysical method used with
patrent no 4 produced the better agreement

We have also found that there 1s sigmficant individual vanation in the response of the
chorda tvmpan to different chemicals A comparison of the neural responses of panents
no 3 and 4 1n Table I will give an indicauon of the indnidual vanaton for the sugars
and artifical sweeteners Dramant of al (1963) with 2 previous pauent obtained still
another ordering of neural responses to sugars Table IT presents ndividual differences
for other chenucals All of the responses are relative to 05 \M sucrose which has been
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PRE Post

Tig 3 Elrnition of the neural yespome t
s ecteners by Gymaema extract The st mut
were presented an the order shon v before and
after teatement of the tonzus fir 90 see v uh§
percent Gymnema extract The arra 1sho the
trme at 3 fuck satchann and sucrose were ap
plied The dat wn the sucrose record md cains
a femperatuse Tesponse to coal dustidied v ater
Time marks 1 sec The responses 10 quinine see
dsplaved at A somes hat hugher amp! ficati
The pre sespone fo sycchann was reco
zarher w te expenment  The enncentratans
were 072 MENACH 0« M osucrose 007 \Matrc
acd 0007 M quinme hydeachilnife  and
08Bt \§ sod um sacchann Dasa from pat ent
na t

K]
8

NERVE RESPONSE

Frr 4 fhe maumun ampfrefe (e
ammated ch rd1 tympany repease a4 4
funct nal ethylalc t tc neentray b ¢
3 patents The (rd nate gines Qe relat
nene f Ponse where the ropone

1 earh panentt 32\ alcotelta Lren et
ETHYL & COHE a1 SO0

assaned 2 value of 100 1oy resctiby apparent that there s wide varation in re poat
venest to the diffeeent heny al For example patient ao 3 had a poor respon © 1007
A$ \aCl and pauent a had a very good response to § 02 M ane resd

Liz 3 shows that § llw ng treatment of the fongur with Cymnema extract
sucronr and sacthann fod d 1 chort o aecial fe peural actiaty We tested 5 patirnts sn
this fakron and found that nl the newral response 0 sueet wsting ¢ rancals s 3
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affected iz sucrose fructose saccharin and cyclamate There 1 cre no sigmficant
effects (¢ € greater than a 10 per cent chan=e) upon responses to 02 \M{ NaCl 002 M\
atric ad of quuune (0002 M and 0005 M qumune hydrochlonde or 0003 M
quimne sulphate) The basic result in the psychophvsical portion of the experniment
was the same namely that the sweet taste was elummated (sucrose) o subgects
rteported a decrease mn bitter taste (quinine}

With ethyl alcohol as z taste simulus it was necessary 1o use concentrations m
excess of 10 VM to ehat good nerve responses (Fig 4) These neural responses were
positively accelerating functions of log  ymolar concentration as opposed 10 the usual
linear trend with other taste solutions (Dizmant ef of 1963} Use of the strong 5 VM and
10 M\ solutions 1n 5 out of & cases resulted m a slowly nsing negatively accelerated
summated response which took 10 or 20 sec to reach its maximum hesght. Concentra
tions greater than 3 M produce a smarting or buring sensation (Diamant ef ol 1963)

Discussion

Buyas (1933) has studied psychophysical salt adaptation 1 two subjects Using 0 15\
\aCl to stimulate a tongue area 1 em n drameter he found complete adaptation in 50
and 54 sec These values are of the same order of magnitude as those given by our pa-
uents m psychophysical tests when the whole tongue was stmulated v ith D2 M
\aCl (79 90 and 122 sec) The shape of Buyas s psychophysical adaptation curves to
0 13 \ NaCl are very simtar mn form to our neural adaptation records m Fig 2 but
there arc too many unknown factors {¢ g the hneantv of the ordinates the appropnate
psychophysical baseline level) to permit & precise and quanutatne compartson of the
two sets of curves

Our records of neural adaptation to sodium chlonde suggest that adaptation 1s.
complete 1 e the actraty decreases until at reaches the resting level of actity In
addition there 13 2 reasonable correspondence between the neural and psychophysical
records for the bme necessaty for complete adaptation Thus we may conclude that
the human psychophysical ohservation of rapid and complete salt adaptation can be
accounted for by dummushed activity 1 the chorda tympan nerve There 1s no need to
postulate the existence of central adaptation mechanisms

We made no attempt 1n this senies of expenments to split the corda tympami 1nto
small strands 1n order to record from single fibres for previously such eforts faded
(Diamant ¢2 af 1963) As a result we have no direct evidence on the quality specificity of
single taste fbres One might argue that within the chorda tympant there 13 a subset of
fibres which are respons: e only to sweet tasting solutions and that 1t 1s these and not
multi-quality fibres (1 e those which respond to more than one class of chemicals)
which code sweetness However the correspondence for the sugars in Table I suggests
that the of ed sweetness 15 by the @ from all of
the act ve Aibres within the nenve This inference 1s also supported by the results vath
Gymnema extract which show that total ehrmination of the s\ eet taste 15 paralleled
by total eimination of the chorda tympam response Thus 1t 1s reasonable to conclude
that the magnitude of s eetness 1s determned by all of the actvity which 1s generated
in the taste nenves

The summated vesponse hos ¢ er mav be too wmple a measure 1o correlate with
psvchophysical 1ntensuy judgments across different taste quahties There may be other
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comphcatng factors such as the temporal discharge pattern or the ulumate central
projections
Extracts of Gymnema syleestre when applied to the tonguc will temporanty ehminate
the ability to taste sweet substances (¢ g Shore 1892) Andersson ef af (1950) working
on dogs and Hagstrom (1957) using hamsters demonstrated that this drug will suppress
the chorda tympan: response o sucrose while leaving the response to sodium chlonde
unaffected It1s not known whether the behavioural preference for sucrose would alsobe
suppressed or ehminated In the present report we have shown that the same Gyvmnema
extract treatment will chiminate both the neural and psychephysical responses to
sweet tasting chemnicals in the same human subject Shore also reported that Gymaema
extracts chminated sensitivaty to bitter substances In our hands such treatment
has had no clear effect on to suprathreshold of quinine etther
1n the psychophysical tests and neural recording sessions with the patients or 1n psycho-
phystcal tests with 3 other normal subjects We are not able to explam this discrepaney
‘The agreement between the neural and psychophysical data for salt adaptation
of sugar resp and supf of sweet senutnnity by Gymnema
extract indicates that the measurement of the total activity in the nerve without ref’
ercnce o fibre types or ulttmate anatormcal dispersion 11 the central nervous svstem
can gne relevant and meamngful information about taste activty

Ttis in estigat on his been supported by grants from Institutet for \Maltdryckslsknung and
from Statens Medicinska Forskningsrid
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The Distribution of Adrenergic Nerve Fibres to
the Blood Vessels 1n Skeletal Muscle
By
hjers Fuxe and Goras Sepvace

Rece ved 8 September 1964

Abstract

Acts phynol scond 196> 6 70—86
he advenergie mnen‘auon 10 |) < various lzctwm of the v;xuhr bed in skeletal ruscls of the
at were studied s, . hustochermeal fluosescence techmique A typrcat adrencsgic
ground plesus (Hﬂhrp prs 19:9) was seen directly supenmy) o0 the smooth muscle
Layer of the vessels The nenve termunaks seidom penetrated mto this laver The artenes entening
the muscles showed only a sparse amount of adrenerc filires wheress the wtra muscular
attenes arterioles and metarcertoles exbsbited a fasely nch supphy The incrvaton was vas

form no definete accumutstion of adrenergic Sbres being observed m amy sect an of the vascular
bed The cap Hanes d d nat seem o Fecewve any adrenergic fibres The vessels on the venous
s d¢ had 2 very sparsc wnervaton 5 ngle nenve bundies could be observed 1 relaton fo some
small senules (2040 4) but only occas onally were adeenergic fibres scen around intra

wouscular vans witk d ameters above 30 4 Posuble mechaaums for the eedtion of Renous
vasoconstrictar sumut o the vanous vessel sectons are

Fuse b and G Sedvall The dutnbanon q/aa'mrr 3 mﬁbm 1o the blood essels an akeletal mu.cle
20d of

Our present knowledge of the nerous control of blood vessels ts hised predomuanthy
on physiological studies. Such have blshed the ump role of
o5 nerves n the k d of most vascular vegrons 1n the
body (see Folbow 1936  In skeletal muscle the charges in artenal rosistance trans
capm.-m transport and ussue solume following sympatheue sumulatson indicate the
of fibres to different sexuons of the vascular bed
such as artenioles precapidian sphuncters and enules ‘Folkow and L vnas 1948 Bucherl
and Schwab 1927 Folkow and Mellander 960 Mellander 1960 Rentan and Rosell
196>
The morphological erganzanon of the structures transmitting + A50roOSLACLOr M
pubics 1o the smooth muscle cells m the blood vessls has untid reventh beea largeh
unknown It has moreoves been difficult to estahluh whether of not there are quannta
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Fe 1\ gasramemss of cat Creassction Crosssectioned bundles of adrenergic fibres are
present close to the external muscle layer of one artery (A) and one apters le (2) Thesem (V)
reces e no adrenerpie fibres Th anternal elast & membrane of the artery shows non spec fic
sufluorescence Hu srescence micropt otograph Magnificauon 163 ~

e differences n the amount of vasoconstrctor fibres reaching the +anous scetions of
th sascular bed ' Mellander 1960 Abboud and Eckstein 1964) Such problems could
possibhy be solved by studving the muscle vessels with a speaific hustological method
that selectively demonstrates vasoconstrictor nerves

A\ speafic histochermeal fluorescence techmque for the demonstration of cateche!
amunes and S-hvdroxvtrvptamme tn tissues has recentls been developed (Falck ef &
1962 Carlsson Fakk and Hillarp 192 Falck 1962 has method permits the visuabiza
non of the adrenergic transmutter Duc to their high concentration of noradrenaline
the adrenergic nerve tesminals can be otnenved @ ervwhere 1n the tissues by means of
this techmque

In the prosent study this direct method was used to studh the organtzaton and
istnbution of th vasoconstictor Innervation to the blood sescls 1n skeletal musch ¢f
the eat \ prehminan report of parts <f this studs has been published carlier (Fuse
and Sedvall 14

Methods
Thestudy was perf amed m w1 0 ans A ieth ez wegtt O 40kg \llar nal were

aneth tued with soium prot bart b Nerbual? Mot 3 mglgs p) Srnall buue
Setmens were 1aken from the mall sewels enter ng the fx T anter w and ga trocnem «t
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Fig 2 A gastrocnemius of car Longitud nal sect on A network of adrenergic fibres 15 p esent
around a smalt artery (A) The en (V) recenes no adrenergic
fibres 162 ¥

muscles 8 mnall mtramuscular vessels we e studied n spec mens taken from d ferent parts of
the thals antenor and gastrocnem us muscles Special care was talen n t to remove the
sheath of connective Ussue surrounding th larger vessels All specimens were excised in the
Lving amumal Immed ately after cxcision the specimens were fro en 1n propane cooled by hiquid
mutrogen _After freeze-drving at — 35 C for 5—7 days the tissue specimens were treated with
formaldehyde gas at ao c for 1 hr During this treatment pnimary catecholamnes co 1dense —
without diffus on — with form kichyde 1o mtensely fluorescent 3 4-dlh)d.mmqumolm(s
{Corrods and Hillarp 1963 1961) The specimens were then e nbedded m para
5658 C Merck) m 2acuo Sections were made 10 # thick and mounted 1n Entellan? (\lmk)
after removal of the paraffin (cf Falck 1967 Dahlstrom and Fuxe 1964 a} The scctions were
exarined sn heht f om an Ostam HBO 200 bugh pressure mercury lamp cquipped with a
Schott BG 12 filter 4 mm A fluo escence mueroscope was used w th a dark field condensor
{Zess) and a Zewss 50 absorphon filter (2 mm) in the tube Sections were sta ned v ith
hematoxylime-eosine W eigert s elast n or azan after microphotographs had been taken in the
fluorescence m croscope 1o determune which type of vessels that was nn_rvated

In attempts to merease the fluorescence of the adrenergic fib es 1n the tissues 3 eats \ ere
wreated  1th L-dopa (100 mg/kg sc ) 2 hus before excss on of the spc(n'ntns Another 3 cats
were grven nalamid (\ramuid® Pfi er 200 mg kg1 p) 6 hes before kalling

Res rp nc (Serpas IR Ciba 2 mglkg's ¢ ) was njected 24 hours before L Hing 1o 3 cats to
abolish the Ruorescence of the adrenerg c fibres

To get an objective an lysis of the results blood essels of all sizes m the sect ons s ere photo-
graphed under the m croscope \Measurements of essel drameters and counts of termnal
bundles were then made { om the mcrophotographs

Results

Since the histochernical and pharmacological cnitensa for the specificity of the fuores

cence teacton (Falch 19° Corrodt and Hdlarp 1963 1961 Dahbirom and Fuse
1964 a) are satisficd and the fluorescent fibres observed have the tvpical appearance of
autonomic nere terminals n general ¢/ Hullarp 1946 1959 and specificalls of adren

ergic termmal (¢f \orberg and Hamberger 196%) there 1s no doubt that the fibres
really represent adrencrmc nenves (see Discussion) They will therefore for the sake of
simphcity be referred to below as adrencrgic fibres
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Fig 3 M garonemu of cat Lot grtu linal sectien A netwerk «f adrenerg ¢ fibres 1s present
around small arteries (A1 The accompinving vemn V) recewves o frenerg ¢ f1res Fluores
cence microphntograph Magn fieanon 1€

The fairhy cich suppls of ad gic fibees to the ular arterses and artersdles
domunates the fluorescence microscopical picture 1 skeletal muscle (Fig 1 ?) the
scins having no or onh a scanty supply (Fig | 2 9 No certain adrenergic innen ation
of the muscle fibres has been observed It mu t be pointed out however that the
mnervation of the sessels on the artersal uide 15 by no means rich compared 1o th at of
such vewsels 1n many other tssues (Dahbtrom and Fuxe 19GF b and unpubl hed
obseryations i this laboratory

The adrenergic plexises surrounding the vessels were directly superimposed on 1he
smonth muscle taver (Fig 1 € ) The terminals penetrated th1s Laver only sl fom
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Fig 4Aand B 1f b alts entervor of cat Longrtudinal sectt n Ady
artenoles In the Iower figure single vancosc Sbres can be seen In g
of the arteriole () Fluorescence mecrophotograph Magmifi ay, »

even in the largest muscle arteries \When penetration wan i
present only mn the outer part of the muscle laver The pley .,
loose network of anastomosing strands in which there ran p0
fine vanicose termunals The adrenergic inneration thus i 4 ¢
an autonomic ground plexus (Hudlarp 1946 1959) The smaf ¢
10 2 high degrec onented along the vessels (Fig 2 3 4) Insq,
were seen as intensely fluorescent dots (hig | 6 9) wi.
Jarge 10 duameter probably due to superposition of fluoy ,,
section (Fig 8) The mdnidual termunals are difficult to d,
graphs duc to their fineness and closeness (Fig 4B}

Artertes

The artenes entenng the muscles showed a very sparse y
“These vessels had elastic ussue showing a greemish aut »
disturbed the Ruorescence microscoprcal picture Tl 4
remaned in animatls treated with reserpme Nor did ¢ 5
sodnm borohydnde (Corrods Hullarp and Jonsson 1944,
cence 1n the vessels i contrast to the specific fluorescence rfy
afier entering the muscles the artenes often came mto ¢
mixed ner es contmning both non fluorescent (sensory and,
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Fig 5 Fig ¢

Tig 3 M gast oonem us of cat Several bundles of T an br seen
mrelm 0t an areriole (1) The accompanying venule {v) recenes a simgle burdle of fibres

{#) The mternal elasuc membrane of the arteriole shows nonspecific auoflunrescence

Flucrescence mucrophtograph Magnsfieation 263 «

b 6 Af tihiahis anterior of cat Cross-section Several bundles of adrenergic terminals arc

present around 1 ¢ external muscle Layer of an artery The internal elastic membrane shos s
fic autofl Fluorescence Magmfication 20> X

T T 7
axons with a weak fluorescence that increased m intensity as the nenve passed deeper
110 the muscle In siew of the fact that the supply of adrenergic fibsres to the anenes
increased quite suddenly when the vessels passed into the muscle 1t seems reasonable to
assume that a large part of the adrenergic innervation 1n the artenes derves from these
fibres in the mixed nerves (¢f Mitchell 1956) The adrencrgic plevus around the larg ¢
artenes contained about 5 ta 10 bundies of Muorescent termunals passing along and
surrounding the vessel (hig 1)

s the ves.el diameter decreased from 200 ;e down to about 10 4 at the precapallan
level the number of bundles of adrenergic termunals successnely decreased The
artenoles did not possess a significamly higher degree of innernvation than the arenes
of larger diameter  The small precapillan vessels (metartenales) usually had only 2
drametncally locatized bundles of terminals (Tig 8) The distance however betae n
the bundles measured 1n cross-scctions of the vessels v as faarl  constant about 13 p1
for all the different mizes of vessel The general pattern of innervation was the same
small and large arterial vessels. The mnervation was untform  nao definute accumulation
of adrenergic fibires suggestne of a speaalized sphincter innenvation bemg otrerned in
any sretion of the vascular bed not even at the hifurcstions (Fig 2)

bans

While thr artenal vessels 10 the museles exhibited a relatnely abundant supply of
adrenerme fibres th sexels on the tenous side showrd a ser sparse maeryaon Tho
halds true alio for the seins going to th muscle Cenerally no adrenergic fibees at all
could be scen around the intramuscular vens « ith inner diameters down (o aboot
505 Tepical mtramuscular semns totallh desod of fibres can be seen in Fig 1 3and @
The accompaming artenies recene severat bundles of adrenergie terminals s single
targer tramuwseular v i W0 p a few Muorescent bundles of terminals coul ! be
scen at the arcumlerence runmng along the vein Fhese howerer were exeeptont.
Adrenergic bundles were sen s ldem otrened in middlesized intramuscular e s
with diameters of around 0 g5 At the fevel of about 0 30 howeser aspioe but
sgmficant mnenaty o appeared insome of th venutes One or 1wo bund! of terminald
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Fig 7 Fig 8
Fg 7 M tibuls anterrsr of cat Langlmdm:l section Twwo bundl:s of ad merse fibres a e
p esent avound 2 very small yessel (p
Magnif cation 265 ¥

Fig 8V got ocmusof ot Crossection Sual lood vesels (presumably menyteriole) cach
with 1o bundles of
265 ¥

Fg 9 A tibuls a tenor of cat Oblique secuon Several bundles of adrenergic Rbres arc
present around the external muscle layer of the artery (A} The artenole (a) also has 3 farly
rich supply of fib e The vein (V) receives no adrenergic terminals The interral elast ¢ mem
branc of the artery shors non-specifc F

Magmf cation 165

could often be seen here passing along the vessel but the bundles of termmals were
never as abundant as m the accompanving artenioles  \ tvpical senule with a single
bundlc of terminals can be seen in Fig 5 O s, 10 the dificulty of differentiatiog
between artenoles and venules + hen all estuima
tions of the innenation was made from crosssccuions The mternal clastic membrane
then made the artenoles easy toidentfy At the precapillary level however the amount
of elastic tissue decreased so that it was often difficult to differenuate between pre
capltary and postcap lary vesscls At this very small vessel size there were often scen
two bundles of termunals of verv intense fluorescence (Fig 7 8 1t cannot be excluded

6653003 4t ghyn! 4 ) 1 64
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that same of these sesselx e on the posu:p‘ﬂhn side The capatlares presumably do
NOL retene an ad Is were very seldom wern beyween e
stnated muscle bund'es wathout any mhuan to Jarger blood vessels

o gpzufitant differenees 1n blood sexsel woeniation were obsened i antal
1reated with Ledopa or mialarmd as compared with d amemaly

Discussion

All the hustoct emucal errtena as Sormulated bn Falck of ol (1962} Carlson Falck and
Hillep (1902 Fald (19%62) Corrod: and Hillarp (193 19634 and Dablstrom and
Fuxe ({961 3} are fulfilled for the present method 1o visualize catechofamines and
cortany trypramites in tissue secuons The green ﬂuwncmx mms zwund the Llcod
weasclt 3n muscle &JW completely aﬂer P 38
o7 resespine 2s the content af nn'mu) skelral musdr
1 ver Jow there s no doubs that the fluorescent fbres represent svmpathenc reradrena
Liprrontiniog penves {of Fuxe and Sedvall 1964)

The noradrenaline comtent m skelria! touscle ean be reduced to about 10 brforr
the nene fibres foe thesr fuorescence whuchndicates a hugh serstastty of the methad
(Fuxe and Sedvall 1954) 1o the present study  freatment of the animals weh Ledepa
and 2 monoarrunondase mhibnor $id pot incrrase she nussber of visibls fibres More
over simnce there 1t a good correlanion breeen the poradrenaline covtent in different
orgzm and ther supp!  of adrenermic fibrey 2s obcenied with the present techrgur

Bished daty in thu b v we 2rg qusnficd in concluding that the mrhod
dvmovmmlu ¢ ¢ great majorien of adrenerne Bbres an a usve section No datahave
0 far been obtained whuch speak aeare dhre szew that the entire adrenersse unervaton
apoarain of blood vesels can be visualized,

4 guesyion that immediately anses 55 to what extent the adrenerpic Fbres around
the blood veswls as fourvd here sepresent sasoconstrictor nervey Therr 15 3 possibit
1531 Sbres to othrs effrctor organs accompans the blond vessels through th e ussve Ths
however seems 1] keh 2 10 other adrenergie effecter ntam of quantnain e smner
taree b as bren foumnd roskeletal mincle 1Fuxe and Sedsall 1973 The whole com ruttios
of te adrenergic mners 31509 with the trtwork of fibres direetdy suprempesed on the
surface of the pruscle b2+ ddearh shows that most of the fibtes represent sasocomtnclon

s lmexaomeFig 3 Howevrr the possibility that & small proporvon of ¢t bundles
of tarrunash par g 3lorg e LNPNA INDervale stcures other than dlaad vesls
cannot br excluded

Thr for a2 TEIC aene 1s wath ab vanicouues (Fig 48 nomentt
anastmwring s rand of 2 HPica) antonomye ground plexus which 1n all prehab? p
reptewrs U acnal mnenvaton avnanats of g 1M [0 Fakk 100
orberg 2nd Usebrrper 199y o amooth muvd tssu tus ploas avaalle £ 2
om0 T Qo nvtw ork WY ich PAaAIrates mvmwE ese fetwern the crilo tat it
trarmeutter 2f r11 y relrase cxn readidy reach mort — i rot all — of the cells In cortrast
1018 3 the arrenrrme § loxus emerszunr © Fantrarreeular artener e all 0 arternt
298 v 90 (37 3 artird 11 0% er Lsvues doma 00t prorinate o Brtween the gt
rmstle tels but sLmontvds and 0 @ et ¥ »1mpoed on the wuter surface of £
preede By o1 even i s bver s ack Tha St 5 avvers with ol ctyorructocoics!
st of et~z m blwed veelt @ ower that no nene £ heen cxnt witt 3
Laver Praseand \oLran {91 Lever 2od Fatert wzen 19) Rbortin {97 Sarars

4
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simghe 1967 Appenzelier 1964} Thus not alf eells 1n the muscle bayer are reached by
adrenergic nerve termnals This snfers that the 1y possibly
e transmutted directly to all celiy o the muscle layer

The electneal acti ity of smgle smooth muscle cells 1n the zorta and vena cava from
turtles has recendy been recorded with rmucroclectrodes (Roddie 1962} This study
ndycates the of a drrect lar spread of betwern the
cells in the muscle layer ~— the transmussion not being medsated by nerves 18 has been
suggesied from studies on pig caroud artery and renaf vemn (Burnstock 2nd Prosser
1960 Prosser Burnstock and hahn 1960) that electnical mtermuscular transmussion
probably does not take place sa mammatan blood ressels The large amount of conaectine
tissue nterposed berween the seooth muscle cells i these vessels would present a hugh
resstance to the flow of current However the possibulcty must stll be considered that
snterceltular conduction wkes place 1n ymall blood vessels where the amount of connec
tive tissut 13 Jess abundans The chenwseally excited musele cells in the vessels bengin
contact with the adrenergie fibres mught thus actiate the underlyng cells by the
electneal spread of excitation

Another h 1 that the diffuses wta the extracellular
space berween the muscle cells 10 actnate 1bem {¢f Rosenbluerh 1950} This general
hypothesss for transmu.ion i 2utonomic nenecflector svstems ha been senerely
entieaed by Hillarp (1816 1929} who obtamed evidroce against the wiew that trans
mutter &ifTusion aver large distances 1 of significance for the ransmession The blood
wessels however may be exceptions owing ko the specal construction of eheir adrenergic
sanenauon It has repeatedly been demonstrated that diffusion of the transnutter from
vasocanstrictor nerses can take place mn suchaway that part of the released transmutter
reaches the blood stream {Euer Luft and Sundin 195> Resell hopin and Aocelrod
1963 Sendsalu 1960 Haggendal 1963; 1t 1s probable that most of elus transmister
leakage ocrurs from st ¢ smallest artencs and artenoles which have 2 muscle wall made
up of only one ar two Iz, exs of muscle cells and whuck answer for & majer propornon
of the hlood vexsels i musele with 2 farrly rich ad: moenanon I the
leakage to the blood ebserved on nerve actsation can be cxplaned on
this basis 3t 13 obvicusly impossible to draw zmy certam tonclusions from ths lealage
as regards the b I asgruficance of diffusson for the transmusion of
vaotonstricror wagrises o the cofls i the mner part of the muscle fayer of larger
blood vessels These cells mught not be actinated at all but function as an elasuc core
for the vessel The leakage olsened rases however the passibthry that noradrenalite
velased from the artersal side of the arculation where the supply of adrenergic fibres i
most abundant reaches the peorly innervated venous side of the circulation © act an
the sems {see below)

The blood vessels entenng and leaving the muscles exbotited 3 very poor drenergic
1nnen aton ~~ this in contrast 1o ser eral larger 1 esscls a3 those to the sken and abdommal
siscera the laster vessels bavang an abundant 1mersauen on both the veaaus and the
artzrial ude {Falek 1967 Dablstcom Fuxe and Sedvall 1961 The regulation of blood
flow to muscle thus presumabh takes place almost exclustiels nade ts wssue

The rery sparse adreazsgic sanenaton of the senous nde of the sascular bed
skeletal muscle was unexpected mn view of the results of Meflander {1960 ndicating a
powerful vasaconstector mnen atton to the capactance vessels 1n muscie In our study
the mtramuscular veins with diameters above 50 g were almon totalh devand of
adrenesgic innenaton Below thus kel however 2 sparse amount of zdrenergic fibres
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appeated in relation to the veins The innervaton was simalar to that in the artenes
with the fibres lying close outside the muscular coat Only one or sometimes two
bundles of termtnals were found however running along the vesse! and only about
hatfl the number of venules showed imnerianon Yow then can we explain that actng
tion of the very sparse innervation of the venules so profoundly wnd rapdly affects the
capacitance function in muscle as found by Mellander {1960) Sexcral factors could be
operanng here In vems where the wall lumen ratio 1s low even a shight shorterung of
the smooth museles feads to 1 relatnely great decrease in their volume (Mellander
1660+ Morcover since the venous pressureislow evena few muscle ecils and adrenenne
termimals may well be enough to cause a considerable constricuon of the s enous vesscls
“The poor \cnous inner ation mght thus be sufficient to explain the effeets obsernved on
capaeitance function However the possibility should br connidered that part of the
noradrenaline released from the arteral side of the airculation 15 transported by the
blood stream to act on the venous side {see above) Due to the close Juxtaposition of
artenal and venous vessels also at the small cahiber level noridrenaline mucht ato
diffuse to the venules in the extracellular space The venoconstrietion produced n
the rrect venous mnervanon could thus be potenuated by noradrenaline deriving
from the arterial innenation

Mo direct obsen ations have been made of how the adrenergie fibres seach the vessels
but the close juxtaposition within the muscie of blood vessels and mixed neeses con
tuning adrenergic fibres makes 1t possible that a lavge proportion of the fibres feave
the mixed nenve 10 pass to the blood vessels at various levels after the entry of the
muscle The adrenergic fibres to the senules presumahly do not pass down from the
Iigger veins as no adrenergic fibres were generally obsened around these yevsels The
fibres could pass ditectly from the mixed nerves to the venudes or they mught pass over
from the artenal side to the sens via the capallaries The capdlanes presumably
recene no adrenergic fibres as onhy very fov were seen between the strated muscle
bundles without anv relation to larger vessel 1y 13 posuble that these single fibres
pass over along, capalliries to snnervate senules

In the present study the nnenation seemed quite umform over the whole artenal
tree \o structures suggestine of selectine sphincter imervations were 10 be found Our
findings do not howtrer contradict the physiological esidence (Bucher) and Schwab
1952 Renkuin and Rosell 1962, for a selectisc central control of the different sectins of
the vascular bed 1n skeletal muscle s menuoned above the Adrenergic nenes may
reach the vemsels at vanous levefs Such an arrangement may proside the anatomeal
brckeround for a funttional dafferentiation in the vasoconstrictor cantrol of the various
sections of the vascular bed

The present study has directly demonsteated the distnbution of adrenergic fene
to arterial vess 1s and venules i skeletal muscle The i esugation has also pointed to
the greath varuang organization of the adrenergic tnenation to different yascular
regrons o the bods  These vanations make it extremely hazardous 1o draw any g fers
contly 1ons a1 to vasaconstnctor innenaten from studies on a single sasculirregion

This stu ly | 33 been ¢ 1ppe rted by grants from Rarohnska Imuitutet The Nat nal lmmu\ml"
Health, Bethesta M1 U 5 A Graduat Train ng Crant 1160 33; an {sf ¢ Gwed sty \avohs
\poceat 0 agun ¢ He nt and Qent Diveases and ty a Futl Health Serviee Crant (M
0834 — O from 17 Nanmal I ttut § Newrolsgr al D eases an § B ndnews. o

Serp s 1wat frnerousty suppled by Ciba Pre fuke 1 AR Sweder and Naar o by F12 1 A
Swriden
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From the Institute of Med:cal Phys ology Unsversity of Copenhagen Denmark

The Magmtude of the Skimming Phenomenon in
the Interlobular Arteries of the Cat Kidney
By
OLe T Nissew
Recerved 9 September 196+

Abstract

Nissen O 1 The magnitude f the skimmn, phemomenon n the wnterlobular arteries of the cat kudney
Acta phystol scand 1965 64 87—92 -— Samples simultaneously collected from the artenial
system from the deep renal vemns and from the subcapsular renal vens m the cat kadney have
been analysed with respect to mi cell volume plasma protens plasma osmolality (and plasma
PAH) The rano was on an average
110 for the red ecls 169 for the plasma proteans and 089 for plasma grmolalty The racie

decp venaus concentration/axtenal concentration was on an average 0 90 for the red cells 089
for the p otexns and 103 for the osmolal ty The difference between the protem ratios and a
part of the diffesence between the hematocnt ratios may be attributed to the face that a part of
the Burd lost by ultrafidtration from the blood traversmg the outer cortex 1s reabsorbed m the
loops of Henle and the collccting ducts and thus will be added to the blood leaving the kidney
by 3 ay of the deep ve ny A smaller part of the difference between the hematocnt rat os may
tedﬂplzmcd from the alterations in the tomiaty of the blood during sts passage through the

rdncy

1n1956 Pappesheimer and kanter proposed ther wellknown cell separation theory based
on the ph of plasma sk bed by rogh (1929 p 6) This skamming
should occur in the interlobular arteries the outer glomeruli thep receiving a cell nch
component of the blood and the decper glomeruli a cell poor component.

A durect consequence of thus cell-separation theory 15 that the blood leaving the super
fic1al cortex should be cell nch and that the blood flos ing from the nner part of the
cortex (and the medulla) cell poor

According to v Mdllendorfl (1930 pp 133—135) the venous dranage of the cat
kidney 1s characterized by the fact that the blood from a consderable outer partof the
cortex passes to the v ell developed lar vemns which lead 1t along
the surface of the kidney to the renal vemn. The venous draipage from the medulla and
the inner part of the cortex takes place asin other mammals through the arcuate seins
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sewms with as manv an romoses of this soct as pos (ble were alwars <clected fr puncioze, and
1 reasonable to assume that at the Exgher callecu n spred blond Bas bern sampued frozs a more
extensive arca of the supericnl cortes, but not fom the repal ver

“The samples were generallcollected dunng 3 10 3 prrods per expenment. Three tones 4 10
5 ml of blond was usually collevted per pertod. Someimes. when 1t was desred €0 ke othee
analyses not reported here the hematocnt determisations were orntnd Dorer Elyod was
admunustered showly 1. v._ f the blood pressure teaded fo decrease dmmg the simplng

The catheters and svrmazes were repeateds an d smdy Eshed widh blond bef re siarany the
collection however when there was 1o wterval berween two periods the fusking was omurred.

A priming dose of PAH was followed by a sustaiing dosw adoma.stered contrmously be 2
\ofumon pump A munmmum of halt an hoar clipsed befire the £t callection was wated.

All the determunztins were perf rmed m dupbcate TEe plasma smples were anal sed with
respect to PAH by the method of Smuch 22l {1942 The Eematnent was detemmed in Wimto~
be tubes (1000 g £ -0 mun) after careful mrung of the blond sample m Lue syrese No
correcuon for trapped plasns was made The standird devzbon drrermuacd from dupleites
was L§ per cent of the mean (% — 31 As expecred the Eomsrocnt de comamon s was a s
ugexacs method, and it 13 reasnbable to surposs that 3 erear part of the warenns of the prexy
10 Fz 1 due to the rrlamvelv larme S D of thus methad.

The tonal protemn concentratmn of the plasmy was analvied by means of 2 brurst reacton
(Gornall, Bardawill and Dand 1949 The standard denauon determuned from dupucates was
06 per cent of the mean (N = 40,

The owmolaars of the plasma was determmed by the method of freenng prist deprmssion
(Advanced Instrumets Inc) The standacd dematon devermun~d from durileates was 0.2
prr cent of the mean (\ = 33

In most of the expermments urme was collectod via 2 bladder catheter The lefk ureter was
Ligated. The unize fow rates were purprscly kept bow tsally tuew arousted (o abowr 0 1 =t
per minute comsequentl the losy of fuid by unne formation can bave had ol a secl-Ble
effct on the hematocret and plusma protemn concentrarmon of the renal vennas blrod.

Afer the expenument the pos tion of the derp eng cathrier trp was deerraned. In all
the expenments ¢ was hmg well (mare than 0.5 em) el to the cutets cf the subeapsalar
veins m the renal vewn

Results

The data presented derrve from 11 expts Prote aswellas b
were determined in 19 pertods m 7 expts. (of p 3 lme 5—6) The resuls are shown
Fi~ 1 The rauo between the proten concentrancons of the deep or the superfical
venous plasma and that of the artenal plasma (the “fracuonal concenmanon™) s
plotted as the absassa, while the ortinate represents the correspondiny rate fr the
hematoent values The figure contams 2 more pomrs for superticaal than for deep
blood, because valve formaton 3t the catheter np made collection of deep b.ood
tmpossible 1 one of the 7 expts

The averzne valuc for the fractonal proten coneentraton in plasms from the
subcapsular venous svstem was 1 09 and the averazr fractional kematoent value ix ths
blood was 1 10 The corresponding fizures for the deep senots blood were 0 83 and
0.90

The lonz dashed curve represents the relazionship between the ratios 1 be expectrd
1f the only fictor caunint deviations of the ratios from one were a net removal of 2 pro-
ten and ervthrocvie free ssotome fwid from the artenal blood or a net carn of such fued.
The average hematont -alue 34 per coat ranme 23—H  was used for alutaton of
the cune The slope of the curve 13 less than 45 because such furd loss or gaim would
affect ool the plasma volume and because the hematocnit 1s 2 concentra.on per ws.
volume of total blood whereas plasma protein concentra ron 1 g ©n pr azut olame
of plasma for the same reasons the qurve 1 eLrvilinear
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The fractionat osmolality of the plasma samples (venous/artenal) was determmoed m
7 penods In the superficral plasma s figure was on an average 059 range 09—
100} sn she deep plasma 1 03 (range | 00—1 06) Thedufference betneen the twa types
of \enous plasma may in all essennals be accounted far by differences su the concentra
tons of sodium tons with matching amons (unpublished data) As the erythrocyte

b 18 virtually for sodium tons a hypotonierty 1a the plasma due
0 a lowertng of the concentrations of these tons will cause a swefhng of the ery throcytes

Glomerular filtration as such will cause a motement of the hematoens proten
concentration relahionship from pornt 1 8—1 0 in Fig 1 along the dashed cune fo-
wards the nght Subsequen? regam of an potonwe fiued will lead to a backward dis
placement along the same cune towards or past the 1 0110 pamnt

Houwever the fact that the venous blood 13 non sotonc idicates that the fAuid
which the blood — upon filtration — has regained by reabsorption has been non
wotome viz hypotomc 1 the case of the superficaal blood and hypertonic in the tase
of the deep blood

Consequently m the farmer case the covariation of the hematocrs yato and the
protemn concentration ratio will be described by a cune with a smaller slope than
the dashed curve snce & swelling of the red cells 1akes place A correenon for this
fact — based upon the average {ractional vsmolahty — has been apphed in Fig |
{upper datted curse) Sumdarly a correction for the hypertonsoty of the deep blood
has been appled (tower datted cucve)

‘The fult-drawn hine represents the ret byt botween the ratsos esmated feom the
expertmental data The ratio a, + 2,/by -+ b, gries a rough measure for that part of
the difference between the bematoent ratros which can be accounted for by processes
other than shimaung
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In 11 perods in 7 expis theartenal plasma coneentrations of PAH were below 5 mg
per cent The average extraction fraction (defined as 1 — concentration of PAH m
venous plasma/concentration of PAH i artenal plasma) for PAH 1n the superficial
venous plasma at these concentrations was 094002 (8 D n= 11) the corre
sponding value for the deep venous plasma was 082 £ 004 (S D n= 11) Inone
the plasma was below 5 mg per cent (namely
21 mg per cent) but in this the extraction fracteons (0 73 for the superfical plasma and
055 for the deep plasma) deviated so much from the others that these values were
omitted 1n the calculations of the averages and standard deviations
The average blood pressure + as 125 mm Hg {range 92-—-152)

Discussion

From the difference between the concentrations of plasma protems plasma PAH and
red corpuscles in the superficial and deep venous blood 1t 1s concluded that the areas
dramed by the tv o venous systems duffer considerably with respect to function

The very high extraction fraction of PAH (94 per cent) in the plasma dramed from
the penipheral part of the cortex indicates that at most 6 per cent of this plasma may

pass through tissues or P shunts  Further discussion of
the PAH extraction 1s postponed to a subsequent papcr
According to the cell theory of P: and Kinter (19536) the

hematocnt of the blood leaving the peripheral parts of the cortex should be con
siderably higher than that of artenal blood A single sample of blood from a subcapsu
lar vemn of the cat kidney was examuned by these authors (p 383 1n thewr paper) they
reported the hematoent 1o be normal  but did not discuss the implications for the
theor
Ulfendahl (1962) found the hematocnit values of subcapsular venous blood o be
some 10 per cent higher than those of artenal blood He considered thus as due to plasma
skimming  however he pornted out that the percentage difference between the hemato-
cnit values was much too small to fit into the cell separation theory of Pappenhermer
and Kinter Samples form the deep renal venous system were not invesugated
The present expenments confirm that the hematoent value of the blood drained
from the penipheral cortex 1s higher than that of artenal blood and add complementary
information on the hematocnt of deep venous blood
However a different conclusion has been amved at from the present expenments
because factors other than skimming that may affect the venous hematoent values
has been taken into consideranion
These are the following
1) The blood plasma traversing the outer part of the cortex may loose more flud by
glomerular ultrafiltration than 1t gains by reabsorption and the opposite may hold
for the blood plasma passing through the deep parts of the kidney This would
alter the hematocnt and the plasma proten concentration m the same direction
and the alterations + ould be correlated as indicated by the long dashed curve in
Fig 1
2) 1f the blood traversing the outer or the imner part of the Lidney regams — by
reabsorption — a fluid which 13 hypotonic or hypertonic (relative to artenal blood)
a movement of water between the red cells and the plasma 1 ould take place The
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occurrence of this phenomenon 1n the kidney s indicated by the fact that the
osmolalities of the deep and superficial venous blood differ significantly from that
of arterial blood By further taking this factor into consideration (using the ayverage
osmolalities of superficial and deep venous blood) the fractional hematocrits and
the fi 1 protein should br lated as d by the tuo
short dotted curves n Fig § — provided no skamming occurred

(The author has disrerarded the formation of renal lymph as a factor causing any
significant changes m the } and protein of the renal yvenous
blood because of the smallness of the Iymph flow i comparison with the renal blood
flow )

By companng the distances a; ~ 2, and by — by in Fig 1 3t may be scen that the
two above mentioned phenomena account for the major part of the obsernved rather
small d of the fr 1 h from one From this 1t must be concluded
that plasma shimming in the interlobular arteries as proposed by Pappenheismer and
Kanter takes place at most 1o an neghgble extent

The auth 1 15 greaily indepted 1o professor Poul hruhe ffer for cnticism of the manuscript.
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The Effect of Osmotic Pressure Changes on the
Isolated Muscle Spindle
B
D Orroson

Recewed 9 Scptember 1964

Abstract

Ottoson D Tk Im of osmotic pmmu changes on the wsolated muscle spindle Acta phys ol
soamd 1963 61 93105 — The act o n of hypertonsc and hypoton c solut ons on the sensory
endings of the muscle sp ndle has been stud ed 1 olated preparations It was found that
changes of osmotic pressure by more than 23 per cent caused an augmentation of the act ity
of the resting spindle and modified 1ts sens t vity to stretch Increase of pressure produced a
duscharge the peak frequency of which increased linearly <t osmot ¢ strength The maxmum
effect was usually obtamned w th concentrations of four to five t mes that of Runger s solution
The respons veness of the sp ndle to stretch decreased  1th inereasing pressure Decreasing the
osmatic pressure produced a short lastng mcrease of the activity of the resting spindle follo ed

by a decline and final cessation of the discharge The respons veness to stretch was mcreased
dursg th period of repentive firng and then decreased Washungw th Ringer ssolution afier
mmmersion n hypoton ¢ solutions regularly produced a prolonged discharge and & reduced
sensitvity to stretch It 1s concluded that the observed changes are marnly due to osmotic
effects on the sensory endings of the spindle The results suggest that the endmgs bebave as
simple osmot ¢ sacs with na hmated _ange of o motic strengths and that the sensory membrane
15 equally sens t ve to distention and folding

‘The muscle spindle responds with a burst of impulses when stretched or when the
ntrafusal fibres contract It 1y generally accepted that this response anses as a result of
the deformation of the endings of the afferent fibre At prcsem but hetle 15 known about
the linetics of the h I events i\ the rv process There secms
10 be reason to beheve that the comversion of the mc:ham:al strnulus mio the graded
electneal response (Ratz 1950 a b) occursan the of the bulbous

of the ramifications of the nerve fibre {katz 1961) Since the end bulbs vary in size as
well as 1n their structural relanion 1o the intrafusal fibres 1t seems most unlikely that all
endings are affected to the same extent by the elongation or shorteming of the muscle
fibres The sustained potential recorded from the nenve durmg sn-elch can therefore be
presumed to represent the total cffect of a d

of vanious
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Fig 1 Typical effect of strong hypertonic solution Continuous record on moving flm A
arrow one small drop of a 5 » R sucrose solution was added to the bath Time cahbration |

parts of the sensory membrane In view of the structural organtzation of the spindle 1t
may also be 1ssumed that the external stimulus undergoces a transformation before the
sensory endings are reached The parameters of the external sumulus consequently
represent an inaccurate measure of the charactenistics of the actual stmulus

It was thourht that by changing the osmotic pressure of the external solution 1t
would perhaps be possible to obtun a umform and also a quantitatinely more well
defined stimulus than by stretch As will be reported in the present paper 1t was found
that the spindle could be cxcited by osmotie pressure changes and also that charac
teristic alterations of the sensitnaty to stretch were produced by amsotome solutions A
prehuminary report of the results has been published earlier (Ottoson 1964)

Methods

Preparation The expeniments to be described were carried out on ssolated spindles of the
frogsm ext di long I} Dissecuon was made under dark field illununat on with the muscle
mounted 1t resting length 10 a Ringer bath {Otioson 1961 1964)  After being Jocalized by
careful teasing of the nuscle fibres the spindle was cleared from adjacent tissues 1he bundic of
intrafusal fibres was ut at some distance from the ends of the spindle and the preparat on
Hfied over nto a small chamber (@5 2 mm) where 1t was clamped at each end to 1 thin
plasts rod One of the rods was connected 10 a micromanipulator so that the length of the muscle
could be changed

In order ta pre ent contractions or changes 1n the tonus of the intrafusal fibres the muscle
tundle was crushed close 10 the ends of the spndle Saetumes the fibres atso hd to be punc
tured by a glass capillary 5o as to ehminate fibrllations Stretch of 250 msec or 3 sec durat on
was applied by means of an clectromagnet connected to the spindle by one of the plasuc rods
Before exposure (o the test solution the response to stretch was recorded at regular ntervals an
o test were made unul the response m Ringer s solution had remained constant for at least 10

min

Recordingr The : { the affe nerve were s Iver chlorule agar electrodes
One clectrode was placed in the flud m the chamber 1 hile the other was appl ed o the
seusory axon which s as lfted up in o | The electrodes were connected to a Grass 1 6 amplifier
and a Tehtrons 502 oscilloscape DC record ng was used i all exper ments with test stretches




OSMOTIC EFFECTS ON THE MUSCLE SPINDLE 9>

A B

Fg 24 Effects of hypertonuc sucrose solutions of different ¢oncentrations. O dinate average

irequency of discharge Chang from 1s0- to hypertoruc flud marked by arrow Conccntr:mons

expressed relative to Rungers find @—@ =15 XR O—O=2 X R ¥—¥=3 x R
=5xR

B Effect o{hypcrlomc l\aCl Runger s solution Conccmraunns H 123%xR O—0=

15¥R [J-{]=2xR ¥Y—-¥=3>R 0—0 =6x

Solutums The normal R nger s solution 1 s the same as that used by Adman (1926) Hyper
tome solutions were made by adding sucrose or salts to Ringer s solut on. When sucrose was
wsed a 270 mM solution was assumed to be csmotcally equivalent to Ringer s flud Buffenng
was produced by 2 mM sodirs phosphate buffer at pH 72 Sodium free solut ons were made
upby ¢placing sodium with choline chloride on a mole for mole basis All solutions v ere made
up fresh before use Hypotomc solutions were made by add ng distlled water to Ringers
solutton the calcium concentration betng kept at normal alue by adding CaCly to the d luted
soluton Concentrations of the solutions used are given relat ve to Ringer s solution (cf Howarth
1938) thus a hyperton ¢ solution of twice the normal osmotic pressure 1s denoted as 2 X R a
hypoton ¢ solusion of half the normal pressure as 05 X R. When the effectof a solut on s as to
be tested part of the flud m the chamber was first removed and then replaced by the test
solution_To obtain a complete replacement of the Ringer s flud se eral changes had to be
made This could usually not be carned out in less than balf 2 munute It was therefore not
possible to determine the accurate ume course of the imtsal action of the test solutians After
be ng soaked 1n the test solution the spindle was left to recover 1n Ranger s flwid for 20 fo 30 mun
before the next run In some expeniments the effect of adding a small d op of high concentration
to the bath was also stucied Wath this p ocedure the gradually dev cloping effects of the added
solution could be followed {see ¢ g Fig 1) the final concentration however remaining un
known All expenments were carmied out at room temperature

Results

Hspertonte solutions

Lffects on the sesting spindle The change from Runger s solution to a hypertontc solution
regulasly ehcited an icreased actmaty of the spindle (Fig 1) This effect 1n the folloy 1ng
called the hypertonic discharge was usually not obtamed unl the gsmotie. pressure was
rased t0 1 5 x R In some preparations however an increase to 1 25 v R was suffi
clent to increase the finng rate of the spindle The effect appeared within 10 to 30 sec
after the ehange to the hypertontc solutton With 15 R the discharge increased
stowly to 10 to 13%sec and in most cases remained constant at this frequency for several
nunutes With further increase of concentration the response appeared with shorter
latenes the rise became faster and the peak frequency higher (Fig 240 Twvp cally the
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Fig 3 4 Effect of \a on the hypertonic discharge R obtained
one preparation treated with sucrose Rungers solution (O—0) NaCl Ringer s sluti n
(O~ and sedium free sucrosc solution (@ —@) made up by adding sucrose to Ringers
sofution the NaCl of which was replaced by choline ol lonide The solutions s ere of equal
osmolanity (2 # R) and applied n the order C ~7 {J—[] @—@ A fin control testwith
sucrose Ringer s solution gave a responsc 1 dentrcal to that shown by the curve O—0

B Double discharge evoked by a by pertonic (6 ~ R) NaCl Renger s solution

duration of the discharge also became succesuvely shorter as the osmotic pressure was
increased With concentrations above 2 v R the finng generally stopped abruptly and
the spindle then remained silent as long a1 1t was immersed n the hypertonic solution
The maximum responsc in terms of peak frequency was most often obtaned with 3 to
4 R but sometimes not unul the concentration was raised 10 6 » R The mereased
actinaty of the spindle was usually assocrated with an increased frequency of mimature
potentials (hatz 1950 a)

In order to ascertain that the obscrved effects were not due to contractions of the
tntrafusal bundle the preparation was observed under the microscope 1n a number of
cxpertments during and afier the change from 1sotonic 1o hypertonic solutton m the
bath In no case was 1t posnble to detect any contractions or moyements of the fibres
which could explain the excitatory effect The fact that in all expersments the muscle
fibees were pinched close to the polar ends of the spindie also reduces the hkehood of
muscular contractions as the cause of the afferent discharge

Hypertonic NaCl solutions had essenually the same effect as the sucrose solutions
(Fi;, 2B) In general however the NaCl solutrons were active in Jower concentrations
than the sucrose solutions With NaCl solutions the effect also appeared earlier and the
frequency of the discharge rosc faster than with sucrose solutions of corresponding 03+
molanty It was also possible to drive the spmdle to higher frequencies with NaCl
solutions than with sucrose solutions When the osmotic pressure was rased by adding
choline chloride to Ringer s fluid the hypertonic effect was similar to that obtatned with
SUCrFOSe

The influence of the Na  concentrauons of the bathing fluid on the hypertomc
effect was examned 1n a serics of expersments 1n which the spindle was exposed 0
hypertonuc sucrose solutions with different Na  concentrations the MNaCl betng re
placed by choline chloride It was found that a lowering of the Na  concentration be
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Fig 4 Relat on between osmotic pressure and discharge Ordmnate peak frequency of discharge
Abscissa osmotic pressure i untts relative to Ringer s solution Results obtained from two
Aifferent preparations A sucrose Ringer s solution 8 NaCl Ringer s solution

low the value of normal Runger s solution was regularly followed by a diminution and
shortening of the hypertomc effect (Fig 3A)

With hugh the spindle ponded with two bursts mnstead
of a single discharge (Fig 3B) The imtial discharge was usually brief and separated
from the second more prolonged one by a short interval of lower finng rate In some
preparations there was a silent pause 1n between the two bursts The double response
was most often scen with hypertome NaCl solutions but also appeared with sucrose
solutions

Recotery  After with low the spindle d 1
when returned to Ringer and repeated exposures were usually followed by only a
small deehine of the response provided the spindle was left to recover in Ringers
solution for sufficient ume after each After exp to high
(above 2 X R) rccovery was less complete and the response to subsequent applicatons
became successively smaller Repeated treatments wath solutions above 2 x R were
also typically accompanied by a gradual reduction of the duration of the response

To mummize exhaustion of the spindle the solutions to be tested were applied in the
order from lower to higher concentrations When strong solutions were used the time ol
«exposure was kept as short as possible After each exposure the spindle was left for at
least 20 mm i Ringer s flnd and wath higher concentrations for 30 to 40 mun between
the exposures By these precautions the deletenous eflects of repeated immersions could
be mintmuzed

Relation betureen osmotic pressure and dscharge Since the spindle did not recover com
pletely after immersion n strong solutions 1t was difficult to establish the relation
between the osmotic pressure and the increase of actiaty of the spindle This dufficulty
could be partly overcome by prolonging the recovery period m Ringers flind and
shortening the soaking time Some preparations s erc also more resistent than others
and 1n these cases 1t was possible to obtamn comparable data for a relatnely + 1de range
of concentrations The curves in Fig 4 gre examples of the results obtamed in two
such expenments As scen the peak frequency of the discharge rises almost Linearly
% 1th mereasing osmotic pressure up to 4 x R The cunves also atlustrate the typical
differences between the effects of sucrose and NaCl

6303 A4 phy o 436
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Ringer s fluid by sccond and th rd arrow respectively Concentrations relatve to Ringers
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Post hypertonie effects The behaviour of the spindle when soaked 1n Ringer s solution
after exposure to 1ncreased osmotic pressure vaned with the concentration of the
hypertonic solution and with the time of exposure A spindle that had been treated
with 3 weak hypertomc solution for a few minutes usually returned to its ongmal
spontaneous finng rate within 10 to 20 sec whereas after prolonged smmersion the re
covery took place more slowly In many preparatons hownever washing with Ringer s
solution produced an increased actsaty (Fi1g 5) which was sometumes mamtained for
several minutes This type of response which vanied from one preparation to another
was obtained only after treatment with strong, hypertonic solutions and enly when the
change from the hypertonic solution to Ringer s fluid was made after cessatton of th®
hypertomic discharge In the expersments llustrated i Fig 5 3 ~ R gave a stronger

off response than o ~ R In other experiments the intensity of the discharge increa
sed with increasing osmotic pressure

Lffects on the response to brief stretch  Increase of the osmotie pressure of the bathing
solution regularly caused a reduction of the responsc of the spindle to stretchang Ths
effect was noticeable at 3 50 per cent increase of the osmotic pressure and became
gradually more pronounced with stron~er soluttons (Fig 6) In the initial phase of the
acuon of strong solution when the smndle discharged vigorously stretch usually failed
to produce any respunse (Fig G {) In the later phase of the hypertonic discharge when
the actisity had declined stretch regularly caused an infubation of the mantained dis-
charge Sull later after cessauon of the hypertonic discharge  stretching usually
eliated one single impulse at the onset of stretch (n)

The time course and magnitude of the change of the response 1n hyprrtomc media
are sllustrated by the curves in Fig 7 The responscs are expressed as percentages of
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the number of sprkes elicited m Runger s flurd by the test stretch When caloulaung the
effect of the vanous solution tested the average number of spikes of the hypertoruc
discharge 1 a period corresponding to that of stretch was subtracted from the total
nusmber of spikes 1 the stretch penod In addinon to the curve showing the change
of the response the curve of the hypertonic discharge also ts gnen w the figures The
curves 1n A and B gnetwo examples of the reducuon of the responsein 2 1 5 < Rsalu
non Viuth solutions 2 to 3 nmes the normal osmote pressure the depressi e effect be
came sull more pronounced as lustrated by the cunnes in C and D As seen there 1s
sull a resrdue of 15 to 20 per cent of the ongimal response n 2 = R whilem 3 « R the
bleck 15 complete 1t may also be noted that return (¢ Rimger s fluid 1s followed by 2
transient phase of increased responsic eness

Hypotone solutions

Lffects on the resting spandle Ymmersion tn solutions of low 0SA10LC Pressure gave nse ta
wransient mcrease of the actisty of the spindle In mast cases this effecs was not obtained

tome responses 11th 2 05 R solution the d scharge ustally dsd not cxceed 15 sec
s the osmow pressure was further reduced the response mereased (Fig 81 wuh
01 x R solunon tinng rates of 20 to 40 sec v ere ohtaned VW 1th dvmimishing osmotic
pressuse the duranon of the response abo became successnely shorrer A 05 v R
soluton usually produced an increased actvity for [ to 15 aun followed by a stow
decay vhdea 0l R solption usualhy gave a shorr burst of impulses after which the
spindle remamed silent as long as 1t was kept 1 the solution. The type resporse desnbed
above was abtamed in 40 out of the #4 spmdies tested 1 1th hypotonse solutions In the
cemmmng 4 spndles application of hypotomic sofunons produced a dechne of the
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Fig 9 Typical effects of
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actinity Since these spindles d an by tugh finng rate
(8 to 12/sec) 1n Ringer s flud 1t seems most likely that they bad been damaged dunng
the d procedure It 15 not thy that though these spindles did not respond

to a reduction of the osmotic pressure they reacted quite normally to hvpertome
solutions

Post hypotome effects The change from hypotonic to isatonic Auid regularly ehated
an ncreased actvity of the spindle (Fig 8) The responsc appeared within a few seconds
after return to Ringer s flid and was maintained for several nunutes With successisely
dimimnished pressure the discharge became more intense on return to Ringer s solution
The finng rates were usually not as high as those obtained by application of hypotomc
solutions The ntensity as well as the duranon of the discharge alsa vaned with the
ume of exposure

Effects on the response to brief stretch The records 1n Fig 9 illustrate the typical effects
evoked by soaking the spindle i hypotome solutions Immersionna 05 » R solution
produced the usual mncrease of activity followed by a final cessauon of the discharge
s shov by record & the response to stretch 1s enhanced 1n the penod of hypotonic
discharge As the latter decays the response dimimishes and after cessation of the
hypotonic discharge stretch only produces a few impulses (d) Return to Rmgers
flud gave the usual effect . a short lasang mcrease of activity Stretch applied in
this period often failed to produce any noticeable effect on the spindle or elicited only a
few tmpulses (¢) With the decline of the posthypotomic discharge the response appeared
agamn attaiming its onginal size 1n about 5 mun  \With further decrease of the osmotic
pressure of the external fliid the cffects on the spindle became more marked The
enhancement of the response 1n the period of hypotomie disharge (A) was followed bv a
pronounced reduction until only one 1mpulse was left (j) Washing m Ringer s fuid
chicited an intense post hvpotome discharge which perssied unchanged dunng streich
mng {k) The ume course and magmitude of the effects ehicarted 1 1th hvpotome solutions
appear in detal from Fig 10

The curves in Fig 1l summarize the results obtained 1o the present study Cune A
sllustratung the exestatory action of solutions of different osmotic strengths gives the
mean saluces from 16 experiments in which the recoveny of the spindle after each of the
exposures was almost complete thus allowing tests 1o be carmed out within the range
from 4 R 10025 R As appean from cune § A=, ode of the



H P .
by i L i
§ b I

Liiat M St

—t
troetmi )
Fig 10 Changes of response to stretch {open circles) n 05 x R (4) and 02> x R (8) Filled
circles show changes in frequency of mantained discharge Response values expressed as m
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Fg 11 1 relauon botween osmot ¢ pressure and discharge of spindle Compostte results of 1
(8 with hyp and 81ath h salutions) Ordinate peak frequency gf
c

discharge Abcssa osmotic pressure of the bathing flsd B responstveness of muscle sp
at different osmoti pressures Ordinate fesponse expressed i per cent of that obta ned 1
Ringers Alud as in Fig 9 Abscissa osmotic pressure of bathe g fluid in un ts relatine to
Renger s find  Dotted hine shows late decrease of sensitrvaty in hypotome solutions

1sotontc pomnt lead to an tncreased activtty Though a comparison betwecn the effects
of mcreased and decreased pressure 1s imuted to 2 small range the resulis suggest
that osmotic changes of the same order of magmitude 1n opposite directions have about
the same action This indicates that the sensory membranc s equally senmine (0
folding and d Cune Bt the resp of the spndlc 10
stretch when kept in sonrtions of different osmotic pressures As seen the response of
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the sprndle to a given stretch 1s hnearly related to osmotic strength withm the range
from 2 X Rto025 X R The close correlation between excrtatory action and respon
siveness on one hand and osmotic pressure on the other mdicates that the changes
underlying the action of amisotorac media closely follow the laws governing osmotic
processes

Discussion

‘The experiments dt bed above d that thanges m osmolanty have-an
excrtant acton on the muscle spindle when the pressure 15 rassed or reduced by more
than 25 per cent of that of Ringer s solution As also shown increased osmotic pressure
results i a reduced sensitnaty to stretch while reduced pressure gives rise to a transtent
1ncrease followed by a decrease n responstveness Likewise return back to Rungers
solution after immersion 1n amisotomc mecha excite the spindle and produce changes
1n 1ts responstveness o stretch The simplest explanation of these effects seems to be
that they anse as a result of a mechameal deformation of the sensory endings caused
by volume changes of the different tissues formng the spudle The effects may also
be duced by of the mntrafusal fibres but this explananon 18 less ikely
since the muscle fibres were alwayvs pinched before exposing the spindle to the fest

solution Also direct observations of the spindle did not 1 any case disclose any con
tractions

As shown by hatz (1961) 1 an electronmcroscopical study of the frog's muscle
spindle the termnal branches of the sensory fibre form bulbous expansions which are
seated in cup-like depressions of the muscle fibres to which they are attached by thin
strands of connective tissue while other bulbs are Iying free 1 the lymphatic space
Out of the number of factors which may contnbute to the effects obseried the volume
changes of the sensory end bulbs and the ntrafissal fibres are probably the most 1im
portant Simce many of the sensory bulbs are only loosely attached to the muscle
membrane 1t does not appear to be very likely that the excitatory effects and the
changes in sensiuvity to stretchng are primanly 10 be aseribed to the volume changes
of the muscle fibres The conclusion would consequently be that the changes n activty
of the spindle when exposed to anisotonic media are mamly due to osmotic effects on
the sensory end bulbs

In additon to the direct osmonc effect on the sensory endings changes 1n osmotic
pressure will also affect the afferent fibre It has been demonstrated (Stampflr 1955
Stampfliand Nishic 1935 Schrmdt and Stampfli 1929) that hyperosmottc medta produce
2 reduction of the membrane potential of myelinated fibres whereas hypo-osmotic
media have the opposite effect It 15 of interest to note that the hypotomnuc effect was also
obtamed by switching from a hypertonic solution back to 1sotomie solutions (Schmidt
and Stampflt 1939) It has further been demonstrated by Sato (1950} that a nerve
treated v 1th hypertonic medsa responds to a constant current with a repetitin e discharge
If 1t 1s assumed that the excitant action 1s caused by the distortion of the sensory mem
brane 1t scems most likelv that this action 18 modificd by the changes in the membranc
potential of the nenve

The changes 10 sensitivity to stretch may be cxplamned 1 a similar way When
soaking the spindle tn a hypertontc medium the sensory endings shrink as water leaves
the cells and the membrane becomes folded Stretching a hypertonte spindle can be
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assumed to result sn the opposste effect 1 ¢ a dutention of the membrane In the case
of a weak hvpertome acuon stretching would produce a response while 13 2 strong
hypertonse medium stretich would result 1a an unfolding of the membrane and con
sequently fead to a reduction of the ymulus 28 represented by the foldimg In this case
stretch would be expected to cause an inhub of the hyps disch As
described aboe ths cffect was observed dunng a tranuent phase of the hypertome
preriod when the spindle was bathed in strong hyy meda The h
underlying the changes i senattivity ta stretch in hy potonic medsa scem to be analogous
ta those responsible for the hypertonic effects However the events m hypotonic media
are no doubt more complex ance 1n this case 1the psmouc action s wfluenced by the
effect cawsed by deficenay of sons essenual ta the funicuan of the spindle The effect of
hypotonic soluttons 18 sinilar to that caused by stretch mscfar as the sensory membrane
15 distended in both cases The situation when the hypotonic spindle s being stretched
may thus br compared with what happens when a short stretch 15 supenmposed upon
a sunaned stretch The increase of the response m the imibal phase of the hypotome
period would ding} pond to the d responyis eness of the spindle
under mamtamed streich
If the sensary endingy behaved as sdeal osmomieters 3t would be possible to cal

culate (he solume changes of the sensory endmas It has been demonsirated (Sato
1934 Reuben ef of 1963 that there 1s a hnear relation between osmontc strength and
refatn e volume of single muscle fibres 1n hypo-otmotic media Recent studies en the
effect of hypertonic solutions on single fibres (Dydynska and Walkee 1963) have further
shown that a slar refavonstep evisis up 10 2 » R This corretauon s absent n
stronger sofutions probably beeause of damage to the fibres The results obtamed i the
present study mdicate that within a hmited range of osmotic strengths the sersory
endings behave as simple osmotic sacs In assesning the effects observed it hay howeser
o be taken into account thas the changes i vofume are not due to passage theouth the
membrane of water alone Together wath the flow of water there s most Iikely also an
exchange of tans {Boyle and Conway 1931 between the outer media and the cell
interior Jeading to changes in 1he potenual gradient acvoss 1he membrane It has been
demonstrated (Stampfl and Nashue 1955 Schrudt and Stampfh 1959) that hypertome
media causr 2 decrease of the permeabtiny of myelinated fibres to sodsumn and potassum
and hyy media an d p P b Yimlar changes may alo
occur 5n the end bulbs and in the afferent fibre and interfere with the depolarization
caused by the mechancal distortion There seems to be bue tnde doubt however that
the essentiat svent underfying the acuon of anusotomic media on the spindle ts the
transfer of water through the sensosy membrane Teorell (1952a b 1962) hasdexcloped

n el model of a h ptor whith seems 1o have interesing beannes
on the phenomena observed 1a the spndle In this modet excitaton s suggested to
occur as a result of a sequence of changes of the geadients of asmotic pressure 100
concentraton and electnical potentsal across the membrane the most important change
being the dlectro-osmouc fow of water through the membrane Itis ot yet possible to
determine to what extemt the proposed functions of thus electrohydrauhic analogee
asc applicable to the events talang place wn the sensory end bulbs In the case of the
muscle spindle sevesal other factars may be invalved aod the final effect a4 represented
hy the discharge and the change 1 senntisaty to stretch can be assumed (o be deter
muned by a complex mierplay of factors affecting 3 number of different funcuons and

structuses
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The Effect of Small Doses of Chemically Pure Secretin
on the Volume and Bicarbonate Output of the
Pancreatic Juice 1n Dogs
By
H Sarrrt L Tnuws and B WELANDER
Recesved 10 September 1964

Abstract

Satenn H L Thubin and B Welander The effect of small doses of chemucally pure secreltn on the
zolume and bica bonate oulput of the pancreatic jusce vn dogs Acta physiol scand 1965 4 100 —108
The volume and bicarh output of the Jurce during fasting and during infusion
of chemucally pure secretin at doses without efect on the Iiner were studied by a non-surg cal
method L ght expenments were made tn 2 unanesthetized dogs The doses ranged from
023101 5chinmcal units per kg b w and hr At the smaller doses there was only = sl ght
increase of the volume and the bicarbonate output At the larger doses the maximum volume
23 m! per 30 min was about 3 times the nitral and 1l e maximum bicarbonate cutput 14—
27 meq per 30 min about J0 trmes the tittal n onc dog and about 10 ttmes i the other

Recenaly chemucally pure preparations of secret have been made available for studics
of 1s effect on the pancreas and the hiver Doses below | 5 chimical unuts per kg b w
and hr of the chemically pure sccretin Secretin Vitrum (Jorpes and Mutt 1961 1967)
have no effect on the output of hepatic bile 1n dogs and the choleretic action of secretin
10 dog 1s thus much less than that of bile 2ads (Jonson and Thulin 1964)

The present study was undertaken in order to evaluate the effect on the pancreasm
dogs of this chermeally pure secretn at small doses without effeet on the output of
hepatic bile

Procedure

2 mate mongrel dogs (d g A wesght 16 kg and dog B weight 14 kg) were given ? hr infusions
of 1he chemically pure secretn Secretn Vitrum prepared by Jorpes and Mars Tt conta ns
17 D0 chinrcal unns of secrctin per mg substance

The pancreauc juice was ccllected according to Siters (1%3) A tube consitng of 2 fubcs
of d flerent Jengths was inserted o the stomach of the dog The tube was passed through ont
of the nostnls and the upper part was fixed on the t ead of tf ¢ dog The distal end of the )Ung:é
tube was osermight carried by the penstalsis into the duodenum and the shorter tube rematn:
1 the stomach The pos ton was checked with X ray tmmediately before the expeniment Th:
stomach was kept empty by cont nusus suction through it ¢ st orter tube The pan(rr;lu:);_::
was collected by suction with a syminge and the volyme was measured cach half f our
Prcarbonate content was determuned by titration
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Tasie 1 Mean pancreatic juice volume and b carbonate output during basal expeniments
(exp 1) nd durmg mtial periods of secretin experiments {exp 2—4)

Experiment
1 z 3 4

\olume ml per 30 run

Dog A 153 71 185 81

Dog B 146 93 98 80
B carbonate meqy per 30 mn

Dog A 0215 o3 0191 0055

Dog B 015  ¢198 0146 0260

Taste II Mean pancreatic ju c¢ volume and mean b carbonate output dunng admsmnistration
of secretin

Dose clin cal units per kg bw and hr

025 050 07> 100 123 150

\olume multiples of mitial

Dog A 16 14 22 19 36 33
Dog B 14 14 22 30 26 33
B iarbonate multiples of mttial
Dog A 17 51 169 180 76 490
Dog B 11 41 33 99 61 78

4 experiments | basal and 3 with secretin were made 1n each dog Each experiment lasted
for 6 hrs In the basal e perme 4 (exp 1) no secretn wa_given E ch sec tn expe ment was
divided mio 3 pertods of 2 hrs During the imitial 2 he per od only sal newasg  en and the srutial
output of pancreatic Ju ce was determined Dunng the following two 2 hr pertods 180 ml of
sterile sal ne + 1th secret n were continuously mfused a certain dosc of sec ctin be ng given
dunng each per od These doses werc 025 and 195 (exp 2) 05and 10 (exp 3) 0?5and 15
(exp 4) cl mical un ts per ky b w and br

The pancreatic yu ce of t ansit onal stages 1 ¢ the first half hour of each 2 hr perod was
omtted

Results

Bosal experuments (Table 1) \Mean solumes during the three 2 hr periods were 173 149
and 167 ml per 30 mun (mcan duning the whole expenment 15 3) 1 dog A and 8 5
185 and 170 (mean 14 6) in dog B

Mcan bicarbonate outputs were @175 0278 and 0281 meq per 30 min (mean
during the experiment 0 245) m dog A and 0 109 0199 and 0 157 (mean 0 155) m
dog B

Secretin experiments Mean solumes duning the mtial periods were on the whole
smaller than the yolumes in the basal {Table I) Mean bicarbe
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Fig 1 Volume of pancreauc juice during nfusion of chermcally pure seeretin 1n two dogs
Fizg 2 OQutput of bicarbonate dunny, nfusion of chemacally pure secretn in two dogs

durning the imitial penods were smaller than the output tn the basal expeniment in dog
A and equal or larger in dog B (Table I)

Aean solume duning seeretin infusion increased by increasing dose to 3 3 umea the
mitial 1n both the dogs (Table 11 Fig 1) The bicarbonate output increased by
ncreasing dosc to 49 umes the imitialin dog A and 7 8 times 1n dog B (Table 11 Fig 2)

Discusston

The increase of the volume a3 well as the bicarbonate output was roughly proportional
1o hemcrease of the secretin dose Theincrease of the bicarbonate was more pronounced
than that of the volume The increase of the volume at the dose 05 chimeal units
per hr and kg b w might be spontancous as well as the increase of the bicarbonate
output at 025 chmeal units The largest increase of the bicarbonate output — ncarly
50 times the imtial ~ mught depend on the low imtial value during that experiment

A pancreatic duct fistula would be the most exact way to coll ct all the pancreatic
Juice Jt was shown by Satens (1963) however that there 18 a fairly good agreement
between the non surgical method used i the present study and a fistula method Thus
1t seems that doses without effect on the output of hepatic bile have a sigmificant effect
on the output and composition of pancreatie jusce in the dog The effect may however
be weaker than i man where a single dose of one unit gives a marked pancreatic
response
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Effect of Potasstum on the Movement of Water
Across the Isolated Amphibian Skin
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Leovarp SHAre and Hans H Ussnnag

Receved 14 September 1964

Abstract

Share L and H H Ussing Eff et f potassuan on the movement f water across the vsolated amphibran
skin Acta physiol scand 1965 64 109—118 — Substitution of potassium for sednun n the
Runger bathing the inner surface of the solated toad skn resulted 1n an mereased net movement
of water across the skin along an osmotic gradient This effect was somewhat smaller than the
response to vasop cssin although the responses to the high potassium treatment and o vaso-
press n were not addinve Substitution of sulfate for chloride as the major anion in the R nger
d not modify the relative mcrease v water movement follow ng either the potassium o vaso-
pressn treatments although the m grutude of the water movements were greater with the
Iatter an on Low pH blocked the response to vasopressin but not to potassium Changes i the
concentration of calcium 1n exther inner or outer solutions were without effect on the esponses
to cither potast um of vasapressin Parallel seasonal changes in the responaveness of the toad
sk n to potassium and vasopressin were observed

Bricker Biber and Using {1963) reported that replacement of most of the sodmm by
potassum 1 the Ringer solution bathing the inner surface of the 1solated frog skin
resulted 1n 2 n the 1 potentsal and a relatnely
smalter reduction i the short crrcuit current b asopressin did not stumulate the short

arewt current and the potennal difference when the inmer bathing solunon was hGl

Ringer although a sumulation was scen s hen the imner solution was K,SO Ringer
(Ussing Biber and Bncker 1964 h 1t was
thought that 1t would be of intercst to determine the effect of this lugh potassium
treatment on the solume flow of water across the amphtbian skin 1 the presence of an

osmotic gracient A comparison of thesc effects with those of vasopressin has also been
made

109
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Methods

Frogs Rana temporania of etther sex or female toads Bufo bufe were doubly prthed A segment
of abdommal skin d ssected free of muscle was mounted in the apparatus described by hocfo
Johnsen of al (1922, This d the of the net t of
water from one side of the skin to the other and the potenual difference across the skin The
solution in contact with the mner surface of the sk (inner solution) was full strengih Ringer
1710 Runger {outer solution) 1 ¢ Ringer solution dittted 10-fold was in contact with the outer
surface The compositzon of the Runger soluuio 11 used has been given previously by MacRobbe
and Ussing (1961) In the high potasstum pertods of the experiments all of the sodium tn the
inner solution was replaced by potassium For the determunation of the potental difference
across the skin bridyes contasing3  agar agar 1n Ringer led to saturated k CI solution which
was 1 contact with calomel electrodes The patential difference was measured wih a Radios
meter PHA4 potenuometer The surface arca of the skin was 7 cm in each experment

An equlibration period of at least 45 min was allowed before measurements were begun
There was usually an mnterval of 15 min between successive measurerments The rate of net
water movement from the outer sofution to the wner solunion was estimated graphically from
the slope of the line relaung the measured change in volume of the outer solus on to time
(Fig | and 2) For this purpase 4 to 6 successive measurements which showed mipimal scatter
around this fine were usually required aithough in a few cases only 3 measurements were used
{n expenments in which there were relatvely large net movements of water both inner and
outer solutions were changed between the d flerent treatment peniods Within a few minutes
after changing the inner solution from the usual Ringer in which sodum was the major caton
(“a Ringer) 1o one 1 which potasuum was the major caion (h Ringer) the outer solutin
usually began 10 foam It was thought that this was duc to secrenon from the skin glands
stimulated by the clevated potassium concentration in the inner solution This was confirmed
a separate senies of expenments in which the rate of tecretion by the glands of the frog skin
was measured (L Sharcand 8 H Ussing unpublished observations) Since this effect appear
«d to be completed within 20 min the outer sHlufion v as replaced by fresh 1/10 Na Ringes
at the end of this mnterval and measurements of water movement were begun

Th wmual expenments were performed on frogs which werc brought info the laboratary 12
the fall and winter The responses to the hugh potass um treatmene and 10 vasopress n Were
quite variable It was then found that uniform responses could be obtained with toads although
the magmtude of the response varied w th the scason and method of storing the amimals Most
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of the ¢ periments to be reported here were performed on toads wh b were brought into the

Iaboratory in October 1962 and stored at 20 C for 2 to 3 months They were subsequently

transferred to the cold room 1 here they 1 ere kept at 4 C for several weeks pror 1o use

The bast experments » th these toads whuch wll be refered to a¢ “Fall_toads were com

pleted by the end of Apnt 193 The toads used in the subsequent experiments

toads am ed in the laboratory m Apnl 1963 They were kept at 20 C without i
used

A commercial preparation of vasopress n (Ins pdn Alired Benzon A/S Copenhagen) was
employed 1t was added 10 the mner soutson 10 a final concentration of 87 mUfml Equ alent
quant tes of were added af 45 min mtersals to nsure a maximal
masnta ned cffect of the hormone

In most of the expenuments the degree of statisical sigmificance was caleulated by applying
the t test to determne whether the d flerences between control and expernmental periods were
sigmficantly different from zero In the experiments i which the con¢ ntrat on of calcum m
the Ringer was varied analyses of covanance and vanance were employed

Results

The replacement of all of the sodium 1n the mnner solution by potassium resulted 1n an
increase i net movement of v ater from outer to inner solutions In the Fall toads the
volume flow of water was increased by about one third The relatnve response was
ndependent of whether the major anion in the Ringer was sulfate or chlonde (Table
I\and C) although in chlonde Ringer the absolute rates of water were approumately
twice those in sulfate Ringer' In the Spning toads the response to potassium was
considerably greater than in the Fall toads approumately three and one half mes
the control rate of water movement (Table V A and VI A) When the major amon i
the Ringer solution was sulfate changing the 1nner solution back from K Ringer to
\a Ringer resulted mn an almost complete return of net water mosement te control
values (Table I A) Recovery in chlonde Ringer was not as good (Table § C1

? The osmot c pressure of sulphate R nger 1s about 2 3 of that of chionde Ring
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Tante I Comparison of effects of potassium and va opresun (ADH) in the ianer solution on
the net water movement (s 1/cm*/hr) acrou the toad skin - The inner solution was
Na Ringer in the control and recovery periods The outer solution was 1710 Na
Runger in all periods Means & S I The numbers 1n parentheres are the number
of expeniments T'all tods

1 1 i 11
Control Cxpenmental Recorery

A SO, ringer Na of inner solution replaced by b  expensmental period

6193053 838::057 £25£068 1365009
(9) 9 9) 9)

B SO, ringer ADH in inncr solution 1n expenimental period

49>+044 7582057 499+042 1614017
(8) (e} &3] (8

€ Clnnger Na of mner solution replaced by k 1 expenmentat period

1068509 14245 1.6 13104113 1324004
(6) (6) (6) (6)

D Cl ninger ADH 1n inner solution 1n expenmental period

1071 £129 1004183 1165 1541020
(5) (2) 2) {3)

Expenimental period sigificantly different feom conttol period at p < 0005 < 005

“Tasre It Comparson of effects of vasopressin (ADH) in Na SO Ringer and in k SO R
ger 1n anner chamber on net water movement (al/em [hr) anioys the toad sk
Outer solution was 1/1¢ Na SO Ringer 1 all periods AMfeans + S T

1 I jets n /1 /1

ADH in ADH in
N\aRiger  NaRinger K Ringer Na Ringer

A Fall toads 8 expeniments
5791072 7581042 B244069 6191088 150027 108004

B Spring toads 8 experiments
108L1¢ 408174 421178 210436 3924073 108016

+ Significantly different from period 1at P < 001
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Taste I Comparson of effects of h,50 Ringerand b SO Runger plus vasopressin (ADH)
n inner chamber on net water movement {f em fhr) acro s the toad sk Outer
solutton was 1/10 Na SO Ringer 1n all periods \leans =5 E umbers in pa
rentheses idicate number of expersments Fall toads

1 1 I n T uv
N Runger
NaRinger K Ringer + \DH “a Ringer
501402 6761074 77406  731x162 1362048 103107
6) (6) (6) (4) (6) {6)

Taste IV Effect of Tow pH on response of toad skin t0 2 h gh potassum concentration 1n
wnner solution. SO Ringer msde 1710 Na SO Runger outade 5 CO m air
bubbled through mner and outer solut ons durng entse expersment Means —
SE 7 expenments Fall toads

1 1 it
\a Ringer K Ringer

et water movement ;1/em Jhr

4414039 234062 1194008

S gn ficantly different from Tat P < 0025

When the 1nner solution was changed from sodium to potassium Ringer there was
2 rapid fall 1n the potential difference across the skin (P D) Sufficient measurements
% ere not made to detertmine this mumimal PD with certamty  There was then a slov
small ise in P D to a peak which averaged 26 ° of control n SO, Ringer and 17 ,
1 C Ringer (Fall toads) The P D then fell gradually untid the mner solution was
changed bacl to \a Ringer In this recovery phase of the experniments the P D rose
steadily although the P D had not returned to control Ievels afier as long as two and
one half hottrs The recovery P D averaged 65 4 of control 1 \a,50, Ringer and
40°° of control In NaCl Runger (Fall toads) when obsen ations were duscontinued one
10 two and onc half hours afier changing to \a Ringer These effects as 1 ell as the
changes i + ater ment are d by the P
Fig 1

shown n

The increase tn net transepithelial v ater movement in response to the additon of
Vasopressin to the inside solution was consistently somewhat higher than the response
10 potassium averaging 50 10 60 o m Fall 10ads and 300—460 ©, i Spring toads
(Table f{Band D 1IB \ B VIB Fig 2) Aswas the case v 1th the response to po-
tasssum the relatine response to - asopressin was essentally the same in both sulfate and
chlonde Ringer (Table [ Band D) Recouvery of v ater permeabilits following the wash
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Taetze\ Effect of changes in calaum concenteation i anner solution on changes 1 net
mavement of water {f Wem*{hir} in respanse to lugh potassturn and to vasopressin
{ADH) 1n mner solution €l Ranger mside  1/10 NaCl Ringer outade Means &
S E Spring toads

) 4 u ur 11
Control Expenmental Recorery

A N\a of inner soluton replaced by k 1n experimental period
1 [Ca]~0 6 expeniments
214x1 o 75:85 340164 3602041

2 [Cal=09 m\ & expennments
180421 581L35 274430 343042

3 [Ca)=15mM 5 expersments
189142 4332122 448141 249£03

B ADH in mner solytion m expenmental pertod
1 [Cal =0 6 expenments
155214 1404 23 18919 909+147

2 [Cal=09m\ 6 expenments

236239 B4+167 284%39 4404090
3 (Cals=1>mM 6 experiments

193419 936202 21037 23282139
ing out of the P was almost plete under all tested A rep

uve expenment is shown i Fig 2

Two types of exp were perfc d 1n order to d whether the re
sponses to vasoprrssin and the high potassium treatment are addine In one a penod
n whirh the inner solution was composed of Na,So Ringer plus vasopressin was
followed by a penod wath k SO, Runger plus vasopressin as the inner solution {Table
11} In the secand type of experiment a penod with K,SO Runger nside was foltowed
by onr with k. SO Runger plus vasopressin (Table 11} The response to the combna
won of fugh potassum plus vasopresstn was on the average 8 °, greater than the
response 1o either treatment alone However this difference was small and not statsts
cally sigmificant. Thus the two effects are not addine

It has been shown that roducing the pH of the muer solution to 65 completely
blocks the action of v asopresstn on the toad bladder (Bentley 1928 Schwartz ef af 1960,
“The effect of Iow pH on the changes i net water movement of the foad skin 1n response




WATER MOVEMERT 1§ hitv Ha

“Tasge \ T Effect of changes 1 caltium concentration s outer solution on changes n net
masement of water {utfem {hr) in Tesponse 1o agh potass #m and to vasopses
(ADH) n wnner sofunon SO Remger mede 110 N\a SO Ringer ovtade
frans £ $ F Spring toads

1 u iis uf
Contsol Expenumental Recorery

Nz of mner solution replaced by h i experimental peniod
1 JCa]=0 > experiments

913405y 8106 199260 3524075
2 [La]=10mM 5 expenments

765209, 2;4148 12118 3 44069

B ADH in mner solution m expenmentz! per od
1 [Ca}=0 3 espeaments

133 =29 630465 - 5764042
2 [Ca}=10 m\ 6 expenmenns
e =27 44966 01238 42600
4 expeaments
o hagh p and 10 P was ted Frve per cem €Oy

m are was bubbled through both the uner and outer solutions reducing the pH
the mner sofubon to 63~6 5 and 1n the outer sofution 0 50~53 In 2 &xpts vaso-
pressn added ¥ the nner sotution way withopt effect, The high potassium treatment
ancressed the net movement of water aczoss e tdad skan by 19, (Table IV) The
magnitude of this response s approumately half that obtamed at normat pH (Table 11
5 the frog shin an mcrease 11 the palmnn concentrauon i the inner solunion resulied
n 2 transtent ncrease i shore &ircun curvent (Curran and Gifl 1982) An mcrease in
the caloum concentration of the outer solution redured sadium permealuhity {Curran
and Gil} 1967} although che terement 1 sodium eransport chested by vasopresn was
unaffected (Herrera and Curran 1963 Curran et ol 1963) fn the toad bhadder th rets
evidence that caloum partally inhbits the acion of vasopressin (Bendev 1939 Petersen
and Edelman 1957 Bentley {19.19) has also prrsented cvidence that some caloum s
requured for the action of vasopressin upan this tssue For these reasons a study was
made of the effecas of chaaging the calaum concentration m both muer Table 4
and outer {Table \ 1) solutions on the responses 10 asopressin and to the b1, h potassium
In thase 1 which the of caictupe in the mner

solutiott was \aned the major anton was chlonde The smner Runger solutions con
twmng calaum at either § MVt no added ralaum) or 9 mi\l also contained sucrose
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{45 m\ and 47 4 mM respecusely) so that the osmotic pressares of these solunons
were cquivalent to the Ringer containing 15 m\ calcrum The outer solution was the
wsual MaCl Ringer deduted ten fold and without added sucrose {final caloum con
centration was 0 02 mALin all expenments) A change of the calesum concentration in
the mner solution from 0 MM to 15 m\{ was without staisucally sigrificant effect on
the resp to either or Lasop {Table ¥V} The combsnation of gh
potasssum and §5 m™ calcium appeared t2 damage the skinarreversibly The potenuat
difference across the shan fell much more rapidly than in those expeaments wm which
the calesum concentration was 89 mM or 0 mM The change tn net water movement
was poorly reversible 1n the recovery periods when the inner soluton was changed from
K Ringer to Na Ringer the potentiaf stabilized at — 3 to — 8 mV tn four out of the
5 expts

Two expenimental conditions were employed to study the effects of changes i the
concentration of caloium in the outer solution  zero calctum (no added caloum 05
™\ sodium ethylene-diaminetetraacetate 20 mV{ sucrose) and 10 mM catoum
There were no statistscally sigmificant differences 1n response ta either pota.swsm or
vasopresun al these two calaium concentrations (Table V1)

It should be nated that changes in calcrum concentration in erther the inner or ouler
satutions were without effect on the water permeability of the toad skin under contsol
conditions (Table V and V1) It was also found m both of these sertes of expenments
that the response to potassium was signshicantly fess than the respoase to vasopressia
{p < D05 in the cxperiments m which the inner valcium concentration was vaned
b <~ 0025 1n the expentments i which the outer caloum concentraton was vaned)

Discussion

1t apprars reasonable to consider that the increased net water maovement which
occussed when potassium replaced the sodium in the mner solution was the result of
an mereased permeabihity of the toad skin to water However Read (1892) demonstrated
a slight net transfer of water across the frog skm when 1t 1s expased to Reager soluton
on both sides While it 1s possible that the high patasstum treatment enhanced thes
phenonemon 1t appears to be unlikely

Certain aspects of the datr which hav e been presented suggest the pos thility thatvase
pressin and potassium act on some comman Mechanism to inerease the permeability of
the amphibian skin to water Fust the responses 10 these agents are not addane
Sccond both agents act when i contact with the mner surface of the foad skin Wale
1t has been clearly de 1 that tncreases the p bility of a perme
abithey barrier at the physiologteal outer surtace of the amphubrn skin nd unnan
biadder (AacRobbre and Essing 1960 Hays and Leal (952] eswdeacs relatue i0 e
locus of action of potassium 1s not avadable Third seasonal changes in the sespon
phib: kin to J: are ac: by parallel changes in the

siveness of the
Tesponsiveness o pokassium

On the other hand 2 reducuon 1 the pH of the snner solution completely blacks
the action of vasopressin but at most only partially mhibyts the response to potasstum
However st has been postulated that the first step n the acuion of vasopresudl 18 43
bunding to the cell membrane (Rasmussen e o/ 1960 1963 Schwartz ef o 1960)
Ensdence h s been presented that an eleated hy drogen son concentration may ttetfere



WATER MOVEMENT IN SKIN n7

with this binding {Schwartz et a! 1960) Thus st s possible that if vasopressin and an
elevated potassium concentration  trigger the same mechamsm the potassium acts
at some mtermediate pomt the in sequence between the binding of the hormone to the
membrane and the change 1n membrane permeability However the evidence for this
concept 1s still hughly circumstantial so that one must consider the alternatise posaibility
that vasopressin and potassium increase the permeability of the toad skin to water by
different mechamsms Should this be the case thenitis however necessany to postulate
that a lugh concentration of potassium 1n the inner solution inhibits the action of vaso-
pressin since the two effects are not additne Some support for this posssbility 1s found
1n the observation by Bentley (1929} that ramsing the concentration of potassium in the
serosal medium to 10 mM 1 decreases the water permeability of the 1solated toad bladder
in the presence of vasopressin Ussing Biber and Bricker (1964 unpublished obsenva
tions) have shown that vasopressin does increase the shori-circut current in frog skins
with Kk SO Ringer on the mside although there 1s no effect if the mner solution 15
KCl Ringer Thus potassium tons do not inhubit all effects of vasopressin It was rather
suggestuve that the increase m current induced by vasopressin in h SO treated frog
skins was assotiated with a considerable swellmg, of the epithchum In the absence of
vasopressin the epithehial volume remained constant for at least one hour if sulfate
was the amon whereas there was spontaneous swelling and 1ncrease 1 shost circunt
current if chlonide was the main amon One might therefore venture the hypothesis
that ligh potassium increases the permeability of the outer diffusion barrter of the skin
to water as well as to sodium by bringing about swelling of the eprthehial cells The
absence of a vasopressin effect on the current with KC! on the inside + ould be under
standable 1f we assume that the swelling n KC1 tn aself gaves near maxamum effect on
the sodium bility I 2 simlar expl, were valid for the effects on water
permeability 1t woald 1mply that the emthelial cells of toad skins swell m k. SO, as
well as in hCl Runger This question 1s as yct open since the wnnkled surface of the
toad skin makes 1t impossible to measure epithehial volumes according to MacRobbie
and Usaing (1961) Quute generally osmotic swelling of the frog skin epithelum leads
to mcreased active sodium transport and shrinkage to mhibition of the transport
(Ussing 1964) I vasopressin sncreases the entry of sodium i the cells 1t would lead to
swelling which 1n turn might also fead to increased v ater permeability
There 1s some dispanty between the obsenvations of Bentley (1929) and those present
ed here concerming the effects of changes in calcium concentration on the response to
vasopresun Bentley found that a reduction in caleium concentration reduced the v ater
permeability of the toad bladder in the presence of vasopressin 1n our expenments such
an effect was not observed However Bentley omitted the calcum from the solutions
bathing both sides of the bladder and there may also be qualitative differences in the
responsiveness of the &4 o tssues Ve have also failled (o observe the diminution 1n re
sponse tovasopressin at elevated serosal calcium concentranons as reported by Bendey
However the concentrations of vasopressin was 1 mUjml in Bentley s expeniments and
87 mU/ml 1n our expenments Petcrsen and EdeJman (196”) reported that increasing
the vasopressin concentration to 66—100 mU/ml abolished 8, of the intubitary
cffect of the clevated calcium concentration

I nmuesugaton was supported in part by Public Health Service resear h grant No HE-
06035 £ om the Nat onal Heart Inst tute L S Publ ¢ Health Service and by Publc H Ith
S ¢ Res arch Carcer Development Vw rd HE-K 149807 to Leon rd Sha  from th
Natonal Heart Insttute U S Puble Health S rv ¢
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Abstract

Fshlen G B Fakkand E \! tn e of Cadus cell i Sals

« ey Acta phyyol scand 1900 £F 15126 —~Tre noradeeval ne an the yoambladder of
the cod and the ratnbow 1rout Is st 3ed sn short adrenengrc seurans whose perkarya are loeated
1 slese relation @ the swambladder wself In the cod the roradrencrgie teurons ase inner
vated by roradrencrgic reuro s that anse fem the cochia ganglion of the svmpatheuc chamm.

\ hutherto unknown svateny of epithiehiat celis xtoring S-hvdrotytryptamue wase boers ed 1 the
trout swirmbladder

Substannal evidence was presented by Fange (1953 that the muscular fibres of the
sceeetany part of the cod swimbladder together vuh the radal mruscle of the oval
rdce are sensitve ta adrenaline (A) and noradrrnakne 1™ 3) Euler and Fange /1961
found that the musculans mucosae and the gas gland 1n the swimbladder of the cod
contmned much greater amounts of N4 than of A Indred the amount of NA wasof 2
de that couid well o an inaen ation of smoath muscula
wre mn e bladder However after d af the ladder no detrease
of the NA content way abserved, and ut could not thesefore be ¢ cluded char the N3
it the swimbladder mght be stored wn places other than uu- adeenrrgic nerves pre
suniably 1 some kind of ol cells Thas mfice 1 rughe
smph a release of transmmpter — m this rase N4 — {mm chmrm’ﬁn cells Such an or
RAmzIlOn \ as assumed ta be 2 general prinaple in the adrenergse svstem by Buro and
Rard 190 and Brandon 2ad Rand (196}  who sugrested 1bar N 1 u not focalized
m adrererme nourons but sn s ¢ chromaffin eells Thus theory contradicts e report.
of Enler s imesugations f Euler 1956 196) which affer strone cadence dhat tha
dmine 15 stored 1n the n ammalan adrepenge neuron, prmapally 1ty teree g2l part

The accuracy of Euler s concrpt was d rrethy demonstrated recentls by Falck and Torp
1% and alek %2
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1115 thus of considerable impurtance to obtain more accurate knowled~e of the stora ¢
stte of N A mn the swimbladder This 15 now made posuble by the mtroduction of 2
hizhh sensitne and speafic Ruorescence method for the detection of certam catechol
amunes and tryptamises at the cellular Imel (Falck and Torp 1961 Falck 1962 Falck
¢ al 1962 Ealck and Torp 1962)

Material and methods

The Iistochemical methsd 15 based on the principle that the catech lamines and >-hydroxy
trvpammne (>-HT) can condense with furmaldehnde to produce intensely fluorescent products
101 the tasues. Provided that the reactron takes place under farly dry condstions o diffusion
A ttc amines from therr cellular Deslizatim will occur Laallv the tissues 1 be analvzed
must be freczedned Th n tissue sheets Powerer can be dned for a short ume at ronm tem
perature i 1acus usually without anv diffimon of the amuncs. In fish swimbladder the last
method may caus~ d ffusion This however can be avorded by frecze-dryang the stretch
preparauons  the tissue sheets

Gas glands of the swimbladder of the cod Gadus callanas inchuding tf » distal part of nenves
and s essels enstening tF e swimt ladder 1n the centre of the gas gland reg on, and also the coclac
ganglion and the splanchn ¢ nerve were freezedned treated with Idehvdr gas 1 ) br
at80 Cor)5hryat 60 C and then mfltrated with paraffinn mn racuo Secums (8 u) were
mounied in Ent an (Merck) 2nd exam ned under the Ayorescence microscope in dark field
umnauon P eces fron different regions of the swimbladder of the rainbow trout Salmo mdews
were treated in the samr way

Thin sheets of the o al edge that separates the secretory and the resosbent parts of th swim-
bladder f the ¢ were carefully stretched crer a plastic png freeze-dned, and mounted 10
Ent Il afier a sh 1t tune 1n xylene. The techniqur ss desonbed 1 detad elsewhere (Falk
1964 Falck and Ownan 1974,

For the catecholzamne and »-HT analyses whole swimbladders of the rambow trout were
waghed and m nced with 04 N\ perchlme aerd. Dopamine (DA} NAand A weve punfied
according to Bertler et af_(19.8) and detcrmined as dexcribed by Higgendal (1963) S-HT was
esumated by the meth.d f Bertler and Rosengren (19.9) The cochiac ganglia and differeat
parts of the swimbladder were tréated 11 the same way The results arc green i Tab! 1

Reserpine (Serpasil. Ciba; was given mtrapentoneally to rambow trout tn doses of 5—10mg
kg bodv wesght and day fr 2 penod of 4 davs The anmals were killed 5 davs after the fict

myection

Results
Cod In the zas gland rezion and 1 the stretch preparations of the oyal ed, e of the cod
) a specafic s cen f1 devcloped 1 pypical nene

bundles consisting of smooth fibres An wterse green fluorescence deseloned i B¢
vancose fibres some of which were clearh scen 1o 1ssue from the nene bundles 2nd
thus obvioushy consututed the termunal parts of the neurons An abundance of vanco®
fibres was present in the gas gland 20d espeaalls 1n the radial muscle of the oval edse

pumerous nenes also oc arved i the rete murabile and the musculans of the wcreton
part and around the vessels In the wall of the resorbent part of the swimbladder
the fluorescent fibres were much more sparse and seemed 1o be distnibuted 1o theves-
sels onls o Ruorescent cells were obsrrved “onfluorescent gan~hon cells were found
scattered at the base of the vascular bundles formun~ the rete myabile The fine var

cose green Hsorescent fitres of the gas gland proper the sete mirabile and the musct

od ratch green uorescent gan hon cells situated

lans seen to onginate from m
it ° es and vesls

smmeduately outade the swimbladder wall i the bundle of arny
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FgtCod bladd ¢ Sect on of the gangh uts de th bladd
wall n the bundle of sesscls enering the organ m me centre of gas glond reman Moderately
fluprescen ganglon ecll bodies and ther v cakdy Ruorescent prefermmad Fhres are scen
Tniemsely fluo escent vancose £bres surround every ganghon celt bady Magmsficanon 673

entenin the organ in the centre of the gas gland regwn The smooth preternunal fibres
from these gan hon cells were collected i a thick bundle accompamun,, the vessels
wo the wall Bijond the emtrance this nenve bundie dwaded o several small
Yranches Some of them passed directh mto the ree mirabile the pas gland and the
rausculans of the seuretony part, where they Lase e w the torunal vancose fbres
Qiher bundles accompaned (hc \mu coma~ fram the resorbent part (o the oal edge
The s imbladd, «d by branches (rora the o B splanchme
nerve which anses fiom the first 2sympathene gan~lia. These gangha often ~ 35 1 the
todt - consutute one smgle Danghan calied the gandor ol o ux fSmonus 1849
In the presemt i estigation this ganghon proved to be composed of relatneb large
ganhon cells emutung 3 weak xreen fuorsscence  non fuorescent cells conld not
Lath certainty be detreted. Scattered amone the tanrhan cells vas found 2 preubar
tvpe of cefls weregular in form shat gar# off short slender processes runming w between
 few of the contiguou nenve cells. These small colls evhabited 2 sers stson,, ¢ €tn 1o
sellon  geen Borese ace el com xrable o that found s adrenal medulfan cells
The same ¢ pe of vells was found ta occur wn mammahan gan ha Hamberger of af
V63 Falck ! of 1961 The weskle fluorescem protermunzt hbres from the ganghon
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Taree § Conters of M g/g) i the swimbladder of the cod

The penipler 1
“umber gangh novnd
of exp Gas gland Oval mucasa the gas gland
] 046 [ 089
2 0.53 063 929
3 042 1130 042
cells Lled to form the aplanchnic nene Along sts course 2 small arrount of

scanered fluurescent ganglion cells was observed Mot of the fibres i thi nene go to
peapheral ganglia 1n the gue wall othiers are direeted towards the swambfadder
Young 1931

‘The last mentioned neurans transformed wmnto fughly fuorescent sancose fibses
et the adrenergic ganghion sitvated ta the bladder wall synaptically
enclosn, the Buorescent cell bodies in thee ganghon {Fiz 1)

The amount of NA 1n the different parss of the swimbladder s gven 1 Table
“Th~ concentrations correlate well with the fluorescence mcroscopic findings eseept
for the values four d i the penpheral ganglion autside the gas gland Considenng the
number of serve cells and the Ruorescence intensity which was unusually high i the
1 ! part of an ad; nruron, the Sound scems to be toa fon
Howescr this can be explamed by the fact that the ganghon could not be entirch
freed from surrounding tssue In three deternunatans the coclac gan,fon was found 1o
contan 76 g {4 73 2) catecholamme conustng mainly of NA Tt could not be
evehuded that a small proportion ref resented A i n o this conneetion snsesesung 0
ane that the small brghly Bugresent cefly 1 mammatian gangha may contan A
(Owman and Syostrand 19641 The N A values found seem 0 agroe well with the astos
chensical findings and weith the NA level sn sdrenergic ganghia found by other miesi
gatory f Muscholl and Vo 1 1908

Rar b troue Tt sremed of great mterest to stady the adrenirgie innervatson apparatis
also 1 a spectes wiath a swimbladder of the physostomous tvpe  that s with 38 ¢6p°8
connection 1o the omsophagus and without a distinet gas gland The rambow trout
Sul 7 11deus was chosen for thus purposs In the antenor part of the swinbladder
which mn the form of & Rarrow duct connets the organ with the ocsophagus were
obsery e a moderate number of nene cells of sarving sz showing a rather weak green
fiuoreseence The cells appeared m (he connectise tusue lager outside the musculans
scattered or i groups Some of the cells were suated an the viciuty of the musele
laver and i these instances the whole neuron could ofien be observed In such neurens
1br first past of the axon appearcd smooth and rather weakhy fuorescent. but when
the axon entered the muscle laver 15 character altered it became trans
\moacgse filre, that shom ed a much more sntense fuorescence Fram. the ganghon et
groups the axons travers~d w the musclr layer collected 1n slender nene bundies fn;-;"
which vancose fibres wssued at the periphery of 1he muscolans A sery amsrdmhr
aumber of vancose fibres wese ound m the musculars arran,ed parallel (o the arew
snuscle fiees The orcurrence of those fibres was eatremelv ek auggesung that €67

forimed nto 3
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£15 7 Cod swimbladder Stretch p sparation of the ovaf edge Adrencrgic fibre bundies and
Vancow wermenat fibres Alagn ficaven 675

muscle fibre saade contact wath ore of more axons Ouly occasens) fibres passed into
the subepsthelial connectnve tsue bayer In other parts of the swirsbladder sheadren
ergic maunvavon of the musculans was the same as i the antessor pars but here ne
Auorescent ganghon cefls « ere found
e chemacal analvses shawed the presence of \ A 1 a mean concentratian of 0 33

#2310 Y0 43) sn the o ambladder of the runbow 1iour A and D4 were not found
w am sigmficant amaunts i that osgan

\n interesung finding was that a sellow Ruorescenie dineloped w oveard exlls focated
w the eprthelium of the swimbladder Thrse eells 1 erc peneratlc provided with hin
processes one apscal eachsne the epathebal surface and one or several reaching the
base of the epuhchum These processes could be clea ly abseried because they also
contaraed tntensely Ruorcscent matenal Ther basal processes gencrally termnated 1n
small endargements The fuercsieny reacton i these cetly sugmests that (hen has ton
wimanpamne Tios arvees s o wah the rasults obtaned from the chemitat anadvies
which showcd the presencr of sgmficam smouats of 341 050 g 0 40~0 12

Afier reatment with reserpaine oo fiuarescence or onl s fasnt onz \ oy scen m the
veu ons and onh fev  eakh vellow Avoreseert cells remaimed in the epsthehium The
fuonimesne deierm navons rescaled @ consderable reducuon of the 5-HT contem

810818 12 and an atmost complete depletion ¢f N4
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Fg 3 Ranbow trout swimbladder Transierse secuon of the wall of the antenor part de
monstrating the abundance of vancose fibres 1 the ascular muscle laver An adrenergic
nenve cell body 1s seen 1n the d, tive ussu laver 750 >

Discussion

The b sensnary and peaficity of the present method for the catechotammes and
5 HT are discussed at length by Falek (1962 1964) Falck et af (1962} and Corrodia1d
Hillarp (1963 196+ The reacuon conditions under which the green fluorescence
developed in neurons in the cod and trout tssue specimens and the properties of the
fluorcscent product indrcate that a primary hol 15d d Adrenal
contaming neurons need a much Jonger exposure to formaldehyde gas 1o develop 3
maxmal fluorescence (Faleh ef af 1963 Onh cells that store huge amounts of 4
1 ¢ chromaffin cells in the adrenal medulla and 1n other locations shov up under the
reacuon conditions used 1n this 1ns esumaton ¢f Falck and Torp 1961 Dahl efaf 196
O 'man and Sjostrand 1964 The onh 1 found spectroph t
cally to be present 1 st_mificant amounts was A The histochermcal critena hikevuse
indicate that the yellow fluorescent cells in the trout swimbladder eptthehum contain 2
tryptamine dervamne Mo other tissge structure developed tus tvpe of fluorescence
fi i the trout der was found (o contam siemficant
ammounts of >-HT Furthermore afier reserpme treamment a considerable decrease 12




VGNDAMINES IN THE 5WIMBLADPDER 12

green and sellow fuorescence wasebsenved ard no WA aad oalv skt traces of 3-HT
could e found fluonmetacally Thus there seems na doubt tht the ereen neuronal
fuorescence deraonstrated ™ \ and that the yeliow fuoreseence was denved from 5-HT
stored mn the special epuhelial celfs

The macphology of the nen Qus structuses 1 the swimbladders of ;h: cod and trout
was the same as i the sstemt of ds (Hillarp 1859
Falck 1964} The distribution of the [{uon:scrm malma! agrees well with the dustobu
non of the ad n nerves {¢f Euler 1961

Faleh 1967}
The findine of numerous adrenaigic newsons located enucehy pecapherally explains
3 elf the result of the eather 4 The posuibihty thay the cod
bladdes contams fiin cells whese ch lin

15 dute to a storage of cate
chalarines can be distegarded sce no fluctescent cells — except ganghon cells —

were found 1 the swimbladder and sin-e the wiethod used has 2 seaswswty of quute
another magmiude than the chromaffin reacvon

“The finding that the adrenergrc nenrons whith arnse 1n the corhac ganghon store Ny
1 surpnswy conndenng the faci that they termnate svnapucally arvund the pen
pheral nmd!mng!c penkarya Manv ivestmanons have demonstraied admm-gm
fibres pan celf bodses un
gangla (Falck 1967 Hamberger and Norberg 1963 Hawmberger et al 1963 Falck et al
1964 Ov-maa and Swstrand 1964} and there 1 support for the asumpuon that nor
adrenergic nevvons #02 hinked together i sueh gangha (Hambergee e of 1963}

The physivlogical sigmficante of the SHTwontumng cells 1a the trout swam
bladder 13 not known Morphologicalls  these cells have the same appearance as the
<hromafhin cells w several mammalian species that aho carne 5-HT and are provided
with apreat as well a3 basal processes (Fahk, unpublished abservanons®

The research presented 1n this docusnent has boen supported i whtle by the Awr Force Office

of Sentific Research Q3R through the Eusopesa Qffice Accospace Rescarch Loed Seates
Air Foroe
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Abstract

Anden N E T Magausson and E Rosengren Oumen ¢ of dikyd sgphenylalan ne decorboslase
u perses of the spinal cord and gympa & tieally tnnervated organs Acta phys ol scand 1965 64 137—
135 ~ After transection of the rabbue spinal cord the L 3 4d hydrowphenylatanme decar
Boxylase acti ity in the caudal part was reduced by 90 95 and 75—8> per cent when deter
v ned ta ertra and 17 tize Tespectively The drop appeared 1o be fastest between the second and
ﬁ.ﬂh day atxd the acuuly rc.'ld\:d s rntonam Jevel afler 3 wteks In the rabbit i3 the &
ylase actmty fll ta 10 per cent of that of the
mntml nden -18 hours zttrr the exc1s on ol' the mptnur cervcal pngbm\ In bowb tissues the
tume courses of the of acuwvity and of
woradrenal ne were very 8 mular but the amine disappeared somewhat more suddenly and
rap dly than the enzyme Pregang! onrc sy mpathectom) g not influente the dihydroxyphenyt
alanine decarboxylase actmvaty 1 the s The nerve rrunk tcnumrd only 150 umes Figher
actev ty than the ins why the dihyd lase bike ne prob-
ably occurs 11 l!: “hole nzumn but s lughly mn(mlml:d i the termuzals Postganglon ¢
sctwity 1n the rat subs

manllary gland vy ;plern By B3 and B per ent. respociavels

The enzyme L-3 4-dihr droxy pheny lalanne (DOPA) deearboolase was fisst demon
strated 1n the gunea pig kidney (Holtz Hews» and Ludtke 1938) It catalyzes the forma
wor of dopacaie (D A) fram DOPA and 1s now generally accepted 1o be msol od m the
biosvathesis of catecholamunes as was fisst proposed by Blaschko (1939, Later on
strong evidenices have been put forward for the view that the DOPA decarbox lase is
sdentical with the L-5-hed prof lase the enzvime
w the by h of S-hvd Y t5-HT) M B;lzrr and haneil
158 uwaler Geller and Exduson 1939 Bertler and Rosengren 1959 a Rosengren
1901 One of the the principal funcuians of the cateckolamines and HT i the bod

seems to be sening a3 humoral wransmatters of cerinn central 23 well as penphersl
ocurons The DOE \ decarboxslase 15 howover widely distnbuted n the organsm
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and actually most of the enzyme docs not appear to be locahzed 1n neurons Until
recently the relatively low actnity of DOP 3 decarboxy lase 1n the sympathetic gangla
and postganghomic trunks (Floltz and Westermann 1956) was the only cvidence for
the presence of the enzyme m nerves Ina prelminary communication wehaye reported
that the DOPA decarboxylase activity almost completely disappears from the spinal
cord caudally to a transection and from the splecn after postganglionc sy mpathectomy
{Andén Magnusson and Rosengren 1964) These findings prompted the present in
vestigation into the time courses of the disappearance of the enzyme and noradrenaline
{INA} after leston of central as well as peripheral monoamine neurons

Experimental

Adult rabbts of cither se< weighing ?—3 kg v ere used The spinal cord was transected at the
level of Th 4—Th 6 Ths procedure like all other surgical operations 1 this i estigation was
<arried out under pentobarbstal sodum anesthesia Care was taken to prevent hypothermea
residual urine decubitus and wound infections postoperativelv In order to estimate the effect
of the leszon on the DOP A decarboxylase actmvity m 120 the DA content of the cord was deter
muned after administration of L DOP\ (100 mg/kg 1 v) The ammals were sacaificed by awe
embeolism 60 min after the DOP \ admunistration The spinal cord was carefully frecd from the
memnges and nerve roots The DOPA decarboxylase activity 1 ¢1iro was determned i preces
of tlic thoracic cord 2 5—3 0 cm 1n length (0 2—0 6 g) eranially and caudally to the les on The
pieces + cre taken from the amimals used for the DOPA decarbovy hse determunations i ¢1 0 and
were rapidly put mto phosphate buffer instead of perchlonic acid The extraction of the DOPA
decarboxylase and the incubation with L DOPA were performed according to Bertler and
Rosengren (1959 b) The DA formed 1 1fro as well as 1 210 was estimated by the method of
Carlsson and Waldeck (1908) as modified by Carlsson and Lindqvist (1962) The NA was
deterouned as descnibed by Bertler Carlsson and Rosengren (1908) Control salues were
obtamed from anunals not operated on
In other exp the effect of d on the DOPA decarbovylase
activity 1n the rabbit iris was studsed The left superior cervical ganglion and the continuous
sympathetic chain cranially to the clavicle were removed Afier various mtervals of ume the
animals were sacnficed by ar embohism The DOPA decarboxylase actiity of the night and
the left sris v as determuned w eatro s described above The inis was pregang] omically sympathec
tomized by excis on of 3—3# cm of the left cervical sympathene chain beginning about two em
caudally to the superior cervical ganglion
e DOPA decasbosylase activaty i the rat ffary and subh ! glands
v as also deterrmined Tor reasons presented belo s 1t was necessary to ligate the ducts bt
Iaterally when the enzyme actvity i this fissue was to be determmed The hgation was per
formed near the hilus On the same oceasion the left supertor cervical ganghon with the con
tmuous sympathetic chain cramally to the clavicle were removed The operat on was caried
out under a Zeiss operation microscope The rats were sacrificed by a blow on the neck 14~16
days after the operation The right and left sabmaxillary glands including the sublingual glands
were analysed separately for DOPA decarboxylasc actvity m witre as described above The
enzyme actvity of the gland on the nght side was used as a controf value
The rat spleen was postgangl ontcally sy mpathectomized by the excision of the cchac gangl ot
and as much as possible of the left and right splanchmic nerves as well as the soft tssuc sut
rounding the cel ac and superior mesente ic arteries A Zeiss operation microscape s 2% employ
After ten days or more the animals 1 ere be DOPA Jase activiy f the
spleen tn titro was esttmated as described above Control values were obtaned Iron
not operated on

m an mas

Results

DOP 1t decarboylase actiety of the spinal cord The DOPA decarboxylase activity of lh.;
cord cranally to the scction tevel was found to be 77 pigg expressed as the DA former
nurtro after incubation with L DO1 Afor 45 min (SE 52ug/s 26expts? The enzyme
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o 10 20 30 a3 50 nys 60
Fg 1 The dihy heny lalanime (DOPA) decarboxyLase actvity and the noradrenaline
contentraton m the cstdal part of he rabb t pinal cord at ranous tervats afer tragaeson
Each symbol represcats one single O dinate !

concenpation 9, the part candally to the leston s per cent of that cranially

actvity of this part of the cord m the operated ammals did not differ ssgmficantly to
that found 10 amimals not operated upon 4s DA does not occur normally s measurable
amounts 1 the spinal cord the DA formed 1 r1o after iection of L-DOPA can abo
be uscd as @ measure of the DOPA decarboxslase activity The DA found n the part
cramally to the transection 60 mun after an 13 injection of 100 mg/kg L-DOPA was
21pg/g (SE 0 14ug/g 26expts) Nor did the values from the controls and the ansnnals
operated on differ siouficantly 10 these experuments The actwities of the DOPA
decarboxylase in the cord showed large indrvidual differences when n nitre
aswell ay # rro 1t was found howeser that in the non-operated ammal the actwvities
were about the same 11 preces taken cranially and caudally to the transection (see Fig 1)
As the transcction had no apparent effect on the actvity cramally to the lesion the
actmaty of the DOPA decarbowlase m the caudal part 1s gnen as per cent of that
found in the cranial part It was found that transection caused a considerable reduction
of the DOPA decarbovylase actvity m the caudal part of the cord as determuned tn
tatro 2s well as i zuw {Fig 1+ The drop of the DOP \ decarboxylase actity was most
marked between the sceond and fifth day but a gradual reduction of the enzyme actin
1ty was found to occur duning the following two weeks Alter that ttme the enzvme activ
1tv was not further reduced it reached a constant Je €l corresponding to 3—10 and.
15—95 per cent of the crantal ene as deternuncd w1 crt70 and 10 w0 respectivels

The N\ A dropped m the caudal part of the spmal cord from section Eie 1 as de
scribed catlier < Andén er ol 1964 The \A level cransalls to the lesion was 026 pg €
(SE 0018 puzg 24 cxpts 60 mun after the mjection of L-DOPA 100 mgkgt &)
Tt ere was no sgnificant change of the \ A content m this part of the cord afier opera
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zal
I3
. « DO decorborplase oct dy 1 i
O~ Norodrengi né
. B
& Fig 2 The dhydrovphenylalanme
S e {DOPA) decatbosylase actaty i1t o and
¥ the noradrenshine content an the sabbit
mndes at vanous antervals after the exc sion
P of the supenior cervical ganghon Es b
symboal represents one siegle deermsnation
Ordinate DOPA decarbe vylase activiy of
» the denervated ina i per cent of that of the
inncnated ane and noradrenaline content
of the denenated indey 1 p reent of that of
o, the inperated ones

tion Caudally the \A concentration was approvmately the same as that found i the
cratal portion of the cord of the non operated ammals and scemed unchanged duniag
the first 2 postoperatnve days Duning the following three days the N 4 Jevel showed a
steep drop and afier 7 days the NA had almost completely dusappeared in the caudal
part
DOP 1 decasborylase actusty of the wns The DOPA decarbosylase actusty in the s
of the nght side 41 ¢ of the nde not operated upon) was 5 5 pg/ms (SE 047 gzins
14 experiments: expressed as the amount of DA formed tn vt afies meubstion with
L DOPA for 45 mun Betwers 8 and 16 hry alter the excsion of the left superior cenical
ganglion the decarbovylase activity of the IMt ins substantally dropped \Pig 23 The
muasmum bevel was reacked afier about 48 hry when only approumately 10 per cent
of the onginal activaty was observed  The values of the NA in the s after postgan,onic
ssmpathectaray (Fig 24 are taken from 2 previous wnvestigation ( \ndén e of (964)
Sixteen hours after the operation almost all of the N4 remamed + bl dunne the
foll 8 by 0 disapy d almost completely Dunng the N\ disappearance
there was 2 distinct mydesass on the sympathectomized side

The decarhoxylase arinaty in the ins ten days after preganghomc sympathectorm¥
on the left side was assaved a0 b o expertments The actvines of the lefi ins wese 97
and 94 per cert of those of the nght one

The posiganghionic nerve trunks mmmedeately adjacent to the supenior cen sl
gangha were anahized for thetr DOP A decarboylase actvity in 2 espts o0 normal
Tabbity and compared to thoae found in the indes and the ganghia of the same aumal¥
“The D24 formanon ur tatro tn the neeve trunk extracts was B60 and 620 pug/g winle st wat
57 and 33 pg g 1 the s eviracts 1 e the drcarboglase activity was 15--20 wmes
hogher at the former ste The DOPA decarbovylase actvity in the superor cercal
gangha of these anmals was 4 900 and 5 600 pgig te 5—10 tames hughey than shat
the postzanglionic trunks

DOP A decarbosslase actiesty of the vat submasitiary gland 1t was not possible to dstect
any DOPA decarboss lase in str0 35 the normal submaxtlary gland It was alio found
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TaBLr ¥ The dihy fal {DOPAY b of the rat 1
pha m\:\mgml ghands The enzyme atnwnty Wit detarmmmed A ites and i upnss:d
28 1 g dopaziine formed per g tssue alter meubzton wih L POPA for 45 xun The
Jeft supenor tervical ganghon was removed 1415 days earlier On the same o0ca
sum the duets of the glands were | gated b laterally

DOPA decarboy
Number of ylase actvaty
expenments {mean £S B} Difference
£ 1) 3 d 5 1014 147
Raght {=control) s de ES b <000t
Left (~denervated) side 5 W 30

Tasig i B¢ 8 hydrovyphenylabinmne (DOPA) dectrbosylase actwity of the rat spleen The
enzyme ach 5y 4 as Setermuned m vetro 20d 15 expressed as £z doparmne formed
per g ussuc afier incubat on with L DOPA for 42 mun In the dencgvared group
she celse ganghon v a3 excised 1046 d2ys earler Nonoperated rafs were used

as controls
DOPA decarbox
“umber of ylase actvary
etpeniments fmean =S E) D flerence
Controls 3 82096
p< 0001
Desenyated 13 132009

that no DOV Vdecarbovylase acuvity of a bram extract + hich il mcubated slone showed
a rather hagh DA could be d d 1f 1t was meubated together with
af extract from an wact whweadlany gland Howsver theve was a elearcur DOPA
decarbovslase actvity 1 extracts from submaxilacy glands which had atrophied 1
consequence of duct higaton about 14 davs earher (Table I} Further thers + ae Do
reducuen of the DOP A decasbowslase activiny an an exwract from brain when meubated
togriher » 1th an extract { om a gland duct higated Afier the exciston of the supenior
cenvical ganghon the DOPA decatbonlase activity w the duct hiraed gland was
reduced bs some 82 per cent abiout 14 days Later (Table I\ The corresponding ™ A fose
amounted 1w wore ttan 93 pre Rl

DOP S deca bovrlan at oty of the of spleen The DOPA decarbowvlase acinny » a3
determuned 1§ 0 1 exiracss from the 1as spleen [0~14 davs afier the excision of the
ecthac ganghon Fhe operauien caused 3 drop of the enzyme actonts b on the average

per cent Table I The N\ leved s as reduced by BO-—95 per cent aft ¢ it e game
operat on
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Discussion

It 15 probable that the DOPA decarboxylase 1s present in monoamine nerves both in
the central nervous system and 1n the penphery as alter the degencration of these
nerves the organs studied in this 1ny estigation showed an almost complete disappearance
of this enzyme activity The functional disturbance which occurs after cutting the nenve
cannot be the cause as pregangliomc sympathectomy of the iris did not produce the same
cffect To our k ledge the present 1 the first to show that an enzvme
particip 1 the bolism of catechol and 5 HT 1s present at the mentioned
sites Since long nerve degeneration experiments have indicated that the NA
mn the peripheral organs 1s localized 1n sympathetic nerve cndings (Euler and
Puskhold 1951 Goodall 1951) This view has heen found to be true by meansof
the fl method for } } 1 d of certamn hol.

and tryptamnes {Talck 1962) Recently investigations uung this technique combined
with biochemical studies and transection expeniments have proved that the NA and
5 HT of the spinal cord are situated 1n descending nerve tracts (Carlsson ef af 1964

Magnusson and Rosengren 1963 Carlsson Magnusson and Rosengren 1963) Thereu

however a marked difference 1n the tsme course of the disappearance of the NA i a
peripheral organ and that of the monoarunes in the spnal cord after denenanan
The depletion of the NA from the rabbit 1ris 15 completed within 24 hrs after the
removal of the supenior cervical ganglion whereas the drop of the NA and 5 HT i the
rabbit spmal cord occurred 2—7 days after the transection (Andén et of 1968) It
noteworthy that the disap of the DOPA d y from the spinal cord
and the peripheral organs after denervation apparently showed a sumilar difference

the enzyme artivity i the yris had reached sts mymmum within 48 hours whereas at the
same interval of time 1t was on the whole unchanged 1n the spinal cord The disappear

ance of DOPA decarboxylse and NA followed roughly similar time courses after
denervation but the enzyme did not seem to vanush as rapidly and suddenly as theaminc

The relatively high value of the enzyme actinty 1n the caudal part of the spinal cord
five days after may be explained by the . hat slower

B of the axons bel to the 5 HT than to the NA ncurons (Andén et o/
1964) However 1n the spial cord it was evident that the last part of the enzyme was
lost much Jater than NA and 5 HT which may at least partly be due to the bamef
between the central nervous system and the blood

Also after the section of cholinergic nerves the amme (acetylcholine) and the enzymé

sponsible for 1ts fc (choline lase) seem to from the nnervated
structures  Hitherto only the chol nerve n the ganghs
have been vestigated 1n this respect The cholme acetylase activity of the superiof
cervical ganglion falls almost to zero after removal of part of the cervita
sympathetic chain (Feldberg 1943 Bamister and Scrase 1950 Hebb and Wastes 1956)
“The time course of the logs of the choline acetylase actwity largely paraltelled that
of acetylcholine found by Mac Intosh {1938) and Feldberg {1943) The losses of

Icholine and choline acetylase from the superior cervical gangla appear to octut
and the s with

accty!
at a rate which lays between the correspondtng rates n the spinal cord

respect to the disappearance of NA and DOPA decarboxylase
There 13 strong evidence for the view that N A occurs everywhers

postganghonic nrurons but that 1 13 highly concentrated in the termunals present s e

orgaus (Euler 1956 p 136 1959 Talck 1962) The same conditions secm 1o preva

¢ 1n the adrencrR!
n the
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the central neurons storing NA DA and 5 HT (Dahlstrom and Fuxe 1964) as well as
1n the penpheral neurons contaimng acetylcholine and choline acetylase (for references

see Hebb 1963) As mentioned above the DOPA decarbovylase i the nervous system
was first detected 1n the non termmnal parts of the postganghonic sympathetic neurons
{Holtz and W estermann 1936) Our finding that there s a factor of only 15—20 between
the enzyme activity in xhc nme nunk and 1n the s indicates that the decarboxylase
fias a sumilar as\A This 15 based on the assump-
tion that the sympathetic nerves in the ins Lke 1n the spleen amount to not more than
1/1 000—1/10 000 of the organ weight (Euler 1956 p 136) The somewhat hugher decar

boxylase activity m the supenor cervical gangha than n the postganglionic trunks may

at least partly be due to the presence of noradrenergic nerve terminals at the former
site recently discovered (Hamberger and Norberg 1964,

The figures obtained for the DOPA decarboxylase actiety m the caudal part of the
spinal cord after transection were found to be lower if the determination was performed
tn zatro than 1 riwe The reason for the difference may passibly be that part of the DA
found 1n the spmal cord after DOPA administration was formed outside the central
nervous system and brought there by the blood and accumulated in the vessel lumen
or 1 the vasomotor nerves This alternative does not seem very Likely however as the
pia membrane always was carcfully removed and 1t contams most of the large vessels
and the sympathetic nerves (Carlsson ef of 1964) Itis more probable that the difference
15 due to the DOPA decarboxylase in the capillary walls of the central nervous system
recently described (Bertler Falck and Rosengren 1964) The actwaty m the capillary
walls appears to be negl gible compared wath that 1n the descending nenves to udge
from results obtamed i #itro But the capillary decarboxylase might be of greater
unportance in the enzyme assays carried out wm tio than i ritro since all the L-DOPA
1n this case must first pass through the capillary walls before reaching the decarboylase
contaming axons

The finding that DOPA decarboxylase in the submaxllary glands could be
demonstrated only after igation of their ducts may be duc to an enzymatically break
down of the decarboxylase 1n an extract of an smtact gland It has becn obsered that
duct ligation produces a reduction of the gland activity of 1 a the protease and amylase
(Junquerra 1951) The duct higation does not diminish the NA content but grves a

of the ground plexus duc to the atrophy of the
parenchyma cells (Andén “Norberg and Olsson 1964) After this operation there 1s an
accumulation of mast cefls and the 5-hydroxytryptophan decarboxylase in them may
contribute to the small discrepancy between the mintmal levels of the \ A content and
the DOPA decarboxylase actnity obtamed after postganghiomic sympathectomy Like
wise the mast cells 1n the rat spleen may be responsible for the simlar phenomenon
observed in this organ after exasion of the ccliac ganghon Nor in the rabbit mns did
the DOP \ decarbovylase reach the same low level as A after postgangliome sympathec
tomy but the agreement was better than 1n the rat tissues A great deal of the apparent
DOPA decarboxy lase activity m the ins salwary gland and spleen after postganghonic
sympathectorny may however be due to the non-enzymatic decarboxylation as well
as the ervors imvolved in the determination of small amounts of DA This assumption is
strengthened by our finding that after heat denaturation (100 C, 10 min) of an ins
extract the value obtained for the DA formation was no less that about 10 per cent of

of the control value : ¢ of about the same magnitude as after postganghonic sympa
thectomy
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Abstract

Anden, \ £ The unnory excretson and the tisue uplake of roradrenahme ufier so ese tiseue deplet on of
nored enaline by @ methyl meta fyrosine and metasamorol  Acta physiol scand 196> 64 130143
Four ta cleven hours after an 1 v iechon of metasamurol {8 2 mgfkg) to ats pre seated 1 1th
aemethy] m tyromne (00 mg/hg mirapentoneally on eauh of the 1o precedny, days) there was
4 severe seduction of the di bne fevels in the 4 organs but ae
siguificant change m usnary noradrenaline cxcretion_Fus inding may dicate that the selease
of from the neryes u 1a spite of severe Srarsmutier deple
tion The uptake rf thtated noradsrenaline from the blood bv the sympathencally mrrvated
organ3 was about 40 per cent of norma) after this treatment Metaramunot jand 1ts preoursor
o methyl m tyrosune) s almast as efficient as reserpine m causing depletion of the adsenergiv
transmutter but this effect appears o be due to smmple displacement fatter than wwterfereare
with transautter storage and release

During the last few yvears a great deal of attention has beer prud to ¢ methyl m tyros €
gMMIT) o1 account of 11s abelity 10 produsce a severe deplenon of poradrenslinr (NA)
from central and penipheral neurons The actice agent 13 in facs the metabolie metar
amncl {g mednt f Rydroxy m tyramime)  Also after wyeetion of ths drug there 18 2
drop of the NA mn sympathetseally mnenated organs {for references s ¢ Carlson
1964 & Andén 1964 The misss 1z NA 15 almost stoichmometncally displaced by metar
amnol both after adminsstration of thus substance and of aMMT (Catls on and Land
qust 1962 Carlsson 1964 2 Andén 1964 Ldenfnend and Zaltzman “Narenberg UG#(
Shore and Alpers 1964 In an eacher studv we succeeded m getung displacement o
about B3 per cent of the \ 4 w1 sympathrtically mnervated organs of rats and cats Nt
even after thus intense treatment was it possible 10 detect imparement of the !)mpﬂhcm;
nerve funcuen (Andén and Magnusson 1964 It 15 to be nated that (— meiaramind!

136
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13 about 3 imes weaker 1n biological acuvity than (—) noradrenahine This finding has
prompted mvestigations into other aspects of the NA metabolism than the tissue levels
after such treatment In this paper results are reported from rat experiments on the NA
excretion 1 the urine and the tissue uptake of labelled NA from the blood after severe
displacement of the tissue bound NA by metaraminol

L

Material and methods

Adult hooded rats of both scxes we ghing 200—350 g were used throughout Since we wanted
10 study the urinary excretion of the NA from the sympathetc nerves only adrenal demedulla
ton was carried out by enucleation b laterally under pentobarbital sodium anesthesia (Farris
and Gnffith 1949 p 444) During the week after the operation the animals had access to 09
per cent sod um chionde solution m addion to tap water The demedullat on appeared
sausf ctory as the adrenals in the few cases examined always were almost completely depleted
of catechalamunes when determined according to Bertler Carlsson and Rosengren (1938)
further there was practically no adrenaline (A} excret on in the urime (sce results) At least 2
wecks elapsed between the adrenal demedullatton and the collect on of the control trme

The excretton of NA and A in the urine from the same groups of three rats was assayed before
and after severe tissue depletian of NA by aMMT plus metaraminol In both cases the unnz was
collected for 7 hrs During this ime the rats were restramed in scparate wire cages The hindlegs
were putled through holes of the cage floors The feet were fixed to the cage stands by means
of adhes c plaster The unne was vo ded directly nto tubes each contaiming 1 mi ™\ perchlone
acd The tubes were fixed to the stands between the feet The an mals had free access to tap
water and all of them were given about 10 m1 0 9 per cent sod um chlonde solut on1 p divided
into sev ral doses The hugh diuresis thus masmtained mught reduce such sources of error as an
smcomplete emptying of the bladder as well as an oudation of catecholamines m a non acid

fadder urme Miction was always provoked at the beginning and at the end of the urine
collection The urines from the 3 rats were pooled The tubes were washed with 3 ml N per
chloric acd which were added to the urme specimen
¢ unne specimen was divided into two equal aliquots They were treated in parallel
through the whole procedure after the addition of 5 g NA and 5 #g A to one of them The
free catecholamines were purified accord ng toLuler and Lishajka (1959) by passing the urne
sample (pH 8 2) through a column of alum niwm owde and by eluung with aceucacid D fleren
tial esimation of NA and A was performed spectrophotofluorometncally as descnbed by
Bertler Carlsson and Rosengren (1928) The recove ics of 5 g were on the average 57 per cent
for NA and 70 per cent for A All valucs were corrected for the recovery
t least one week after the collect on of the control urine the rats were treated with aMMT
plus metaraminol as reported earlier (Andén and Magnusson 1964) On 2 consccunve days
aMMIT was g ven intraper toncally 1n a dose of each 400 mgfkg (DL form monchydrate)
On the thurd day 0.2 mg/kg hevo-metaram nol (as L-(--) bitartrate) was iyrcted mto a femoral
ven Theurines from the treated rats were collected between 4 and 11 brs after the admin stra.
ton of the metaramino! Afterwards the ammals were mmediately sacnficed by decap tat on
and some orgins removed for the determ nation of the A levels The animals used as controls
of the NA levels as well as those sacnificed 4 hrs after the metaram nol injection » ¢ allowed
to move freely This was true also for some rats sacnficed after 11 hrs (see results) The Ny
cantents of the heart spleen and femoral muscles were est mated spectrophotofluorometrically
fier 1on exchange chromatography and ox daton as descibed by Bertler Ca lsson and
Rosengren (1958}

The uptake by the heart and femoral muscles of labelled N A from the blood was stadied n
raus non pretreated as well 2 rats depleted of N4 as described above In both cases (=)
A Hinadoseof 104g/kgb w w sinjected mtoatalven The () NA7 HHCl w th
& specific ¢t ity of 58 Clmmole was obtained from “ew England Sucl ¢ Corporation
Pri rtouse thim teral was shown to be pure by paper chromatography Inth p treated rats
the N\ H was given 3 b3 and 43 mun after the injection of the m taraminol \ll an mals were
saenficed by decapitation 30 m o afier the nyecton of the N H Th hearts and femoral
muscles were removed as fast as possb! Thewr contents of N4 Hw ed trmnedmalqud
scinullauon counter after 1on e hange chrom tographv (Carlson n 1 Waldeck 1963)
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Tapre I The concentrations of noradrenaline (ug/g mean £ S E) 1n different tissues of
rats treated with @ methyl m tyrosine plus metaramenol

Heart Spleen Femoral muscles
I No treatment 07440031 04240044 0097400021
(n=8) (n=5) (n=4)
2 4 s alter metarammol 006£0015 00340009  0005:000%3
(n=3) {(n=4) (n=4)
3 I hrsafter metaramunol without 00840013 00720003 000540007
urme collection (n=3) (n=3) (n=3}
4 11 brs after metaraminol with 0 18:£0014 01810010 0012200077
ure collection 4 hrs 11 hrs (n=8) (n=8) (n=3)

4-1 p<000] 4-1 p<0ODl 4-1 p<00O}
4-3 p<00!  4-3 p<000! 43 0l<p<0Z

Taste IT The effect of combined treatment with @ methyl m tyrosine and metaraminol on
the urmary everetion of noradrenaline (NA) and adrenalme (A) 1n adrenal de
medullated rats

NA in pg/hg br A pglkg bt

Control Treatment Control Treatment

period period pertod penod
Group 1 046 033 010 012
Group 2 046 044 002 006
Group 3 044 070 007 003
Group ¢ 050 062 600 002
Group 5 067 048 000 009
MeanzSE 051 £0042 05240065 0041£001) 0060019

Results

The tisse levels of N 1 After treatment with ¢\MT (400mg/kg s p on each of the two
preceding days) plus metaramnol (0 2 mg/kg 1 v ) there was a considerable reducuon
of the NA m the innervated organs of rats (Table 1)

‘The heart spleen and femoral muscles were depleted of 90—95 percentof their onginat
DA content 4 hrs after the administration of the metaraminol The NA levels did not
seem to change during the following 7 hrs in the anumals not restraed and ficed Un

expectedly there was a rise of the NA duning the same ume m the rats from which the
urnes were collected This was apy ly most in the :P‘“:‘
where the NA concentration mcreased from about 5 to about 40 per cent of norma
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Taste 11 The of titzated drensline (ng/g meantS E) mn the heart
and femoral muscles of control Tats and rats treated with @ methy] m tyrosne
plus metaramunal The rats were myccted with tnaated noradrenahine (10 pglkg
3 1 ) 30 mun before sacnfice

Heart Femoral muscles

Controls 362022 (n=5) 0112200039 (n=5)

Treated 1541008 (n=6) 004100083 (n=6)
p < 0001 p <000t

The unnary exeretion of M4 The values of the N\ excretion 1a the unne obtaned
before and after the tissue depletion of N A are presented 1 Table IT In the control ex
periments before the displacement of the tissue bound NA by metararmmnol the adrenal
demedullated rats were found to excrete NA to the urme on the average 051 pg/hr
and kg b w The A excretion was 0 m#g'hr andkgbw 1¢ theadrenal demedullation
appeared ful (In a few prel, 1t was obsenved that without
adrenal demedullation the A and NA e(crcuons were about equal and that this opera
tion changed the NA excretion hittle ) At least one weel after the collection of the contral
urine the same groups of three rats were treated with gAMT (400 mg/kg1 p on each
of the 2 days preceding the unne collection) and metarammnol (02 mgfkg1 v 4 hrs
before the start of the unne collection) Between 4 and 11 hus after the admumstration

of the metarammol the rats excreted on the average 0 52 fig NA and 006 ug \ per hr
and kg b w

The tissue uftake of AASH After a severe displacement of the tissue bound \ A with
there wasa h of the issue uptake of labelled \A from

the blood (Table III) In the control rats the heart and femoral muscles contained 3 6

and 0 118 ngfg {ng — 10 ) NASH respectnvely 30 mun after an1 v mgection of 10
#gperkgb v NA®H The same dose  as gnen1 v 3 hrs and 4o mn after metar

aminol 02 me/kg 1 v ) to rats pretreated with @\MMT (400 mg/kg 1 p on each of
the 2 preceding davs) At sacrifice 30 mun later there was 15 and 0041 ng/g NA 3H

in the heart and femoral muscles respectively 1 ¢ 42 and 35 per cent of the control
values

Discussion
Lile reserptne @MMT plus metaramnol can produce an almost complete depletion
of the tissue N A \fter reserpine of the heti nerves fails
10 evoke the normal funcuonal response (Carlsson ef af 1957 \Muscholl and V oge 1958
This reserpine effect 15 probably due to an inibited release of NA from the svmpathetic
nenve endings since the output or\ 4 1 the blood obuined 1 untreated smmals at
intense 15 almost blocked after
reserpine treatment (Bertler of af 19;3) Reserpme abo causes a considerable drop in
the unnary N\ of rabbits (Carlsson et a! 1957} raws (Leduc 1961 Johnson 1963;
and humans (Gaddum Kmo and Lavertv 1928 Carlson Boje Rasmussen and
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Krisyansen 1959) These uninary findings support the view that the NA i the unne
marnly m it heue nerves (Culer 1956 p 288) Thercfore
the app i h d urinary n of NA from the adrenal demedullated rats
afier severe displacement of the tissue bound NA by metaraminol may wdeate that
there is no reductson of the NA relcase from the sycapathetic necee endings afies this
treatment This interpretation of the results obtamed (i the present study gives 2n
explanation of our presious obsennation that this treatment does not imparr the sym
pathetic nenve function although at least 90 per cent of the MA n the tissues ts displaced
by the brologically about 3 times less actne t {Andén and M
1964
The uniaary excretion of NA was 2—7 tunes fugher in the present investigation than
m earier ones where the urine was collected from rats placed 1n metabolic cages
{Sehapiro 1958 Crawford and Law 1958 Halfelt and By,desnan 1961 Perman 1961
Leduc 196! Gunne 1963 Johnsont 1963) The discrepancy may pactly be due to the
Iact that the unne 1n this study was discharged disectly into an 2aid solution By this
procedure we avorded such sources of error as eatecholamine oadation on the sway to
the collection bottle or drying of the unne on the walls There are howerer alsq other
explananons of the high NA excretion It has been observed that a subcutaneous
wngectton of 2 small valume of saline to rats increases the unnary excretion of NA
{Crawford and Law 1958) an eflect probably not caused by increased dhurests (Euler
1956 p 167} andn all our expenments about 1D m! of sahine was gnent p The
restrawned and fixed rats frequendy struggled ta get free during the collection peniod
Increased museular work bas been shown to produce a substanual nise of the NA output
to the unne {Euler and Hellner 1902, It should not be a dusadvantage that the ympulse
flow of th= sympathetic nerves was high 1 our unne expenments since we wanted to
know if the NA release from the nerves was affected or not it has been found that at
cold stress  when the sympathetic tone 1s lugh (Leduc 19613 the NA eccretion to the
ursne after reserpine 13 more d) h lauvely to { controls than
at room temperature {Johnason 19633
1013 not unlkely that an wmcreased tmpulse flow of the sympathetsc nenes alsa nas
the cause of the significant nise of the NA levelesn the ammals u ed for the urae collectron
A hugh sympathete tone should produce an mereased retease of the metarammol from
the stare and umultaneously an (nereased synthese of NA (Euler and Hellner Byork
man 1955} Itss hkely that the release of metaramino} from the nerve endings was of an
order of magmitude much smaller than that of NA Part of the newly synthesized Mi
was prabably taken up 1n the store replacing the lost metaramnol The MA levels did
notnise very raprdly however and were sigmficantly drpressed compared with the us
reated contrals al o at the end of the urtne collectian ¢ ¢ the uemnary output of \A
appeared unchanged despite severely depleted nssue stores of NA dunng ihe whole
riod
Reserprae blacks almast completely the uptake of NA from the blood by the sym
pathetic nerves of peripheral organs Muscholl 1960 Hertting Axtlirod and Whithy
1963) There 15 a certasn temporal correlation between NA uptake and adrenergic
nene function after reserpine treatment  the uptake 13 almost completely snhibited as
long as the adrenergic transnmssion 53 blocked when the nene function reco €13 the
uptake rapidly rises to about 40 per cent of that of untreated controls (Andén Magnus
son and Waleck 196%) The nssue levels of “A are very Jow at the fime of yecovery
of the nerse function and return to normal much more stawly than the uptake mechan
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1sm Tt 1s noteworshy that m the present s estigation the same discrepancy between
NA uptake and NA concentration ewsted 4f er treatment with aMMT plus metar
amnol Hess et af (1961} veported that a MM to guinra s reduced the uptake of
Tabrlled N 4 by the heart also by some 60 per cent but 1n theis cxperiments the NA drop
was only about 70 per cent Itseems thue as the ads 18

at a NA uptake about 48 per cent of the normal sace ths salue was ohbtamed both
after treatment with a VAT plus metaramunal and at the recos ery from the sympathenc
blockade produced by reserpine As mentioned above at both mstances the sympathetic
nerves funcoon app i \f { although the sympath sanen ated organs ase
depleted of at least 90 per cent of their NA From these data 1t appears that onlv a
smnall fraction of the & 1m store 1s immediately necessary for neese function Hollarp
(1960 was the first to ducover the non homogeneous nature of the adrenergie store
by shomng that the catecholamines i the adrenal medullany granules orcur i two
pocks one large stable fraction bound e an equy alent amoont of adenosne phesphates
and one smatl labile fraction bound m an upknown manuer \onoamunes seem to be
primanty incorporated nto the small fraction both m adrenal medullary and nerve
geanules and 1t 13 probable that the srmme release takes place to a normal extent only
when this mechanism 18 tatact {for referrnces see Caslson 1964 b) There are several
posstbiltties of the difference between the uptake of \ A ¥ 15 the ammals untreated
and thase grven @MMT plus metaraminol of those 1 the secovery phase altes reser
puruzation  For cxample n the non pretreated ammals approumately 60 per cent
of the WA ¥ may be w the large fi ity rather mert fraction and
the mcorporation wio this fraction may be blovked for 2 fong tine after treatment 3 uth
@MMT phus metsrammnel or with seserpme Anyhow =ven after the severe depletion
of the tssue MA by @\IMT plus metaraminot the sympathetic nenves can mcorporate
a consderable amount of % 4 *H and thus ability may explain why the N A releasr and
thus the adrenesgsc transmusston 1 apparently ummpatred

Thus ivs esnganon was supported by Public Health Service Research Grant NE 84358-02 from
the Nationat lastitute of eurolomeal Diseases and Bundnes, My thanks are due 1o Mr
Berad Waldeck for the *Huderermmatinns. For teehrical ag snee 1 am grancfal 1o \fe Lars

Jbrahansson Mrs Inger Baeson Vs Chnstina Hollen and Mos Buegiaa \ildover Hog
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FProperties of Afferent Connections to the Rostral
Spwnocerebellar Tract in the Cat
By
O Oscarsson and N Uppesserc

Recenned 29 Scptember 1964

Abstract

Oscarsson O and N Uddenberg P pertaes of afie ent comnerd ons o the o tral sprnacereb Hor tract a
the cat ety physol scand 1965 64 143153 — Properucs of the rostral spinacerchellsr
wact {RSCT) have been stuched and compared » 1th those of s functional andtimb equi alent
the ventral spmocerebellar teact (\SCT) Bath RSCT and ASCT are monosymaptcally
act sated from high threshold G aup I muscle affe ents and polysynapucally mBuenced from
the flexor reflex afferents Exaitation f om Gsowp I afferents s mono- i and pobysynaptic
n the RSCT but exclussvely monosynaptic 1 the VSCT The monosynapuc hinkage has
different praperties n the two tracts Th eff cs from the fiexor reflex afferents 2 ¢ predo-
munanily exeitatory 1 the RSCT and predom nantly ahb tory in the Y SCT The's gn ficance
of i Yart o o d Merences m the o gan za8 o of the twe tracss 13 ducussed

The rostral spinocerebellar tract (RSCT) s acusated from spsfateral forchmb nerves
T anatomucatly distnct from the dossal spinocerebellar sract (DSCTY ansung from
el bodhes rostrat 1o Cla he s column and 1n occuphing a relatnely ventral posstion
10 the cord and from the weatral spinace cbellar tract. A SCT1 1 betng uncrossed In
addition the RSCT differs from these 1 acts m reachine the cerebeltum thraugh the
resuform body as v eft as the bracluum comunctnum  Oscamson and Lddenberg
1961

The DSCT and \ 9CT hase no cemponents refated to the forelmbs and front part
of the body (Holmqaist (scarsson angd Lddenberg 1963 The RSCT 15 hos mer
2 functional equialent § she VAET Thus 15 d monstrated by thr genireal sirdanty
the arganwation of afl rent  onnecnons and the sinular mode of termipanon in the
cerebelfar corten Oscarsson | b Oscarsson and Uddenberg 1964 Both RSCT and
A SCT are monow w2 calh activaied from high t reshald Group | muscle afferenes
and pol synag tcatly fl enced from ¢ Rexor refex afferents FRLA

143
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This paper describes the properties of the syraptic liskage betwcen Group I afferents
and RSCT neurones The charactensies of the FRA connections to these nerones
will also be reported. The sigmificance of stmil. and diffe m the
of the RSCT and VSCT w4l be discussed

Methods

The expeniments were done on cats The body temperature #as kept between 36 and 385 C.
The blood pressure was continwously recorded and preseated from falling below 8D to 90 mm
Hg Artificial venulation was used 1n most expertments.

a Mass discharge recordng The anumals were usially ynder pentobarbitone anaesthesa
In the left forelimb the following nerves were dissected and mounted for stmulation the
muscle component of the suprascapular nerve {SSC) the axllar nerve {Ax) the nerve to the
long head of the triceps (LHT) the biceps nenve (B} the deep radial nerve (DR) the super
ficial rad al nerve (SR) the median nerve (Med) and the ulnar nerve (Uln) The radial nerve
was prepared m the night forehmb 2nd the hamstring tneeps surac and superficial peroneal
nesves were prepared bilaterally m the hundhmbs The spinal cord was exposed through 2
lamunectomy mcluding the second and shird cervical vertebrae. Mass discharges in the R9CT
VSCT and DSCT were recorded from the Jeft lateral furuculus d ssected 2nd mounted on
recording electrodes as described previously {Laporte Lundberg and Oscanson J9,6 Holm
quist etal 1963 b} The dorsal funiculus was dissected at the same srgmental level to permut
monophasic recording of prumary afferent volleys Vollevs from the hindlimb nerses were
monstored by triphasic recording from a proxunal part of the sciztic nerve.

b Umit recording The anumals were d and ether decrrebrated or decap
‘They were paralysed with gallamine The forehimb nerves dissected for sumulavon werc those
Iisted above The nght hanistring nerve was prepared for stmulation an order to permit
sdentification of A SCT umts otherwise the hndlimbs were left mtact. The left dorsolateral
surface of the cord was exposed through a smali open ng i the caudal part of the lamms of
the second cervical vertebra The dura was spl t and the cord lightly pressed aganst the rof
of the spinat capal by pellets of gel foam inserted beneath the cord outside the dura Thss
procedure  together w th bilateral pieumothorax, presented respisatory and cr-ulatory
movements allowing stable record ng with capsllary microelectrodes from fibres m the lateral
fursculus The afierent volleys were recorded traphas cally from the dorsal funsculus at the same
segmental level (C3)

Iz and “fb affeents are used synonymeusly with largs muscle spndle and tendon orgat
afferents  Jpnlaerel and  contralateral  refer 1o the 5 de of the ascending axons Shmilis
strength 15 expressed in muluples of the strength necessary for evoking a barcly vis ble mngomg
solley

od

Results

A companson between the RSCT and VSCT 15 of considerable mterest as these w0
tracts related to the foreimbs and hindlimbs respectively can be regarded as fur¢

tional equivalents Most of the expeniments were desygned to permut recording o™
both tracts 1 the same amma) Identhcation of the tracts was based on the finding
that ascending sptnal neurones activated monosynapucally from Group I muscle
afferents belong to the RSCT when related to the tpsifateral forehimb and o the } sCT
when related to the contralateral hindlimb {Lundberg and Oscarsson 1862 Qscarson
and Lddenberg 19641 The \ SCT has previously been studied in considerable amg
(Oscarsson 1956 1937 1960 Eccles Hubbard and Oscarsson 1961a, Lundberg 37

Oscars.on [962) and our observations on thus tract are m agreement with those alresdv

reported.
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Fig 1 Record ag from RSOT unw {lower trace} un stzoulat an of the decp radial nerve (DR
records A—F) and the superficial radit nenve (DR record G) ot adiated strengtfs The
affercnt softey {upper trsce) was recorded trphasically from the dorsal funuctdus at the same
segmental Ievel ay the vucroelectrode (€31 Two or three superposed traces

A SSC s B tzo0 © isoc D S50 € S0
bt Bt
MSEC MSEC

Bg . Recording from RSCT unn {upper trate) op sumulat on of the muscle componers of
the suprascapular nesve (S5C) at and ated streagths. The affercnt voliey lower traces wis
recorded tiphat cally from the donal fumcolus 2t the same segmental level ay the mucry

electeade (C3) Records D and E were obtamed nmpdtaneoush st different

1 Connecteons with Group £ affireats

& Synaplic lirka ¢ The sesponse evoked 1 RSCT gewrones by a velley m Group I
afferents has been studicd by recordine from maore than 140 units in §5 expts The mam
Ber of connrcuons invesugated 18 lacger as most of the RSCT neurones receved Group
¥ exrniavon from more than one nene The response was wsually 3 single spike with
2 shost latency indicatng 2 monossmaptc hinkaze For examptr w Fig | sumulaton
of the deep radial neme evoked an wmpulsc vt a latency of |0 msee 28 meaured
fatne 10 the afferent volles recorded at the same segmental levet Ths valae corre
sponrdt approximately 1o the  wpapuc delay  as the conduction velocity is abous the
$3me in the prmary affer nts ascending i the dorsal funsculus and m the trace fibres
(Rexed and Surbm 1957 Oscarson and U ddenberg 1964

Obsen atians made on som= P SCT whus sndieate thaeds and palysynaptec exatanon
from Geoup 1 afferents also oc urs In occasional urts 3 spike appeared after a latenes
of mare than 2 msee a1 3 fow srength This lateney decreased abruptls 1o § msec or
3ess at hugher steengths of suommtation \ umt « wh tus behaviour was iliustrated m 2
proviens paper (Oscarsson and Lddenberg 1%4 iz 1 In othrr poies the imeney
was Jong alss on sumotanon a3 maximat Group 1 strength The wist sho m m Fig
was acuvated by volleys in the suprascapular nenve At 2 law sirength producing onls
3 mall afferenc volin A am acnon potential appeared afier o fuency of 40 mare
With 2 large Group U otley the latencs decrrased to 2 3 ot B € Lats of this
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Fig 3 Latency of first spike evoked 1n RSCT umts by a volley in Group I afferents (A—G) and
cutancous afferents (H) Ordinate number of cases Abscissa latency of first sp ke relative to
afferent volley recorded at the same segmental level as the unst response (C3) The follow ng
nerves were d the muscle c of the nerve (SSC) the ax liar
nerve (Ax} the nene to the long head of tnceps (LHT) the nerve to biceps (B) the deep
radial nerve (DR) the median nerve (Med) the ulnar nerve (Uln) and the superficial racial
nerve (SR) Histograms A—E sample spikes evoked by Group I volleys that were less than 70 per
cent maximal and histograms F and G spikes evoked at sumulation strengths of less than 13
times threshold See the text

type were usually actn ated by Group I afferents in other nerves after a latency proving
a monosynaptic hakage and can hence be identified as RSCT neuranes
Action potenuals evoked after a latency indicating a di or polysynaptic inkage were
often observed on stmulation of the suprascapular nerve but occurred also on sumula
tien of Group I afferents in the other nerves tested as shown by the histograms in Fig
3 A—G It should be noted that the discharge evoked by a volley 1n the biceps nene
1n each of the 3 cascs obsened had a latency indicating intercalation of at least on¢
(Fig 3 D) A—T sample spikes evoked by Group I volleys
that were less than 70 per cent maximal This would exclude any appreciable contrt
bution from Group II afferents n most cases Histograms F and G relating to (A€
mixed median and ulnar nerves were obtamed by sampling responses evohed at

stumulus strengths below 1 3 times threshold which would exclude contribution from
i TT covsverla afTorerte tm the rmainrtv of the cases

T TP
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¥ § % Experiment to dernansteate threshold separat o between Group T afferents and cuta

neous aflcrents 1 the winac nerve ‘The traces show { om above do mwards afferent volley
1 the dossal fun culus {1 v) mass dicharge s tracts ascending n ihe nicrmedate one third
of the lateral furuculus (ateral fasc cle LE) and mass discharge n tracts ascending n the
dorsal one tht d of the tareral fan cubus (dorsal fasc cle DF) The dorsal fun cutus and the
<ossal and ventral fase cles were dissected and mounted fo record ng at the €3 level A—E

st mulstion of the ulnar nerve {Lin) and F ] st mulation of the superficial adisl nerve (SR)
atmdicated st engths

The threshiold sepa at on betneen Group 1 aff Fents and cutaneaus afferents in the ulna
fene 18 dlustrated in ¥ g ¢ The mass discha ge esoked n a Iateral fasc sle conta mng 1h
was compared w th the mas d scharge esaked 5 a torsal fasacle conta n ng the dorso-
med al cucancons tract vehich presus ably 15 denncal w th che spinocerncal smact (Holmgwst
12l 19635 On sumutat an of the wlnar nerve the RSCT discha e was appreosble at § 38
(%) and large a1 § 50 times th cshald (B The discha ge 1 the cutaneous ract appea edat |y
umes & ehold (B) Ther va tule peed fo  ponal summann »n the culaneous 1 act as
liust ated by records Fof e traces) obta ned on 1mulat n of the supert al radiat
neve Hence 1 can be concluded 1 at £ w cutaneon aflerents were included m the volley
om the ulnar nene befo ¢ the sumulus 1 eneth had been rased be 13 € mes th eshold
S milar observauons were made n othe evperments on trmufat on of th m dan and ulna
nenes and how thatfew fam cutanerusafl  nis we e cinated ba sumult below 13 ¢ mes

th eshold

The RSCT unat shov t Fig 2 responded + 1th a repeative discharge 16 sumatlation
of Croup | afferents in she yupraseapular nere B C1 The fow threshold artues agamst
the posabilits that the Ister impad o3 v ere produced by Group H afferents and so does
the absence of further spikes at hagh s streanths with actnaton of many Group T
afferemis 1D Lo A repetitive discharge produced by a Group T voBey was relatmely
ofien alseried on sumudation of the sup ascapular nere The iminal spike had ather
a short monosymaptic or Jong latency  Repetit ¢ sctowty  as onl exceptionally
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Fig » Configuration of mass

RSGT vser discharge 1n RSCT and \SCT

as recorded from the lateral

MSEC funiculus dissected 1n the thud

cervical segment The discharges

were evoked by slightly sub-

maximal Group I volleys from

the ipsilateral deep radial nene

{RSCT) and the contralateral

MSEC hamstring nerve (VSCT) The

upper and lower records were

obtained simultancously at dif
ferent speeds

f
|

evoked by Group I volleys in the other nerves (¢f Oscarsson 19652 Table I) Presum
ably the repetitive dusch was due to prol ] h bombards from
mterneurones

The records 1n Fig 5 show, on a fast (upper traces) and slow time base the mass
discharges i the RSCT and VSCT evoked by volleys i Group I aflerents and recorded
from the lateral funsculus dissected 1n the upper cervical region The difference 1n

of the disch 1 The long duration of the RSCT discharge
15 due to the late activity v oked in the RSCT unsts and described above The duration
was long already when the discharge first appeared on sumulation of muscle nenes at
121 4 times threshold strength and did not change markedly with additional actrva
tion of more Group I afferents (Holmquist et al 1963b Fig 2 Q—T) Thus s n agree
ment with the observations made on single fibres and suggests that the early and late
spikes m the RSCT unts ssere cvoked by the same category of high threshold Group I
afferents The short duration of the mass discharge 1n the VSCT (Fig 5) 15 explamned
by the briel EPSPs (exaitatory post synaptec potentials) which arc evoked in the tract
neurones through their excl ly < with Group I afferents
{Eccles ¢t of 1961a)

The front of the discharge in the RSCT was less steep than thatn the VSCT (Fig 5)
The reason for this dufference 1s obscure The front 15 formed by the monosynaptically
elicited spikes in the individual ncurones The Group I volley from forchimb nerves
(Holmgqvist ez af 1963b Fig 2 A—H) 1s as synchronous as that from hindlimb nerves
and 1t seems unlikely that unequal conduction elocties of the RSCT fibres would
ntroduce any uignificant temporal scatter considertng the short conduction distance
1 the RSCT (about 4 5 cm) Perhaps the pnmary aflcrent collaterals leading 1o the
RSCT neurones havc widely different wonduction selocities and therefore actvate
these neurones after varying delays

b Synaptic properties It has presiously been shown that the properties of the synaphic
Inkage between Group I afferents and VSCT ncurones 1n some respects differ [ro';‘
those of the sy naptic inkage between Group I afferents and DSCT neurones (Eccles¢ &
1961 a Eccles Oscarsson and Vvillis 1961 b) The observations described below de

diffe in the prog of the ptic Imkage to RSCT and VSCT

peurones respectinely o wath
The findings 1n Fig 6 and 7 are tsypical of a senes of experiments concerned ¥ M

changes 1n the synaptc transmission duning and after repeaute stumalation 1n fng“d

the amplitude of the mass discharge 1n the RSCT VSCT and DSCT has been plot
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Fig 6 Effect of frequency on 160,

amplitude of mass ducharge m 40 o0,

e RSCT VSOT and DOGT. "0 ,/5Q ™

The amphitude as percentage of 120, o

the slow st frequency response 15 crs b ot

plotted agamnst frequency of % 7 TR T -
sumulation’ The masy discharges 20 t ~

wert recorded f om the lateral B ~e
fumculus dissected and mounted L X fseT “*&,\
for stmulatim at the C3 level 201 O VSET

The d scharge in the RSCT was oser &
evoked by comb ned sumulaton 20

of the ipslateral deep radil

nerve ang the 1Pl o 0F 1 2 35 W 030 %6 o 0
10 the long head of tceps the FREQUENGY (c/5EC)

discharge in the VSCT by com
bmned Agumnhuon of the n{mlnh(«-ml hamstang and triceps surae nerves and the discharge
1 the DSCT by combimed stmulation of the corresponding ipsilateral nerves

Fig 7 Post retamc potentaation

T
of mass discharge mm RSGT and 200- - vee
NSCT Sumulating and secord /\. RsCT
g arrangement as wn Fig 6
Ordmte amplitude of mass =
ducharge a3 percentage of vatue f““’\ T
bta ned beface the etanus Ab- h

2 tme after tetanus (dura \%\-\“:}h\-l
tion one minute frequency 300 -
stmuli per second) The tesing i

scharges were elicted at a fre
quency of § 55 per second

) 120 3¢

agamst I fi The nts were made after a steady value had
been reached after about 10 sumuli at the Jow frequencies and after a much larger
number of sumuli at the high frequencies The mass discharge n the VSCT increased at
frequencres above 35 per sec became maximal at 10—50 persec and deereased below
the control value at frequencies above 100 per sec The mncrease of the VSCT discharge
on repetitive fation ss due fo & ponding increase 1n the size of the Tb EPSPs
12 VSCT neuroney (Eccles #t of 1861 a5 On the other hand the RSCT discharge
decreased in amphude at frequencics above 3 per sec This suggests that the EPSPsin
RSCT neurones decrease w size on repetitive stmulation yust a3 the Ta EPSPs n imb
motoneusones (Curtis and Eccles 1960) and the [a and Ib EPSPs in DSCT neurones
(Eccleseral 1961 The DSCT discharge did not decrease unul the rate of the sumula
liom was increased above 15—20 per sec whe eay the EFSPein DSCT el
2} e
ta di ¢ frequeac es above T per sec (Eccles ¢t al
!um;rl;ﬁ«-mm.“;:i::rd e D?g'r duscharge at higher frequencies was due to a large
hnkage (of Oscamson 1960h)
“22 e of the s}mp:;u;n\ o obtamed by recording from single umits Most
RSCT o 3“(";&? e fallowed presynaptic sumulation ratey of sevcral hundreds
Por sec il e o per o of sumulation (sseral seconds: the b ghet frequency
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% . Fig 8 Effects on RSCT mass
140 ha discharge I}:roduccd by conds
LY tioning volleys m cutaneous and

120 / * SR(5TH)-> DR muscle afferents Upper graph
o) o0s\e © SRISTH)-» Ax the conditioning volley waselic
A\ tted m_the superficial raduat

S - 02 e— nerve (SR} and the testing volle

K o e mn the deep radal (DR) and

80 TOE_erw axillar nerve (4x) respectively
— Lower graph the condinoning

o 20 40 60 80 volley was elicited in the nene to

the long head of triceps (LHT}

v 4 LHT — pR and the tesung volley in the deep
1 radial nerve The condstionn
0] .2 x2TH ozoTH ed0TH velles were hercd 3t :gcm,:g
e ulation strengths indicated on the
100§ A e So 1o graphs The amphtude of the
x © o—0 / conditioned discharge tn per

804 .. cent of the uncond tioned one
—_ — —_— 15 plotied agamst volley interval

o 20 40 60 MSEC 80 1 mse¢

that was followed faithfully had decreased to between 100 and 200 per sec 1n most
RSCT and VSCT neurones

Previous mvestigations have demonstrated that the post tetamc potentiation of the
mass discharge 1n the VSCT 1s much larger than m the DSCT though smaller than
the potentiatron of the monosy naptic reflex (Oscarsson 1957) The potentiation following
a prolonged tetanus 1s preceded by a depression which has a shorter duration 1 the
VSCT and DSCT than 1n the monosynaptic reflex (Lloyd 1949 Oscarsson 1957) It
has now becn found that the post tetanic potentiation m the RSCT resembles that in
the other two spinocerebellar tracts m having an mital depression of short duraton
(Fig 7) Ths d was what more 1n the RSCT than m the
VSCT (Fig 7) In the three I d the p was less m the
RSCT than 1n the VSCT (Fig 7) though 1t was larger than the potentianon usually
found in the DSCT (Holmgwist Lundberg and Oscarsson 1956 Oscarsson 1957
MeclIntyre and Mark 1960)

2 Connections with FRA
The effects produced m RSCT neurones by volleys i cutancous and high threshold
muscle afferents were studied on mass discharge and umt recording A cond:tioning
cutancous valley always facilitated the RSCT mass discharge irvespective of whether
the testing discharge was evoked from a muscle nerte mnervanng structures close €0
or distant from those nnervated by the cutancous nerve (Fig 8 upper graph) A shight
depression usually followed the (acilitation

Volleys in high threshold muscle afferents were less effective There « as usua")’;
weak facifitation followed by some depression but sometumes only a weak (less than 1
per cent) faciltation or nhubition Ty the example shown i Fiy 8 (lov er graph) 2
conditioning volley 1 Group I afferents (crosses) produced no appreciable effect
whereas additional activation of Group 1I and III muscle aflerents produced some
ihibition {open circles) and at hugher strengths of sttmulation also some ymtsal fachta

tion {filled ercles)
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A vollev in FRA afferents often ebcrted a duscharge 1n the RSCT neurenes For
example m Fig | stmulation of high threshold {Group If and I{I) muscle afferents
(D—F) and cutaneous afferents (G) produced repentive actisety The latency of the
first impulse eheited from the skin nene and measured relative 1o the aferent volies
recorded at the same segmental level, vaned from 1 7 to manv msec The shortest
fatencies are sampled 1n the histogram of Fiy, 3 H The first spike was usually exoked
at a low sumulus strength and the latencies wdcate that the transresson + as du or
polysynaptic The mrmumal latency of the spibes evoked from high threshold muscle
afferents was 14 rosec longer than the shortest latency of the spikes evoked from
Group 1 afferents This latency s too long to be explained alone by the stower conduc
t1on velocry 1 Group 1 afferents It suggests that the synapuc hnkage was dr or
polysynaptic

Discussion

The RSCT 15 a forelunb equivalent of the VSCT This 1s demonstrated by 1ts mode of
termunavon in the cercbellum which 15 stmular to the termiation of the VSCT and
charactenstcally dufferent from the termmation of the DSCT and the cuneocerebellar
tract {Oscarsson and Lddenberg 1964) Tt 1s al by the general simdlarity
11 the orgarization of the afferent connectians to the RSCT and \SCT Bath traces
are monosynapteally activated from tugh threshold muscle afferents which can be
wentsfied as tendon organ afferents (Oscarsson 1956 1957 1960 19633 Eccles of of

19612 Holmquistetal 1963b} and polysynaptically mflueaced from the FRA. Further

more the comvergence of Group I excuation (o mdiidual newrones 1 saulac m the
RSCT and VSCT In both tracts the comergence 13 extensiie each neurone bemng
usually 3ctivated from synergic muscle groups at several jomnts, someumes even from

one muscle group at each of the main omts of the hmb (Oscarsson 1957 19%62a Eccles
e al 191a)

Hou ever there are alio diffe

in the of the two traces
Group I afferen.s activate RSCT neusones not only throuzh & monosynaptic linkage
but also throueh dr and polysynaptic connections On the other hand the hnkage
etwcen Group [ afferents and % SCT neurones i esclusneh, monosynapue (Eceles
el 1961a) The monosynapuc Lnkage has different properties 1n the two tracts in
the RSCT B d  on repentive at bets ern
5 and 100 per se. whereas u 15 facilitated 1n the VSCT This i presumably due to
corresponding changes 1n the size of the EPSPs that are elicrted 11 the tract newroney
The ume course and maguutude of the post tetanic potentiation were ako different i
the RSCT and \SCT The of the daff- 0 svnaptic prop [
unknovn they presumably represent adaptations to specsal funcuions Diff~rences of
the same order have been observed 1n the praperties of di synaptic connectians of
other functionally related pathwa s For example the 12 EPSPs n kmb motoneurones
decrease m size an repettin e surmulaz on whereas they sncrease in respiratorv moto-
newrones of the thoracic cord  Curus and Eccles 196D Sears 1964

The FRA effects are predomunanth exartatory n the RSCT and predominanth
tmhibttory 10 the L SCT Thisdifference berween the twotractsmay be of hetle general
siwnificance a5 11 15 known that some \ SCT neurones m the cat reces e predommanthy
€xaitation from the FRA Qscarssan 1927 and that exatation 15 it e domunant effect
1 the VSCT of the dog  Oscarsson Rosén and Lddenbrrg 1964
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In additon to these functional distinctions between the RSCT and VSCT there 1s
one major anatomical difference the RSCT 1s uncrossed and the VSCT crossed at the
scgmental level The importance of this fact 15 apparent when related to the recent
discl that d and crossed ding spinal tracts differ in fundamentat
respects (Oscarsson 1926 19642 Magni and Oscarsson 1962 Holmgwist and Oscarsson
1963 Szentagothat 1964) The uncrossed tracts ascend in the dorsal part of the lateral
fumiculus and ongmate from cell bodies 1n the dorsal or dorsomedial part of the spmal
grey matter The crossed tracts ascend 1n the ventral part of the lateral funiculus and
m the ventral funiculus and onginate from cell bodies 1n the ventral or ventrolateral
part of the grey matter Furthermore the uncrossed tracts have apsilateral receptne
fields of polysynapuc actions whereas the crossed tracts have bilateral fields In accor
dance with the latter “rulc 1t has been fourd that the polysynaptic effects from the
FRA are ipsilateral 1n the RSCT and bilateral in the VSCT (Oscarsson 1957 1965a)

The fat that the RSCT belongs to the uncrossed tracts and the VSCT to the
crossed tracts suggests that thry haye arisen independently from different embryological
anlages by parallel evolution of similar patterns of orgamzation The two tracts would
be analougous rather than senally homolo_ous structures The reason why the hind
hmb and forcimb tracis have developed as separate anatoruical entities 15 unknown A
siralar situation 18 encountered in connection with the DSCT and the cuneocercbellar
tract These two pathways relat 1o the hundlimbs and foreimbs resp 1y and
contam lar ely ey lent channels for proy 9! and 5L information
(Holmqust Qscanson and Rosén 1963a) On the other hand there 18 no evidence for
anatomic.] diffeiences between the forehmb and hindlimb components of the major
pathways to the cerebrum  the dorsal funtculusemedsal Jemnscus sysiem and the
spinocervical tract (Kruger Suminoff and Witkow ky 1961 Andersson 1962 Oswaldo~
Cruz and kadd 1964) thouyh 1t has recemtly been shown thac the former system
contams a forehmb but not a hindimb channel for informanon from large muscle
spindle afferents (Oscarsson and Rosén 1963)

Ttus work was supported by a grant from the Swedish Medical Rescarch Counall Techmical
asustance was given by Mr A Jonsson and Muss Ulla Persson
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Integrative Organization of the Rostral Spinocerebellar
Tract 1n the Cat
By
Ocov Q.carsson
Recersed 29 September 1964

Abstract

Oscarsson O Integratie organt atun of the rostral spwnocerebellar troct sn the cat Acta physiol
scand. 1965 ¢4 153—166 — The consergence of svnapt ¢ actions f om Group 1 muscle
afferents and flexor seflex afferents (FRA) 10 rostral spinocerebeliar tract (RSCT) neurones,
and the effects produced 1n these neurones by natural stimulatron of receptors have been

i The from Group I afferents was related mainly or ex
clusively to rendon organ afferents The consergence of Group 1 excitation to indidual tract
aeurones \as usually extensine thete was often excitation frata one muscle group at cach of
the shoulder elbow _aid wrist and finger joints The RSCT neurones recenved polysynapt €
exatation from the FRA of large receptive fields in the ipsilateral f relimb These lds had o
obvious relation to the Group I receptise ficlds The effects evoked by strmulation of cutaneous
receptors were weak The FRA effects [rom muscle were often strong on marntamed stretch
there was only moderate adaptation and cessation of stretch was followed by an afterdischarge
The organizat o0 tn the RSCT and \ 5CT (v eéntral spinocercbellar tracy) 1s compared and the
wformat o forwarded by the two tracts us discussed — Ad fittonal obseryations demonstrated
that V SCT neurones were iofluenced from the FRA not only o hind! mb but also 1a fo elunb
nerves. There 1s a discuss on of the sigruficance of this finding for a hypothesis concerrirg th
1nformat ve value of the FRA connections to ascend ng tracts.

The course and termunation ol the rostral spuocercbellar tract {RSCT, and the
general oryamzation of the affereat connections 1o this tract v ere desenbed in pres aus
papers (Oscarsson and Lddenbery 1903 1965 The RSCT as acinated monosynap-
tcally from hi b threshold Group 1 afferents and palvsynapucafly from the fevor
refiex afferents FRA  The RSCT 1 a funcuonel equnalent of the ventral spino-
cerebellar tract 1V SCTH as demonstrated by the sumilar mode of termination 11 the
cerebellar costes and the similar orgamzation of afferens connertons (Oscarsson 19640
Oscarsson and Lddenterg 1964 The recepune helds of the RSCT neurones arc de

seribed in thie paper toyether  1th obsenations on natural sumulation of rufp“”’d
“The findings prrost a further comy anson of correspondin,, features i the RSCT 2%

104
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\SCT The experiments have been destaned to permit recordin from botht these
tracts 1 the same ammal and some new observations on the VSCT have beea added to
tho ¢ de<cnib»d previously (Oscarsson 1956 1957 1960 Eccles Hubbard and Oscarsson
1961 Lundbers, and Oscarsson 1962}

Some of the findin_s have been repoited i brief (Oscarsson 1954b)

Methods

“The technique and the p cparations have been described in prev ous papers (Oscarsson and
Uddenbe g 1964 1963) Electrophys ological sdentifi atton of RSCT and \ SCT neurones has
been based on the finding that ascending spmal neurones actnated monosynapt alty fromu
Group 1 muscle aflerents belong to the RSCT when related to the ips lateral fo ¢hmb and to
the VSCT when related to the contralateral b ndl mb (Lundberg and Oscarsson 1962 Oscars
son and Uddenberg 1964)

In the ipsilateral forel mb some or alt of the following nerves were prepared for stmulat on
the muscle component of the sup ascapular nene (SSC) the ax Har nerve (Ax) the ner ¢ to
the long head of triceps (LHT) the nerve to biceps (B) the deep radial nerve (DR) the me
dian nerve {Med) the ulnar nesve (Uln) and the superficial radial nerve (SR} The Latter
three or four nerves were mounted on stmulati ig electrodes but usuatly left a connect on 1th
the penphery i order 1o permit simulation of receptors Nerves not dissected for sumulation
were keft intact except a few (the musculocutaneus the cutaneus mediahs and  ome muscles
branches in the upper arm) winch were eut du ng the disscetion The rad al nerve was dis
sected for stmulattn in the contralatetal forel mb wh ch was otherwise Jeft intact The contra
{n\c;:) bamstring nerve was the only nerve dissected and mounted for str nulation in the h nd

i

Some experiments were designed o study effects on natural sumulation of muscle receptors
The spsilateral forelimb was denervated except for the deep radial 21d median nerves which
Were mounted on stmulati g elect odes and left in connection v ith the periphery The tendons
of tre follow ng muscles  ere prepared for pulling by hand or loatd ng_extensor carpi rad alis
otenso d piorum commums extensor d gitorum lateralis extensor carpt ulnars flexor
profandus d gitorum  palmarss longus and flevor carp radrahs Gallamune v a3 g ven 1 order
fo protect the nerves from damage due to muscle contract 015

Ips lateral” and  contr lateral” refer to the side of the ascend ng axons St why stren th 15
e mmul ples of the strength necessary for evoking a barely vis ble ngo ng  olley

Results

Y Patterns of gomtergence

o Graup [ \forests The contnbution from G oup 1 afferents in various nerves o the
actn1ty 1n the RSCT was studied by recordine the mass discharye in the trace In Fi, [
the intermediate one third of the lateral funt ulus was d ssected for recordin., i the
upper cervical cord This pare of the funsculus contuns the RSCT but not the dorsome
dhal cutancous tract + 1th its prommnent monosynaptic discharge eioked Irom cutancous
afferents (Holmqyist Oscarsson and Uddenberg 1963b) The RSCT dischar ¢ cvohed
by a mawmal Group I volley 1n 5 muscle nierves 1s shown by records A—E Sumulation
of the suprascapular avillar and deep radial nerves produced large discharyes the
triceps (LHT) nerve a small discharge and the biceps nerse a hardl vas ble discharge
Th mixed median and wnar nenes were sumulated at 25 tumes threshold strenth
whith vould acthate cutaneus afferents and Group 11 muscle afferents in sddiuon
1o the Croup I affe ents Oscarsson and Lddenber 1963 i, 4 Sumulauon of the
skin nervconly evoked a mall early response (H a this p1 rof the fupiculus It can be
concluded that the init al monos naptic component of the mass di charies evobed from



108 OLOV OSCARSSON

Tasre b Consergence of excitatory action (o 40 RSCT unss in 3 expeniments (1111} Ab-
treviatons of nenves arc explaned in Fig 1 Excratory action {dascharge evoked by

Exp S SSC W LHT B* DR Med Ul SR Conv
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s ngle volley) 15 indicated as follm s — monosymaptic acuwation from Group I

{+) di or polysynaptic activation from Group I ¢ repetime acti ation from
Group I F activation from FRA. \Monosynaptic exaitation from Group I arbutrar
sly assumed 1 hen the latency of the response was less than 15 msec as measured
relat ve to the afferent vollcy recorded at the same segmental lesel (cf Oscarsson
and Uddenberg 1965) Column 10 extreme night figure number of nerves supplvmg
ronosynaptic Group I activation F FRA acti ation from at least one nenve

A g SSC B Ax C LHT D B

| N

MSEGC
E DR F Med 6 Uln H SR

i A A

Fg 1 Contribyuon to RSCT mass discharge from Group I afferents in various nerves, Stmul
aneous recordung frore thurd of Lareral 1 from dorsal
funsculus both dissected at the C3 level The muscle component of the suprascapular terve
{SS€) the avillar nerve {Ax} the nerve to the lone head of triceps (LHT) the nerve to biceps
(B) and the decp rad al nerve (DR) were sumulated at maximal Group I strength The median
{Med) ulnar (Uln) and superficial radial (SR) nerves were sumulated at 2 5 times threshold
suergth The wunal part of the responses evoked from the two muxed nerves (Med and Uln)
<€an be attnbuted largely to acts ty in the RSCT

the mixed nerves (F G) largely represcats actnaty i the RSCT This and sinular
showed that ph extensors (SSC, LHT Med) as well as flexors
(B DR) contnibute Group 1 exatation to the RSGT The suze of the RSCT discharges
<vohed from the vanous nenes was roughly proportional to the sze of the ingoins
Group I volleys
Infc about the zen e of pi to ind1 1duat RSCT
neurones was obtaned by 1ccording from single fibres The followin,, discussion 1
bused on observations of 116 units encountered in 15 expts In three of theses 8 rpsilateral
nerves could be sumulated and arc histed m Table I In the remaining expenments the
tnceps biceps deep radial and median nerves were usually prepared for sumulation
The remarkable degree of con ergence found in many units 15 af parent from Table T

Monosynaptic excitation from Group 1 afferents 1s mdicated by “~  There was
usually convergence from several nerves and sometmes from as many as five On
unit s ith extensive comvergence 13 ) wmFig 2 It was 11 acun

ated from Group I afferents in the suprascapular tnceps decp radial and ulnar nerves
Several of the nerves wsed for sumulasion are compound and wnenate mascles of
duserse function (f Rerhard and Jenmngs 19331 This obscures the patterns of con
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Fig 5 Effect produced sn RSCT umit by loading of tendon to mustle supplyng FRA but not
Group I exaitation The unit was activated by stmulation of hugh threshold muscle afferents
m the median nerve and by pull of the tendon to the palmarts longus Inset records show unit
response and afferent volley on stimulation of the median nerve at approumately 10 tmes
threshold strength Recording as 1n I'ig 2 The upper and lower pairs of traces were obtained
at different speeds Time markers msec The activsty (implsec) of the umt 1s ploted against
;) me mn sec A steady pull was applied to the tendon during the time indicated by horzontal
ack bar

typscal unit 15 shown i Fi, 3 It was monosynapucally activated from Group I af
ferents sn the triceps deep radl and ulnar nerves (C E H) and polysvnaptically
actvated from the FRA m the acillar trceps deep radial median ulnar and super
fictal radial nerves There was no obvious correlaton between the 1cceptive fields
related to Group I afferents and FRA respectisely

2 Matural stimulatio  of rec plors
a Aluscle receplor  The effects from receptors in and around muscle wercim esigated 1
five expennments  The ipsilateral forelimb was denenated except for the deep tadial
and median nerves which were mounted on stimulating electrodes but lefi 1n connection
with the penipheny The tendons of some of the muscles ininervated by these nenes
were severed and prepared for pulling or loading (see Methods) RSCT umts were
rdentified either by being monosynaptically actvated from Group I afferents 1n the
deep radial or median ncrve or from Group I afferents 1n the suprascapular or triceps
nerve which were cut and mounted for sumulation

Units actvated from Group 1 afferents but not the FRA 1o either the deep radial of
the medsan nerve were tested by pulling or loading, of the appropriate tendons Actvity
s usaally enohed on pull o one or several tendons bt wewally wot on pull of all e
tendons sug.esting 2 certain restricton of the receptive field related to a group of
synerpistic muscles Most units had a resung actmity and the responsc to matntain
pull or to loading was an mcreased frequency which after a short penod of moderate
adaptation remained at a steady Ievel (Fig 4} On cessation of loadin,, there ¢ 25 4"’
abrupt decrease 1n the frequency which returnied (o the resting level euhcr.mmcdm:ﬂ:x
(Fig + D) or after a transient depression (A) A quick siretch of the tmuscle produ

110 bunst of actis ity as would be exprcted of muscle spindle afferents contributed 10 the
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exartatian The threshold was only roughly determmned Usually a Joad of 50 to 150 g
was necessary for producing an appreciable increase 1 the restng actnaty

The RSCT 1s activated from high threshold Group I afferents in ipsilateral forelimb
nerves (Holmawist ef o 1963b) The hih threshold Group I affcrents 1n hundlimb
nerves have been idenufied as tendon organ afferents in the cat {Bradlev and Eccles
1953 Eccles Eccles and Lundberg 1957 Laporte and Bessou 1937) and several other
mammalian speces (Magm and Oscarsson 1967 Oscarsson Rosén and Uddenberg
1964) The results on receptor sumulation described above indicate that thisidentifi
cation holds truc also for the huzh threshold Group I afferents in foreltmb nerses of the
cat The properties of the receptors conformed to those of tendon organs slow adaptation
high mechanical threshold and no special sensitivaty 1o quick stretch Furthermore
the results 1n a recent 1 estigation (Oscarsson and Rosén 1963) sug~est that the low
threshold Group 1 affercnts i forehimb nerves ongmate from muscle spradles

Stretch of muscles supplying FRA but not Group I excitation sometimes produced a
short lasting discharge which returned to the resning level after a few seconds How
ever there was usually only moderate adaptation on mawntained stretch and cessation
of strerch 1 as then followed by an afterdischarge (Fig 5) The receptors responsible
for the slowly adaptng effects arc unkown Group II afferents with flower spray
endings m_ht be partly or mamly responsible The aftrrdischar,e v as presun.ably due
toa d actnity 1n the on the path from the FRA to the tract
neurones

RSCT unitswhich seemed to be hittle affected by stretch of the forearm muscles s e1e
sonmictimes strongly activated by bending of the wrist and foe joints These effects ap
peared when the joint was rotated tos ards extreme extenston or flewion but before
patn receptors were likely to be actnated There was usually only moderate adaptation
on maintamed bendin, In some cases the foot +-as dissected for locahzanon of the
teceptors There was no effect on pressure agamst the joint capsules or on movement in
the mdividual small jomts but usually strong activation on pressure agamst deep
structures in the foot Piesumably the receptors were situated m higaments and other
connective nssue

b Cut cous rec ptors \ volley 1n the skin nerve, the superfiaal radial nerve often
produced a discharge 1n the RSCT unus (Fig 3 Table 1) Sumulation of cutaneous
receptors only occasionally evoked activity mn these umts This activity was produced by
pressure pinching and evcepuonallv also by touch The effects were obtamned from
vaguely delimuted arcas on the distal part of the kmb (Fi, 3) On mamtained surul
aton there +-as onlv moderate adaptation

In many cases stmulaton of the skin nerve evoked a distinct or even mntense dis-
charye m the RSCT unit while sumulation of cutaneous receptors s as weffectne
This discrepancy between the cffects evoked by 2 synchronous volley and the asvn
<hronous barrage of impulses on natural sumulanon was 1n some cases obseried also
1n connection with samulation of loh threshold muscle afferents and calls for caution

when uterpretin receptive fields on the basis of observations made on nerve sumul
aton

Inhibitory effects + cre observed 1n a fe v units on cutzneoss sumulation and on
puthing of tendons These ¢ff cts were weak :md of doubtful significance

¢ Lintoton of eceptie fild Sup 1 of the 1 radiat
nerve vas tried with many RSCT units, No discharge was ehated 1n the vast majonts
of the untts In the remaining umts onc of two spikes were evoked after a long latency

11653003 4 taphyrel 1 &1 0 61
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Fig 6 Actnaty evoked 1n V SCT umt by stumulat:on of forelumb nerves The unit response was
recorded from fibre 1n the lateral funiculus at the C3 level The upper traces in A—F show the
afferent volleys recorded tniphasically from the dorsal furuculus at the sam  segmenta! level
A—F sumulation at approxumately 10 times threshold strength of (he following nerves the
ipsilateral nerve to the long head of triceps (LHT) the ipsilateral nerve to biceps (B} the
1psilateral deep radial nerve (DR) the ipulateral superficial radial nerve (SR} the contra
Iateral radial nerve (cR) and the contralateral hamstring nerve (cH) The last nierve was abo
stumulated 1n records G and H whi h were obtained at a fast speed and at stmutus strengths
producng a submaximal (G) and a maximal (H) Group I volley respectively The upper traces
1 G and H show the ingoing volley recorded trphasically from a proximal part of the scatic
nerve.

Intense stimulation of superficial and deep receptors in the contralateral forehmb and
in the hindlimbs did not influence the RSCT units It 15 concluded that the receptive
fields of the RSCT neurones are ipnilateral hke those of other uncrossed tracts (Oscars
son 1964a) and hmited o the forchimb

4 ! control In the d t p 1n the FRA paths
to motoneurones (Eccles and Lundberg 1959 Holmgsist and Lundberg 1959 1961)
pnmary afferents (Carpenter Engberg Funkenstein and Lundberg 1963) and scveral
ascending tracts (Holmqvist Lundberg and Oscarsson 1960) s ronucally depressed
Thus depression 15 due to a bulbospinal system which descends in the dorsal part of the
lateral fi lus In experur on d brate pref (Oscarsson and Udden
berg 1964) the effects from cutancous receptors were almost completely lacking 1n the
RSCT umits suggesting that the FRA paths to this tract are hikewsse under inhubitory
contral The effects evoked from the FRA and descnibed 1n this paper were tested on

h d p which were decapitated or (2 expts ) decerebrated and

with the dorsal half of the cord transected in the first cervical segment The latt £
procedure would snterrupt the descending pathways responsible for the bulbar
Jubstion of FRA paths (Holmgvist £t of 1960) In the two expersments with ntact
veatral pathways (¢ g Exp SI1 i Table 1) FRA volleys evoked a duscharge s the
RSCT units more frequently than in the made on spiml preparations
(¢ £ Exp 1and I1) The posssbility of descending ventral pathways with a facilitatory
action on the FRA paths should be considered

3 Receptize fields of VSCT umt
Previons myestigations had demonstrated that VSCT neurones recenie FRA cﬂ'cz‘;
from hilateral rectptive fields mcluding the hundlimbs and hinder part of the trw
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Tig 7 Arcas supplying FRA exc tat on {hatched) and inhibitson (black) to four \ SCT units
actvated monosynapuically by Group I afferents m the contralateral {nght) hamstrng nerve

(Oscarsson 1957 Lundberg, and Oscarsson 1962) It has now been found that these
neurones recene FRA effects alvo from the forelimbs and front part of the trunk \More
than 50 VSCT units 11 5 expts were identificd by thewr from
Group I aflerents in the 1 h nerve One enp will be de
scnbed 1n detal Tt was made on a decercbrate cat with the dorsal pathways mter
rupted 1n the first cervical segment Tt elve VSCT units were encountered Ten of
these respanded wath a trair of acuon poteauals on staulauen of all or most of the
forebimb nerves tested A typical example 1s shown m Fi, 6 The number of spikes
varied from one to more than 10 and the latency (measured from the stumulus artefact
10 the first spike) was usually between 10 and 20 msee (range B—50msec) Onrepetine
stimulation the ¥ SCT neurones were usually excited but sometsmes mbnbsted as shown
by an increase or decrease 1n the frequency of the resung actinaty  The two unuts which
did not respond to sin le volleys were nevertheless excited or inhibited on repetiuive
sumulation

“The FRA effects from the forehmbs were less readiy displayed on natural sumulation
of receptors Among the 12 umis descnibed abov e only five were apprectably influcnced
on pressure or punching of the skin of the forelimbs The effects from the forelumbs
were mn general weak they were always weaker than those evoked from the contra
Jateral hindlimb but sometimes as strong, as those from the ipailateral hindlimb (of
Oscarsson 1957) The effects from the forchimbs 1 cre exertatory andjor inhibitory 1n
vanous combinanons Some examples of the receptive ficlds are shown m Fig 7

The FRA effects f om the h ndlimbs have been described before (Oscarsson 1927 1960
Lundberg and Oscarssons 196%) The present obscrvations are ma nly m agreement with the
previous ones Thurty five un 13 out of 51 were inh b fed from the contralateral hindLmb and
¢ ther exaited (28) or not app ceaably mflucnced (7) from the spsilateral hindhmb (Fig 7
Aand B) \ larger proportion (13 cut of 51) than reported beforc was intubited not only fram
the contralateral but also (rom the ipsilaterat hindhmb (Fig 7 Cand D) and onc unit was cx
¢ ted from the contralateral and inhib ted from the 1ps lateral side The latter combination
of effects has not been descnbed p ev ously Of the remaming 2 units one was excited from both
b ndl mbs and the other not wflucnced from euther h ndlumb

The cffects from the forelimbs did not depend on pathy ays throu b the bram stem
Suntlar effects were observed i the spmal preparacons However it 1s posable that
descendin,, ventral pathways from the bram stem facilitate the FRA effects {¢f above)
Naturat sumulation of receptors in the forelimbs was obsen ed to mfluence the V SCT
umits more often i the ? expts with these pathways intact than i the three expenments
made on high spinal ammals

The effects evoked in V SCT ncurones by stmulation of cutancous receptors in the
contralateral hundlimb were stronger than the cffects cvoked in RSCT neurones by
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stimalation in the ipsilateral forelmb  The sigmficance of this findin,, 1s ohscure The
FRA paths to the RSCT neurones i ht depend more on facilitation from supraspinal
centres than the corresponding paths to the VSCT neurones

Discussion

The conclusion that the RSCT 15 a functional equivalent of the VSCT (Oscarsson
1964b Oscarsson and Uddenberg 1964 196) 15 supported by the present findings
Bath tracts are 1l d bv high threshold Group I afferents which
have been idennfied as tendon organ aflerents The convergence of Group I excitation to
indinvidual neurones 13 as extensive 1n the RSCT as in the VSCT The patteins of
convergence have been studied less 1 the RSCT than 1n the VSCT but the available
evidence indicates that these patterns a1e 1milar i the two tract  There s often ex
citatton from one synergic muscle group at each of scveral joints 1nd sometimes from
one group at each of the main hmb joints Furthermore 1n both tracts co actnat on
from antagomst muscle groups presumably does nat accur thoush some observations
on the RSCT mi1_ht indicate esceptions to thistule The teact neurones are presumably
acuvated from muscles that contract together 1n the execution of a certain movement
or the maintenance of a certamn posture {Oscarsson 1960 Eccles et of 1961) The RSCT
and VSCT would carry stages of or postion of the
whole Iunb rather than mformation about chanze of tension i individual muscles
Both tracts receive FRA actions from large teceptive ficlds In the RSCT the effcets
were relatively weak and pred esatatory whereas thev were strong and
predonunantly inhibitory m the VSQT The diffurence m mtensity of the effects i the
two tracts might be related to a dyfferential need for facihitation from hi her centres
The fact that the FRA eflects arc predomunantly exaitatory m the RSCT and pre
dommantly mhubitony m the VSCT mirht be of Little yeneral st nificance dome Y SCT
umits recenve predonunantlv excitation in the cat {Oscar son 19057 Lundbers and
Oscarsson 1962) and exeitatuon 1s the domnant effect 1n the \ SCT of the don (Oscars
son tul 1964
The same problems arise m assessing the of the
by the RSCT because of its FRA connections as anse mn connection with other
ascending pathways mfluenced by the FRA It has becn sugsested that these tracts carry
information concerning flexor reflex patterns for example by reflecting the degree of
fiom o1 the paths from the FRA This would
require that the interncurones transmitting effects from the FRA to matoneuroties and
to ascendm  tracts are mfuenced 1n a sinular way not only from th periphery it
also from higher centres (Lundberg 1959 Holmquist ef o 1960 Lundberg Norsell ard
Voorhoeve 1963) Lxperiments on the supraspmal control exerted by the pyram dal
tract (Magm and Oscarsson 1961 Lundbeig et al 1963) and by a butbospinal svstem
(Bolmaquist ¢f ol 1960) demonstrate that this 18 indeed the case m some mstances .
YWith the RSCT therc are obvious dafficultics with the abave hypothesis because 0{
the weal, effects from the shin aad relanvely strong effects on moderatc smlth:
muscle However these fuatures might be due to the experimental situation (0 the
different Witk
intact ammal with normal supraspinal control the FRA effects may be 't
the VSCT this hypothesis mughe cxplain some observations made during the v“’i "
imvestigation The VSCT neuroneswere shown 1o be influenced from the FRA lnml:rlﬂ
11 the hundhimb nerves but also in the forelimb nerves though the effects from the

i ded
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were weak and vanable The internieurones on the paths from the FRA 1n lindlimb

nerves to lumbo-sacral are d by the 1 tract and st has
been suogested that the pyramudal effects on the motoneurones are exerted through
and of I reflex arcs {Lloyd 1941 Lundberg Norsell and

Voorhoeve 1962 Lundber, and Voorhoeve 1962) It 15 not unlikely that these inter
neurones are mfuenced also from the FRA mn the forelmbs and at Ieast m part re
sponsible for the effects that these afferents exert on lumbo-sacral motoneurones (¢f
Lloyd 1942 Lloyd and VMcIntyre 1948) If the VSCT forwards mformation concernin,
the transruttability m these mt rneurones the effects from the forehmbs would be
readily explamed

Ttus paper concludes for the trme bein~ our sexes of articles on the RSCT It has
been shown that this teact 15 a forebmb equivalent of the VS5CT though a separate
anatomeal entity The RSCT and VSCT mughe have descloped mdependently from
different ongms by parallel evolation of a similar pattern of orgamzation (Oscarsson
and Uddenberg 1965) The mformation forwarded by the two tracts 1s related te two
systerns of primary afferents the tenden organ afferents and the FRA Presumably the
integrated 1nformation from these two systems 15 of special value for the cerebellum
{Oscarsson 1960) and cannot be replaced by mformaton through separate wafor
mation channels for tendon organ and flexor reflex afferents Such channels are avalable
m the DSCT and alson th bellar tract (L.undberg and Oscarsson
1960 Holmqwist Oscarsson and Rosén 1963a)

Many problems concermne the RSCT remain to be sohed The tract has not been
dentified with 2natormucal methads though such work 15 10 progress (G Grant persanal
commumcation) Localization of the cell bodies and wntracellular recordmg from them
2 desirable and would permit 2 detailed study of the synaptic propertres and the patterns
of convergence The ormamzation of the VHCT has been mvesty ated m se eralmam
makan species (Ma,m and Os arsson 1962 Oscarsson ¢f ol 1964} but the RSCT 1s
Lnown onlv from on the cat G studtes mght provide clues to
the funcuonal sigmificance of the tract It s of interest that recent obsenvauons on the
duck surgest that the RSCT and VSCT mi_ht ewst 1n the bird and have a stoular
organization as 1 mammals (Oscarsson Rosén and Lddenberg 1963)

This wotk was supported by a gr nt from the Swedish Med cal Rescarch Counc | Techn cal
assistance w s gaven by Mr A Jonsson and A ss Ulla Pers on
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The 1n Vivo Effect of Angiotensin and
Noradrenaline on the Proximal Tubular Reabsorption
of Salt in Mammalian Kidneys
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Paur P Leyssac

Recened 6 Oktober 1964

Abstract

Leysac P P The 11 ruw effr ¢ of angiotensin and novad enaline on the provimal tubutar reabsorpt on of
salt tn mammalian hidnezs Acta phynol scand 19F3 G# 167—175 — The purpose of the 10
Yestigation presented here was to study the effect of and of d

e on the rate of proumal tubular reabsorption of filtrate 11 mammatian kidneys by a direct
method By regustration of the occlusion ime which 15 the time tnterval between interruption
of the renal circulation and the momeant 2t which the majonity of the proxmal tubules have
completed reabsorption of the Junumal flud 1t 13 demonstrated that angiotensin causes a de
pression of the tubular reabsorption rate which 13 maximal when about 0 7 X 10 gisacting
Per g of ludney In contrast noradrenahine was without any smmediate effect on the proximal
frabsorption rate suggesting that effects observed in clearance studies are indirect and mediated
by a rapsd ntrarenal mechanusm possibly 1n olvmg the angiotensin system.

Clearance studies on the effects of noradrenaline (¢ z Jacobsen Hammersten and
Heller 195! Smythe Mckel and Bradley 1952 Bemeetal 1932 Pullman and McClure
1954) and of angiotension (¢ ¢ Book and kurccke 1958 Gross and Turman 1959
Finnerty 1962) on salt everction have shown that the renal response fo these pressos
substances 15 quahtatnely identical angiotensim being about 10 nmes more potent
The typscal acute cffect in dogs and human subjects a decrease 1n unae flow sodium
cteretion and renal blood flow with a more mod d 1n the 1
filtration rate has generallv been attnbuted solely to the vascular action of the pressor
ﬂ’l'bslanca Since 1o correctton for dead space erros have been caried out i these
i whicha le red 10 unne flow occurred as a response
10 the administration of the pressor substances a gross oscresimation of the early re-
ductions 1n glomerular filtration rate 13 itroduced unless the imtral onc or two 10-min
tlearance peniods are cntically evaluated However even with due respect to such
kely gross erron st appears that at least dunng the wunal 2030 mun of the ex
penments before late sccondary compensatory mechamsm (¢ g aldosterone} may be
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12 1 Reoproeal occlus an tioes {u) at spontaneously different rates of glomerala filtrat an
¥} tn contrat rats

1 the ludneys and n the 19 samples of the smected dose were counted 1 a 3 off sontillation
covnter connected 10 an tmpulse he ght anahver

(\,nalwn of nulm were performed by the method of Bojesen 11922) modified for rmicro-
anatysis

Results and calculations

Ftg 1shows the pooled control daa of the reciprocal ocelusion ume (u) plotted agamst
the means of 2—4 d of b I dsately before
the reqisteation of ocdusion tme  Included tm the figure 4re alsa data published
previously (Leyssac 1963) By the method ot lmear regression analysis dusregarding
powts with (v} > 1 6 mifmm/g AW because they are few and scaitered the relanon
ship betucen reciprocal ocelusion tinic and the clearance of mulo was found to be
sepresented by a strai bt ine which did not differ sigatficantt  from a hine described
"W =533 ()

1t appears that the spontancons varavon m clearance of mulin ranges between
abour 07 and 1 7 mi'nunjg BW with an accuraulation of observations around 1 2 mly
fun'g KW Below this ran & of spontaneous vanation a honzonial broken lne has
been drawn cossesponding 1o the maumum occlusion time observed following the
admunsstration of 25 ©g of synthetic angiotensin ¢(F1# 21 Although not wcluded w the
statistical amalyss a fer obsersations at vers high inultn clearances sug ost 3 devianon
from a divect proportionafits between (v} and {vi or a vsiemate error in esafuation of
one or both of these parameters at these hegh sates of reabsorpuan

‘The smmediate effect of three doses of syntheue an.sotenyn on the reprocal oo
chision ume at f different cl of snulin 13 s she Nig
04 It appears that an effect 18 clearly demonstrated at all three dote tevels increasing
with the dose admmustered until a maximum of occlunon tme (about 73 secs 13 reached
bv the inyection of 25 ng of anpotensn Tha maxmum equals the aversge maumal
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operatsie the absolute decrease in the rate of glomerular filiration of sodium by far
excerded the fall in sodium excretion 1ndicating a decreased rate of overall reabsarption
Santce st has been demonstrated (Leyssac 1963) that the rate of prouimal tubular re
absorpuion of salt {whith normally accounts for about 75 per cent of the total reabsorp-
tien) 1 mdependent of the  filtered load o spso {1 ¢ that the proxumal reabsorption
1s 3 transport process Al ays operating 2t sts T max the level of which1s physiologiealty
variable) the change m the provmal tubulas sodium T max must have been due either
ta a direct acuon of the pressor substances or due to an indirect action mediated by 2
rapid ntravenal regulatory mechamsm

It was previously ohserved {Leyssac 1964) that angotensin has an ymmediate and
direct depressin,, effect on the proxtmal reabsorprion rate (T max) by which this rate
may be reduced 10 3 cortamn mmnimurm Jevel equal 1o the lowest value in the range of
physiological vanaton The purpose of the present im estigation was fo deteymune the
dose of anytotensin pecessary 10 depress the sodum T max to its mummum and 19
vestigate whether a simlar divect tubular effect of noradrenaline could be demon
strated  The resulis have mdicated that about 87 < 10 g {07 ng) of angutensin
acting per g of kudney 15 capable of ehoting an almost maxugmm depression of the
proumal wbular reabsorption eate i cat kidaeys of about 08 g Mo unmediate tubular
eflect of drenahme could be d ] that s effeet on the renal
whular handhng of sodium 13 wdicect and mediated by an sntrarenal regalatory
mecharusm most hkely imolung the renin angiotensm system

Methods

Male aibine rats waghung about 250 g were anestheuzed and prepared for deternunation
uf accluston tume and measurement af toul n clearances from the exposed left kidney 38
desenbed n desadls elsewhere (Levssae 1963 J964)  For sesting the tubular effect of the
o pressor substances cither symbene angiotensin (vaf Sangotens v amude CIBA) af
noradrenahne wax gvem as a single ntravengus myection Immediately afer the fast collecting
period for clearance determ natons At the very mornent when the pressor substance reached
the k driey ihat1s as the kadney began to pale she avrta was totally clamped and the occlusion
nume was nioted  Angiotensin was admun Stered an doses enher of 25 ng 7 15 ng or 5 agm
€020 m of saline Noradrenaline was given 1 dases of 400 @ 600 og w 00,0 ml oruhnel

In some expenments the occlus on time was registered smmediately after the last unne ¢
lecung penod without admmustyano of pressor substance (controls) The tubules were ﬂwcr;
allowed 1o refilt by opening the Jamp angiotens n or noradrenaline was given after an xmd‘/hﬂ
of about 2 min and the ciclusiun ume was tegistered agam 1n ather expernnenty after the

on drenahine or and the d of acclusion t me e

trbules were alfowed 10 refill and 2 10 3 mun after the Hrst measurement of the occlusion YME
the aorta was clamped again and the occlusion time noted withaut gwing any rote prﬁd«ﬂ
substance These latter determunations of orchsswn tme are als cluded m the control ¢'
termnations Vhen mor e than one injectron of pressor substance was given 10 ¢} ¢ same amm3
subsequent injecuons xcrc guven afice an interval of a¢ least 15 mm 1n which time uan
collected for repeated dlearance deternunations

In another sp:nm of experiments & 3 ngle sntravesous syection af 1 Lxl;cﬂe\f arfb:m:
(0130 0035 ¢ n D0 miofsal nc was grven oither alone or with 10 ar %3 ng o ;dzq
1ens 1 of v 1th 500 ng [ noradrenaline Instead of registraton of occhusion 1 e the left s
was remosed 9 sec after start { she iection (1 at the moment when the h'dncy xéi‘mm
pale equal to about 3 ~5 sec after complen n of the myeciion) and xmmcdutc)yr:obz:"n [
1 sec) 1 1sopentane cocled o about 160 with  quid nurogen Sach of mbedux en oot
were transfersed to test tubes and we = equilibrated 2t ronm temperature Wit |'| o
2dded o & toal votume 11 mi OF the same solution as adm nustered to the xr:»m: ;” oy
wese uyected with tf € same syringe o §0 tes 1ubes contasung § O ) of waler

o Wit
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Fg | Rec procal occlusion simes (u) 3¢ sponcancoushy different rates of glomerstar Shrauan
() m control rats

m the kidneyy and m the 10 amples of the acesed doue were counted 1 3 eff scmtillavan
counter connected to an tmpulse he ght anahse

\lmlysn of soulin were perf>rmed by the method of B jesen (1932) modsfied for micro~
analys s

Results and calculations

Fig. 1 shows the poolted conteot data of the secrprocal occlusion umie (u) plotied agasst
the means of 2t of wahn o ) before
the regutratien of occlusson tme  Included 1 the figure are also da publshed
previoushy {Levssac 1963} By the meshod of hnear regresson analyns duregarding
pomnts wath {3} > 16 mifome/y A because they are few and seattered thr relanon
ship between reciprocal occtusion tunc and the clearance of muhn 1 as found to be
represented by 3 steas bt hine s huch did oot differ 3 ifivanth from g boe desenbed
by (u) = §33 (43

1t appears that the spentancous vanapon m clearance of inubia ranges between
about 07 and 1 7 mi rmm g KW with an sccumulauon of obser atons around 1.2 m/
win g KW Below this ran e of spantanecus saration 3 Ferzontal broken line has
been drawn corresponding to the maximum occlunen tme abserved followang the
admirustcation of 25 ry of synthetc apgotensn (hr> 2 \lthough not wnctded 1n the
statstical analvsis a fev obsersatons as sers hs h uhia cleamners s est a devianon
feom a direct proportonabn betwern 1 and v! of & systematic error i evaluation of
ane or both of these parameters at these high rases of reabsorption

The smmeduate effect of three dases of svnthens 3n wtensia on the reaprocal oo
clusion ume ar ty dsterent <l of muhn w d anthe Fo
2104 Ttappeass that an cffect s clearls 4 moastrated at aff three dose levels increw ng
with the dose admimustered unt 1 a maxsmum of occlusion ume tabout 23 sect i rea hed
by the imjection of 3 ng of angrotensin This maumum equals the average maumal
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Fig 2 Reoprocal occlusion times afier injectans af 22 % 10 g of angiotensn at spontancously
dufferent rates of glomerulae filtration od d: fore the of
angiotensin
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Fig 3 Reciprocal occlusion times aficr injections of 7 §3 + 10 g of angiotens n 31 pon
waneously different Tates of glomerutar filtration meatured unmedutely before the aduuaisira
tion of ang otenszn

occlusion ume observed spontancowsly (Fig 1) which corresponds to an mulin ol
arance of about 0 85 mi/mmn/g A3

The indscation of a maxsmal tubular effect cawsed by angiotennn suggests a dox
response hip with 1 A g pon of the
olserved effect derned from a relationshup of thus form, according to winch the 1
gresion hnes gaven in Fig 24 are caleul w: fished Itm
howerer appear directh from the figures that the amount of exogenous angiote
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Fig 4 Reciprocal occlusion times after injections of 5 X 10 g of angiotensin af spontancously
different rates of glomerular filtration measured immediately before the adm nustration of
angiotens o,

necessary to reduce the inulm clearance of a rat kidney from 1 60 to 0 85 ml/min fg KW
s about 20 x 10

By myection of T Iabelled albumin wath 10 ng of synthetic angtotensia n 0 020 ml
of saline removal and snap-freezing of the left kidney 9 sec after start of the inyection
and subseq of the sad 10 the Jdneys and 1n 10 samples of
0050 ml of the mjected soluticn, the actinity 1n the kidneys i per cent of the injected
amount of activaty was found 1o be

{419 + 30 ¢/m)
(13 450 + 230 ¢/m)

Thus fraction of the mjected dose was independent of the concentration of pressor
substances since identical values (2—4 per cent) was found no matter whether alburmn
was given alone or with angiotensin 1n doses from 10 to 25 ng or with 500 ng of nor
adrenahne Assumung that also 3 per cent only of the 1njected amount of angiotensin
was present in the kidney at the tume of registratson of useffect and that the spontaneous
Yanaton m the rate of proximal 15 by the of
endogenous angiotensin  the data indicate that the difference 1n the amount of endo-
8enous anguotenstn 1n a rat kidney which may be responsible for the physiological
interval of vanation equals about 0 6 ng (0 3—09) or about 0 7 ng (0 35—1 0 ng)per
glidney weight since the kidney weight of 250—300 g rats  -as found to be 087 = 003
& Since the cortex constitutes the major part of the rat kidney (about 80 o) and has a
Blood flow per g of fissuc at least not less than the medulla and since the tubular cells
make up some 60 per cent of the coruical yolume 1t may also be assumed that some
1 2ng of angrotensin (= 1.2 x 10 1 moles or about 7 10U molecules) would be re
Quired per g of tubular cells to cause a maximal depression (bv angiotensin) of the
glomerular filtration rate Assuming the eclls to be cubic with a thickness of 6—7 nu
crons about 200 malecules per cell would account for a depression of the filtraton rate
from the upper to the lower himut of the spontancous range of vanation

¥ 100=3°,




J
2 Tt e

u v

2 8 e

AN I S RS AL

Fig » Reaprocal occlusion times after smyections of 4~6 » 10 g of noradrenaline at epon

tancousy different rates of ghmerular filiratin measured immediately befure the admin
stratin of n radrenaline

Since pilot expenments wath noradrenaline in doses of 100 ng farled to demonstrate
2ny effect on the occlusion time the present expenments were carried out with pressor
doses of noradrenaline (400 —G00 ngj excecdin,, those of 25 ng of angiotensin, svinch did
provol.e an almost mayimal effect With both pressor substances the same fracuon of the
mecied dose /2—4 per cent) may be assumed 10 have been present in the kidney at the
nstant of registratson of the effect It appears from Fig 5 that even such heavy doses
arc without any effect at all on the occlusion time The obseryed relationstap between
vecr, rocal occh ume following noradrenaline and the (precedin,) clearance of
1ulin does not differ from the regression in¢ {u) = 533 (v) obsersed whennodru s
were admimstered

Discussion

A, The relatt mshup beturen the rale of proatnal reabsorf tion amid the glomerular fltration 101t
In conunuanon of previous resulty (Leyssac 1963} the pooled control data have con

firmed a linear relationshup brtween the 1 ume the rate
of proxmal reabsorpuon and the mubn clearance within the ran ¢ of physiological
vanation However at rates of fiftrauion well below this ran e of spontancous vanatd?
a driation from the linear relationship was observed in partially clamped kidneys
(Levssac 19641 It was demonstrated in acute experiments that below filtration rates o
08—07 mlmunig hW occlusion um= did not exceed a maximum valu significanth
dificrent from that obsenved following the injection of a hizh dose of syntheue angio-
tensin no matter how far the filiraton ratr was reduced Thus it nas suggested that 2
smlar maximum nhibition on the proximal sali T max was caused by endogenous
angiotenun 2s that thated by exogrnous anmiotensin In Fig 1 this maximum m

Iubstion 13 ndicated by the interrupted line at filtration rates b low 08 myminfg A3
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B The tubular reipomse to anowatenain

Evidence was presented previousty {Levssac 1964) that the iqgection of a haoh dese of
angiotensin had not 1o any significant degree atlected the luauaal diameter of she
proamal tubules at the moment of clammn,, the aerta (: ¢ 9 sec from stact of the
Jectron) Tt was further siated that the instantancous renal yasoconstrietion wnduced by
the substance on principle bem,, tanal 10 1he interrupuon of the renal oreulanon by
clampa, the aorta or the renal artery  did net aself affect the prowumal rate of reab-
sospuen as evaluated from the occtusion ume Thus sixtement 15 quuse established by
the preseat & that doses of hoe wath a
effcct exceeding that of do es of angotensin causing maamal mbubitton of the e
absorpuion rate does not mftuence she rate of reabsorption The dose-dependent de
pression of this rate as d: following of must thevefore
be due to a direct tehular effect in accordance with previous conelusions

By wmultancous smpection of fabeled albusuin evidence 15 presented that only 2
mmor fraction {about 3 per cent) of an myected dose has actually reached the hidaer
at the moment of clamping the aori Smce the yasoconstrictson (and henes the pahng
35 almost mstantaneous and since the aorta 1s clamped ar the sery moment 1 hen the
ksdney starts to pale 1t 1s unlikels that cuther labelied albumun or exogenousangiotensin
has Jeft the kndney b the venous route at the instant of freezin,, Disregarding a pownble
overestnabion wn assumng that all of the malecules present i the hadney has actualls
reached the effector sies at the moment of regustration at therr effect the results indicate
ihat 2 maurnwm of change wn the prowmal salt T max may be ehested by a chance 1
the amount of an,iotensin of about 06 ag per rar hadnes  Since the kadney 15 b il
3enswne to 4 change of this order of magnitude one v ould expect thae the endogenous
amount of free angivtensn i the Liduer 1 of 3 smalar order of marnutude The present
data thercfore suggest that an order of mavnitude of some hundred malecules of agoro-
tenssn per cell 18 sufficiens to ehicit a maxsmum phvsiwloeical depressian of the rate of
proxsmal tubular reabsorpuion Ths reasonabhy low value v ould seem to support the
Previcus conclungn (Leyssae 1964) hat angiotensia 15 3 phvslogical reoutatar of the
proxumal salt ¥ mav<

C dnterpretation of results ob stned wtth an i fessin 11 elear we s udus

Different ar even duectly appauag tebulee offects of angutens has been concluded.
from wdirect &vidence obraned 1 o arance stutkes I accordance wath the sdeas of
Smith (1921} the tvpical  response 1 e reduced exertuon rate of sodm o remn
angotensn o noradrenabine in dogs and normal buman subjects was generaliv astabed
10 the vasoconstricnne action of the pressor substances or based upon 1t scems most
wmgmficant evadence 1 an increased sadium reabsospuon (Biron 1l 1962 Larayh
Gal 193) In contrast to the tpical response to angatensin or poradrenabive 3
marked mcrease i sodhum excretion rate wy feSponse ty these substances » as demon
strated in rabbuts and rats (P chernne and Prinometal 1940 Huges Jones of of 194}
Exersole Giers and Rock 192 Peters 1963 i hvpertensve humans Peart and
Brown 1%} Buon ¢ of 1967 and i pauenss with cirhosss and asoites  Lasagh
¢ of 193] Renal plasma flor + a3 clearh decreased whereas changes wn glomerutar
fltration vate wese less 51 mficant The responst i these species of anumals and i py
Yents with hypertens on or sevondary aldosteronum was ascnbed to an tnfulnton of
tubular sodium reabsorpuion Taltoy, 1nito account the T max character of the reabsorp
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uon and the very small amount of sodwum exereted per mun relative 1o the rate of glome
sular filtration of sodium these conclusions would seem unyustified arrespective of 1nevi

table errors an the cl Tyvend: hin,, such errors the clearance
data presented (¢ g Biron et al 1962) show that the absolute amount of sodium re
absorbed per unit time was reduced foll the ad| of ang not

only 1n hypertensive patients but also 1n normal subjects Thus st 13 more likely that
angiotensn has exerted a depressing effect on the rate of reabsorption (prowumal T max
of salt) 1n both groups According to this snterpretation the different effects on the rate
of sodium excretion observed 1n the two groups of patients and between dff rent
speaies of ammals  differences of no more thana few hundred greq \a per min cor
respanding to 2 few mil of glomerular filtcate would be explasned by the combination
of shightly dufferent artenolar responses to angiotensin in the two groups with a sunilar
(maximal) depressing effect on the prouimal reabsorpuon rate 1 ¢ a condiion of
diswusbed  glomerulo-tubular bhalance d d by the bined sascular and
tubular effect of angiotenin The difference 1n vascular response should only account
for a difference i filtrauen pres.ure sufficient to chan e filtration rate @ few ral per mun
all other factoss being equal A decreased pressor response to angotensin was demon
strated 1n erperimental secondary aldosteromsm {Davis Carpenter and Ayers 196%)
and a change 1n the excretion rate of sodium in response (0 anyiotensin was also de
monstrated in patients with dary ald and in hyg 1n whom
the excretion of aldocterone may often br somewhat 1ncreased (Laragh, Cannon and
Ames 1963 Genest 1963) In hypertensive patients other factors than aldosterone may
possibly further change the vascular response to angiotensin

In this comtext 1t should be emphaszed that the filtration rate was reduced i normal
subjects during infusions of angiotensin from control values of about 120 ml/mun to
about 80 mljmin In hypertenuve patents control values of about £0 mi/mmn (sull
within the normal range) only changed to about 75 ml/min dunng the fusion {Biron
ttof 1962; A ssmlas reduction from 120 10 PO mlfrm sn normal subirets was seported
by Finnerty (1962) These obscrvations agree with the present direct evidence of 2
maximum effect of angwotensin on the proximal salt T max which reduces the T max
to the mintmum value observed spontancously

This work was supps rted by grants from Stauens almindelige Videnskabsfnd the Novofond
and hong Chrsttan den Tiendes Fond for which the suthor wishes to express | 1 gratitude
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Abstract

Teyssac P P The fumsnal occluston & ne of praxunal tubtles 1n kidueys of young rats Ncta physiol
seand 19(> 04 176—181 — The purpose of this investigaton was to test the validuy of the
lumnal occlusion ume as a method for estmation of the rate of proamal reabsorpton The
occlusion time denotes the ume requered from iterruption of the renal circulanon uat ! the
proxtmal tubules have completed réabsorption of the lummal flurd The results demonstrate
that the close correspondance between the rate of reabsorption as evaluated from the orclus on
tune and th smmcdiately preceding clearance of iulin holds also i experiments with youg
rats of 2 bady weight of 100 g in which the volume of lumnal furd per unst tubular Jength
far less than o kedneys of adult rats

Measusements of the lummal acclusion ume defined as the time required from inter
ruption of the renal crreulation and filtration until the proximal tubules have completed
reabsorption of the lununal filtrate has boen nsed as a refatne estimate of the voluate
of provimal flutd reabsarbed per st time and unit tubular length ¢ ¢ of the rate of
proxunal reabsorption (Leyssac 1963) Provded that the volume of fhud per uait
tubular len,th of the j rowumal tubnles @ ¢ the internal diameter) 1 kept reasonabh
constant from one exptriment to the other by using amimals of the same bodv + csght
20d hidney werght 1n which the aumber and dimenaions of the prossmal conoluted
segments sbould be equal a dference 1 the occlusion time should directly mdnated
tn the rate of lular transport of salt or salt T max

The vahdity of the occlusion ttmc method as a measure of the proimal reabsorptio
tate was based marnly on the demonstration by Hanssen {1960) that during e Turmnal
occluston frltered ferrocyamde was nerther diplated tw any sigwf cane degree tos ards
the drsal part of the nephron eac i direction of the glomerubus Supporting endenee
was given by the close accordance between the measured occlusion ¢ me and the nr
\ected ime necessaty to cmpty the peoximal lumna a3 calculated from the rate O
glomerular filtration and the dimensions of the provinal tabules (Leyssac 1963}

176
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Fig 1 Reciprocal oceluston time at spontaneously different rates of glomerular filtration in

1& g rats The regression Ine u = 5 33 v was calculated from simalar obsersations in 20—
B rag

As an attempt to venfy the vahdity of the method the purpose of the present in
“&usat0n was 10 see whether the close correspondance between the rate of reabsorp-
ton as evaluated from the measured occlusion ume and the mmediately preceding
clearance of imulin holds also 1n cascs 1n + huch the volume of flud per uet tubular
length was different from that of previous expenments

After the earkiest post embryonic stages the gron th of the k dney depends sofels on
the growth of the whules which predominantly 1s duc to an tacrease 1n the size of the
Proumal segment a3 shown by Sperber (194) 1n maceration spcamens  Measure
menly i vivo by Stewnhausen et af (1963 of the mternal diameters of proximal tubules
have further shown that the diameters of adult rats arc larger than those of youn  rats

erefore 10 the present the betseen I occlusicn
tme and rates of glomerular fltraton was studied 1 the range of spontancous vars
31003 10 young rats and the nternal drameters and ¢ Tular arca of the provimal
whules were measured It 1s shovn that the relatonship bets ecn occlusion ume and
rate of filtranon per g kidney + eight (KW does not differ somficantly from that
obsenned previously in adult ammals (Levssac 1963 1963) m a reex ent with expee
tancy from the measured diameters and cellular areas

Methods

Male alb o raes weigh ng 90100 g were anesthetrzed and prepared { ¢ determ nat on of
occlus on ume 3nd measurement of inulin clearances from the exposed Ieft kidney a3 descrnbed
Previoush (Leysaac 1963 190+

In another series of experments the left kidney was qu ckly removed instead of clampng
;‘he aorta and frozen within on sec from emeval at — 160 C 1 isopentane cooled w th

'qu d nstrogen The frozen k dneys were transf rred ¢ abs lute ethanol at — 20 C for frecze
rubtitution and thereafter embedded n parafn sect oned (3 # thickness) and taned with
Penod e acid Sch T (Ma  Manus  Hustolog calscctions fo measurement of niernal diameters

J2E8300%. A ta ghynet  axd Fol 64
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Taste 1 Shovs the = stand deviations of the mean of kidney weights and internal diameters
measured m the two groups of rats “umbers in brackets give the range of valus.
The number abosc the mean value gives the number of kidneys cxammed

Lumunal Caleutated
Body weight Kidneys esight Diameter Lununal area
26 6
D110 g 04294009 g 1901 324 284
(173—222)
100 6
250—200 g 087410079 g 271 17p 573t
(2 4—788)

were prepared from two groups of rats 1 ith body weights of 90—110 g and 220300 g re
specusely The internal diameters and cellular areas of the promal tubules were measured
bv means of a micrometer ocular and plammetry respectively m v0 circufar (s ¢ transversely
cut) proumal tubules from the superficral cortex of each hdney

Results

In the figure the reaprocal occlusion trme (u) s plotred aganst the means of 24 de

of ynuln ¢ ) d diat]y before the reg of
ccelusion nme In the figure 15 ako given the regression hne {u) = 533 (v) caleulated
from data cbtaired m expeniments on adult rats (Leyssac 1962) It 1s seen that the
observatons registered m the small rats are distnbuted along this re ression Jine
which passes through (0 0)

‘The hine through (0 0) best fitung the present observatons disregardin,, observations
with (v) — 160 mljminjs, hW has 4 slope of G/7 = 532 1 ¢ 1ts equation (« = b(\)}
1% = 532 (v) with a vanance of y (s ) = 0 962 and a varmance of b (5% = 0016 and
39 degrees of freedom This hne does not differ sigmficantly from the hme v — 53313)
found fur adult animals 1n the man mterval of physiological vanation

Sunce the number of nephrons does not mctease with growth after the early post
natal pertod (Sperber 1944 a certam glomerular filtration rate (GFR) per g of luds®
weight (RW) represents m small rats (with an averae kiduey weight of 043 z):(
filrauon rate per nephron about half of that of adult kidneys {of a kidncy weight
087 g)

Fmgm the data gnen 1 the table 1t appears that the trans.ectioned proamal lumm;”
area 1n kidneys of youn,, rats was sbout half of that in adult rat bidneys Consequeny
the volume of tubular fud per umit tubular length m the small rats was also o
the Tummnal volume 1n adult rats Since furthermore the kidney wesght sa the xrm‘
animals was also half of that 1n adult rats 1t follows that the solume of flwd per ¥
tubular length 1s appromimately proportsonal ta the fadney weight 180

The ratio cellalar area to lummnal arca, which was found to be on an averuge !
small rats and 105 1n adult rats did not differ mgmficandy (p ~000)

1 The stansuical analysis was carnied out by Inger Harder Hansen to whom the author B
deeply mdepted
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Discussion

By th present techmaque of snap-frerzing and hustolo nical procedure which was adopted
from the imesuganons of Hanssen (1960) 1t scems possible to obtam a histological
prcture of the renal coricx which corresponds 1 ath some reservations rather closely
to the conditions 1 \nvo  From the anternal diameters of transsceuoned promal
tubules 1t 13 calculated that the lummnal area 1 100 ¢ rais 1s about half of the lumnal
area of provinal tubules 1n 1a1s werghing 200—300 g 1n close agreement s uth the
observations m vivo reported by Steinhausen ¢f ol (1903) Also the preseat abeotute
values of provumal snternal diameters 1n the o groups or tats (19 g and 27 g re
spectively) a ree reasonably well with those measured by Stewhausen of af s they
found that the prostmal internal diameters n vivo were 16—17 g0 80 rats and 23 g
10 300 rats Thus the luminal diameters measured 1n the histolo rcal secuons of both
groups of rats were shhily larger than those ob ened 1 vino The small discrepancy
may 1n part be due to mn the d (degrec of hydrauon
ete) butit can i the wan be accounted for by xhe fact that the brush border was
mcluded 1n the prescnt measurements because 1¢ 1 less well-defined 1 the hustolo,ical
sections whereas this was not the case n the 1n vivo measurciuents

The real lununal volume should probably be calculated from a value ben cen
these two extremes

It the total luminal volume of the provmal comoluted segment 15 denoted by V
the volume of fluid reabsorbed pee sec m this pats of the proumal tubule dunn, the
ununal occlusion by V- and the ocelusion time by ocel t we hasc that

V=V xoelt i ay

or
1 3
oeclt |V
16 we denote the fiaction of filtrate normally reabsorbed by the comolased prosimal
segment by F and make the assumption that the reabsorprion continues i1a this segment

a1 an enaltered rate after mterruption of the renal e ulauon and filtration v e alsohave
that

(i b)

1
occl t

F
-3~ GFR @
o
[ F_ GIR
ocel t ’(—L’) X}
IN0

Thus the relatiunshap betwcen rectprocal occlunon ume and GFR per g KW should

W

remam unehanged with cqual values of F and K\_ The present data indscate that this

velationship docs not difler sgruficantlv in young and aduft rars (equal siope =

€qual 75| I st mav be assumed that the fractronal reatsorption of filtrate 10 the
S

Provimal convoluted segrent (E) 15 approvumately the same in young and adult rats

which seemns reasonable R\\_v should be equal in the two groups of rats mvestigated if the
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general of unaltered rate of P during the lununal occlusion was
valid Taking 1010 account that the provimal tubules constitute the major fraction of the

A\
kidney vmght,h—“ actually secms 10 be equal 1n younz and adult rats since the rauo

lumunal area to cellular zrea was found to be approximately equal 1n the two groups.
The present data therefore support the previous conclusion that the pronmal re
absorption continues at an unaltered rate after cessation of filtration (Leyssae 1963)
“The rather closely comtiding complenon of the luminal ocelusion of all the tubulrs
10 2 field of vision indicates that all visible parts of the proximal convolutions equal to
the first two thards of thus segment pl b almost it ly (wathin
4—5sec) Since st + -as demonstrated b, Hanssen (1960) that the proxumal flud 15 not
0 any sizntficant degree displaced exther distally or in direction of the glomerualus
i p of the i a well-defined end point of occluston of the
whole visible fractions of these segments indicates a very uniform reabsorption rat
throughout thys § art of the tubules Thas conclusion 1s m disagreement with some 1nter
2 of recent data. Lassiter Gottschalk and \fylle (1961) sug
gested @ hinear relauonstup betwcen proximal tubulzr fld to plasma ratios of mulin
2ud the distance of collection from the glomerulus from results obtamed 1n noo
dwrenic rats which would mndicate a rapidly decreasing rate of reabsorption alon- the
comvoluted segment Becaus~ of a wide scaiter of observations alincantv was howeser
not established In later reports by Lasster \Mylle and Gottschalk (§964) and by
Giebusch, Klose and Windhager (1964) on saline diuretic rats the observed prowmal
wuhn ratios were said to be consistent with 2 model prescnted by helman (1967
In this model the proximal tubule 15 considered to be analrgous to a caralytic flow
reactor 1 which reaction velocits or rate of flud reabsorption per umit Iength of the
proxumal tubule 15 proportional to the rate of fud fow through the tybule the flow
of which therefore decreases exponentially with the distance from the glomerulus This
model thus 1s 1 general agreement with the sdeas of Smuth (1951) Ths yoodel
sequires that a seuloganthmc plot of the multn ranos against distance from the
glomerulus should yield a strai bt Lne passing through (10; This was however
apparenths not the case In both reports the data may be fitted to a trasght hing, but
thes hine clearly wtercepts wath the ordmate (TF P anuling at 2 ralue sigmficand)
lower than umty The reported data, therefore are obviously mcompatble wub 28
P bsorption rate 2long the prowmal comoluted s gment
but seem to fit vers closely the th 1 curve caleulated from the puon of
equal reabsorption rates along this segment of the tubules Also the linear relauonship
betneen percentle proximal fld reabsorption and the dustance from the glomerds
caleulated from the data of Walker f of (1941) and from the observatons by Wind
hager and Gaebisch (1961 Fig 3) and by Giebusch, Rose and Winhager (1964 Fip 1)
indicatr a untorm 1eabsorption rate along the proximal convolutons Thus mre
puncture dasz as well zs the well-defined end pont of the luminal oocluslon”fuﬂbr;
support tbe concept that the rate of proximal reabsorptim 1y independent of e filtes
Joad™ 1 ¢ that 1t has the churacter of a T max process as suggested by Dopsen (197
and sdicated bv previous resuls from this laboratory Levssac 1963,

ots from Statens almindelige Videnskatslond Novof nden

supported by
ﬁm Eh,;sum den 'X'u-nzs:fond for which the author wishes to express b grattude:
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Fig 1A E Y set up for ad 2 constatit of CO to spontane

ously breaching rats A given zmouat of Na O (200 jc) was prpetied into a 50 ol glass
flask {df) equipped with 2 nde arms and 2 glass stopper The Rask was connected 10 the
intenor of 3 12 litre Buchner flask (def) via & short glass tebe fitted mato a rubber stopperin the
12 Ture flask In order 1o obtun gaseaus GO, i the dehyery flask {def) acid was tgected
through 2 rubber stopper m a wide tube 10 the diffusson flask (df) and the content of the latier
flask was surred magnetcally The actamment of a diffusian equisbrum (controlied witl:
contuzuous measurement of the CC actvaty in the flask by means of a thin window GM tube}
Y a3 gaded by means of a fan nmide the delivery Hask {fn) After completed diffuvion a clamp
was openied on 2 rubber b ng connecting the defnvery flask (defy with a reservors Rask {cf)
contawteg glycerol The rad gactive gas mexture which was displaced by the glycerol flowed
through a rubber subing from the delivery flask (def) to a fan The rats were connected to the
gas mixture by jortung durcetly the tracheal cannuta 1o a T tube i the outlet subber twbing
A Diffusion umt for absorpnon of the tCO n the tissue mto Hyammne 10X The frozen and
erushed tissue was added to the mam compactment of the vmt (inf)  moade from a 50 mi giss
stoppered flask The flask contamed 3 mi of 2 10 per cent nchloraceuc acsd The cantent of the
flask was yurred magnetcally for 2 hours and the carbon duide evolved was captured mto
0 3mlol Hyamne 10X contained w1 a small cup 1 a side tube (st)

In the other series of expenments rats wesghing between [50 and 160 g were wsed I thu
group one animal was killed every 15 min of an exposure whose final length was 120 qua a0d
the GO content n the acid labile the acid sofuble the proten the lipid and the nucleic
acid tssug fracuon was determ ned @

Alf ansmals were anacsthetized with Nembutal (3—3 mgf300 g b w § tracheotomized 8%
Aowed 1o breathe spontaneourly The ammals were lefy undisturbed far 15 mun bef re they
were exposed 1o the radsoactve gas muture In experuments with long exposure tunes the amh
rals sometmes began (o recaver feom the anenhesia and reacted to panful sumuh 1n sud
cases an addinonal dose of Nembutal was gwven (1 mg/100 g b w) All rats with myt"h‘:;
depress on or with wregular breathing were rejected During the exposure perid the v
of the Tat was secured wath a head holder while the body sested on 2 metal box whch conl
be heated wath 2 Lamp so as the mun muze heat lowses

After each expoture period the rat was ducunn:c‘;td from

head was qu ckiy frozen by immersion nte kquid anrogen
;?:un twas !gmcd 1010 shices. about § tm m ih ckness s g a small hand saw with a:’!::r;_x‘;
able blades i arder to prevent any thawing of the tusue duning the pnpanuar_lm e
and the the head of the anumal were wtermittendy immersed into { guid nurogen

he radiacuve gas misture and
When the head was completely
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tassue was then scparated from the skull by pressng with the pomt of a chulled surgical blade at
the margin of the bony covenngs This procedure usually left the dura ntact but st could
eas Iy be removed with the help of a surgical blade Two of the separated bram tissue shiees
were usnally used to prepare cortical samples which were spht off 1-—2 mm from the surface of
the frozen tissue
h animal was expuicd 10 a constant concentranon of CO 10 the mspired aur This was
achseved by the followin, procedure (Fig | A} The radiactve stock solution was prepared
from 10 mc Na, CO (The Radiochem ¢al Centre Amersham England) which was rinsed
down mto a 10 ml volumetne flask and filled up to the mark with dutilled water For each
expenment 2 0 1l (200 pc) of this solution was added to a 50 mt diffusion flask (df) which also
contamned a magntic stirrer The diffusion flask (df) was then connected to a 12 htre delnery
flask (def) v1a a ground glass jont The latter as well as the stopper of the diffusion flask was
libncated with syrupy phosphonic aad The del very flask (def) had a rubber stopper ()
which admtted the glass tube from the diffusion flask {df) an sniet tube from a reservorr Bask
{rf) and finally the spidlc from a small electncal motor () used for dnving a fan mside the
debvery flask Inadditon to the rubber stopper (s3) the dehery flask (def) was equipped wath
a Geiger Muller tube (gm) snugly fitted 1nto a burr hole in the wall of the delwvery flask (def)
and with an outlet tube connecung the flask with a fan The spindle of the electncal motor was
equipped with 2 oamal cup turned ups de down which revolved 1n a larger cup filled with
ghycerol 30 a5 to prevent leakage of the radivacts e gas mixture
After the diffus on flask (df) had been connected with the delivery flask (def) 2miofa 01N
H,50, solution was ijected through 2 rubber stopper fitted into a side tube of the diffusion
flask (df) and the content of the diffus on flask was sturred magnetically The rate of duffus on
of CO from the diffuston flask (df) nto the delivery flask (def) was measured m prehmmnary
expenments the CO actvity within the delivery flask (def) beng measured with a Ge ger
Muller tube connected to a rate meter and an ink writer It was found that a constant activity
was obtamed after a diffusion ume of abont 2 5 hrs and that the actiaty rema ned unchanged
even after 7 hrs In each subsequent experiment a d ffuston t ne of 4 hrs was allowed for before
the rat was conne ted to the gas supply
After completed diffus on the clamp o1 the outlet tube from the delivery flask (dcf) vas
opened together w th another clamp on the mlet tube (c) from the reservo r flask (rf) The
latter which was placed about 1 5 m above the delivery Rask (def) contamed glycerol which
has a low solubility for carbon d oxide {Intemat onal Critical Tables 1928) The rate of flow
of glycerol was controlled by adjusting the clamp (¢) In such a way the radioactive gas muxture
was [o ced 1o flow 1 the outlet rubber tub ng at a rate which could easily be adjusted Each
rat was then connected (o the radiaactive souree by yoining the stra ght trachesl caonula with
a T branch on the outlet tube
For the d termunat on of the amount of CO in the and bile carbon duocude fraction of the
brain tisuc samples the ac d labile carbon dioaide was d fused over nto a 1 M methanolic
solut on of 2 quaternary organ ¢ base (Hyam ne 10-\. Rohm and Haas, Phuladelphia) aceording
to Radm (1938) Before the ussuc samples were tran ferred to the diffus on un ts (Fig 1 B)
they were ground 1o a fine powder 1n 3 mortar which was kept filled with liqu d mtrogen
Aliquots of the powdered ussue (100—700 17 g) were then added to the mamn compartments
{mf) of the previoulsy weighed d flusion umits cach of which conta ned 3 m1 of a 10 per cent
tnchloracetic acid solution” The side tube (3t) of each diffusion unt contained a small glass cup
of about 06 ml capacity holding 0.3 m! Hyamun 10-X. Aftef the fro en tissue had been added
and the d fTus on un 13 310ppe ed’ the contents of the ma n compartments were strred_magn 1
cally for ? hours Prel minary expenments had show 1 that thus me penod was sufficient for
the absorption of more than 98 per cent of the CO 1nto the Hyarune 10-X. solut on
The amount of tissue added to the d flu_on units was weaighed by differen ¢ on an analvt cal
‘balance The TO acts ty in the samples was then d term ned with a | qu d scntillation
technique The scint llation muxtu e contained 4 g of 2 5-d phenylova ole (PFO) and 0 1 g of
14-d [? (S-phenvlovazole)] benzene (POPOP) per litre of toluene (p.a ) The glass cups con
13 ng the Hyam ne 10-\ were transf rred 1o the countng vials and 5 ml of the scimt llat on
muxture was added to each v al The vials were then refngerated overnight and the samples
subsequently counted 1n a Panax | qud sanullation equ pment Befor count ng the glass
cups were carefully empt od a d removed The samples were counted fo 10 scconds with n
EHT of 1400 \ and a d scrim natng voltage of 10V A\ blank wa run for esch experiment
Fo_this purprse 0.2 ml ofa 001 \f \a CO solut on was added to the trichlorae ue_cidina
d Fusion unit nd the sample 3 then tre ted ident cally w th the uswue sample The blank
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count was subtracted from the tissue count and the latter was then calculated as the nusber of
«counts per gram of tissue
For the determination of the tssue ' £O, actvity 1n the sccond type of expesuments em
ploving rats wesghing 150-~160 g the following procedure was adopted After the tissue had
been crushed taa fine powder 1t wat divided 1to 2 portions One was tran ferred 1nto the
diffusion umts for the deternunation of e acd-labile CO, as described above The second al quat
{200~400 mg) was translerred to a stoppered test tube containing 2 ml of Hyamne 10 X and
was then digested 1n a water bath at 63 for 9—12 hours (Dulcino ef af 1963) This sample
represented the fotal amount of “CO, present sn the tssue The third abigout (200—400 mg)
was homoenized in the cold (ice bath) 1n 5 %, trichloracetic acid 1a centnifuge fubes with
specually fitted Perspex pestles The preciprtate resulting from centrifugation was then washed
twice with 3 ° tnchloracenc acd and the washings were combined to yield the ad soluble
Jraction The fipeds were extracted 3 tmes from the washed preapstate vsng a2 1 mixture of
chloroform methanol Tkt muclew ands were extracted at 90 1n 5 o trichloracetic aod and
the residue — the erude protein f aution — was washed with acetone and cther and aw-dried
Before further handling of the samples the acid-sotuble and the nuclerc acid fractions were
extracted several imes with ether (o remove most of the trichloratetic atd These two fractians
as well as the hpid fraction were then taken down to a small volume 1n a stream of air at
To each sample including the protein fraction was then added 2 ml of Hyamme
10-X  the test tubes were stoppered and the samples were d gested for 6—12 hours a1 by
The different samples were left for digestion unul clear and only sightly caloured solutions
remamed In the whole tssuc sample and in the protem sample a few tmy strands of tussue
usually were left und gested They were houever so small that thewr quantstative mfluence on
the results should be neghgible The sampirs could not be left for digestion for more prolonged
ume peniods since the solutions then turn~d brown resulung 1 a very low counung efficrency
The same thing could occur if the temperature of d gestion was increased abot e that recorn
mended
When the samples bad been d gested they were dilmed with 2 4 dioxane np toa final volume
of 10 ml Abquits (2 mlt of the resulting solutions were then added to the counting vials fo-
gether with » ml of scntllation mixture The latter was prepared with PPO_POPOP and
naphtalene in toluene accord ng to Dulemno et 2t (1963) The vials were 1f en refngerated unt {
counting [t was found that the samples kad to be left cef tgerated fur about 2¢ hours i order
that consistent count rates should be obtained with the protein nich samples Opumal counuag
cond u ns were found to be btamed w than EH T of } 3,0V and a duscriminating vollage
of 13\ The samples were counsed for 2 least 10¢ sec and the ba Lground was cortected for by
pass ng a blank sample through the whole ¢ An nternal d was abo
used in that ahquots of a standardized hexadecane 1 (-14 solut n {The Rad ochemucal
Centte Amersham  Englind) was added to each sample w th sub equent recrunting The
count rates were then expressed as the rumber of disintegrations per gram of tssue and mnute
The 2 ¢ dmxane used for didutng (he samples was refiuxed 0 5 hours over stannous chlonde
shaken up with potassium hydr rade refluxed 0 3 hours over sodium and then dundied off the
sodium The toluene (p a ; was used as obtamed commerually

Results

A The equlibration of the admimstered  CO, with the acd labile carbon dioxide of & am fssue
In a previous publicaton results were presented to shaw that mspired *CO 13 rapidh
incorporated 1nto the acid lahile CO, fraction of the brain equbibnum bewn ceached
10 about 60 mn (Stego 1963, In order to allow exposure penods up to 120 min 388
werghing bemween 150 and 160 g were then used for the longer exposure tmes In lll{;
present matertal however which comprises animals from the older matenal as M;

a8 new ones all rats wesghed around 200 g 190210 g The effectn e volume oﬁ‘;
dein ery flask (ser E1g 11t ¢ the volume of gas which could be displaced by the ghycer

rate
¢ than U fitres With the Jong exposure times (90 mun or less, the
wat shghtly mor e et

Th
T flow of gas in the outlet tube was thus about 123 m per minute
;),\ about g;sp« cent the tidal solume of rats of the present size (Drorbaugh 1960,
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Fg 2 (ef) The rate of equiibrat on between Jusp red. €O and the diffes ble acid fab te
carbon thamde fraction of bram tssue The radicactvity 18 expressed a3 the nusmber of counts
‘per gram of tsssue per nunute Each pomt represents one evpenment The cup e drawn through
he po ots folton « the function y = 103 % 10 (1~0 640280 518 e 0473 )

Fig 3 (r ht) The rate of equil bration between snspieed €O and 1he & flas ble acs labile
TO Facton of corteal tssue The cune drawn through the pamis follows the funcuon
y=108 10 {1058 ¢ & 8 0A% € 0101} Note that thy diffusble cardbon d oude
fraction of cortscal tissue comes wmta equil brum with the GO ar a faster rate than daes that
of the whote brain

The specsfic actnan, of the radwaeine  CO, released 1010 the system was so hugh
that the resultmy €O, tension 1 the gas phase never ewceeded 1 mm He Thas tension
<ould be assumed to be without detectable phymologieat effects

The rate of equilibratson between the wsgared *CO angd the acid labile fracuon of
the nissue 13 allustrated an Fig 1 where the radioactaty of the byan tissue samples
expresied as number of counts per gram of tissue per mumste has been plotted aganst
the tume of evposure Ik 15 seen that wath the type of rats used an apparent equiftbnum
was reached affer abous 45 min after which Lune no sgnificant increase occurred 10 the
actiany

e carresponding cunve for the cortieal tssue 15 shown m Frg 2 I thas cune o
supermpased epon that of e |t can be seen that althoush the abscluse fiqures 2t
equilibrium are comparable to those for the whale heawr the rate of vptake of CO,
appears 1o be somewhat more rapid s the Cortical tissue

An attempt wis made 1o find equations which 1 ould approwsmately describe the
rate of uptake of TO; as dhustrated m Fig 1 and 2 It was found that no sngle
exponcntial funcuon fitted the expenmental points The cune was therefore analysed
accarding 1o the procedure descnbod by Soloman (1948} In order to increase the ac
curacy howerer the loganihm of the expercnenzal salues i the fase part of the curve
(lox +) was plorted agamst time (¢} and the slope of the resutung curve was dexermened
in a number of pomts with the help of a demometer (Armer 1964) When the values
for d jdt were plotted agamst ihe eorrespondhng values for y & strasght line coutd be
dezun thraugh a number of pomts The slope of this hine gave the coeflicient & in she
equason belov  and bv inscrtmg ths satue nto the equation dudt o ky c *
the corsesponding vafue for ¢ was obtaned The exponential term, esulting way then
subtracted from the ongmal cunve 1 the usual way (Solomon 1949) yciding 2 second
exponenual term o astempt was made vo derme a third exponencat funcoon from the
expermental cunve

“The rare of uptake of CQ into the acid latle CO fraction of brawn bissue could be
approx mat Iy desonbed by the equation y — 105 ¥ 10 1106k r ¥ — 0518 ¢

805 her 4 i expressed as counts mon R of tise ¥ can be seen from the equat on
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Tastz I Incorporation of ! CO (dpm/g of ussue) mto the acid latnle (diffusible} the acd
soluble the protein, the bpid and the nucleic acid tissue fractions of bramn tissue
“The last column denotes the recavery of the *CO 1n the different fractions as com
pared to the total **CO, measurcd m the unfractionated tissue

Disintegrationsmun g of tissue

Exposure as D+AS+P+
umem T D Acd P 1 NA L+NA/T
o Total  Diffusble Soluble Protn  Dipd  Nuc Acd

15 110 400 99 200 7300 1800 500 500 901

30 153600 128700 16800 2000 500 600 97

45 172000 141600 27 400 2300 600 1200 972

60 196800 157200 30600 2900 600 1100 978

7 195000 151800 34100 3200 80O 1800 983

90 222000 164 100 03400 5200 2100 1600 1020

105 231600 152600 4300 4200 1400 1400 %67

120 255,00 164400 75000 6600 2300 2 600 982

that the sum of the constants ¢, and c, exceeds unity 1mplying that the curve starts
with a certain time lag

A similar analysis was performed of the rate of mncorporation of + CO, into the
cortical tissue This analysis could not be performed 1 1th the same accuracy duc to
the scatter of the experimental values An approumate fit was given by the equat:on
v=108 /10 (I—0584¢ 02 0672 ¢ 0195)

A companson between the two d that the
aad labile fracuon of cortical ussue did occur at a faster rate than that into whole
bram ussue and that the difference was due to the second slow exponental term (se¢
discussion)

B The equbbration of the admmstered  CO, wnth the oad labile the acd soluble e
proten the Dird and the nuclew and tissue fractions In this senes of expenments smaller
rats were used (see Methods) and 1t became apparent that with these rats the ume
nceded for an equilihnium to be reached betwcen the admunstered * CO, gas mixture
and the aad labile CO, fraction of the brawn was shghtly Tonger (¢f Sicsjo 1963) The
emphasis 1n this series was however laid on a companson between the rate of 1n
corporauon of CO into different tissuc fractions The relation between these [
areflwtrated 1n Table I where the counting rates obtained wath the different fractions
have been compiled together with the per cent recovery

The total CO, actvity 1 the tissue including the 2ad labile and the different
orgamc fractions increased roughly exponentially during the first 60 mun after which
ume the merease was app 1y bnear The | increase dunng the first
hour was given by the acid labile fracuon (CO; H,CO HCO) which reached H’:
apparent equiibrium dunng that time while the sum of labelling of the d:ﬂ'c;:r[‘r

organtc fractions (As + P + L ~ \A) was labelled at a linear ratc dunng the w

exposure peniod

into the
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the usue The ind widual pomts for the &
total CO, meorporation into organic frac
tons (Org broken line} have been omitted
to avord obscurng those representing the
mcorporatson mto the acid sofuble fraction
Also the values for the CO recovered 1n
the nuclerc acd fracton (NA) have been

omatted snce they correspond very closely e
to those for the hip d fraction (L) e

The relation between the rate of incorporation of CO, mto the different organie
fractions 15 lustrated 1n Fig 4 where the equatons for the straght lines have been
calculated 1n order to facilitate compansons The curve with the steepest slope rep-
resentsthe  CO, actvity 1n all the organic fracuons If this 1s compared to the total

COy activity 1 the tisue (all the organic fractions — the diffusible acd labile
fraction) it 13 found that after 15 30 60 and 120 mun the organwcally fixed CO,
the pssue amounts to 8 13 21 and 32 per cent of the total activity respectively The
mam part of the orgamc  CO, was recovered i the acid soluble fraction (about 85
per cent) while most of the remaining actiity was found 1n the protemn fraction (8—9
per cent) The hipid fraction and the nucleic aad fracuon 1 ere equally labelled but
the actmaty 1n these fractions was too low to allow any quanttative companisons with
the other fractions Thus 11 none of these fractions did the  CO, activaty ever amount
to one per cent of the total hissue actwaty It should be pointed out however that the

radioactinity in these fracuons appeared to increase steadiby with ncreasing pme of
exposure

Discussion

As a first approimation 1t might be assumed that the laws govermng the uptake of
wmnert gases should also apply to CO, According to these laws which have been com
petently described (Morales and South 1948 Jones 1950 Kety 1931 ¢f also Sevening
haus 1964) the rate of uptake of a gas in a ussuc 15 determuned by 3 main factors the
lung venulation the solubility of the gas in the blood and the blood flow to the tissue
However evenaf it could be assumed that CO, fits qualitatively into these schemes s
peculiar charactrnstics make 1t adventurous to apply any quanutatne relanons for
mulated for other gases to CO, equilibna Thus €O, 1s pot only dissolved 1n the blood
and 1n the tissue but alsa chemically bound which implies that 1ts absorption 1 the
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different phases does not follow Henry s law rather different carbon dioxide absorption.
cunies Noreover the gas 1s nat physiologically mert but influences such parameters as
the lung v entilation and the blood flow to the bram This s to say that the accumulation
and the elimination of CO leads to physiological changes which 1n their turn influence
the rate accumulation and the rate of ehmnation respertively {f Landau 1963)
Finally the time taken for the diffusion of the eas 1n the tissue cannot immediately be
) d since the rate-d diffusion coefficient incorporates a factor for the
binding of €O 1n the tissue (Siesjo and Thews 1962}
1t 15 clear that some of the difficulties encountered when smdying the kinetcs of
CO transients may be avaided by using the radioactive compound Thus the con
centration of the adimnistered gas can be hept so Iow that the physiological parameters
do not change appreciably The curve for the wmcorporation of CO mto the acd
labile CO, of the ussue should then illustrate the basic rate of accumulation Any
moderate wncrease of the (O, concentration m the mspired gas mxture should by
virtue of 1ts effect upon the lung ventidaton and upon the tissue blood flow tend to
increase to rate of incorporation
There s howeser a complication to this simple scheme which concerns the equ
lLbrum  between the mnspired  CO, and the total carbon dioxide content of the tissuc
Thus the CO coming to the tissue does not only exchange with the bicarbonate
pool  of the tissue but also with the carboyyl groups of free and protemn bound organc
acds
CO hy o—H 'CO H CO KR—(H) H €O

R COOH

The wncorporation of CO 1nto organic compounds 1n the bram proceeds at a rate
which 15 hoear with ume dunng the penod studied presently This means that the

should be below 1ts 1| value i the present

experiments and that the acid labile carbon dioxide fraction has not reached a true
equiibrium during the 90 min studied 1n the first series of expeniments However sice
the amount of CO winch 15 mcorporated per minute into orgamic compounds 15 less
than 05 per cent of the total acid labde CO at equlbrum  and sice the rate
of diffusion of CO 15 high (Siesjo and Thews 1962) the CO acuwity in the present
expenments should be rather close to the true equlibrium values

The present \ orh was undertaken to investigate the possible presence of an actne
transport of hydrogen 10ns between bran tissue and blood plasma Such a transport
may be approached from kmete and from physicochemmcal angles In the present
context only the kinetic approach 1l be touched upon while the physico-chemical
arguments will be left for further treatment (Siesjo 1964) The present work has shown
that if raty are exposed ta 2 gas muxture with radiactive CO, the diffusbly carbon
dioxide fracuon of the bran (CO, H CO and HCO,) comes into an appareat cqu
hbnum with the wspired  CO, within an hour or less According to av ailable theory
(see above) this equilibrium would be reached much quicker f the CO tension o; the
wmspired gas mixture was mncreased However 10 the work of Nichols (1958) an "
expenments from the laboratory (Stesjo 1964, the apparent cquilibrium tme w23 ol
shorter than the present one but 3 times as long {sec mtroduction) The duscrepancy
between the results obtamed 1 the two studies mty be tentatively explamed 1n 3 nur:"e
ber of ways (sec Siejo 1964) and one possible explanation considers anb:::"
transport of hydrogen 10ns or of bicarbonate 10ns across the blood brain
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Thus if carbon diouide 15 adminsstered a new mean tissue CO; tenston will be reached
1n less than 20 min 1ndicating that at that trme the tissue concentration of dissolved
CO and of carbomic actd wall be reasonably constant in all tissue compartments Thes
means that any further increase in the total CO content of the bissue must imply that
brearhonate 1ons are transferred mto the tissue passvely or actively or that hydrogen
1ons are carried the oppostte way Expertments has e shown that there are no stgmificant
passive fluxes of these 1ons between the brain and the blood plasma (Siesjo 1961 b) but
1t remazns to be conclusivelv shown that the responsible process 15 an actne transport
actnated by the acidogentc load and not any one of a number of other hvpotheucal
processes which can explam the disap of hvdrogen sons from 2
system

Apart from their imphcation for the study of act ¢ transport mecharisms the present
results have a beanng also on the elucsdation of carbon dioude transients A quantita
1 e nterpretation of such transients m terms of rate hmuting factors and compartments
would require more expenimental data than provided here Hov ever 1t1s tempting to
assume that the fast and slow components tn the present curves (Fig 2 and 3) are
dominated by the Iung washout and the tissue blood respectniely and that the faster
equbrium in corueal ussue 1s due to the higher blood fow (see Rety 1950)

The authors are wndebted to the A R C Institute of Ammal Physiology Babraham Cambnidoe
andtoDr R D Kevnes F R S for providing the f ¢ s necessery to earry the present
work out Onc of us (BK §) wants to thank the Sy edish Medical Research Counal fo a
teavel grant
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5 Hydroxyindoleacetic Actd of Rabbit Spinal Cord
Normally and after Transection
By
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Abstract

Andén \ E T Magnuson B E. Roos and B We dunus 5Hyd oxpindoleacetic aod of ra*h ¢
spal co d normally and after transechon Acta physiol scand 1% 2 64 193—196 — The normal
spinal cord of rabb ts was found to contain 0 70 ¢ g/g 5-hydroxyindoleaceuc ac d m the part
cramally to Thé—~Th6 Caudally the concentration was 71 per cent of that cranually Afer
transection at this level there was no $ guficant chasige 1n the cranal part when analyzed as
a whole Caudally to the lesion the >hydroxyndoleacene acd sho ed a substantial drop
dunng the first 2 days and thercafter a gradual fall It had dsappea ed almost completely afier
10 days The 5 hydroxytryptamune determuned in the same rabb ts was unchanged after
2 days was cons derably reduced after 3 davs and had almost completely diappeared afier
10 days It 15 concluded that the level of 5 hydroxymdsleacetc aad better than that of o
hvdrosytryptam ne m rrors the m tabol ¢ rat  of >-hydroxytryptammne

Recent biochemical and histochenneal im estigations hate shown that the 3-hydroxy

uyptanune (5 HT) in the spinal cord s localized in descending nene tracts (Carlsson
Magnusson and Rosengren 1963 Carlsson et al 1964 The 5-HT 1s hughlv concentrated
n vanicosities of axon termmnals (Carlsson ¢f af 1964} belonging to neurons the cell
bodics of 1 hich are situated n the lower brain stem (Dahlstrom and Fuse 1964 by

Llectnical sumulation of these descend ng pathy ays results in release and increased
svathesss of 5 HT  Anden of of 1964 2) Sdmumstration of the 5 HT precursor >
hvdrow tryptophan produces profound functional changes n the spual cord {Caclssar:
Magnusson and Rosengren 1%3  Andén Jukes and Lundberg 1964 Andén o af
196+ ¢ Andén Carlsson and Hillarp 1964) an cffect due to the accumulanon of 3-HT
there (Anden Jukes and Lundberg 1964) The findings that the 5-HT 1n the spinal
<ord s released by nenve actunity and has functional effects stronghy mdicate that > HY
serves as a humoral transmatter there  All these investieanons have prompted the
present studs on the effect of transection on the spinal cord levels of >-hydroxundele

acet ¢ acid (3-HIA\  the maim metabolite of >-HT

13-8530M { ¢ phy ot 4B L6
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SPINAL CORD

—— o HT
o —S§HaA

s
3 60
g Fig 1 The levels of 5 hydroxymndoleacet
£ a0 aud {2 HIAA) and 5 hydrowuryptamine
& o (5 HT) of the caudal part of the rabbit
g~ spmal cord 11 per cent of those of the cra
20 mal purt at varous interyals after trinsc
tion Lach symbol represents one single
o .
g 2 5 oays 0

Matersal and methods

Adult rabbits of both sexes weighing | 5—3 0 kg were used Under pentnbatlntal sodm
ancsthesia (about 30 mgjkg 1 v ) the spinal cord was d at Th—Th§ P stoy |

care was taken to prevent hypothermia residual unine decubitus and wound infectinns After
vanous intervals of ume the animals werc sacrificed by air embolism  The spinal cordy were
frecd from the mennges and nerve roots The picces cranually and caudally to the lesion from
four to seven rabluts were rapidly pooled and homogenized 1 0 1 N HCI {3 ml per g tussu }
The protemns were precipitated with 10° 7nSO, 7H O (1 ml per g nssue) plus N NaOIi
(0 5 ml per g tssue) The 5 HIAA and 5 HT of the same extract wer separated purified an
concentrated by means of an organic solvent extraction proecdure and determuned spectro-
photofluonmetncally in 3 N HC (Roos 1962 Roos and Werdins 1972) Th fluarescence
spectra were always recorded The recaveries of 4 g 5 HT and 2 4g 5 HIAA ¢ 1n ahquotofa
homogenate were § und 1o be abaut 70 and 60 per cent respectively when n all wance
partiion was made All values were orrected For the recvery “ormal values v ere obtamed
ram rabbits not op rated upon

Results

Cramally to the transection site the spinal cords of the non operated rabbats were
found to contain on the average 033 ug/g 5 HI (S E = 003 4 expns) and 020
pelg 5 HIAA (S L — 0031 4 expts) The levels of these compounds in the cramal
part of the spinal cord after the operation were for 5 HI 031 ygfg (5 T = 0019
7 expts ) and for s HIAA 022 p fg (5 © ~ 0021 7 expts) Apparently the transec
tion did not change the conc of these 1y 10 the cranial
portion of the spinal cord when analyzed ay a whole For this reason 1t was possibie 1o
give the fevels of o HT and 5 HIAA in the part caudally to the lesion as the percentage
of thuse oceurring cramally (Fig 1)

Caudallv to the transcction site of the non operated rabbuts the concentrationd of
5HY and 5 HIAA were on the average 75 (S T 35 dexps)and 71 (5 L ~ 88
4 expts } per cent vespectiscly of those cramally to ¢ Durig the first & postoperath e
days the 5-HT in the caudal portion was approvmately unchanged It showed &
substantal drop between 2 and + days and had almost completely disappeared afer
10days Alo the o HIAA disappeared from the crudl part of the spmal cord after tran
section The time course of the disappearance of 5 HIAA was however somewhat
different from that of 5 HI In the first 2 davs after the operauon the 5 HIAA con
tent of the caudal part was reduced from 71 to ZJ per cent of that of the cranal onr
Thereafter there was a gradual drop of the 5 HIAA After 10 days the caudaf par¢
was almost completely depleted of S-HIAA
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Discussion

In normal rabhuts the proportion between the concentrations of 5 HT and 5 HIAA 15
about the same m the brawn and in the spmal cord The levels are hov ever 2—3 times
higher m the brain (Roos and Werdinius 1962 Andén Roos and W erdimus 1963 and
unpublshed results)

The of the d of 1n the spinal cord caudally to a
transection have been ivestigated earhier (Andén ef af 196+ b) It was found that the
depletion of 5-HT s most rapd bets een the fifth and seventh postaperative day
+ hereas that of noradrenaline 1s almost finished afier 5 days The drop of 3-HT appeared
somewhat carhermn the present study which may possibly be due to individual differences
It has earher been observed that the noradrenalne of the rabbit ins disappears at
different rates i different ammals after excision of the supenor cervical ganghon
{Andén et af 1964 b) Hos ever indiadual differences cannot be the reason for the
findmg that the concentration of 5 HIAA 1n the caudal part was considerably reduced
at the second postoperatnve day when that of 5 HT was about unchanged since the
values were obtained from the same rabbits Probably the level of 5-HIAA better than
that of 5 HT murrors the of the 5-HT bol after secuon of the
descending § HT pathways i the spinal cord

1In the mmtact spinal cord the 5 HIAA may be formed from the 5-HT released from
the nerve granules 1nto the synaptic gap by nerve activity Since this release should
cease smmedvately after section of the descending 5-HT nenes in the spinal cord  this
effect may be the cause of the rapid disappearance of the 5 HIAA The formation of
5-HI\A can however probably occur i other ways For example reserpine has
been found to produce a long lasting nse of the >-HIAA in the brain (Asheroft and
Sharman 1967 Roos and Werdinius 1962 Anden Roos and Werdinius 1963) It can
be assumed that reserpme simultaneously reduces the nerve mpulse induced release
of 5 HT like that of catecholamumes from the nerve endings (Carlsson et al 1957
Carlsson 1964) by blocking the incorporation of monoammes in the granules (Karshner

1962 Carlsson Hillarp and Waldeck 1963 Euler and Lishajho 1963) Therefsre the
comersionof 5 HT to5 HIAA can take place mtracellularly before the amune 15 mcor

porated 1n the granules The elevated level of S-HIAA after reserpie treatment may
also be due to an enhanced synthests of 5-HT (Andén Roos and Werdimus 1963) It
has been found that the 5 HT synthesis i the spinal cord 1s influenced by the acuvity of
the descending nerve tracts (Andén et al 19643) The disruption of the impulse flor

by cutting the spinal cord should thus cause a dirunished synthesis of 5 HT and
2 HIAA This may be responsible for the drop of the 5 HIAA vathin the fimt 2 days
after the transection although the 5 HT stores are sull tntact The 5 HIAA remauning
after 2 and 5 days may reflect the slow metabolism of 3 HT occurning after denerva

tion It has been observed that the 5 HT metabol sm in the caudal part of the spinal
cord docs not deately cease afier a

as of the
oudase causes a slow accumutation of 5-HT Dahlstrom and Fuxe 1964 a1 with the

development of 5-HT effects { \ndén Jukes and Lundberg 1964) The approumately
smultaneous disappearances of 5.-HT and the last of 5-HI\A may occur « hen the
5 HT termunals are desenerating Amvhos  the earkier fall of 5-HI \A after spal cord

transcction seems ta show that the acid better than the amne reflects the turnoy ex rate
of 5 HT
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Decarboxylase Activity 1n the Spinal Cord
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Nis-ERmn ANDEN
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Abstract

Anden N E. D strnbuton of monoamin £ and dihyd ocyphemyl la ine d carbosrlase oct -1ty i the
spunal cord Acts physiol scand 1962 64 197—203 — The contents of norsdrenaline 5-
hyds A decarbaxylase acts stv at d flerent levels of the rabbir and eat
spinal cord have been insesugated The c neentrations s the vanous parts d flered only
sl ghtly and roughly paraftelled the relauve ans ounts of grey matter There was more 3-hydroxy
typlam ue than norad enahne n all locauons usualhy 2—+ umes The distribution n the
thorac ¢ cord of cows has also been myesugated The concentrations of both am ics were
highest n the Isteral homns lower m the anterio and postertor hotns and mucks lower m the
wh te matter The DOP\ decarboylas actz 1ty was lower in the Lateral horns than n the
whie matte and the other homn  No dopam ne was normallv found 1n the spinal co d

The presence of noradrenaline (N A) in the spinal cord was first demonstrated by Euler
11946 190} and Vogt (1924) and that of S-hydroxviryptamne (5-HT) by \mun ef of

19:8) However untd recently nothing  as known about the cellular localizauon
and funetion of these 210 nes 1n she spanad cord 1t was posnblr that they did pot oecur
1n central neurons but 10 vasomotor nerves blood platelets or glia cells \oy 1t has been
proved that both anunes are localized 1n descendine nenves of the spinal cord  Magnus-
son and Roscngren 1963 Carlsson Magnusson and Rotengren 1063 Carlsson et al
1%4 Andén ¢t al 1964 b) and probably serve as synapuc wransmitters (Carlsson ef af
1364 Andén et of 1963 1964 3 and ¢ Andén Jukes and Lundberg 1364 Andén
Carisson and Hillarp 1 %4#) These findiogs prompted studses on the distnbuuon of
N\ and 3-HT wn the spinal coed Such datz wall be presented and discussed betow In
addit on the actmity of L-3 $-dih henylal; DOP\  d lase was
determuned 1n different parts of the sp nal cord
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Material and methods

Adult cats an] rabbits were used for the determination of the congentrations of dopame
(DA) NA and 5 HT at vanous levels of the spunal cord, The activity of the cord DOPA
decarboxylase deternuned 1 1itr0 was also mapped out in these two species Th asays of tf
catecholamumes 5-HT and DOPA do boxvlase actvity v ere 1 on diflercat anuuals
The cats were sacrificed by bleeding under M O anesthesia In the 5 HT experiments the ral uts
were anesthetized with pentobarbital sodium (20—30 mgfkg 3 v) and bled to death from a
caroud artery at the same tume as they recenved an infusion of oxygenated I'inger 1 solution
at 37 C 1016 an external yugular vem This procedure chiminated contarmnation by blood
platelet 5 HT In the other experiments the rabbats were sacnificed by air embolism  The spinal
canal was opened the dura removed and the spinal cord taken out as soon as possible Tre
spinal roots were used 1o adentify the segments The 12 em of the cord cranial and caudal to
the cervical enlarg ment and the four cranial lumbar segments were remoyed and discarded
sn order to permit companson of representative pieces The pla mater and nerve roots were
stripped off The NA was di d lly afier 1on exchang chroma
tography and oxidanion by the procedure of Bertler Carlsson and Rosengren (19,8) or when
the NA amounts were small by the modification of Higgendal {1963) The 5 HT was deter
mined spectrophotofiucrometrically in 3 N HCI afrer 10n exchange chromatography accr rding
toBertler (1961 a) except that the yssue residue was reextracted with about 3 ml 0 4 N perchloric
acid per g tissue (Carlsson and Lindgyist 1962) The actvation and fluorescence spectra of the
apparent and authentic 5 HT were recorded The DOPA decarboxylase was extracted with
phosphate buffer and sncubated with I DOPA as described by Bertler and Rosengren (1939 )
Thr DOP A d b activity was di also 1 20 1n cats These cats which were
decerebrated and used partly for other purposes were given 67 or 100 mgfkg L-DOI V1 v
about one hour befre sacrifice The DA formed i titro as well as m 1o was estimated spec
trophotolluorometnically after 1on exchange chromatography and oudauon {Carlsson and
Waldeck 19,8 Carlsson and Lindgvist 1962)

‘The 1} oracic cords of the cows were recaved from the slaught r house The cows were sacn
ficed by a shot into the brain About one hour clapsed before the spinal cord was taken out and
cooled with ice The grey columns of the thoracic cord with the surrounding white matter wer
obtuned by punchimg out the requisite parts with a steel punch fitted with a steel plunges
Duning the preparition, which usuallv lasted about three heurs the cords were kept 1ce conlrdd
Th losses dunine thix procedure were controlled by taking a piece of th ¢ whole spinal cor
which was extracted at once The catecholammnes » HT and DOPA decarboxylase actiity
1 £ulro were determined as described above

Results

Dstribution of anunes n the spnal cord At all lesels of the rabbt and cat spinal cord N3
and 3-HT were present (Table ) o DA was found normally The distributons of
A and 5 HT were rather even tn the rabbit spinal cord The concentratsons of both
substances were however about twice as high m the conus medullans as i the
cramal parts At all levels there s as 2—4 times more 5 HT than NA The concentrd
trons of NA and 5 HT in the cat spmal cord were very similar to those found m the
rabbuts cramal to the lumbar epdargement In the cat Jumbar enlargement {L5—S1
the conc fboth wereabout twiceas bagh as in the cramal rtgmn!r
The conus medullans of the cat contained much 5 BT about five imes morc Lhan[o
A Different ammals showed large vanations of the concentrations but comp:cu\oui‘),
constant distributions  There was an almost complete disappearance of both > ;:15
£HT 1n all parts of the spinal cord about 16 hrs after reserpine treaiment (e

s 2 mglkgr v)
m?ll‘tilwpnn:x:l::uom ofg\?\ and 5-HT 1n the antenor and posterior parts o:' T:d‘:;
Jumbar enlargement were imvestigated 1 2 expts The antenior half was for
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y (2 HT) 1n the spnal
cord of cats and rabbuts The figures m brackets i the headings refer to number of
an mals The values are in 4 g'g tissue and are metns 1wt the range in brackets

Rabbit Cat

NA(2) 5-HT (2) NA(6) 5HT (61
C1—c3 003 02> 008 013

(003—0 10} (021-079) (003—-012) (007~073)
Ceressal 009 034 012 03/
enlargement (003-010)  (033-03) (007—014)  (024—04)
Th3—L1 007 02 ot 02>

(006-007)  (021-023) (009-013) (0 1b—037)
Lumbar 014 034 093 074
cnlarg ment (010-017)  (074—034) (013-03%)  (034-112)
Conus 076 059 098 141
meduyllans (023--079) (033—0°4) {0170 43) 0 -19

Tazee 11 D stk ution of DOPA deca boxylase actnity 1n the spinal cord of cats and rabbie
The figures 1n brack s 1 the headings refer to number of an mals. The alucs
are expressed 1n 7 g dopamine per g tssue formed an + 70 aft £ 45 min wcubaton
with LDOPAorny o alter injeczon of L DOPA The alues are means vth
the range 1n brackets

Rabbnt Cut

In sitro (3) Inwto 2 In w6
C1—-C3 40 by 19

3~ (247 (13-34
Cavical 40 24 LN
enlargement 31 47 -7 13-43
Th3—1 1 33 ° X

3143 17330 10-34
Lumbar & 43 8
nlargemment (8- 01 (3947 to—g
Corus 54 7 80
medullaris 3t —€9 6 —~87
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Tasix I Dustribution of noradsenaline (N V) 5 hydrovytryptarmune (3 HT) and DOPA
decarboxylase actavity 1 the thoracie cord of cows The figures m brackets in the
beadings refer to number of determnations The values of N\ ond 5 HT ace m
j@lg tssuc and the DOPA decarbosylase actvvity 18 expressed as the formaion of
dopammme mn ; g/g tssue after 45 mun sncubation with LDOPA The vafues are
means with the range in brackets

DOPA devar
bovylase acty
NAD SHT () y (2
Laterat horn 023 050 83
(014032} (043056} (63 ~100}
Anterior hor a0 e14 350
{0050 00) (012~016) 330~360)
Postertar hom on 014 220
1008~013; 10 54-014) {760--730}
White matter et agn 2.0
{50300}
Grey + vhite mateer o7 00 720
before dissection (260740
after disection 002 oos 70
(250~290)

Single desermmation

contamn 0 12 pgig NA and 066 gyg 5 HT whereas the corresponding values of the
posterior hall weee 0 14 yg/g and 067 ug/g respectssely

Dustributeon of DOP 1 decarboxplase act 1y i the spinad cord The distribution of DOPY
decarbovlase activity an the spmal cord of rabluts and cats (Table II) was yers
simufar to those of the moncammes In the rabbut cord the acen sy when determined
11 uitro was rather eventy distributed but was somewhat hsgher i the conus medullant
than an the other regions In the cat spinal cord the w o actvsnies of the parts eranisl
to the lumbor enlargement were somewhat lower thae thase of the corresponding parts
1 rabbuts "The lumbar entargement contasned more than the cranal portions and the
conus medullars sull more 11 agreement with the higher monoamine concmzrzmm:
in these regions Since no D 4 was found normally m the eat spinal cord and the \M
formaton was neghoible the D\ concentration after yection of L-DOI A shoul
reflect the enzyme actiity m ¢ o A soen i Table 11 the actvaucs obtnned i s1e?

11 1o agreed satisfactoniy

n“gu’:nbuhp: of avnnes and DOP { decarboglase artnaty m the thoracii cord The dulnb:c
wons of \A and 5 H i the cow thoraci cord are presented an Table 111 Like u;\{ <
cat and rabbrt spnat cords mo DA was observed  The haghest concentrations o e
and 5-HT occurred 1 the laseral horns These substances were present alio in



MON\OAMINES IN THE SPINAL CORD 201

antenior and postenior horns but 1n lower concentrations The posterior horns included
also the mtermedio-medial nucleus and the substantra grisea centralis (Rexed 1954)
In the white matter the two amnes occurred m very low concentrauons In all places
there was more 5-HT than NA

The dstribution of the DOPA decarboxylase 2ctuvity determined 1 rifro was
apparently different from those of the amunes m the thoracic cord (Table III) The
enzyme activity was high 1n the white matter as well as m the antenor and postenor
horns whereas 1t was much loy er 1n the lateral horns

Discussion

In all locations of the bran whese 5 HT occurs there 15 alse a catechalarine wsually
NA but DA m e g the caudate nucleus and the putamen (Bertler 1961 b) The same
holds true for the spinal cord with NA as the only catecholamme found normally The
A and 5 HT 1n the spinal cord are however much more evenly distributed than in the
bram The proportion betw een the two aminess also stnlangly constant at the cifferent
levels of the spinal cord In fact the small between the of A
and 5 HT 1n the various parts of the rabbnt spinal cord may be explamed by sumilar
differences n the amount of grey matter (calculated from the iilustrations m Craigie
1949 p77) In the cat the differences in concentrations of VAzand 5 HT between the
and the thi d may be d for by a1lar by of the

grey matter (calculated from ilustrations 1n Rexed 1924) Howeser the cranial cervical
segments of the cat cord have lower concentrations of both NA and 5 HT than the other
parts even 1if allowance s taken for the somewhat smaller content of grey matter In
the conus medullans there 1s a very high concentration of 5 HT actually the highest
found 10 the central nervous system of cats 1 this laboratory The hypotbalamus which
has the second highest 5 HT concentration contains about 07 uglg The cellular
localization of the 5 HT 1n the cat sacral region has been studied by the histochemmcal
fluorescence method (Dahbtrom and Fuxe unpublished data) In the antenor horns
there are abundant 5-HT termunals especially in the ventral and ventrolateral parts and
around the central canal In the superficial zone of the posterior homns there are
numerous descending 5-HT axons the terminals of v hich probably are submicroscopic
Further there arc many 5-HT termunals 1n the twisted parasympathrtc nuclews
(Rexed 1924) but not as many as in the hy column of the thi h cord

From the results on the distibution of DOPA decarboxylase activity 1n the rabbit
and cat spmal cord 1t may be concluded that the enzvme and the amumes occur at the
same sites like in the brain (Bertler and Rosengren 1939 aand b Runtzman etal 1961}
This view 1s 1 harmony with the obsenuat ons that the DOP \ decarboxylase like the
amunes 15 localized 1 descending nenves of the spmal cord (Andén \lagnusson and
Rosengren 1964 a and b) and that 1t probably catalyzes the biosynthesss of both cate
cholamunes and > HT (Westermann et al 1958 Yuwiler e o 1959 Bertler and Rosen
gren 1959 b Rosengren 1960)

The results from th fc  investigations of the distnbution of arunes and DOPA
decarbownlase actiats 10 the thoracie cord must be looked upon as prelimnary espe
exally with regard to the facts that the dissection was lcchmcall\ dufficult and longlasting

Further duning the there asa breakdo n of the
amincs (see Table 1] ¢f Berter and Rosengren 1959 a) There is however lntle doubt
that both have therr largest n the lateral b d are almost
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completely laching 1 the white matier These findmys arc i agreement wath the
observations made by the hustochiemucal techatque (Carlsson of o 1964) Because of
the small wergh of the lateral hors thesr monamines do not contribute by more than
at mast 10 per cent of the total monoarnmne content of the thorae cord This fact
probabh explans why the monoamime contentrations of the thorane co d .t¢ nof
Larer than thes- of the other cord parts 1n the rablut 2nd cat experuments The dis-
crepancs between the distrabution of the ammes and the DOP A decarboxy lase actnin
122 the cow thoracic cond as s efl as the high decarbo lase activaty m the whole  erase
cord of this specacs ase obscure The hustacherucal method has shown that the mono-
ammerye nenves i the spinal cord begm to displas vancostses with high amounts
of monoammes prior 1o therr entrance 1w the grey substance sbere alf svhaptic contact
appears to take place (Carlscon «f af 1964) Part of th» DOPA decarboviLie in the
white matter mas be localized 12 such vancosties. Also the non 1ernunal parts how

ever of the monoaminersic neurons contarn ths enzyme {Holtz and Westermann 1936

Anden, Mamuswon and Rosenwren 1964 by It mav be concen able that the descending
monaamnergie axons oocupy a larver part of the white matier of the thoraoie cord of
covs than of the smaller anmals, If the relativels Jow DOPA decarbonilase acumn

found i the fareral horns s not due o techrueal errors 1t may possibh indicate 2 Jower
svathess rate wn the nerves brlonging to the central part of the autonomic ner ous
system thao 1o those belongiog 1o other systems The proporuon besween DOP A decar

bolase activits and amire conrenrrauon ta the lateral horns 15 sumlar 10 that found
1 svmpathrtically nervated orzans (Anden. Maenuscon and Rosengren 196t b

but lower than that found m otber parts of the ceniral nenvous svs em {Bertler 2nd
Rosengren 1929 unpubbshed data

This unesugaven 1 as supported by Public Heaht Service Research Grans NB 043590 frum
€~ \auonal Insunste of Neuroloeical Diseascs and Blindness. and by grarts from the Faculn
of \edicime Lnz erutv of Goteborg 213 “bs ensta sallskapet for med tinsk fonkn 1g Sinck
holm. For a geacrous gift of reserpioe I thank the Swedish Ciba Stockhobm. ¥ am gra fute
Mss Birrt.a \ilsdoter Hogberg for techmeal assistance.
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VII Linoleic Acid
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Abstract

Goransson G The metabolusm of fatly acids vn the rat VI Luolew acsd Acta physiol scand 1963
6¢ 204—710 — I C lnoleic acd and H palmitic acid complexed with scrum were simu!
tancously inected anto normal rats of two 1states and the o d
1nvestigated It was found that the labeled Imolet¢ acid disappeared more rapidly from the
blood than the labeled palmutic acid At 5 min Jess linoleic acid than palmitic aaad Ihbel was
recovered from the fasted rats The d stnbution of radsoactis ity between the neutral hpid and
phosphol pid fractions 1 the separate tissucs from the fasted rats agreed with the fatty acd
composition of each fraction The pattern of radioactivity 1n the blood phospholp ds at 370 mut
closely resembled that in the hver phosphalipids at 5 mun

bol

Previous imy m our labi y have been d with the
m the rat of sic different fatty aads (Goransson and Olvecrona 1964 and 1963
Goransson 19642 b ¢ d)

The present article reporis the results from experunents with linolesc acd The pur
pose was 1o study 1if this essential fatty acid 1s metabolized diflerently compared to the
non essential palmitic acid in normal rats The two acids labeled with € and 13
respectnelv were thercfore injected together into rats of different nutntronal state an)
the studied  dasag of label from the blood uptake of
fabel tnto the tissues owidation of label tncorporation of label ato wssue hpids and
recirculation of label back into the blood

Methods

condition of the rats the peratne procedures and the analyses preformed on ¢ samplcs
yT:f: tyeen descrbed earlier (Ghransson and Olnccrana 1964 and 136,) In the present work
special care was taken o prevent autoovidation of ¢ € polyunsaturated fty acd Centre

e 1 Cb-cas-ess | noleic acid (Batct 20; was obtained from The Radiochemical Centre
Amensham Lngland Its specific acuvity s as 287 me/m\M The radiochem cal impu

204
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amountedto 10 and the chemical impunties as trans 1somers toS  and as conjugated diene
to4 / Ths purity s as not cons dered sufficient for the purpose of tject on into rats and com

panson with palmitic acd contamung less than 05  of mpurittes. Therefore the hnolerc
acd was first subjected to reversed phase chromatography with 73 ethanol®>  water as
‘mobile phase and hep phase of were discarded

After extraction from an acidified ethanoljwater mixture the Linoleic acid was methylated th
dhazo-methane The methyl esters were separated into the pure trans form the mrxed ¢t trans
form and the pure e form by 1hon Iy et chromatography (Prvett Blank and Romasus 1963}

As refe ence substances were used cis-cis methy] linoleate (Fluka AC Basel Swizerland) and
trans trans methyl linoleate prepared as described by McCutchon ef of (1939) The raethyl
esters were cluted from the sihca gel with ethylether 8§ of the rad oactiviey on the thin
Iayer plate was recovered as pure s methy! hnoleate whereas 10 were trans-trans and
cs b thy! Linoleate. I d were found between the
cs-cis-methyl hnoleate and the ongin

The methyl esters were hydrolyzed with 4 KOHmn 93 ethyl aleohol 1n water at room
temperature overmght The fatty acid was finally extracted wath petroleum cther from an
acdified alcoholjwater mixturc and kept 1 benzene under mitrogen atmosphere at —20 C

Analysis of a methylated sample of the ci-ais hnoleie aad by thin layer chromatography
showed that less than 05 of impurities \ ere present.

“The 9 10 H* palmut ¢ ac d used 1n the present work was also obtatned from The Radiochem
1cal Centre Amersham England It was purified by reversed phase and thin layer chromatog
raphy to assure that all th fad oactivity was present as free palmitic aad

An mjection solution of the two acids m rat serum was prepared as described ea ker (Gorans-
son and Olvecrona 1964 and 1963) The myected dose of0 > ml of seram contamed approv
mately 0 03 micro-Eq of both the labeled hinoleic acid and the labeled palmitc acid

Results

In the present expeniments the brhaviour of the labeled palmitic acid agreed with the
results of carlier work (Goransson and Olivecrona 1964) Therefore in this article the
the results are gnen as the rauo of hnoleic acid label (C )/palmitic acid label (H?)
‘The ratio in the inyected fatty acids v as taken as one

The results can be seen 1n Tables I—TV

Table I shows the disappearance of label from the blood Linoleic 2cid + as extracted
from the crrcutaung blood at a hugher rate than palmitic acid 1n both fasted and refed
rats The refed rats shou ¢d the greatest dufference

Table II gnes the ratos between € label and H? label 1 blood hipid fractons at
40 and 370 man These ume intervals after injection s ere chosen because earlier 1 ord
{Goransson and Olvecrona 1964 Laurell 1959) has shoy 7 that the rearculation of
tabeled fatty acd in the tniglycende fraction of blood or plasma reaches a maximum
around 40 run Furthermore conuderable amounts of label do not appear m the blood
phospholipid and cholesterol ester fractions until several hours after the injection of the
labeled fatty acids The present vesults indicate that at 320 min kinoleic acrd label had
been incorporated to a larger extent mto the blood cholesterol esters than palmiuc acid
label both un the fasted and the refed rats At 40 mun the blood glycendes of the fasted
rats contamed less linoleic acd label than palmitic 2cid label + hereas the reverse was
true in the refed rats In the phosphohipids from both fasted and refed rats the ratio of
1 nolerc acid label o palmitic acid label was smaller than umty at 320 min

In Table 111 the radvactnaty of the total hipid extracis from different ussues and
from the 1 hole rats can be seen The labeled knoleie acid was more rapidlv oudized
than the palmitic acid label in the fasted rats but in the refed rats the ratio between
hnoleic and [ aimitic actd label was rather close to unity The same tendeney was found
11 the separate tssues In the fasted rats the rane was well below one in all the tssuss
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Tasre I C [H* radicactivty 1n the blood FFA fraction 1. rats afier the 1 v injection of
C * hmolerc and H. palmutic acid 10 rat scrum Each saluc 1s the mean = STAS of

3 rats The ratio in the injected fatty acids was taken as 1 0

M Fasted rats Refed rate
1 068004 084002
2 050005 0314004
3 0470 02910

4 043:006 024004
5 045-003 019003

Taste I Rato G [H rad oactnity m the blood Dpids i rats afier the 33 snyection of
€ Lnolexr and H palmutic acid m rat serum Each value 1 the mean = SFAM of
3 rats The ratio m the myected fatty acuds was taken as 1 0

Fasted rate Refed rats
Cholesterol Phospho-  Cholesterol Phospho-
Afin esters Gheendes  bp ds esters Glveendes  Ipsds
40 086012 0680009 0:3:0 1434020 1134003 081004
379 19,2021 117008 069-002 148013 1053005 02=00%

Taste 111 Rano G H radicactivity in the total tssue Iip ds from rats after the s v ingection
The rato 1n the snyccted fatry acids was takenas 1 0 Totalin the rat represrats

Adipose
Ain Lner nssue \Muscle Heant
Fasted rans
5 083002 083-007 089 -0 077009
320 069-002 0022022 100200 073001
Refed rats
07200
=001 085001 107
b P 087001 1582012

30 082002
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Tasz I\ Ratio G 4/H rad oact vity w the neutral 1 p d and the phosphofip d fractions of

tissue liprds from fasted and refed rats after the 3

wgection of G linoleic and

H palmitic acd in rat seru n. The values represent the mean = SEM of 3 rats
The ratio 1 the myected fatty acids was tak nas 10

AMn Liver Muscle Radneys Lungs Spleen
Fasted rats
5 Neutrallipids
~+FFA 1074003 083001 0674007 054001 0351001
Phosph bpids  071=001 1101006 0.58::00> 044£001 0621003
320 Neutrallipids
+FFA 0934004 0992005 0071001 121:014 043009
Phospholipids ~ 062::002 0992008 0602006 0354004 0461001
Refed rats
5 eutrallpds
-~FFA 099002 054=002 0581001 052+001 0394007
Phospholipids 1064002 1311006 103:003 0904003 082001
320 “eutral hpuds
+FFA 0974001 0561003 076100 081001 08a+014
Phospholpds 08,4004 1092001 0912007 074007 0634001

of G lmolecand H palmut ¢ acid 1n sat serum Each value 1s the meaa + SEA of 3 rats
the rauo n the sum of th rad cactivity s all the tissues taken out plus that wn the carcass

Total n the
R dneys Lunge Spleen Carcass rat
059005 043001 0511001 087001 084001
058003 0362001 04 1001 005004 0804003
064001 0631001 0971004 09003
065007 0601001 1001001 097001
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and 1n the refed rats the ratio was higher in all ussues than in the fasted rats In the
livers from both fasted and refed rats the rauo at 320 mm was smaller than that at
3 mm

Table IV finally, shows the relative incorporation of inolerc acd label to that of pal
mic aced label mnto the neutral fat + FFA and the phospholipids In some tssues from
fasted rats more hinoleic acid label than palmiuc acid label was incorporated 1nto the
phosphohpids as compared to the glycendes after 5 min and in other tissues the reverse
was true In the refed rats however there was always more lioleic acid label 1n the
phospholipids at 5 mun than in the glycerdes

Discusstion

Earlier experiments by Mead ¢t al (1956) and by Blomstrand (1954) showed that when
fed 1 excess of amounts needed Inaleate was oxdrzed more rapidly than fed stearate
and palmtate n the rat Lossow and Chaikoff (1959) found that the evidation of ino-
leic and hnolenic acid v as spared by glucose Thus mn these investgations no specific
sparmng of the essential fatty acrds was noted The same conclusion can be drawn from
the present experuments in which the mjected linolerc and palmitic acids were meta
bolized by the same princrpal pathways

Cis as hinolerc acid 1 € ¢ was found to disappear from the blood at a considerably
higher rate than the H® palmitic acad both 1n fasted and refed rats In expenments car
ried out on humans Fredrickson and Gordon (1958) originally did not observe any
difference 1n the extraction rate of 1 v injected linoleic and pafmitic acid Later how
ever Dustin et ol (1961) injected H* palnutic acid and 1 G Linoleic acid togetber into
rats and noted that the C ¢ label dssappeared more rapidly than the H® label from the
blood These findings together v ith the results presented 1 this work make 1t probable
that in the rat hinoleic acid 15 in fact extracted at 2 higher rate from the blood than pit
mitic acrd

At 5 mm after mjection practically all the labeled Iinoleic and palmutic acd had
disappeared from the biood in the refed rats Therefore the total tssue radioactnity
m the refed rats at 5 nun after the mjection most likely reflects the 1itial distnibution
of label since at that time Iittle oxidation or redistrtbution of label between separatt
argans has taken place (Goransson and Olnecrona 1964) \ ratio of hinoleic aad
label to palmitic acd label greater than unity was only found in the heart This might
not have been expected i view of the results of Carlsten ef al (1963) + ho sho ved that
the a v difference over the human heart for lmolerc acd + as smaller than that of alt
other fatty acids studied In the lungs and the spleen the rava € /HPsuggested a pref
erential uptake of palmitic aeid

Once the labeled fatty acids have been taken up by the eells they are drectly atail
able for nterce and 1nc mto separate hpid fractions
followed by recirculation back inio the blood as fatty acid esters The different path
ways will be discussed in some detail below

Ovuidaton

Tn the fasted rats less hnoleic aad label than palmuc acid label was recorvered l‘r;:n:
the whole rat 5 min after injection It should be recalled at thus pornt howerver :“n‘
the inoleic acid label disappeared more raprdly from the blood than the patmise



LINOLEIE ACID METABOLISM 209

fabet Thus knelec acd and palmtic acd may stll be equally av slable for ondation
immedately after the entry mto the cell inspite of the fow rano obtained in the present
expenments After 320 nun the amount of the fwo 1sotopes had dechned paratleth so
that the ratio was sull the same Thus 1s parthy explamed by the faarly equal incorpora
tion of the two 1otopes wo neutral kpids and phospholipids

“The finding 1 this work that hnolers aeid was more rapudly oudized than palmine
acid agrees with earher results (\fead ef af 1906 and Blomstrand 19>4) that indwcated
a more rapid oudanon of fed hnolere acd thar palmatic acd 1 ras

Inte comzersion

Theoretically Iinolese acd might be oudized to Z-carbon umts w hich could then give
nise to fatty acids other than hnolexe In the present expermments however this indirect
mtercons ersion does probably net take place to any large extent because wn the refed
rats Wt e oy erall oudation 88 very small 2nd w the {asted rats the wynthesis of fatt ands
from 2-casbon urats 15 depressed

Anather way of v ould be but this reaction 1s con
sidered ta be of munar mmpestance 1o higher ammals (Mead 1960}

The comession of knolerc acid to asachudonic acsd constates a thrd possible sas
of mictcom ersion That thes reaction does tadeed take place s asshown by \lead (1903}
However m ihe expenments of Dytumer and Hanzhan (1929) labeled anachudonic acd
was not found to any large extent exeept m phosphandikethanolamme (26

The intercons ersions of palmitie acd hase heen ducussed elsewhere (Elovson 3963)

Tacosporat o of radieattinity mio newt o Lipeds and phosphalipeds

n the fasted rats where no nterconsersion of palmite acid takes place st was found
that tncorparation of lwmolere acid label ay compared with pabruac acid label took
place according to the fatnh acd composition in the respecine Lpid fracton found
earler (Goransson and Obnecrona 19641 eveept in the spleen

Rear vut on bark enta the blood

‘s could be expected from earher work (Goransson 1964 a and b the pastern of label
n the blood phasphohipids at 390 min was sl w thae wn the hver phosphohpads at
5 min The rauo ra the bload glycerides did not resemble the eano o the bues neutral
teped £ action as closely as m eardier + ork vath other fainy acds

Fht wa k was upported by grants fre m the Med cal £ cuftv nLund,andtfom 2 e U § Puble
Health Sevscr He 0030701 MET)

Mari v halebuson gave exeelient techineat assistance
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Direct Studies on the Disappearance of the Transmutter
and Changes m the Uptake-Storage Mechanisms of
Degenerating Adrenergic Nerves
By
Torpjors \aturors and CHARLOTTE Sacus
Recerved 11 Qctober 196+

Ab

\alnfors T and Cb Sachs D st studies on the dis ppea arce of the t ansm tuer ard hanges in U
uptake stora,e m chamsms of de enerafing od tnergr ner 1 Acta physiol scand 196> 6¢ 211--723
— The huothewicat fuorescente method of Falck and Hillatp bas been apphed 1o a study of
the disappearance of the endogenous Borad enalng (N A) and the uptake storage mechanysms
of the adrenergic nertes m the £2t s ductag the conre of degeneration followsng asotomy
Tt was faund that the transmter stored i the termunals does not duappear gradually but quite
suddenty and with vanous times of anset for the different systemns of termunals The uptake and
accurnulation of NA and a methy] N A were exam ned in untreated and gescrpinzed an mals,
These expe ments show that the uptake-storage mechamsmos 1 any given sy3tem of weemunals
aperite up 10 a certain 1 me without any obvious changes but then detenomferap 81 atabout
thesam t meas the transoutter sto s disappear The axon membrane reabsorpt 0a mechamism
toeema to be lot somewhat prior 1o the storage mechanista af the tansmsties granules at the
same tm a3 degeneratine changes scem 10 ocour 1o the axon Membrane making possibile
a passive deskage of N — The results add further we ght 10 the view that the cocame Lke

P n the d sy 13 duc 1o the loss of the uptake mechanisms
= Following the administration of bretyl um the degencrative procesaey were delssed fo
about 3 hrs

The of the and the changes m the
adrenesgac nen o3 following axotomy have reconsly been studied with renen ed interest
tsee ¢ g Barpekar of af 1967 Trendelenburg 1903 aand b Benmiloud and Euler
1963 Flemung [963  These studies have concerned themsel es espeaially with current
hvpotheses as to the causc of denervanion supersensitngty and it has been proposed that
Joss of the mechanrsms for anune uptake 18 10 3 great extent responnible fox guch supey
senswhity as i1 permuts hugher concentrations of catecholamnes (CA) to reach the
adreneane receptors
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The adrencrgic nenves and their transmutter can now be studied at cellular and
subcellular levels 1 an enurely new and direct manner using the haghly sensitive
fluorescence method of Falck and Hillarp for the hustochemical demonstration of certain

As shown 7 Iy (Mal 1965 a} thss can be done espeaatly
successfully on whole mounts of albano rat inis which permut a close examination of the
d axons and s th: hout the tissue with respect 1o the occurrence

distnbution uptake and storage of the transmutter

In the present work, the rat ins technique has been used for studics of the changes
occurnng in the nerves dunng the course of degeneration following axotomy with
respect to the 1 distraby and disapg of the the

loss of amine uptake-storage mechanisms and the effects of rescrpine bretylium and
2 patent monoamine ovidase (VMAO) inhibitor (nealanude)

Material and methods

Changes 1 the adrenergic nerves were studicd for the most part on whole mounts of ratins
ofdeg foll stomy T covered 1) ah !
of the ) ns d and 3) the uptake accumulation and
disapprarance of CA follming the ad of d DA (A
and a methyl NA {and also L-3 4-dibydroxyp! emylalanine L-DOPA) The study s based on
the pnnaiple that the transmitter can be directly dem nstrated by means «f a histochemcal
flu rescence reaction (Falck er al 1902y
The srses of about 300 adult female albino rats Sprague Dawley weighing about 700 g were
used Cervical sympathectomy was perfrmed by bilateraf exurpation of the supesior cetvical
ganglion together with 510 6 mm of the preganghionic trunk and 1 to 2 mm of the postganglion ¢
nesves snder cther anathesa 2 4 8 1216 20 28 32 36 and 40 hrs before death Mot
of the amimals were treated with one or several of the following drugs reserpine (Serpasit
Ciba) nualamude (Narmd Plizer) NA @ met! 31 NA (Corbasil Hoechst)y DA L-DOPA and
bretylum tsylate All drugs were gnen sntrapentoneally ex ~pt bretyhum tosylate which
was ginen s ¢ The ammals were killed by decaputation und r light ether anesthesia
eves were removed immediately and th  srises prepared a3 whole mounts which afier
drying were treated with formaldehyde gas of optimum humidity (sce Hamberger ef of
1963) at plus 80 C for ) hr The technigues used for prepaning the inses and for ther ex
n the are described 1n detail i a previous paper (Malm
£ 13 1965 2} To check the observan ms made on the wh fr mounts one cf the nss w35 o+
several ecasions freeze-dned and - after formaldehyde treatment — embedded i paraffn
and sectianed sn 10 g thuck sections  bicl were mounted in Fatellan (Merck for detarls ser
Dablstr om an Fuxe 164) The same sesults were obtained in both the freeze-dried nses an
the air-dried wh | mounts
Mont of the sr1ses were examined once or twice witl_ut our knowmg the pretreatment g 1
to the ammal TIhe strongly fluorescent termnals of normal appearance remaming at (fc
different imes f degenerat n were estimated rougt by by a careful examination of the ent e
s No great differences were Dund between the two observers

Results

1 Changes t content and dutributun of the ad enevge transmtter du v g the course of degereral o foll o

axotory
The 1 stochemical treatment resshs in 2 conversin of \ 3 fand aleo £ 4 DOPL aod de
o meibylated dernatnes into 3 $dilydro soquinel nes wh ch exhibit aa tense "d.'lhlhm
fereen 12 yello-green n th fu tescence mucroscope Falck ef af 192 Corrods and 1/t

1963 19541 Thanks to th extremely hih senutinty of the mett od {see Norberg 4'{'0 bs

bergrr 19631 the adeenergic transn itter 1 reachly dem nsieated an § st intraneur

110n and the adrencrgic mnrniation app ¥ tus can thus be studied



of adrenerg ¢ n rve termunals over the d lator muscle and a ound an artcriole there 15 soen
nerve trunk with wetkly fluorescent non vanicose mam axons (—>) # 160

T~ Ratr I6t fier axotomy TH manp ¢ filenene plesus hasdsappea ) 1 v ng
wn bran i1 tern inals of normal sppearance (1ype N) No fhrea of type D ar p esen
Some pretermumal Gibres are seen (— ) » 160

Ytz phr 1 s nd Torbprm Vilnfor Al Cha 1t Sah D goar ton




Fiz 3 Ratuss IF hrs aficraxotomy Animal treated with nialan de$hrsandn radrenaline Lhe
before preparation. The nm terminal azons havea greatly increased fluorescence intensity
(—) as have ¢ evanconties of the D type terrinals Type N termunals are seen forming 3
contin s sysiem 1 the lower muddic {the picture 160

Shrsbef seprep 1 on In
sescerttmon b (e

Fig 4 Raturis 16 hrs afier ax trmy An maltreated winh nualam 4

the mddle of the picture tescen on £ two sytems fatrongly flu "

extended very Lue a s vern [ termunals fter parual denen ton li’l'l'rs J \: ! r‘ nan
t Is t- baened with m re str egh fuorescrn:

Sachs 1953, Type D terminals can ned with ; B s
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The adrenerg ¢ innervation of the iris has been described i detail m other papers (Malmfors
%32 and b \Malmfors and Sachs 1965, It sympatheuc fibres arnve at the penphery
Atheins These mamn avons continue 1 small ¢ nidles (Fig 1) and Gnally wive off sevoral tha
#ooth branches pretermunal axons (Fig 2) E 1 of the pretérm nal avons ends  1th a system
¥ branching terminals (Fig 4) which have abundant enlargements (varico ues! The van
PSS — in contrast o the thin fibre segments b tween them — exhibt a str ngfu r~  ce
fue t0 the presenice of very hugh concentratims of A There 1 little doubt 1 ¢ pra tc liv 1l
hisanune s stored m the varicosities and that th e are specialized structures for 4 € sur th
{orsge and release of the transmntter (Norberg and Hamberger 1964 AMalmfors 1964 |1
e nom termunal axons have low transsmatier concentrations and show at the most k
lorescence — 'Tie wnnervation apparatus i nofmal ammals appears as a demse. 2kt 1
lanal net work each strand of which uscally onzamns 2 or mose teem nals This 1 due 1o th
Bets that the terminals run ensheathed 1 Schw 0 cells formung the anastomosing strands o
the autonomic ground plevus fsee Hilla P 1929} and that two or more systems of terminals

Tent converge to the same effector cells ~ Farther hotos of normal and d

Perves are to be found an Malmfors (1962a)

Inises from about 70 ammals were examned from 8 to 40 hrs after axotomy No
f'bvxous changes i the appearance of the adienergic nenes were found at 8 hrs After

8 brs or more  the stored t tter had esther compl d or else — 10
3bout 10 per cent of cases — there were left a fes systems of branching and apparently
ntact terminals no doubt from 1 or 2 heuc ganglion cells located

Perpherally 1o the axotomy (see Malmfors and Sachs 1965)
closer examunation of the deceneration changes revealed the folloy ing
2) The transmutter stored in the termunals did not disappear gradually from the entne
In0enation apparatus at once System after system of branching termnals dis
tnbuted more or less randemly throughout the 1nis (Fig 2) loct then N A content
completely while ~— at any gwen pomt of tme after asotomy — most of the re
mamng termnals appeared normal (type N) and the rest had only wezhly fluores
€ent variconties and exhubited no only or a very weak Ruorescence in the segments
between these (type D) Rough esumates of the numbers of these tv 0 ty pes of termunals
remaimng at different degeneration times are found m Table 1 The figures for 12
hrs are probably too hugh since it 15 difficult to cstimate the magnitude of a dis
2PPearance when most of the termunals sull remain There 15 Iittte doubt hov exer
that a farge proportion of the termunals wese affected and lost therr N \ duting the
four hours between 12 and 16 hrs afier axotomy This and the finding that no clear
transitonal stages seemed to exist betwern the type Nand type D terminals show that
the termials 2t some point of time — « Iuch daffers from system to system — lose
their transoneter content quite suddenly (probably within | or at the most 2 hrs)
© 2me findings also seem to indicate that degenerauon proceeds 1n 2 phases
Birst a rapid disappearance of most of the stored amune and then  somewhat sloner
disappearance of the rematming contents
The branching terminals belonging to the system arising from 2 single pretcrminal
fibre reacted untformly along their entste lengths dunng, the course of degeneration
This could be obseryed expecrally at 16 and 20 hrs after axotomy when many or
™03t of the termunals had d 4 The systemns of ter
Teals of both types were distnbuted more or less randomly throughous the s
© same findings were made 1 the ’ vath malamd and
2mine uptake described below
The man postganglionse asons and the pretermunal fibres scemed 10 lose thete Jow
A content ¢ approximately the same time after axotomy as the termmals \umer
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ous nun terminal axons were seen and their course and branching could ber easily
tudied at 16 and 20 hrs (Fizg 2 3) None or vers few remaimed at 24 hrs. The
cashiest s1ign of degeneration was the appearance of usually small enlargements
aregularly distnbuted along the fibres
Difierences m the ume course of the degeneration were obsened brtween the mo
wmises from the same anmmal but were greater from ammal to anwmal at the same
de~enerauon um=~

2 Reserpine viduced depletim of the adrenergec transmuller dumng degeneration

A large dose of reserpine 10 m,, 'k,) was admunustered to 3 groups of 4 rats immedately
after cervical svmpathectomy and the ammals examined after 2 4 and 8 hrs Justas
10 ammals with mtact inneriavon (s~ Malmfors 196 2) the fluorescence was stronghs
reduced after 2 hrs while very fow and weaklv fluorescent terminals remamed at 4 hrs
and all fluorescrnt nerves had disappeared after 8 hrs

3 Eftects of mualamude treatment dunng degeneration
The adrenrrgic nenves were examimed 4 hes after 2 single larze dos~ of palamide
1500 mg'kg 42 rats drzeneration numes from 12 1o 36 hirs) or 4 hrs afier the last o{ 2 t0
6 dowes 100 mg kg 18 rats, dreenrrauon umes from 16 to 24 hrs) admunustered at
wterals of 4 hrs

The admimstraton of tus potent AAQ snbibitor did not result i any olniows
drlay 1n the disappearance of the transmatter (Table 1) The termnals of tvpe ™ ¢
mamng at the vanous wmes shuned a normal appearance but 3 disuncth mncreasd
Aucrescenice mtensity A generally 1ncreasd transmitier content has alss been found
w the termnals of ammals with mntact wnenation Malmfors 19632 No tspeD
termunals with wealhy fluorescent sancosiies were obseried but there were found
nstead termnaly similar to type D termmnals i respeet of thar occurrence at 16 and
20 brs and the weak to non-custent fluorescence of the segments beineen the yante-
snes The tatter howeer were more 1 d and 4 2 strong £
Fig 4 There seems to be lutle doubt that these termunals are idenucal with b D"
D terminals sre Discussion  — The non termmal axons showed an increased fluore
scence ntenuty (Fig 4

4 Arine u ke mecharusma darng degeneva i n
1t has been stown 1n previous papers (Hamberger et of 19634 Hiltarp and Malmfns
1964 \almfor 194> 2 that the entire posteanzlionic axon possssey a mechamsm £1
the uptakrconceniration of NA and related amines which 1 localized 0 the ind
of the avon membrane Thus mechanism can be studsed after the admupistration of 3
Iarge d 5= of revrpine which causes a complete drpletion of th ~ endorerous N 204
Blocks the stora function of thr granules ‘Carlson 196

1t s possible dircty 10 denomsirate the wptake of NA or a methnl Ny flowin®
the admunsstration of vers Lrw doses of the amme=s 1 v or intraocularhy In th presot
expertments boweser 1t was found svalusble to gne high doss } and mmmms] A;;:
to 10 m~kz: p 1 order to obtamn a very marked accumulauon of the amun o
afier ther admitustratim In must of the expramenn 46 TG @ metind Ny W

X ounc
given 2fon and NA 4 to 3 s after the admnstrayn of nualamide A)Or[n‘th " o

N4 — but not @ meths] N A~ breaks down very rapudly intraaxonaih o
mechacsn 1 pot 1atact of MAQ not eficientls inlubited  of Malmim
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Tasie I Rovgh estimates per cent of remamnmg adrenerg ¢ termunals of normal appearance
V) or wath weak fluorescence (D)

Treatment of the amimals

Reserp ne
Degene Nularude +  matamide +
ration time NA (ora- DA (2 a- B etyhum
Hrs Untreated \aalamude methyl NY)  methyl NA)  tasylate
8 100 () 100 (N)
12 97—100 (N} 9>—100 (N)  93—100 (N) 95—100 (N)
16 25— 40 (N) 20— 50(N) 25— 45(N\) 30— 50 ()
10— 20(D) 10— 15(D) 10— 20(D)
20 5— 1a{\) 10— I5(N} 10—20(N) o— 10(N) 90— 9 (D)
2— 5(D) 1~ 5(D) 1—- 5(D)
24 0~ Z(N}) 1— 3(N) 1— 4(N)  0— 1(N) 25— 45(N)
5— 10 (D)
28 0— 1N 0= 1N b— 1(\) O
Disapp: of the in the ad;

terminals of the rat ins after cetvical sym

Pathectomy —The rats — usually 5 to 7 amtnals i cach group — were erther untreated or
t cated with one or several doses of nialamude or bretylium tosylate The am ne uptake mecha

susms of the degenerat ng termsnals were studied in rats killed 1 hr after a large dose of NA
(P etreatment with malarude) or ¢ methyl N, In one of these experiments the endogenous
NA was first depleted by adrmnustration of a Jarge dose of rescrpine 1 he after the operat on ~
The termunals of type D were degenerating and had lost most of therr teansmutter (weakly
fluo cscent vancosit es) After niatamide treatment or the adm nist anon of NA however the

corresponding termimals (marked with an aster sk } showed strongly fluo escent sar cosit &
{see Scct ons 3 and 4)

The same results were obtatned in both cases The effects of degeneration on uptake
were studied at 12 to 40 hes after axotomy but most of the expeniments were made
at the cnucal times of 16 and 20 hrs

No accumulation could be obtained after degencration times of 24 hrs or longer
Large doses of DA (5 t0 100 mg/kg 1 p ) or L-DOPA (20 to 100 mg/kgs p ) to ammals
(30) pretreated wath mialamide were also enurely meffectne

The amines accumulated in the adrenergic nenes n normal or reserpimzed ammals
remain for mamy hours prosided that \MAQ acuvity s efficiently inhsbsted (see Malm
fors 1965 a) However no obvious delay 31 as observed (Table 1) 1n the disappearanec
of the two types of termnals 1n spite of the fact that high accumulations simular to
those obtawed 1 intact nerves found in the degencrating nenves at 12 hrs — when all
the terminals scemed 1o remain—~and m the terminals remamng at 16 and 20 bhrs
The tvpe N terminals exiubited a very strong fluorescence and the increase —justasin
normal terminals — s as most marked in the segments between the vancosines which
Bare the fibres a more smooth appearance No weakly fluorescent type D termuinals
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could be observed but termnals which no doubt correspond to this type had van
cosities exhibiting 2 very strong fluorescence and seemed also to be larger (this may be
a degenerative swelling which can be clearly seen only after a high accumulation of
amines) In marked contrast to intact termunals no or only a very weak fluorescence
could be obtamed in the scgments between the varicosities (g 3) ~—— Noincrease n
fluorescence was observed 30 min after the admmstration of NA alone

“Many non ternunal axons showed 2 high amine accumulation 16 and 20 hrs after
axotomy  their course and branching could be readily foliowed tn the entire s and
their rate of disappearance could also be successfully studied (Fig 3) In agreement
with the findings reported i the previous section the fluorescence of these axons
seemed even after a massive accumulation of amines to disappear at about the same
time as the terminals — or perhaps somewhat later — since many strongly fluorescent
non termunal axons were observed 20 hrs after axotomy

5 Amme uptake mech during de n reserpintaed ammals
The uptake and accumulation of NA or a methy! NA (for doses and times see scction
4) were examned 1n 70 rats given reserpine (10 ma/kg) 1 hr and kilted 8 to 32 hrs after
axotomy Unless otherwise stated malamide was admmstered 4 hrs before NA
About the same results were obtaned with nialanude plus NA as with @ methyl N4
alone

"o accumulation was found at degencration times of 24 hrs or longer Termmals
showing a high ammne accumulation were found at 8 to 20 hrs after axotomy with a
frequency and distribution about the same as those of the type N ternunals m un
treated animals (Table I) These terminals — just as mn reserpinized arumals with
ntact inneryation — showed a more  smooth appearance + 1th a strong fluorescence
also 1n the segments between the varicosities No termunals were observed hoy cver
that would correspond to type D with strongly f but exhibi
no or only weak fluorescence sn the segments between

No NA was found to remain 30 mun after ad m anumals not |
with malamide unless the rats were killed within 15 min afier the NA myection and the
tmses left in situ for 15 min before being taken out This treatment produces anowua i
the inis and thus an inhibition of MAQ (sec Malmfors 1965 a)

The non termimal axons showed a high ammne accumulation and many remained
at 20 hrs after axotomy just as 1n the non reserpinized ammals in the presious seres

The disapp of the NA lated 4 to 8 hirs before killing of the animls
was examuned 1n 16 rats 12 to 20 hrs after axotomy The strongly fluorescent termimals
disappeared at about the same raic as type N in untreated ammals The termnals 1€
maining at 12 and 16 hrs showed a reduction m therr accumulated ammnes that was
sunilar 10 the termenals 1n reserputzed ammals with mtace mnervston (sce Malmfors
1963 a)

ted

6 Effects of brenslum duning degeneration
Bretslum tosylate was adminustered in doses of 50 me/kg at intens
ymmediately or 8 hes after censcal sympathectomy The anmals {
or 24 hrs after operation

{n cantrast fo the untreated ammals the rats treated with
a small decrease in the number of termunals or their fluorescence intensity

als of 4 hrs starting
12 were killed 20

bretyhum showed na oF
20y

only
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after operation (Table 1) Four hours later there were still many strongly fluorescent
termunals of apparently normal appearance and there were obsenied now also type D
terminals As seen 1 Table I however the disappearance of the transmitter 1n the
antenal between 20 and 24 hrs was about the same as that in the intenal between 12
and 16 hrs i the amimals not treated with bretylum

The non termmnal axons showed about the same fuorescence as in untreated amumals
Thev were numerous at24hrs when there was a marked reduction of the terminals

Discussion
The time course of the of the adi 1 the brown
adipose tissue (Wemer ¢t of 1962) and the submasllary gland (Benmiloud and Euler
1963) of the rat has been d during of the symp nenes

The NA content was unchanged a1 8 hrs but lost by 24 hrs after acotomy The present
results are in complete agreement with these observations Our data on the  disap-
pearance of the adrencrgic termnals {Table I) which contain practically the entire
transautter store agree well vath the chemucal data on the N A decrease in the sub-
maxillary gland sn the interval between 8 and 24 hrs since — as already ponted
out — aur 12 hr figures are m all probability too high —The adrenergic nerves m the
rabbit s have also been found to Josc their NA gradually in the imnterval between 8
and 24 hrs after axotomy (Andén ¢f ol 1965) In other species degeneration scems
to be somes hat slower (see Hillarp 1960 harpekar e ol 1962 Wegmann ef of 1962
Sedvall 1964)

Studses by the methods used hutherto on the disappearance of the transtmtter dunng
degencration of the nerves have gnen Lttle mformation as to the mechanisms of this
disappearance and their relation te physiologteal or degenerative processes in the axons

Although this bas not been directly stated the results obtained seem gencrally to have
been d on the basis of that therate of disappearance
determined reflects by and large the events in the mndividual adrenerarc nerves When
the present study was started there was no obvious reason 1o doubt the vahidity of this
assumption Itshos s clearly however that the transmitter does not disappear gradually
over a long period from most or even from the greater part of the termunals as might
have been thought All the obsenvations show instead that any one of the systems
of termnals — exch consisting of the branching terminals ansing from a single pre

terminal axon — lose their \A content quite suddenly but that there are great differen

ces between the svstems in the time of onset The gradual decrcase 1n tssue N\ s
consequently due to svstem after svstem of terrmnals  dropping out  more or Jess
randomly throughout the tissue while the remantng systems mostly seem to be m

tact with respect to transmutter content but become fewer and fewer  Although the

terminals studied all belong both ity and 10 the same
the numerous svstems withun the 1, show Ity a great Tana
ton

The ternunals remaining at anv ghven ume after axotomv did not for the most part
type \) differ from normal termunals with respect to morphology dustribution of
stored transmutter amune increase after administration of malamide (¢f hopin 1964}
or ammne uptake and accumulauon before or after reserpine (sec below! Some of
the terminals (tvpe D) showed marked and charactensuc changes The abundant va
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nicostties that 1n normal termunals contain practically the entire amaunt of the NA
stored in the adrenergic nerves and which are 1n all probability specialized structures
for the storage and relcase of the transmutter {(see Norberg and Hamberger 196¢
Malmfors 1964 1965 a) had Iost most of their amine content but increased mn size
which suggests that degenerative swelling had occursed As discussed below there is
good evidence that these terminals had also lost one of the mechanusms for amine up-
take and concentration Since there 1s httle doubt that the ternunals finally lo ¢ the
remaiming transmitter and their property to accumulate amines at about the same time
these findings indicate that the terminals belonging to one system are faurly normal up
to a given tume after axotomy but then lose most of their transmutter content quite
suddenly probably due to degenerative changes which result 1n swelling and a deter
joration of the uptake-concentration mechanism localized to the level of the axon
membrane After this rapid phase the 15 fost bat more
slowly probably due to detenioration of the uptake storage mechanism of the amine
granules (sec below) The degeneration thus seems to proceed 1 two phases

‘There 1 strong evidence that the storage granules 1n the adrenergic nerves isofated
and extensively studied by Euler and co-workers (Euler and Hillarp 1956 Euler 1928
Euler and Lishajko 1961 1963 Syarne 1964) contan most of the transmitter
normally present 1n the non terminal axons and terminals and that the amines n this
way are protected from mactnation by the MAO existing within the axons themsefies
(Hamberger ¢t of 196% Hillarp and Malmfors 1964 Malmfors 1965 a) It could
further be directly demonstrated that not only the terminals but the entirc postrang
lionic axon possess a highly effictent h for the uptake concentr. of NA
which s Jocalized to — or at least to the level of — the axon membrane and — 10
contrast to the granules ~— 18 highly insensitine to reserpine There 1 little doubt that
the mecharusm for amme uptake by the granules 1s effectively blocked by reserpine
(see also Carlsson 1965 Dahlstrom ef of )

The observations on the uptake and accumulation of NA (or « methyl \A) by the
termunals and non terminal axons clearly show that there 1 a very intimate correlation
between the disappearance of the endogenous NA and severe changes 1n the uptake
storage mechanisms The amines administered were readily taken up and accumulated
to very high concentrations 1n the terminals both befors and afier a reserpine iduced
transmitier depletion up to 8 hrs after axotomv In contrast to this no accumulation at
all could be obtained in any part of the axons at degeneration tumes of 24 hirs or longer
The observations made on closer examunation of the uptake storage mechanismy in the
non reserpimzed anunals strongly support the sies that these mechanisms in any ghen
swstem of termunals operated up to a certain time without any obvious changes
but then deteriorated rapidly and at about the same time as the transmutter stores
disappeared This view recen ed further strong support from the results obtaned when
the 1 and P of ad { amines were studied duning de
generation 0 animals pretreated with a large dose of reserpine Of special significance
15 the findimg that termunals showing about the same frequency and distributron a2
the yanons degeneration tmes as the type \ termunals 1n untreated ammals shewed aft

efficent uptake and a verv high capacity to concentrate the amincs

o termnals of the D type were scen 1 the three groups of drug 1reated ant ;

After palamude treatment and cven more pronouncedly after the ndmmu(mﬂ‘lrl;l:
N3 (mafamde pretreatment; or @ methy! NA  there appeared ha‘»nn ‘lm;:'::d
showtag about the ame distrib and frequency a8 the D but whee

1rmals
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4 Yab

ung a steong These s — g ton
trast to the N termials — show ed o or only weak Auorescence w the than segments of
fitire between the vancosiies There s thus kttle doubt thar they are sdennical with
the D ternunals Ternunals with aormal avon membrane uptake-concentrauon mech
annm take up and accumidate armnes to sery hugh concentratzons both in the var
seestties where the wmine granaies are ighly concentrated {¢f Norberg and Hamber
ger 1964} and 1n the segments between: The fact that the D termunats showed an amine
] only 1 the s strang evidence that this mechanism had beep
Tost but thar the granules could sbill tade up amuaes The resulis obtaned 1 the expen
ments with amune uptake 1 the reserpimzed anumals strongly support this view Mo
anune accumulztion ocettred i fermnals of the B type but was obsened i those of
N type Smee reserpine blocks the storage function of the granules but not the ason
membrane mechamsm  thie furnshes independent evidence that the degenerating
terminals first Tose the latter mechamsm aad then shortly afiervwards the granule up-
take mechansm
‘The adsmunistered amnes accumulating 11 the intact adresergse nerves of noomal or
resceprazed ammals remam for mrany bouss pmruizd that MAQ zetiaty u clﬁcxmd\
wmbubited {Malmfors 1965 a) Both d and amines di
quite suddenly sffer asofomy hawever i spite of 2 highly effient \AQ imhibton
Tha shaws that the disappearanse s not due to any mtrasonal degradation by the
enzyme The results indicate instead that the transuutter 15 released from the termnak
25 proposed by Benmuloud and Euler (1963) on the basw of quite defferent observanons
Ths view 1 strongly supposted also by tha findiag that there ocours a dusteact mydnasis
during the disapp of N\ from the ad nerves m rabbet i after axotomny
{Andén o2 o} 1963) This release could be thought to be 2 conseguence of the loss
of the uptake storage mechanisms  There w good ewvidence howeser that the
metmbrane surrounding the axons of wract adxmn’gm aerves effecinely prevents the
tramsmutter from leaking out even if the P of this
15 strongly wnhubtted (Malmfort 1965a) The rapid transmitzer release 15 thus i all pro-
babiliy due mawdy (o a quite sudden change n the axon membrane s hseh males
pasble & pawne leskage This change must oceur at about the same tme a3 hen
the axon and 12 would seem 1o be
for the wanat d when most of the transmstiar 15 rapdh lost
An mterzsung posabil tv s that the degenerati e processes in the avon membrane
guve permeabidy changes leading to ¢ ¢ a quite different e envronmeny for the
amune granules which thereby rapudly lose thewr capacin 10 retan theyr stored amues
“There 1 good evidence that amme storage granules are hiehls sensaune 1n this ropect
(Euler 1928 Hillarp 1958 Euler and Luhajio 1961 1963 and Caskson f af
1963
Beamsloud and Exler {19631 studied the effrets of brenluen on sransmatter deple
vion follos 1ne axotares and made the witcresung obsen aton that this drug may reduce
ar esen prevent such depletton 1t was suggemied that brenviium acts by blocking the
normat selease mechansm Thes prompted a diceet study on the effeets of this drug on
the adrenergic terminals angd thae degeneration The finding made th Benmidoud and
Euter was fulls confirmied Unexpectedly hot ever v as found shan vhe deveneramne
processes i the termunals which fead 10 lose of the uptake mechansms and the sored
tran master occureed Just 18 o3 untrested animals wath the onlv clear dsfference berog
that thess ume courz as @ whole was postpaned ¢ ¢ the omet of the rapid phases




222 TORBJORN MALMFORS AND CILARLOTTE SACHS

Damstroy A K Fuxgand ¥ A Hitrane Site of action of roserpine Heta Pharmacal 1965
{in press)

Dk Roser1ss E on synapses and Intern ser of monogr on
pure and apphed bofogy Div Modern trends i physiological sciences Ed P Alexander
and Z NI Baco Pergamon Press 1905

Evier U S v The presence of the ad; m 1 structuses
Acta physiol scand 1928 %3 155—~166

Erzer U 8 v and N A Hurare Evidence for the presence of noradrenatine in submrcro-
scopic structures of adrenergic axons Sature (Lond ) 1996 177 4345

Euier U 5 v and F Lisuaio Noradrenabme release from isolated nerve granuler 4oz
el scand 1961 51 193203

Euter U § v anl F Listagro Catecholamne r lease and uptske 1n wolated a frenesgic
nenve granules Aeta physiol seand 1963 57 468—480

Exer K. The p of adrenergie nerve cond) after TM 10 or bretylium

the cat Ciba Found Smp  Adrenergic lechanisms London 1960 158~161

Farck B N A Huwarr G Tmewe and A Tore Fluorescence of catecholamines and
srelated compounds condensed with formaldehyde 7 Histichem Cytochem 1907 ]0 318—
3a%

and acenylchrine
exp Ther 1903

Fresme ¥ W % stdy of ”m ph
produce by denervauon decentralization and reserpine 7 Pha macol
47 173179

Furcuoorr R I S M Karpekar M Rizker and A Scitwan Acuons and aateractions of
norepinephnne tyrarune and cocaine on aortie stps of rabbrt and left atria of guinca pig
and cat J Phormacol exp Ther 1963 142 39—58

Gresn A} The effects of bretylum and allid agents on adrenergic neueons Ciba Found
Symp  Adrenergic VMechamsms London 1960 148—)57

Hausercer B T Maiwrors h A Norszre and Crt Sacns Uptake and accumulation of

n \ neurons of reserp m ed ammals studied with 3
histochermesl method Blockem Pharmacol 1904 13 811—814

Hawperoze B T MALsrors and Cnt Sacrts The standardizanon of paraformaluchyde and
of certarn procedures for the histochemucal demonstration of catecholammes J lstochem
Cytockem 1965 {1n press)

Hitare N L Structure of the synapse and the perspheral mnervation apparatus of the
autonotmic nervous systerm M D Trems Lund 4ca enat 1946 Suppl IV

Hirare N The release of catecholamines from the amine contamng granules of e
adrenal medulla Aela physiol scand 1928 43 292 ~302

HrLrarr N The construction and functional orgamizat on of the aufonom ¢ Junersation
apparatus feta phya | scand 19 93 46 Suppl 157

Hitars N A Penphera! autonomic mechamsms Handbook of Phyualogy (E8 J Tield)
Am Phvwo! Soc Vvashington Sect | 2 9791

Hiearr S & and T \awwsors Reserpme and cocaine blocking of the uptake and stataee
mechanisms 10 adrenerg ¢ nerves Life 81 1964 3 703—708

hareexar S A P Cervontand ' Furcueotr Latecholamme content of the cat niciiaung
membrane followiog procedures sens tizing 1t to norepinephrine J Pha matol exp

1902 £35 120190 an

Rorix I ] Storage and metabolism of catec) olamunes the role of monoamine ewdas”
192

Pharmacol Rex 1964 16 179--192 003 170 62=79

Lex ] G Electron m croscopy { Wallerian degencration J Comp Aruof ¥ i

Magsors T Release and depletion of the transmitter in adtenergic termmals pmdu:%UY
nerve mmpulses after inhibiuon of noradrenaine rynthes or reak Lofe Su X
13971407 od

\arurors T The use of the iy of mouse and rat for dircet studses on th e physiology
pharmacology of adrenergic nerves at cellular and subcellutar levels Aotz fhysiol sea

b a 6F Suppl 748
oot T Fhe ad § of the eve by were-
Acta physnol scand 1965 b (s press)
\xi‘&"én Tp:':xd Lat Sactts Direct demonstration of the systems of termi nals Mmmg w©
20 indwidual adrenerge neuron and the r dutnbution in the rat s Acta phynol seomd

64 (npress)




DEGENERATION OF ADRENERGIG NERVES 223

Noraera K A and B H: The neeron Some charactensucs
revealed by h stochem cal stud cs on the m(mneuronal d stribution of the transmutter  4cta
iy vl scand 1964 63 Suppl 738

Seovarr, G Noradrenaline storage m skeletal muscle deta physwol seand 1964 60 39—50

Stparne L Studies of catecholamune uptahe storage and release mechansms  Acta phrsil
scand 1964 67 Suppl 278

Tresperensure U Time course of changes i sen it wity after denervation of the mctitating
membrane of the spinal cat 7 lemarnl and Exp Ther 1963a ¥ 33_) 342

TrEDELENBURG U d subsens frvity Pharmacal
Ra 1963b 15 225276

Wee sy A C Cumsa A ChRrysomou and R ] Brve Catecholanunes i homologous heart
grafts Pror Sor Lxp Bl (NY) 1962 709 543545

Wervek N W Perens and R L Smyax Effect of reserpine on noradrenabine content of
mnervated and denervated brown ad pose tissue of the rat. Vature (Lond.} 1962 (23 137—
138




Acta phystol scand 1965 64 224-237

Feom the D of P} logv Karolinsha Insututet Stockholm Sweden

On the Mechamism for the Stimulating Action
of Reserpine on Acid Secretion 1n Gastric Fistula Cats
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Sverre Latds
Recerved 12 October 196¢

Abstract

Emis S On the mechanism for the stunulating action of reserpine on azid secretion w gastric fistla tals
Acta physiol scand 1965 64 274—237 — A single intravenous mfusion of rescrpine 0
sufficient to reduce antral gastnin activity ty eltcited acid secrenon in thetized
cats with d and heticall d stomachs Atropinc or vagotomv redueed
the arxd respanise by 55 to 84 per cent In vagotom zed caty atropine produced a smalfer but
signsficant reducnon It was concluded that the vagal and sympathetic nerves are not necestary
for reserpine to ehait acd secretion but that antact vagr and — to a lesser extent — the post
ganglionic cholinerg ¢ neurons of the vagotorized cats enhance the effect of reserpme Reserpine
teeatment has previousty been shown 1o sensitize the panetal cells to gastrin and to cawse 3
transient reduction 1 antral gastrsn activity 1 g d but not 1 1ag ed cats
In the present study reserpne reduced v response 1o 1nt erp ne
1n nonvagotomized cats and abolished the response 1n vagotomized cats A singfe intravenious
nfus on of reserpine eliorted acid secretion m anesthetized cats after vagotomy and rescction
of the regions knawn or suspected to contain gastrin The results suggest a sectetagogue action
of rescrpine which 13 not mediated by the vag: and by gastrin

“The first papers reporting that a single myjection of reserpme sumulated gastac acd
secreton (Barrent Rutledge and Rogie 1954 Plummer ¢f ol 195%) have since been
widely fi but the h, for the actien has not yet been
clanfied
According to preliminary communications reserpine ehcits aad seercuion 1n the
sympathetically denervated stomach (Emas 1961 Schapiro and Woods ard raGt} and
expenmental data 1 support in this are offered n the present paper It has also been
shown that reserpine produces acd secretion after vagal denenanon (harsner and
Ford 1957 Ruder \foeller and Gabbs 1957 Schneider and Clark 1957 Schapiro and
Woodward 1961 Castiau and Reuse {962 ham and Shore 1963; but furdher studses
are necded to cualuate the mgmficance of the vagal nenves for the secretony effect
ine
'N'x;:p: snjection of 0 10 ms of reserpine per kg caused a releasc of gutnn rn;rrn l(l:”
antral mucosa of cats within 12 hrs The gasta seleased was ealeutated to be nuflick

294
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1o masmntam the gastre secreton of acid for more than 12 hrs The same dose did not,
on the other hand affect antral gastrin acuvity after vagoromy A small dose of eserpine
{0030 mg per kg) produced no change of activity m nom agatomezed cats (Emis and
Fyro 1965) If a single infuston of 0 030 myg of reserpine per kg or less ehens acid secre
tion m vacotoruzed cats this would acrordimgly mdicate a sumulatory effect of
reserpue independently of the vagt and the antral gastnn A reduced secretory response
© reserpioe was found to perust after vagotomy mn the present stud)  Since 1t has been
sugrested that reserpine evokes secretion by stmulating the parasympathetic gangha
(Barrett et ol 1935 kum and Shore 1963) the effect of atropme on reserpme mduced
sectetion was 1Myeshoated a vagotomuzed cats

“The treatment with reserpine of nananestheuzed cats {0 10 mg per kg 1m. darly}
has previously been shown to sensitze the HCI secreting cells to infused gastnin (Emis
1963 1964 ) and to reduce antral and duodenal gastnn actnaty {Emas and Fyrd
1965) \ agotomy abolished th ese effeets (Eroas 1964 b Emds and Fyro 1963) By uung
nomvagotomized and 1azotomzed cats 1t was then possible to study the mfiuence of
reserpine treatment 3 ith and without ity sepsitzing and goston refeasng effects on
the acid respanse to a single infuston of reserpine Further esrdence was obizined for a
sumulatory effect of reserpine on acid secretion wmdependently of the vagal nerves and
gastan

Methods

Operatae Procedures

were performed on 15 2ed gast ic Fstula cats {Emas 1960; of both
sexes (2203 Bly) In3anumals (no 39 71 and 83) the dustal pares of the thoraeic sympathet ¢
chains were resected (p egangloni sympath ctomy) and in cars 71 and 89 the celia gangha
were also removed (postzanghoni. sympathectomy) Bilateral thorac ¢ vagotomy was per
Jormed on 9 cas one (no 71) of which bad been pre and postzanghonically sympathectomuzed
respeets ely 72 and 14 months eacicr D of the and of e
management have been gven 1n previous papers (Emis 1963 a b)

he completeness of the vagotomy was tested by regular wnsulin 1n at deast 2 expts on cach
an mal as presiously desentbed (Emds 1964 b) Alter the reoperation of 7 animals vagstoms
wa considered ¢ ymplete m all 9 cats The Lssc test with msuln was carmed out 3 fo 17 manths
after vagotomy m 4 animals with no s gns of vagal remnervauan. In the remanmg cats the
interval was shorter

Har fated 1n th 7 of the 8 cats nonecat fno 26 5 months
1 the other tno 9%) 1 months after vagotom The bolus of ha r was removed th ough a
nd « pyl 13 was p ¢ as described 1n an earber paper (Emis 1%+ b
Anesthetized Ichloralose urethane) gastric fisula cats (male and female 7.8 104 3 kg) were
1ed m 7 expts The gastne fistula preparat on was performed as p eviowsly deserbed (Emas
19:0) The v gal and s mpathene trunks were cut 11 b peck and the dutal part of the
stomach was resected from a lesel oral to the pyhnc sphincter by 6 cmon the leserand 7 cm
on the greater cunature The anatomical antrum-corpus border was situared 1t the Fesected
sepmens Since gastnn 1k act atv bas been demonstrated n the prosimal duodenum of et
{Emis and Exro 1902 and his been clawmed (0 be preseat in the atrophuc pancreas of degs
{Efl ott e1 22 1963) 16 cm of the proumal duxdenum and the pancreas was resected afte
heat on of the du xenum and the common bile duct The presence of a mall gastrin Ide
actvaty  the cand ac mucosa of hogy (Gregors and Tracy 191) was not confirmed mn cats
(Emis and Firo unpublished
Exprumental Techn que
At Jeast 7 weebs were all wed after operat on before the secretory studies were started on the
nonanesthetzed ears E periments on th snesthett.ed cats we e saarted 1—  hrs after comple
t on of the operation and the eet | temperatire was mants ned ben een 37 and 38 C through
out each exper ment b means of ap wnfrared lamp The amimals were deprrved of Tod and
lguifr i8¢ 24 hes before ¢ h experiment.

(63307 Lewplyal L Lug S
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The valume of gastric yuice was recorded for 15 mun periods and the amount of free and
total acid determined by titration agatnst 001 N NaOH with Topfer s reagent and phenol
phthalem as indcators The amount of actd secreted was expressed in meq

After the basal output of acid had been determuned for at least 1 hr reserptne (Serped 08}
freshly diluted 1n physiclogical saline (0 9 per ceat NaCl solution) was infused 1 v for 15 mn
by means of a motor-driven infusion pump that delivered 040 mlfmin The acid secresion
1nduced by a single reserpime infusion reached 1ts maximum rate within 3 hrs after the start of
the infusion and remauned approxumately constant for 2 hrs or more  Atropine was admiustered
asasngler v injection (0 5 mg of atropine sulphate per | mlsaline) 3 hrs after the start of the
reserpme nfusion the injection being completed 1n less than 1 muin The injection of a corre
sponding volume of saline did not affect acid secretion It was observed during the course of
the study that the infusion of reserpine tended to reduce the secretory respanse ta a subsequent
mfusion 3 o 5 days later Experiments on the same amimal were therefore performed at intervals
olrl at ’T“ one week cxeept i reserpinized cats (see below} i which shorter intervals were
allowe:

In the nonvagntomized cats the amounts of reserpine infused yv ranged from 0010 to
0030 mg per kg bw for 15 min and were indwvidually adjusted to produce a submaxmal
secretory response of aud Unless otherwise stated the total dos for cach cat was kept constant
throughout the series despite fluctuations in b w In the anesthetized cats 0 060 or 0 080 mg
per kg was infised for 15 min The secretory rate was i all expeniments far from the maximal
secretory capacity of the cat s stomach {¢f Emas 1960 1963) The doses of 1trope (as sulphate)
ranged from 00, to 0 5 mg per kg of bw

Basal secretion was defined as meq of total acid secreted duning the hour before the infusion

of reserpme The reserpine of ordinary heuzed) gastric fistla cats for
days or more elevates the basal gastric secretion of acid (Cinds 1963) correction was made for
ths 1n dance with the priaciy ly appl ed (Emas 1963) The 5 hour secretory

response to a single infusion of reserpine was accordingly defined ay meq of total acid secret
during 5 hrs from the start of the infuston mmus 5 tmes the 1 hr basal secretion

The reduction in acrd output following atropine was calculated as the difference betweent
the mean 15 min output of total acid {uncorrected) during the 30 min period before the
njection of atropinc (control level) and that during the 30 min period starnng 1 he after
gection In the statstical analysis (sce below) the differcnces were compared with cof

ding diffe m the with reserpine alone on the same ammal

1n 2 ordiary gastnc fistula cats sccretion was recorded for 12 hrs follawing 1 e ofusion of
reserpinie In about half the number of exprriments on each anmnal the fluid Joss caused by
the hypersecretion was partially compensated for by the conttnuous 1v infusion of saline 3t &
rate of 0 11 mljmin (infusion pump) The saline infusions started in most experiments § hrs
after reserpine and contmued for at least 4 hrs

The vehicle for Serpedin® 1n 1 volume corresponding 1o that for rescrpine was infused 1V
for 15 min 1n 4 or  expts oncach of 2 nonanethetized cats no influcnce on basal acd secrels &
was observed during the subsequent 5 or 6 hrs 1 any expeniment

Reserpne Treatment
Reserpin was ijected s m 10 a dose of 0 10 mg per kg bw every 21 hrs fcr perrods of usually
310 11 days (mean 8 days; After roscrpine treatment for 3 days or more the animals ar®
referred 10 as reserpinized (Emds 1963) The seeretory studies were carried out every 'nd of
3ed day on the reserpinized aninal eact expenment starung 20 to 24 hrs after the previous
reserpine mjection On days when cxpeniments with reserpine were performed the repular1m
dosc of reserprne was reduced to obtain 5 total daily dose of 0 10 mg per kg Lach animal vas
subjected to 1 to 4 penods of rescrpinization Further detatls have been given elsewhere (P
1963

Laperments performe 1 24 hrs afier a single 1 m ection of § 10 mg of reserpine pes 5%
) ar for 1

{reserp

Eralution of Data N
cret
The effects of atropine Fescrpine treatment sympithectomy and vagofomy on the s
m;onsa to single reserpane infusions were evaluated by current methods £ ¢ tf ¢ anafyu
vamance (Snedecor 1956) or — in unsymmetr cal senies of experiments on 2 o more €1 v
by 2 modified procedure for the analysis of variance (Snedecar 19,6 Chapt 12 Sectons

and 15)
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¥g | Baml gastnc secretion and o = I'«_,_r‘«._ R
Terory vesponse d) 1o 4 sngle

1v tefusan of toserping a0 2 nonancs

thetized gasine fistula cat (o 96) =
A Before vagotomy Doseofreserp ne upq, "“a‘”“ M "E" A .
803 mg perkgof bw forlamin Cor o -

Tected mtan rortiory response 2 5» o

meg pec 5 hours 104 e ewes
B Before vagotemy Effect of ey atro- ¢ % mﬂ: "
e (850 mg per kg of b w ) ont the sec

a0 e
xx?\ry roponse Pose of revopme a8 7] atsern £ ::}:mww
" car
C Afier vagotomy Dase of seserpme o o u ey —,
as 1 A Correrted mean secretory 1o
sponse 093 meg pet 5 hours
D Mervagotomy Efectofiv ateor Ll ssemer  vmev gy
pne Qlmgprxkgolbw jonthesec  i9p {
retosy response Dose  of reserpne
0030 mg per kg of bw for 15 mm
T 1 < s % ows
Results

3 Expervments on Urd nary Gastrsc Festula Cats
Secreta y Response 10 @ S B Reserpne fnfusan
31 cats were wed and 4 07 5 expts were performed oo cach ansmal After 30 o §0 man
fram the stass of the reserpme wfusion (8610 1o 0030 mg per kg bw ) anwd secretion
gradually sntreased reachony about masimum rate dunng the 3xd post snfuson hour
20d remarnung then almost constant for 2 w 3 brs before slowly subuding The mean
respanses of 2 representainy © cts are shos s Fig 1 A and 2 A The mean peak output
of total acid vaned among the 11 cats from abaut 8 18 to 8 40 weg pes 15 muin these
\anatons beng due to che differeat reserpune doses employed and w0 the dfferent
susceptibiby of the cats to reserpine Duning the penod of maximum secretion the
cunrs for acid output s the expenments on the same ammat had an alnosk heazontal
couse althouch at different Jevals Due to the small assaton i 2ad output durng
maomum secretion within expenments the ranges m the figures reflect mamly the
differences in secretory deaeds as berween eypenments

In 2 cats imvesugated mean aad output dunag the 12th hour after the infusian of
0020 (Fig 2 % or 0010 mg 14 expis | of resespme per kg amounted w abous 38 per
cent of maxumum or ¢ 10 meq of total and per 15 muin The conunuows 1 v nfusan
of satine for 4 brs or mare did not influence the slow dechae m said seerevon

Ffiet f 4topn onth Saverory Response ta & SinJe Reserpune Infusion

Following 3y atropme snhibation appedred wathin 13 @ reached s maximum
s about B min and remamerd througbous the expenimensy 2or 3 kes The mtubiuon
of a6t secrenion was never completr In 3 cats ino 81 B> and 86 050 mg of atropine
Pet kg reduted the mean 15-mm ourput of totat acd BY DB 2expis 017 (#exprs)
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Fig ? Basal gastric secretion and secretory response (uncorrected) to a single 1y infusn f
reserpine 1 a nonanesthetzed gastric fistula cat (no 98

A Before vagotomy Dose of rescrpine 0020 mg per ke of hw for 15 mm Corsectrd mrat
secretory response {during the pertxd from § to 6 hours 2 o} weq per 5 hours

B Dunne reserpme treatment  Preparition of the ammal and Sose of reserpine a3 in A
Lotrected mean secrctory response 09> meq per 3 hours

C After vagotomy Dose of reserpine as in A Corrected m an scorctory response 088 mey

per 2 hours
D After vagot>my Dose of reserpine 0 040 mg per kg of by for Lo mun Corrected mean

secretory response | 79 meq per + hours
E After vagotomy Effect of 1 v atropine (021 mg per kg of b w ) on the secretory response

Dose of reserpine as m o
T Dunng reserping treatment Preparation of the ammal and dose nf resrrpine a8 in

Corrected mean seeretory respanse 003 meg per 5 hours

and 020 meq (Fig 1 B) or 75 to 83 per cont (mean control levels 023 022 and 0 2t
meq) In 2 other cats (no 84 and §3) 0 25 mg of atropine per kg reduced the mean aad
output by 020 meq or 65 per cent (4 expts mean control level 031 meg) and by
0 14 meq or 70 per cent (5> expts mean controf feved 020 meq) The mfutation T lr
fowing 0 50 and 023 mg per kg was highly significant (P < 0001) Afier 0 10 nl;:oo
atropine per ke, (cat 89 the men reduction was 012 meq of total acd (P~ >
almost sigmificant) or 55 per cent (2 expts mran coptrol level 022 meq) fn3td
expts with reserpine alone on each ammal _there was no apparent decline in mean
ac1d output duning the 4th and Jth hours after rescrpine
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Iig 3 (left) Basal gastr ¢ secretion and sceretory response (uncorrected) toasingle: v nfus onof
reserp ae (0030 mg pez kg of b w far L5 run} 1 2 nonanesthetized gastne fistula cat (oo 89)

A" \fier p egangl omc sympathectomy Cotrected mean secretory response {dunng the
peniod from 1 10 6 hours) 5 25 meq per 5 hours

B After pre and postgang} ome sympathectomy Corrected mean sccretory response 4 47
meq per  hours

C After pre and postgangl onie sympathectomy Effect of tv at opine (0 10 mg per bg
of bw) on the sccretory respons

D Durng_eserpine treatment Prtpur.mon of the anmmal as 11 B Corrected mean secretory

rsponse 132 meg per 5 bours
Fg 4 (nght) Basal gastne s crebion and secretory response {uncorrected) to 3 single 1v
nf\)? onof eserpine (6030 mg per kg of bw for 15 min) n a nonanesthenzed gastnc fistula
cat (no 71)

A \fter pre and postganglionic sympathectomy Corrected mean secretorv response + 11
meq per 5 hours

B After p e and postg nghonic sympathectomy Effect of 1v atrop ne (0 10 mg per kg
of bw) on th secretory Tesponse

C After pre and posteanghionic symp thectomy and vagotomy Corrected mean secretory
response 170 meq per 5 bours

D Duning reserpme treatment Preparation of the anmal as in C Corrected mean secretory
response 000 meq p £ > hours

Secretory Response to a Single Reserfine Infuston during Reserpine Treatment
With the 3 cats used (no 98 155 and 162) rescrpinzation ncreased the mean | hr
basal output of total acid by 003 to 0 11 m

Tn cat 98 reserpinization reduced the mean 5 hr respanse 1o a single reserpine
1nfusion by 1 46 meq of total acid (Fig 2 A and B) or 67 per cent The mean response
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to © 030 mg of reserpne per kg amounted 1 cat 155 to 187 mieq per 5 hrs (4 expis )
in the nonresespinized state and 1 51 meq (4 expts )} in the reserpmezed state and 1 cat
162 to 547 (5 expis ) and 240 meq (5 expis) respectinely Reserpinczation thus
reduced the mean response of cats 155 and 162 by 19 1nd 56 per cent The responses
of the nonreserpinized and reserpmized cats differed highly sigmficantly (P < 6008
The size of the reductron was not related ta the length (3 days or more) of the reserpn
zation pertad

‘The figures for percentage red: were app ly the same when
on acd output dunng the 5th post mfusion hour wnstead of an the 5 hr secretory
response

Yerlated

B Experiments on Sympathectomy ¢d Gasine Distula Cats

The expeniments on cat 30 started 4 months after preganghomic sympathectomy and

were carried out withm a penod of 2 months and on cat 71 5 months after pre and
hames h and were 16 months Qnecat89 expenments

were t hoth after p g and after pre and postganghonie sympathec

tomy The former expenments started 15 days the Iatter 8 months after the operation

and were completed 1n 5 and 8 months respectiely

Seeretory Response 1o @ Swngle Reserpane Infision

The curves for and output foflowing the mfusion of reserpine (0075 or 8030 mg per
kg) had the same shape sn the pregangliomeally {ne 39 and 89} and the pre and post
ganghonically sympathectomized cats {no 71 and B9} as 1a ordinary gastrc fisnta
cats and the 5 hour responses fell withun the ranges of she Iaster The mean output
of total acd reached tn car 39 a maamum kevel of 025 meg per 15 min (4 expts)
duning the 3rd hour after reserpne (0025 mg per kg) rematsing then lmost copstant
for the last 2 hrs The mean responses of cat B2 and 71 are shown in Tig A and B
and Fig 4+ A respectvely Yo cat 80 the responses after preganghome (Pip 3 A} and
after pre and postganghonic sympathectomy (Fig 3 B) did not duffer sigmficantly
(P> 003)

Lfect of ttrapune an the Secretory Respanse ta a Swigle Reserpune Infusian

Inap 1 fiy 5 b d cat {no 39) 050 mg of tropme per k¢
reduced the mean 13 min output of total acd by 0 11 meq (P < 003) or 58 per cent
(4 cxpts mean control level 019 meqy while 10 2 pre and posteanghomeally sym
pathectomzed cats (no 71 and 89) 0 10 me of stropine per kg reduced the mean acd
output by 024 meq or 69 per cent (Fig 4 B) and by 028 meq or 67 per cent (T,
3 C) a highly £ (P < Q001 Comptete b was neser
obsened The experiments wih reserpae alone are seported above

Steretory Response to a Single Reserpine Infusion dunin, Reserpine Treatmenl

Expenments were performed on cat 89 after preganghomic and afier pre :md(p‘i“lJ
ganghonic sympathectomy and gave similar results s those an onhinary gastric fistul
m:ﬁcr preganglionic sympathectomy  rescrprmaation (2 expts ) increascd the mra:
1 hr basal output of total acxdt by 0 16 meq but reduced the mean 5 hr rﬂpom!t “:::m
rescrpine by 448 meq (P < 0001 or 83 per cont  The mean response of the
reserpinezed arenal 1 flustrased s g 3 A
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Tagse I Mean 3 hour secretory response t £ { reserpme o
1zed gaatnc fistula caw before and after bdateral vagotomy
Before vagotomy After vagotonty Decrease
Cat Reserpune No of Response o of Responset m per
o ip mgikg  expts jnmeq P n mneq mmeq  cent
29 o010 4 192 5 073 119 €
077296 049092
41 0010 4 133 4 048 091 65
058~720 617~125
86 007y 5 255 4 093 162 6%
198318 036130
498 a0 7 255 4 088 163 65
§83--790 0 2139
155 0030 4 187 i 030 157 84
160721
Pro- and posteanghiomcally sympathectomized
1 030 5 411 5 170 241 59

203569 119743

Correction made for basal secret on
Range of secretory responses
Nustrated in Fig [ A 20d €

* DMustrated 1n Fig ? A and €
Tilustsated 1o Fag 4 A and €

After prc and postgangliomc sympathectomy the merease m the mean | he basal
output of total actd during reserpinization amounted to 0 35 meq and the reduction
of the mean response o1y seserpine to 3 15 meq or 70 per cent (Fig 3 Band D) Thus
reduction was sigraficant (P < D0I)

C Expenments on V agolomzed Gost 1 Fastula Caty

In 8 of 9 cazs the experiments with veserpine started withm less than 3 months and n
the remaimn cat 6 onths afier completr vagotomy Tt e expenments were complered
4 months except for cat 94 1 which the last evpeniment was performed 1o months

after vagatomy Car 7) had been pre and postyanghionieally svmpathectomuzed before
the vagotomy

Sevetoty Response 1o a Smple Reserpine Infusion
Reserprne (0 010 to 0 060 mg per kg) praduced vaually within ? br a gradual inrease
of gastnic acid secrevion (Fegx 1 G 2C,and 4 C) nall 9 cagajomized cars The maxsmum

ate of acd secrction was reached dunng the 3rd or 4th post infusion hour and then
remained approumately constant or dechined shghtly during the subsequent ? to 3
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hrs The mean peak aad output varted among the animals from about 0 03 to ¢ 15 meq
per 15 run

In the 6 cats mvesugated vagotomy reduced the mean 5-hr response (Table I) by
091 to2 41 meq or 59 1o 84 per cent This reduction was hughly sigmficant (P < 0 001)
The expenmental data of cat 7} were not included an the statistreal analvss Frg 1 2
and 4 (A and C} show the mean responses of 3 cats before and after vagotomy

Lifect of tropine on the Secretory Response to @ Single Reserpune Injusion

In 3 vagotonuzed cats 025 mg of atropine per kg reduced the reserpiac aduced acd
seerenon highly significantly (P < 0001) 1m cat 29 the mean 15 min output of total
acid (0015 mg of reserpine per hg) was reduced by 0 03 meq or 27 per cent (3 expts

mean control level 0 11 meq} mn cat 98 by 006 meq or 52 per cent (Fig 2 E) and i
cat {65 (0060 mg of reserpme per ky) by 007 meq or 62 per cent (5 expts mean
control level 0 11 meq) In one cat svestigated 005 mg of atropine per kg reduced
aad output by 009 meq (P < 0 01) or 61 per cent (Frg 1 D) 4or 5 expts were per

formed with reserpine alone on each ammal

Secrelors Response to a Single Reserpine Infiuston dunn, Reserfine Treatrient
The 3-hr secretory response (0 4+ reserpine was determuned 1 4 cats nonceserpraized
and reserpinized Reserpinuzation had no ainfluence on the basal output of total acrd
but climnated the sccretory response 10 13 reserpine an 2l cats The mean 5 he

p of cat 71 and rescrpuuzed are skownn Lig 4 € and D
and of cat 98 m Fig 2D and } The mean response 1n cat 94 (0 030 ms, of reserpint
per kg) amaunted tn the nonreserpin zed state to 3 93 meq (6 expts ) and n the seser
prmized state to 006 meq (5 exps) and in cat 165 (0060 mg per bg) o 1 77 meq
{5 expts } and fess than G 0f meg (4 expls ) respectinely

The variation m responses was much greater in the nonreserpinzed than in the
reserpinized antmal makeny, the ordmary analysis of vanance snappropnate There
was ne doubt however as to the effect of reserpmization since the reduction was very
umform and pronounced

Reserpine treatment for 3 days or more reduced or even ehmumnated (in the vagoto-
muzed cats) the secretory response to 1 v reserpinie In a serics of expersments the 3 bt
secretory resy 101 P were d d also 24 hrs after a single 4 m
myection of © 10 mg of reserpine per kg (pretreatment) o one ordinary gastne fis 13
cat (no 98) reserpine pretreatment reduced the mean response (2 expes | by 077 meq
or 29 per cent whule mn the other (no 1621 no reduction oceurred {3 expts ) Reserpins
zation for 3 davs seduced the mean response in thest antmals by about 60 per cent (sc¢
Sectson V) Incat 89 (pre and 1 iy 5y h 1) a stoele resery e
myecton reduced the mean response (6 cxpts) 1014 reserpine by 1 65 meg 1 001
not ugmficant; or 37 per cent while resecpuruzatan far 3 days reduced the mean
response by 7D per cens (see Secuon B In 1) expts on 3 vagotomized cats rescrpine
pretreatment reduced the sesponse o v reserpune by {31 (cat 1) @ o &l,'l‘:
(cat 94) or 53 (cat 9 to 76 per cent (cat 163} — a highly signficant (P O o
reduction — but 1n contrast 1o reserpumzation fsee Section C) it never acuafly abaluh
the response

In the n
ne
seerenion o about the same extent as reserpune treaument for 3 days or more Reserpy

oretreatment did not alter basal secretion an the vagotormized cats

1 cats p) with reserpine inereased basal aed
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D Experiments on drestheteced Gastre Fistula Cats Subjected © ¥ a,o0tomy end Resection
of Gastrin Releasing Regions
Secretory Response 1o a Sen_le Reserpme Infusion
The 1 hr basal secretion contained no ttratable free and and total acd amounted to
001 meq or less

A smgle 1v teserpine infusion (0060 or 0080 mg per kg) eheited acid secrction
within 1 hrin all 7 cats The curves for total acid output had 1 princaple the same shape
as those obtamed from the nonanesthetized cats with vagally denenvated stomachs
The peak output of total acd was reached 1n the 3rd or 4th post mfuston hour and
varied among the cats from approumately 005 to 030 meq per 15 mmn The 5-hr
responsse ranged from 043 to 4 81 meq of total auid (mean 2 20 meq)

Discussion

Intravenous reserpme has been shown to sumulate gastric acid secretion m humans
(Beman HKanoll and DeLor 1935 Clark and Schneder 1305 Haverback et al 1925
Krogsgaard 1955) nonanesthenized dogs (Barrett Rutledge and Rogie 193%) and
anesthetized cats (Gatonde Satoskar and Vlandrekar 1960) In the present study on
nonanesthetized cats a single 1 v reserpine infusion eliaited a gastric secretion of acrd
+ hich appeared after a delay of 30 to 60 mm and lasted for at least 12 hrs
In agreement with previous reports (Emas 1961 Schapiro and Woodward 1901)
the sympathetc nerves to the stomach appear 10 be inessential to the snmulaung effect
of reserpine on acid secretion since the secretory response to reserpme was about as
grmt n symp:\thtctomlzcd as 1 ordinary gastne fistula cats The d:fficulty of p:rformmg
denervation of th h has been

Pm10usly (Emés 1964 a)

Injected reserpine sumulates acid secretion m the vagally dencrvated stomach of
humans (Fursoer and Ford 1957 Ruder \foeller and Gibbs 1957 Schneider and Clarh
1957) dogs (Schapio and Woodward 1961 Castian and Reuse 1962) and rats (hum
and Shore 1963) Only a few data ha e been reported illustrating the effect of vagotomy
on the secretory response to reserpine Schnerder and Clark (1927) reported that
vagotomy did not sigmificantly alter the acidity of the respanse m 2 human subjects
Rum and Shore (1963) obtaned 2 profound reduction of the acid response in non
anesthetized rats which they ascribed to the vagotomy greatly inhibiting the reserpme
Induccd releasc of gastne hustamune It has been suggested that a parasympathetic

15 1mpll m the actiont of reserpir on acid secreton
since anticholinergic drugs reduced the aad response 10 nonanesthetized dogs with
vagally :nnenated stomachs (Barrett Rutledge and Roge 193 La Barre and Laeber
1957) Corresponding studies on humans however have gven varyng results (for
references sce Levrat and Lambert 1962) and i anesthetized dogs even large doses
of atropme (2 ing per kg1 v ) failed to reduce the rescrpme induced secretion (Castiau
and Reuse 1952) In the present msesugation vagotomy reduced the response to
feserpine 1n nonancsthetized cats by 59 to 84 per cent and about as larye a reduction was
produced by atropine (0 10 to 0 50 mg per Lg) 1n nonvagotomized eats The reduction
scems mainly 10 reflect a reduced exatabiliny of the HCI secseung cells due to the

or nh of vagal mpulses to the parietal cells (Emis
1964 1) since in 3 out of 4 cats used also 1n a previous study (Emds 1964 b) vagotomy
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P P the same p di of the resp to infused
histamine and infused gastrin extracts A blockade or reducuon of a sagal and gastnn
releasing effect of reserpine (see next paragraph) might however also have contnbuted
to the red Neither vag nor atropme abolished the secretory response to
reserpine completely The sumulating effect of 2 single reserpine infusion on acid
secretion therefore differs from the effect of reserpine treatment on acd secretion
(Emis 1964 b) and from that of reserpine on antral and duodenal gastnn actwity
{Emas and Fyro 1963) 1n that 1t does not require 1ntact vagal nerves In nonanesthe
tized cats however intact vagal nerves are essenual for a stngle reserpine anfusion to
exert an optimal stumulating effect

A previous study (Fmas and Fyro 1963) demonstrated that 0 10 mg of reserpine
per kg 1m produced a reduction of antral gastnn activity in nonvagotonuzed
cats while no measurable reduction occurred 1n nonvagotomized cats after (030 my
per kg or 1n vagotormzed cats after 0 10 mg per kg The secretory response of the non
vagotomized cais to the relatively small amounts of reserpine nfused 1n the present
study (0010 to 0030 mg per kg) could therefore be due at least sn part to an action
of reserpine that does not imolve pastrin release In the vagotomized cats the vagal
preganglionic neurons can be excluded and gastrin seems an unlikely mediator for
the sumulating action of a single reserpine infusion on acd secrction An action of
reserpine on acid seeretion independently of the vagal nerves and the gastnin mechanism
was supported also by the finding that a single reserpine infusion chiaited a sigmificant
response of acid in anesthetized vagotomized cats 1n which the gastrointestinal regions
known or suspected to contain gastrin had been resected Moreover there was no closr
parallelism 1n nonanesthetized cats betwcen the effects of rescrpmne treatment or pre
treatment on the secretory response to1 v feserpine and on the antral gastrin activity
In 5 d cats P ly reduced both the secretory
rezponsc to1 v reserpine — this has bren obsen ed also 1n two human subjects (Pachrach
1959 Haverback and Wirtschafter 1962) — and the antral gastrin activity (Lmas and
Fyro 1965) but increased the suscepubility of the HCI secreting cells to exogenous
histamine and gastnn (Emas 1963 1964 a) In cats reserpine
abolished the response to s v reserpine without altering either the antral gastrn
activity {Emas and Fyro 1963) or the suscepublity of the HC scereung crlis to hist
amune and gastnn (Emas 1964 b) Pretreatment with reserpine 24 hourx before the
cxpertment on the other hand did not sigmficantly alter the aod response to 13
reserpinc 1 nom agotormzed cats although 1t reduced antral gastrin actinaty as much
252 or 4 days of treatment (Emés and Fyro 1965) It decreased the response significantly
howeser 1n vagotomized cats

The latent period and long duration of the secretory response to reserpine 1o addition
to the reduction of the response by rescrpime treatment suggest that the non vagal
and non-gastnin component of reserpine action elicits acd secretion by an intermediate
mechamsm. Thr acd response 15 reported 10 persist after adrenalectomy n dogs
{Schapro and Woodward 196) Castiau and Reuse 1962) but no rxperimental data
were presented The persistence of the response demonstrates that the adrenals are
ot essennal for the sumulatory action of reserpine on acid secretion It offers howovet
of the adrenals since the vagal inp natim
astrin release posable (Fmis and Fyrs 1962)
f vapious hissues (Vhaalket
d WesterheIm

no « a
1o the stomach was left intact making g
Reserpine has been shown to reduce the histamune content of
Coburn and Terry 1929 Haverback and Wirtschafter 1962 Aforan ane
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1963) The finding of hum and Shore {1963) could indicate that reserpine caused a
release of gastric histamine 1n rats mainly by a vagal action Whether histamine 1s the
-mediator for the non vagal and non gastrm component of reserpine action cannot be
excluded however
Barrett et al (1935) suggested that reserpine c\okcs gastne aad secretion by sumulat
ing the hetic gangha sunce an antick da ganghonic blocking drug
m)-ublled the reserpine induced secretion 10 the vagally dencrvated (Herdenha)
sastuc pouch of dogs In this pouch preparation the vagal supply of the antral and
duodenal mucosa 1s left intact which makes gastrin release by reserpine posuble
(Emas and Fyro 1965} kim and Shore (1963) reported that the ganglionsc blocking
drug chlonsondanune was more effective than vagotomy in reducing the aaid response
of nonanesthetized rats to reserpme The small but sigmificant reduction of reserpine
induced acid secretion by atropine wm the vagotomized cats mught appear to support
the suggestion of hum and Shore that past of the secrctory response to reserpine 1s
preduced by gangliome sumulation However this hypothesis for reserpme acuon
seems difficult to reconeile with the finding that the reserpime treatment of vagotormzed
cats abolished the secretory response ta a single rescrpine infision but did not alter the
exaitability of the HCI secreting cells (Emas 1964 b) Furthermore 1n vagotomized
cats the acid secretion cheated by a single reserpine infusion md h) a commuous 1"
mfusion of stamunc or of gastnn was to by
atropine  and reserpine and histamune tnduced  secretion werc about equally
reduced by 1 mg of chlonsondamne (Ecold®) per kg bw 1v {Fmas unpubluhcd
observations) ‘The two inhibitors were tested at app! y the same
secretory rate Sunce cholmergic exaitation increases the responsiseness of the HCl
secreting cells to other sumuh {for references sec Emas 1964 b) the reductions by
atropine and chlonsondamine in the \agotormzed cats can possibly be aseribed to the
blockade of a effect of the b neurons on the HC
secreting cells rather than to a blockade of the cﬂ'ccl of ganghonic sumulation
To conclude the present author agrees with the vtew that a single reserpine mfusion
chents acid secretion by intermediate mechanisms and not by an action directly on the
HC secreting eells Evidence of a vagal action of a relatnely large dose of reserpine
(010 mg per kg) causing gastrin release has previously been published (Emss and Fyro
1963) The present inyestiganon demonstrates that an mtact sympathenc and vagal
supply of the stomach 15 not necessary for reserpine (0 01 ta 0 03 mg per kg) to sumulate
acud secretion but that intact vagal nen es are necessary for reserpme 1o exert its opumal
stimulatory effect The reduction of the response by atropine m the nons agotarmized
cats and by vavotomy 15 assumed to be due mamnlv to the inhibition of vagal sensitizing
mpulses to the HCI secreting cells (Emas 1964 b) and the small reduction by atropine
mthe cats to the inh ofa effect of acetyIcholine released
frem the postgangliome cholinerexe neurons In favour of a secretago~ue action of
reserpine which 15 not med ated by the vagal nenves and the gastnin mecharusm are
the fndings (1) that the 11 infusion of relatnvely small amounts of reserpine eharted
acid secretion 1n both nom agotomized and vagotomized cats but produced no measur
able reduction of antral gastrin actuaity 1n nonvagotormized cats and 3 to 10 times these
amounts produced no measurable reduction of actinity in vagotomized cats (Emas and
Fy76 1965) (%) that 3 days o more of reserpine treatment reduced and abolished lhe
secretory response tor v reserpinc in and cats resp
but reduced antral gastnn actnity only in the nonvagotomuzed cats (Emds and rm
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1965) (3) that reserpine p of cats did not ignificantly
alter the secretory response to 1v reserpme but reduced antral gastrin activity as
much as 2 or 4 days of reserpme treatment (Emas and Fyro 1965) and (4) that v
reserpine elicited acid secretion 1 anesthetized cats subjected to agotomy and resection
of regions known or suspected to contan gastrin

Ths mvestigation has been supported by research grants from harohnska Institutet Magnus
Bergvalls Suftelse and Svenska Sallskapet for Medicinsk Forskning which ate heveby gratefully
acknowledged

For generous supplies of drugs the author s indebted to AB Ciba Produkter Stocki ofm
Sweden (Ecohd®) AB Pharmacia Uppsala Sweden (Serpedin®) and AB \itrum Stock
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Renal Clearances of Inulin, Polyfructosan-§ and
a Polyethylene Glycol (PEG 1,000) 1n the Rat
By
Freprin Beroruwn?

Recaved 22 Qctober 1964

Abstract

Berglund F Renal clea ance S wmutin polyfruct san S and @ p let)slene glyeol (PTG ] 000) in the ee?
\cta phissiol scand 1965 (f 238744 The renal clearances of inulin polyfnuct wan § &
PEG | 000 wese measured an the rat by meany of a comstant infusion techmque Tt e imulin’
PEG 1 000 clearance fauo o 10 rats averaged 081 and polyfructosan §/PEG 000 faun 1o
10 rats averaged D87 The clearsnce satios d fered sigmeantly from wmty and were 7ot
mfluenced by phlenzm  The rowcied filterabl ity of 11 ¢ tho pofysacchars Jes in the 1at 58
atmbuied 10 the pore vzz of the b and a eck Caten (2 17
and ammal s ze 18 suggested

The clearance of inulsn bas generally been conasdered to be the snost seliable measure
of glomecutar filtraton rrte (GERS mince sts sntroduction for s purpose n 1934
In certamn species the clearance of ather unrelated substances may equal that of muhin
and thus presumabh equal GFR In the dog thes applics to creatumine (Shannen 19351
ferrocyamide son Bertiper Kennedy and Folion 1950) glucosearmne (Cartes and
Peters 1958, polethylene ghycols of mofecular »esght up to 4 000 (Shaffer Critchli I
and Carpentes 1918 and dextran of molecular weight up to 4 008 {Wallenus 1928

In a recent sttempt to smeasure renal tubular reabsorption of snorganie aulfaze 1 1™
rat, & reabsorption. secretion pattern was obtamed evidently because mubin tlear
ances were lo e than GER When GFR was measured with low molecular woisht
polyethytene glycol (F EG 1000 or PFG 400) mtead of inubin 2 reguiar Tim patterd
was obtamed for sulfate reabsorption + Berghind 196+,

In the present paper the clearances of two fructans inulin and polyfructosan S a1t
compated with the clearance of PEG 1 000 1q the rat
& Present adrew Natnnal fnsc tute of Public Health Stuekt alm 60
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Methods

Clearanice expenments were done on wnapesthes zed male blackbooded rats by a constant
wfias on techmque {Berghund 1964) Each expenment consisted af six clearante periods Fest
substances were taulin dexved fcom chacory (L Light & Co Ltd) polyfructosan § (lacwesss
Gesellschali) and PEG 1000 (Un on Cartnde)

¥nudin and ysed by ol of y (19362 3nd PEC 1,000
By the meshod of Hydén (1933) s modified by Berghund (1964)

Results

Clearances and clearance ratios are hsted in Table T The wulin clearance (078 &
014 ml{min 100 g} was significantly hugher than reported by eacher authors {ef Smith
1951 Fingt 1352) with the exception of Petess (1859} (070 = 021 mlimmf100 g}

Tnulw/PEG 1 000 clearance ratios averaged 08) and polyfructosan S/PEG 1 000
clearance ratos averaged 0 87 The difference between these ratios 5 not staustically
sigruficant but both raties dsffered significantly from wty The inulin/PEG clearance
ratio was well below 10 even when anenal blood samples were wsed for analysis
tesp 334)

In one rat wmuhn/PEG 1 000 ratos were dm ho
expenments using noa botled snubn {exp 333) and wubn which had been kepe w
bathng water for | hour {exp 332) The boded inuhn showed a higher clearance
atio than the non boifed

Phionzn (exp 307) dod not rawse a low polyfructosan SPEG § 000 clearance ratio
sigesficantly This should rule out tubular reabsorpteon of polvsacchande as a possiile
souree of esvor

Discussion

The low palysaccharde/PEG | 000 ¢learance ratios m the rat may be yelaced to vanous
factors, such as moly + e1ght and natecul; of the test

33 well s the average pore size  of the glomerutar membranes These pomts will be
discussed especiatly in relatan to saahin

Inutin 15 a D froctose polvmer or fructan  contauning small amounts of D glucose
Probably m a sucrose npe hnkage at the reductng end of the molecule Tt forms the
magar polysacchande in tubers of many Comporitar “\lost commercial muoba seems
denve from dahhia (Dakha  sea) but at Jeast three brands (L Lecht & Co Lid Laevor
san-Gesellschal E Merck A G ) derve  om chicory (Cichornam Inbbus)

Far the molecular + exght of 1nulin the figure 3100 (Wewtfall and Landis 1936 4=
quoted . tessbooks of renal phvsiology (Seuth 1951 Pits 19631 in spase of gher
figures m the heeratuse since 1936 1 Table 11 \lolecular » cight does aatseem to vars
sgnificanthy bewneen tnuling from different genera Highh divergent molecutar werghts
@y how ever be obea ned before and after fracuonauon ¢ with cthanol The
figures gnen by Lenska (1251 and by Lk (1960 are espeaially natewordsy i
thie vespeos 14/ Table 11 and ndicate a considerabie degree of mofecular mhowmo-
geneaty of imulin This has also been d: by paper ck ph and by
dilferental preaypitation with ethanol Basur 1356 The contnuous fafl m rmubn clear
ance after & single  nraenous wyect o man mav also be explamed by inhatno-
geneaty hugh molecular » might fractians supposedhy being excreted slower than the
fow molecutar werght f actons Ferguson ¢ 2f 1930 Barpard Bassrand Hough 1835)
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Tanee I Clearance ratios {inubn {PEG 1 000 or polyfructosan S{PEG 1 000} ut rats

Plasma Plasma Fructan PEG Tructan/
Weight fructan PEG clearance clearance  PLG clea
Exp g mg ° mg mifmun/ 100 g rance rano
Fructan = Inuln

29 341 54 82 961 103 0ot
260 255 63 103 07! 098 072
327 240 33 86 104 131 o8t

332 257 72 Inubn 1 100 Cwater bath for 60 mun Same sat as exp 333

134 04t (131 087200

333 227 41 97 067 111 0722007
338 200 41 75 939 060 065
339 300 36 62 088 1 083
310 335 Ll 71 074 ¢73 103
It 345 3 9 085 08! 105
342 360 24 88 065 082 08l
343 3% 31 55 087 107 083

Eructan Polyfruciosan $

305 %5 56 145 (T3] 08l 08
307 228 83 67 08¢ 130 064
Phlonizin 44 mg/kg 1 v 07y th 067
303 300 1214 106 093 114 083
3l0 248 64 149 070 106 060
311 290 44 101 113 122 089
312 230 4 & o 122 o9r
313 290 4 100 142 113 ron
315 25 B 200 1ot 993 104
316 275 9 160 073 082 03
338 347 47 56 107 15 993

Notes Exp 307 phlorin data o tincluded 10 staustcal treatment

Exp 3

daht a smubin (Britsh Drug Houses Lid

Exp 332 included only in statstical treatm nt o

Exp 334 anesttesa with Inacun®

N\a a-¢ths] (1 methy) prepy); th barbiurate

Blocd samples from carcud areery Included onty in staustical weatmeat 4

Stanstical treatment {meany = standard devaaons;

1 Clearance fnuka

2 Clearance of polsfructosan $

3 Clearance of PEG 1000
il a ser €3
e fyfructosan § serics
combimed

a0y

078 0ftmiymn 1008
0952019 m mm 1008

819 ml tmnf109 g
103 017 ml mun'100 g
101 018 mlaun 100R

a

El

(1]

10
It
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Tasie IJ Molecular woight of innlm  Data from 1936 and later

Source of inut n Method

Mol wt. Reference

Dahla recrystalbzed twice  Thermoclertne vapor Wentfalf and Landss
Ppreswure 4 407 1938
Receystallized 5 tumes 51m
Iouls helevnm  yepeated Thermosisetne vapor
punfication pressure 7777 Bemn 1999
Rlue Danvbe dabloutebers  Analys s of bydrabyue
products 6120 Hinst eral 1930
Taraxacum efficomal Glueose analysis with
notatin. 6300 Palmer 1921
Dabls ropdly cryvisltang €800
Dahtis slowly coystalizng 729
Taula 1 mnem 6 600
Rahtbacsm osginal Osmameter cellophane
membrane 5200 Lrenaka 19
Repeated ethanol fracton
atan 7000
Quh um Intrbus before Osmometer v scose
etharat fractionanion membrane 1860 b ik 1960
3 4 prec pitate 4900
12th p roipiiate 1%
4 Clearance o1 o8
a) wrabm ! REG 1 800 0811034 n=10
) palyfructosan S/PEG 1 000 0871013 n-—10
Comparson 2) v &) p>020
Comparson a} ¥ wn iy peb 0t
Comparion b) vs un gy pro Oy
5 Exp 337 clearsnee mi o 8811002 o= &
Exp 333 deamance raua 03007 n B
Companson exp 337 va. 333 p0 06!

18653003 4 phywal « £ Fef 61
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Tasie I Clearance ratios (inulin/PEG 1 000 or polyfructosan S/PEG 1 000) n rats

Plasma Plasma Fructan PEG Tructan/
Weight fructan PEG clearance  clearance  PEG clea
Exp g mg © mg mlfmin/100 g rance ralo
Fructan = Inulin

259 341 54 82 06t 103 061
260 255 63 103 071 093 072
377 240 33 86 104 131 L]

332 257 72 Inubn mn 100 C water bath for 60 min Same rat a1 exp 333

134 044 051 087200

333 257 41 97 067 094 0722007
334 250 44 75 039 0560 065
339 300 36 62 088 109 083
340 33 41 71 074 073 103
341 34 36 69 085 0g! 105
342 360 24 88 06, 082 08!
343 37 31 53 087 100 083

Fructan = Polyfructosan S

300 242 56 1> 069 [ 08>
307 228 88 67 0384 130 064
Phlorizin 44 mg/kg1v 075 1 067
308 300 12114 100 093 14 083
310 248 o4 140 070 100 06F
311 250 44 101 [RE] P2, 1424
312 230 44 8 17 122 gor
313 290 13 100 i12 113 100
30> 275 54 200 101 097 104
316 275 97 160 03 08> 0r?
338 342 47 26 107 15 093

Notes Exp 307 ph! rizmn dara not included i staustcal treatment
Exp 37 dabla toulin (Bratsh Drug Houses Lid
Exp 332 included only n staustical treatment 5
Exp 334 ancsthesia with Inactin®  N\a >-ethyl /1 methy! propyl) th obarb furatc
Blood samples frc m carot d artery Included only sn stat stical reatment +

Stat stical treatment {means = standard destations)
078_013mlimn (00g n- °

) Clearance of inulin
095-019ml mn 100g n 10

2. Clearance of polvfructosan &
3 Clearance of PEG 1000

snulin senes 097:019mt ma 100 n-
polsfructosan S series 103017 nlimin J00g n ::
ne=

eombined 103018 mlmn;100¢
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Tante IT Molecular we ght of inthn Daca fearm 1936 and later

Source of 1ulin Aethod Mol wt Referenee
Dalla recrystallized cwrce  Thermoelectric sapar Senfalfand Tanlt
pressure 4457 1mr
Recrystalied § tunes 5101
Inula bylenum repeated Thermoclectnc vapor
puriGcatton pressare 77 Beru 1039
Blue Danube dabla tubers  Analysis of hydrolysi
produ ts 6150 Hustetal 13 9
Taraxacum offcwnale € lucosmaaadyss with
notatt 6300 Palmer 5, 9
Dahhia rapudly crysealiemg 6800
Dahlia slowly crystallizing 7230
Tuwla pelenum 6390
Rahibaum ongnal Osmometer cellophane
smembrane 5200 Liq, 4
Repeated ethanol fraction
aton 700
Cucko vm Fnsybus before Osruometer viscos
etkanol fractionation saembrane 380 Yy gy
3 d prec piate 400
12th precipreate 714
4 Clearas ce rabos
3; muln PEG 1 000 D3tiqyg
b} polyfra tosa S PLG 1000 88agy I
Compartson 2) 3 b) pon M0
Got pa uon 3) v unsty Pty
Commanswn b) L ounty P"le
5 Exp 33° clcarance rauo 0840,
Esxp 333 clearance rato 0 Z‘M;? re¢
332 v 333 oo
Lompanson €Xp v-8 4,

156330 & aghywl w4 Bl 6F
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Fig 1 Depolymenizanon of wuhn at
different temperatures 100 € chulho.

oo scopic mzasurements (Drew and Hs
worth 1993} 93 Cand 50 C thermo-
electre vapor pressure (Westfall and
Landss 1936}

3 5o w e m

Commeresal inulin contatns both alkals stable iaulin and mulin of smaller molecular
weight susceptible 1o destruction with alkah {Coslove 1954) The clearances of the two
fractions seem to be equal iy man (Waler Davidson and Osloff 1955, Da tdson and
Backner 1903)

Careless preparation of snubin infusions may depalymenze the 1aulin molecule and
snerease inh The ebull far werght data of Deew and Hawerth
13828} wdicate rapd depolymenzation by bothag (Fig 13 Ths mught affeet the snubin
clearance 10 two ways By red of malecular size the filteratnlity and clearance
would 1ncrease as seems to accur ut the rat (Table I} On the other hand fructose mole
cules might be hberated /Vink 1950) and 1n the tubules these would be reabsorbed
thus fowenng the measured  mulin clearance

Certam radioactive tultn denvatnes nulin € OOH and anubm OCH*) pass
faster than ordwary wnulin through cellophane tubimng i dishss or cemnfusl
pressure ultrafiltravon evidendy because of lower molecular weight (Chen Terepka
and Lane 19631 Inulin C OOH also passes faster than ordinary inalen from the hlood
snto the thoracic duct lymph of the dog {Chen and Lane 1964)

The multiple sources of mulm  the vanation of molecular weight between diffecent
preparations of solutions and the marked molecular inhombgenany are severe deae
backs i the use of inulia for measurmm, GFR Furthermore inuhn clearante ss evidently
nat a salid measure of GFR in the rat

Folyfructosan § has vecently been introduced as a substnute for ynuhn 1t 18 a Trugan
extracted from spectes of Lidtacear with a molecular weicht around 2 756 190 wirhin
2 2704 740} (Mertr and Sarse 19635 It s readily solubile sn cold water wd alkah
stable In man sts clearance is idenucal to thay of nubn and 1n the dog ita clearance &
equal (0 that of ereatnme (Harth 1963, In the ras hovever wts clracance 1 shyhily
tugher than that of tnulin but sull sgnificantly below that of PEC 1000

Polyethylene glycols offer a number of advantages as test substances They are seadhly
soluble 1 cold » ater The cham length of the malecules can be famly well contratied
through the synthenc process thereby giang, a hugh drgree of homoxenesty (H’P:Y
1940, Mraures of dufferent molecular weights can be fractionated by chromatogrsy IY
or with trichloroacetic scid @ presence of banum tons It might therefore be pos Bl
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10 “itrate  the pore siz 1n the glomeruk by using polyethylene glycols of vanious molec
ular weights

Inthedog the ¢ of polyethylene gly cols of mol 1 eigh 400 upto
4 000 equal that of whereas a p of malecular werght 6 000 has
a 25 per cent lower clearance (Shaffer Cntchﬁcld and Carpenter 1948) The clear
ances of different molecular weight PEG p in the rat are now being
nvestigated

Glomerular pore stze The pore size 1 the g if b may be

by the molecular weight at whach resincted permeation 1 ¢ 3 lower clearance begins
to occur The clearance of dextran equals GFR with molecular weights of dextran up
to 4 000 1 the dog (Wallenus 1954) butup to 15 000 tn man (Artursson and Wallemus
1954) Poresize s cvidently smaller in the dog than m man This s also indicated by
expermments with “Levan 2 polyfructan prepared from Italian rye grass Lolum multy
Jforum with a mean molecular weight around 5400 but contamng fractions of molec
ular weight towards 9 000 (Beattie and Corcoran 1952) In man its clearance approx
imates GFR but in the dog 1ts imual clearance 1s about 25 below GFR

In the rat both inuhn and polyfructosan-S clearances are significantly lower than the
clearance of PEG 1000 evidently because the average pore size of the glomeruh is
even smaller than 1n the dog A relationship bet cen glomerular pore size and size of
the animal mught ewst within mammals

Ths project was supported by a grant N U 386 from the Swedih Medical Research
Council

Skilful sechnical assistance was grven by Mrs Mona Agren and Mrs Gunillz Friberg Polyfruc
tosan § was generously supphicd by Lacsosan Gesclischaft Linz/Donau Austnia
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From the Department of Phys ology Faculty of Medicine harohinska Iastitutet, Stockholm
Sweden

The Effect of Dextran and Some other Colloids on
the Suspension Stability of Blood from Different Species
By
R Erassoy and U Sawerns Brossre
Recen ed 20 October 196+

Abstract

Ehasson R. and U Samelius Broberg The offect of dext an and some other coll ds on the suspenstom
stab ity of bood fom d fewent specs Acta phys o scand. 196> 64 249—250 — The effect of
fractions and plasma p the suspen. ton stab lity of blood from different
mzmmzlg h:u been studsed 1 vitro The suspension stab hty was measurcd a3 erythrocyte
sedimentation rate (ESR) according to Westergren s method “one of the compounds caused
a change n ESR of blood f om cow and sheep The ESR ¢ [ blood from cat and horsc wasn
creased by all compounds Rat rabb t dog p g and man formed an sntermediate group

The efect of dextran and other collowds on the suspension stability of 1 ashed human
blood cells was extensiyely studied by Thorsén and Hint (1950) They demonstrated
that the effect of the collord on the ESR was a function of the concentration molccular
weight and asymmetry of the collord Below a certain molecular wesght charactenste
for each collod there was no decrease in the suspension stability even at cry high eon
centraton This “entical  molecular weight was about 60 (X0 for dextran

Although many have been p d concerming the
stability of blood there has been relatively little attention paid to species dufferences

In 2 previaus paper (E] asson and Samehus-Broberg 1963) 5t + a3 shown that a dex
tran preparation which chmcally has proved to be a switable plasma expander was not
to be recommended 1n expeniments on cats due to the severe decsease 1n the suspension
stabihty evoked in this speaics Preliminary experniments revealed on the other hand
that wnjection of rather high molecular weight dextran (X1, about 100 000) 1nto sheep
did not cause any sncrease in the ESR It was therefore thought to be of interest to
further studv the effect of dextran on the ESR in blood from vanous species In some
expenments the effece of other Jecules (albumin
also studied

globulin) was
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s Fig 1 Molecular weight curves for 3 of
! the dextran fractions
I Dextran 40000
/ 11 Dextran 75000
s ba g 311 Dextran 150 000
100.000 w000 A

Material and methods

Blood was taken from healthy men and amimals wiber through a zannuh in 2 subcutaneon
vein (man harse sheep) 1n 2 deep vean (urcthane ancsthetized cabbut} e 2n artery {nembut!
anesthetwed ¢at, dog and rat) or from the cut s exsets of the throat immediately folfowing death
by shooting 1 the slaughter house

The ESR was d after one hour ding to the method of Westergren (19°6)
Coagulation was prevented esther by muxing 4 parts of blood with one part of 0 1 A sod um
cttrate or by adduig 8 1 mbhepaein (1 0001 U /iy per mt blood One m# of this blood was then
mmxed with 0 4 ml of the test solution  not ctherwise 1 stat

“The hematocrit was determined 1n duplicate by a tmacro-method using capillary tubes wh cb
were centrafuged at § 500 g far 20 aun

In order 10 siudy whether an 1ncrease in the concentration of certun proteins from human
plasma could affect the suspension atsbility of the blood gammaglobul n or fibnnogen wat

Taviz § Vitan erythrocyte sedimentation rate of blood from various spectes wett out and with
concentration 1 7 per ¢ent The molecular neight datribution cune for each dextran

Cantrofs
“umber
Speaies  ofexpu Hematoerst o addwon Normat salne 5 gl
Rabbit 4 3 ! t [
(26 37) o o 5 -8
Rat 3 23 2 2 7
25 26 -4 (15} [l
Cat ( 30 4 2 »
V2o 33 i 10, (-3 a»
Swine 4 3 5 3 3
134 40 o2 0o (1~5)
\an 7 a3 7 ”? 2
3y 7 3 1 -4} (33}
3 n 8 3 2
Des R o2 Q& (=3
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added to blood from cow (n == 3) and sheep (a = 2) while albumin was added to blood from
horse {n = 6) Gammaglobulin or alburnin was added 1 amounts that mcreased the blood
concentration by 085 and 1 7 per cent respectively Fibrinogen was added to increate the con
centration by 028 per cent. No of the final was

The sedimentation rate of RBG from horse i cow plasma and of RBC from cow i horse
plasma was studied by centnfuging a blood sample from one speacs at 1,200 ¢ for 20 mum,
removing the supernatant and resuspending the REC in an equal solume of plasma from the
other species T these expenments hepann was used a3 anti-coagulant
The following collowds were used
1 Dextrans obtaned by the action of L des stran B 512
and with the average molecular weights (V. 1 ght scattenng) of about 40 000 (Rbeo-
macrodex®) 75000 (Macrodex®) 150000 250000 and 500 000 respectively The distr
bution curves for the first 3 preparations are given 1 F g 1 All preparations were dissolved
12 normal saline or 5 per cent dextrose Ifnot otherwise stated 6 per cent dextran solution
was used giwng a final dextran concentration of 1 7 per cent 1n the blood
Albumn, ln an: were from human blood with 2
mod ficat on of the method of Cohn Fach preparation was dussolved in normal saline

n

Results
A Addition of dextran
“The spontancous ESR and the effects of normal saline glucose or equivalent volumes
of \arious dextran preparations are presented in Table I and Fig 2 There was a great
duifference 1n the normal ESR between the species Cow and sheep had ESR < [ mm
rat rabbit cat pig man and dog creating an mtermediate group with an average
ESR of I—8 mm while horse had a mecan ESR of 78 mm

addition of differenr dextran fractions. Figures withun brackets denote range Final dextran
fracton w grenm Fg 1

Dextran I n Dextran I 1n Dextran 111
1n Normal
Normal sabne 5 glucose Normal saline 5 glucese salne
1 1 16 6 128
(-1 (—n (2—37) (111} (116—136)
1 1 10 + 10,
(0—1) o—n (9—12) (3—4) (42—134)
43 8 151 1“3 —
(3050 (417, (141—157) (125—154)
3 ” 64 25 99
=1 (-1 (28—111) (14—45) (37—135)
2 a2 k21 2 1
-8 (1—4 \35--118) (8—-34) (3 —47)
2 1 64 s 173

o -4 =" (1" —114) (1—10}y {66—150)
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Fig 2 “ormal sed mentation rate of RBC. (ESR, from varous species and the effect (salne
and thrce differem dextean preparations on the ESR Final dextran concentranon § 7 pes eent

The addinon of normal sabine of glucose caused a decrease n LSR probably duc @
a dilunion of agureganng protems i plasma but possibly also to other factors Glucos
decreased the ESR more than waime

The effect of the sarious dextran preparations was difforent in the sanous apea™
Dextran with 2 A, of 40 000 mnereased the ESR of cat and hone blood but did not
change the ESR m the blood from the other spewies §n alf speties but cow and sheep
dextran with M, of 75000 and 1.0 000 sexpecuvely tncreased the ESK but (o sarout
degrees, The suspension sabahty of cow and sheep blood was nat affected by ans of thr
5 dextran fracuons tested
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Dextran solutions with glucose generally affected ESR to a lesser degree than thmc
m normal saline This 15 1n accordance wath the finding that 5 per cent d
the ESR more than saline (sez above)

B Addition of proteins

Fibrinogen or gammaglobulin did not change the ESR of the blood from cow or sheep

The ESR of the horse blood was shightly increased by the addition of albumin (+ 17 © )
1n companson with the addinon of equal volumes of normal saline the mean values
being 73 mm as compared 1o 53 mm after saline and 83 mm tn the control

C Exchange of plasma

The imual ESR of cow blood was 0 mm (n = 2) and mn the horse blood 53 mm and
110 mm respecusely The ESR of cow RBC 1n the horse plasma became unchanged
t ¢ zero The ESR of horse RBC 1 cow plasma decreased 10 32 mm and 38 mm respec
uvely

Drscussion

A big difference 1n ESR between vanous species was obsened by Hirschfeld (1907)
who from experrmenta! evidence concluded that the ESR was a function both of the

of the er and of the potency of the plasma It s
therefore posstble that m a gnen species (¢ g man) a high ESR may be caused by
changes in the erythrocytes and not only due to a changed plasma proten pattern
This was studied by Fahracus (1921) who concluded that i pregnant women the m
creased ESR was mamly due to plasma factors (for ref sec also Jeannct 1964) Expen
ments with human ery throcy tes suspended in well-defined dextran solution may further
elucidate this problem

In cow and sheep 1t was not possible 10 induce sedimentation of the erythrocvtes by
adding fibnnogen gammaglobulin or destran On the other hand erythrocytes from
these specics can be aggregated and an increased ESR mstiated of the enythrocytes are
suspended mn solution of celtulose denvates ¢ g hydroxethy lcellulose (Ruchter personal

The nely strong cffect of this has also
been reported by Hint (l9b'7) and Ruchter (1963)

The post traumanc ncrease of various macromolecules 1n plasma most hikely plays
an vole far the dex clopment of of red cells ( slud
ge ) Itis not clear ifintravascular aggregation occurs in cow or sheep following major
trauma On the other hand 1f these ammals do not develop sludge due to a decrease
1n the suspension stabthiry of the blood this will open ney ways for studying the contro-
versial question of the relatne importance of sludge 1 the complex events of changes
that follow for example major traumas

The mechanism for the increase in ESR 1n vartous diseascs as well as after.the safusian
of certain collords w not known (for review sce 1lhg 1961) It has often been suggested
that a change v the electrical charge of the erythrocytes would be the most Likely ex
planaton 1 ¢ a decrease i the negause charge would decrease the repelling forces
between the red cells This hypothesis seemed to recesve further support from Bern
stein et af (19671 who reported thas dextran with a !, of 40 000 caused an increase 1
the negats e charge of the ervthrocytes and at the same ume caused an erease in their
suspension stabality  \ore recent studics revealed howener thar dextran molecules
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with strong aggregaung potency alse caused the same merease wn electro-negataty of
the red eells (Castaneda ¢ of 1964)

The present resules wmdicate that the bictogical actuon of dextran 11 dependent not
only on the physicochenucal propertes of the dextran preparation but also oa the
spectes mvohed

The authors are mdebted 1o the AB Pharmacia Uppsalz for the vanious dextran fractions asd
to the 3B RABY Stockholm for the plasma protcms
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the transmussion process a large proportion of the noradrenaline being unavailable
for release by nerve smpulses {Duler and Lishajko 1961, Trendelenburg 1961 Carls
son 1964) The evidence presented for this view has so far been indirect

Results were recently obtained indicating that the noradrenaline store of the vaso-
constrictor nerves m skeletal muscle 15 subdivided snto at Jeast 2 fractrons with different
sensitavity to the depletory effect of reserpine (Sedvall 1964 b) The ability of the nerves
to transmit s asoconstrictor impulses seemed to be correlated to the presence of a small
reserpine resistant noradrenahne fraction rather than to the magmtude of the trans

mutter store as a whole The results d the possit of the dufferent
noradrenaline fractions to some extent selectively (Rosell and Sedvall 19622, Sedsall
1964 b)

This possibility was exploted an the present imvestigation which has ammed at
analyzing 1n more detail the extent to which different noradrenahine fracttons in the
vasoconstrictor nerves are avarlable for release by nerve impulses This was accom
plished by studymng the arculatory respanses 1o skeletal muscle to simulation of the
vasoconstrictor nerves after partial depletion of their transmmtter stores by the action
of or m L with nerve tmpulses

Methods

The study was made on 37 cats of both sexes werght 2 0~3 8 kg The ammals were anesthetized
with urethanc (5501750 mgjkg 1 v ) and the trachea was cannulated Body 1emperature
was mamtamed at 36—37 C by meansofa heating lamp The vasoconstrictor outflow o the
bindlimbs of the cat passes through the lumbar sympathetic chains These were reached by the
anterior approach and one or both sympathetic trunks were dissected free and transceted at2
level of L to L5 Reserpine (Serpasil & Ciba 5 mp/kg s v ) wasinjected and afier 2 s or 10
the amimals were prepared for the recording of blood flow 1n the muscles of each ndhmbseps

rately The hindlimb was skinned by diathermis and a tight higature placed around the ankle

Hepann {23 mg/kg) was injectcd to prevent clottng Blood flow i the femoral artery was
recorded using the drop chamber technique devsced by Lindgren (1958) Blood preswure was
recorded in a carotid artery with a Statham P 23 AA transducer  Responses to vasoconstne

tor nerve stmulation and the intra artenal ingection of noradrenaline were measured as the
wnercase n penipheral vascular resistance tn per cent of the reting level The periphersd
vascular resutance 1n tte hun il mb muscles was calculated as the rati2 of pressure to flow

The penpheral ends of one or both transected lumbar sympathetic chamns were stimulated
at the leved of L4 —Lu with a bipolar silver clectrode VWhen both sympathetic cha ns were
stmulated s multancowly they were placed on the same electrode Monophasie rectangular
pulses (3 mS >~15\ 10—20'sec) from a Grass M «lel 5 4 stmulator were used  Mtropint
{05 mg kg v as sulfzte) was given to prevent the action of vasadlatar nene activity

Intra artenal injections of neradrenal pe {0 5—35 0 4 g) were given via a a dearm [ the drop
chamber 1n a volume not exceeding 0 3 m}

The noradrenaline content of th € gastrocnemmuus muscles was determ ned sn grinciple 3 ml
Bertler Carlsson and Rasengren (1958) The extracts were purified according tn Carl n 3%
Lindgut (1962) Oxidation was ly as by Higgendal (1963) f r dng;!
(recovery etc 1 of e methods used see Sedvall (196} a b) The noradrenal ne content hat
bern expressed a3 free base in ng g wet we ght of muscle

Results

The results of Roerll and Sechall (1962 a1 and Sedvall (1964 b) suggested that the physio-
Togseal smputse flaw depletes a funcuionally important noradrenihne feaction in the
\asoconstrictor neres of skeletal muscle within a few hours after rescrpme adanistta
e hee ooesthility was further examined s a first senies of expenments Immediately
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before the admmustration of reserpine (5 mglkg 1 v) the flow of vasoconstnctor
wmnpulses to onc hindhmb was the lumbar
h chan The ! 1 Ise di h 1n the nenesto
the other hindlunb was allowed to conunue for about 2 5 hrs after reserpine injection.
The sympathetic chain also on that side was then transected A tune mntenval of at least
5 mun was allowed in order to rest the effector cells from any transmitter action after
whch the heral ends of the t
1 y and they responses d 1n the hindhimb muscles Fig 1A
presents the results from 5 cats snwhich practically no response at all was obtained on
the side where the impulse flow had passed umnterrupted duning, about 2 5 hrs of
reserpme action There was still about 30 per cent of the normal noradrenahine content
left 1n the muscles on this side The content of noradmulmc 1 the muscles on the other
side, where the nenves had been before reserpe was ad
sministercd  was only shightly hagher but the vasoconstrictor response was normal The
difference 10 the amount of noradrenaline — which was accompanied by such an
tmportant difference 1n response 10 nerve stmulation —~ was only 10—15 per cent of
the normal content. Similar results were obtamned af the effector cells were rested for
about 30 frun before simulation
In another senies of 5 cats the time wnterval between reserpme admumstraton and
transection of the sccond sympathetic chan was 10 hrs instead of 2 5 hrs Practically
dentical results were obtamed as regards the vasoconstnctor responses, but onl
about 10 per cent of the normal noradrenaline content was left on the decentrahzed
side and only about 2 per cent on the side s here the nenve impulses had passed uninter
rupted (Fig 1 B) The noradrenaline content of normal skeletal muscle s about 100
ngle
The differences in vasoconstrictor responscs obtarned in the above expenments might
have been due to a changed sensitmany of the effector cells o the released transmitter
This possibility 1 rendered highly improbable by the results of the 2 follos 1ng senes
of expeniments These were identical to those described abave except that instead of
stimulating the vasoconstnctor nenes we injected noradrenaline t a into both hind
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tmbs The data in Fig 2 cleatly show that no significant change in senutivity 1o
mnjected noradrenaline occurred as the result of decentralization or the difference 10
the duration of reserpine treatment
A series of expeniments was deviced to tigate how far the drenaline fraction
n d Jized nerves 10 by after reserpine was ayailable
for release by nene impulses Both sympathetic chains were transected before the
admmistration of reserpine After an antenval of about 9 hrs when about 1015 per
cent of the normal poradrenaline content 1s sull present iFig 1) one of the sympa
1hetic chans was sumulated electrncally #1th a certaun pumber of stamult The vasocon
strictor response 1o a defined test sumulus (300 1mp 10 sec; was measured following
the delnery of 300 1500 5000 and 10000 sumuli Three senes of 5 cats were wlled
after delnery of 1500 5000 and 10000 sumuli respectively and the noradrensline
content 1n both gastromemius muscles drtermined The results can be scen in fie 3
A definste relationship was abtamed between the drop in noradrenaline content and
the total pumber of sumuls Following the delivery of 10000 1mp the noradrenaline
content (3 =0Bng g mean - SE n — 21 was hihlv sguficanty (p - 0095
reduced in relation to the nonstimulated control side (14 = 1 8; The fraction wat
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reduced by about 80 per cent 1 ¢ to the same level as obtaned when a physiological
smpulsc flow had passed for 10 hrs (Fig 1) A siular refationship was sbtained between
the total number of stmuk and the reduction 1n vasocenstnctor responses There was
always a continugus reduction 1n blood flow through the muscles 1n these ammals
dunng the stimulation period due to the bad arculatory condition of the cat when
treated for several hours with high doses of reserpme (Withnngton and Zaumus 1961)
‘The vasoconstrictions obtained 1n the late part of the shmulation period may thus have
been slightly too small owing to a changed pressure flow relationship (Renkm and
Rosell 1962 Lewis and Mellander 1962) However this circumstance cannot have
altered the general slope of the curve as practically no vasoconstrictor response was
obtained following the dehvery of 10 000 imp

Discussion

The noradrenaline content of cat skeletal muscle 1s locahized almost exclusively in the
vasoconstrictor nerves (Sedvall 1964 a Fuxe and Sedvall 1964 1965) The present
results showed that vasoconstrictor nerve funcuon was lost before total depletion of the
transmitter stores after reserpmne In spite of the presence of 20 per cent of the noradrena

hine Ily no responses to nerve 1 were obtamed when
the physiol ampulse had been on the stores for 2 5 hrs after
reserpine admimstration (Fig 1) Three different explanations seem possible for this
fuiling response (1) a lack of available transmutter substance 1n the nerve endings {2)
2n 1mparred telease mechanism for the stored transmtter and/or (3) failing reactiaty
of the effector cells This last explanation seems highly improbable as the blood
vessels showed the same sensiivity to mjected noradrenaline as those on the control
side where a normal response to nerve stimulation was obtaned The same applies to
the second possatality Tt 1s untikely that rescrpine per s blocked the releasc mechamsm

as the latter functioned normally on the control side The explanation that the physio-
logical impulse flow — v hich was presumably rather hugh (Iggo and \ogt 1960) —
exhausted some factor responsible for the release of transmutter 1s also unhkely Under

normal cond, cven nerve Jation with supra physiolo
gical frequences does not lead to fatigue of the transmussion (Onas 1937 Dye 1935
Kermell and Sedvall 1964) The most bl 1s that the noradrenal

fraction which was present when transmussion faled 1s stored unayaifable for release by
nerve impulses

There 15 a possibality that the unavailable fraction s stored 1n the preterminal portions
of the axons It has been shown however that reserpine depletes the noradrenaline
stores in d flerent parts of the adrenergic neurone at about the same rate (Norberg and
Hamberger 1964 Dahlstrom and Fuxe 1964) If the entire 30 per cent fraction vas
present m the ls the amount of ! normally kept i this part of
the ncurone must be considerably larger This seemns mcompatible with the recent
histochemical findings of Malmfors (1964) which strongly indicate that the noradrena
hne 1 rat s 15 stored predomnanty 1 true adrenesgic termunals readily available
for the action of nerve umpulses It therefore seems probable that at least a large part
of the unavailable fracuon s present 1n the true termunals but still not accessible for
release by nerve mpulses The fact that this transnutter fraction was not rapidly made
available could indicate that mobiization of the transmutter 1s normally very slow
However 1t 1s also possible that reserpine blocks one of the processes v hich make the
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preformed transmatier accesuble for release by nenve impulses The findings of Euler
and Lsshyko (1961) and Johnson (196%) are of interest in this connection These
authors presented evsdence from i utro and tn e studics sndicating that ceserpue
smali doses blocks the release of noradrenahine from storage granules

The present results thus suggest that a large part of the noradrenahne in the 1asocon
stnctor nerves 13 stored unavatlable for release by nenc smpulses after reserpine
treatment To what extent then 1s the transmitter avadable®

k wence mdicates that poe blocks an uptake mechansm for

anunes 1n the catecholamune stoning granules (Carlson  Firllarp and Waldeck 1967
1963 Rarshner 1962 a b Euler and Lishagke 1963 Hudlacp and Malmfors 1064}
There 13 a close time corvelation between the mhibition of thus uptake and the smpair
sent of adrenergie nerve function i the recovery penod following resetpine treateent
{Lundborg 1963 Carlsson Jonasson and Rosengren 963 Andén “fagnusson and
Waldeck 1964 Stzarne 1964) Thus indicates that the uptake of amines anto granules
15 of great wmportance m the mechamism that makes the transmatter asafable for
release (Carlsson 1964) No transmtter was presumably made avasdable by uptake
wta granules 1 the present expenments which were performed within a few hours
after reserpine admunstration Moremver the present results suggest that nesadrenaline
was pot mobilized from the unavadable siore In these crrcumatances the abilsty of
the nenves to release transnutter should be dependent mamly on the amount of pre
formed noradrenaline which 1s actually stored avalable A correlation cxsted betmeen
the ability of the nenves to transnut umpulses and the 10~15 per cent fraction of the
normal amount {(Fig 1 and 3) Moreoser shis fraction coufd be rapidly depleted by
80 per cent by stmulation of the v asoconsinctar aerves These ndings suggest that
the reserpinized ammal onfy this fraction is unmediately available for release by
nerse impulses Thus snfers that the d hne i the nenes i
setamned m at least 2 pools

It was recently shown that I of the nerves i skeletal
wouscle disclosed a ymall noradrenatine fraction 1 the nen e termimals which disappea
red at a slower sate than the maim part of the transmutter store afier reserpme (Sedsall
1964 b} The ability of the vasocomstrictor nerves to transmit tmpulses a3 found by
Rosell and Sedvall (1962 a) appeared 10 be dependent on the presence af ths fraction
The present study supports the view that the  avarlable fraction demonsteated here
13 1denncal with thus slowly disappeanng  fraction The resulis in Fig 1 and 3 thy
drcate that pracucally only the avadable {raction semaimed at 1) hirs afier roserpint
— provided that no mmpulses had passed Under almost identical conditions 18 was
found that predommantly the reserpine resisiant fractton was left a¢ this snterval (Sed
sall 1961 &) The evidence accordingly indicates that the avadable noradrenatine
fraction n the vasoconstncior nerves differs from the mam part of the store not onh
1 bewg more direcdy accessible for release by the nerve smpulses but abo
duappearance - in the absence of smpulse discharge — a1 a stower a1 after sescrpine
admimstration These findings strongly indrcate that ths fraction 13 stored in the nenie
wermanal 1 2 special compartment Future experiments must decide whether this
subdsvuston of ¢he store i the v nerves iy duc to the exntende
of diffesent storage h for the andjor to 1 the location
of the stored transmetter s relauon to the avon membrane

Quantitatnely the nene inpulse dhscharge plays only & musor sole 1n c:mhohmx’r;f
depienon afier FeseTpIne {see Sedvall 1961 b1 The present gesults howearer dureetly
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show that the physiological nerve impulse fow plays an important role — from a fune

tional point of view — 1n the mechamsm of action of reserptne It seems to be respon

sible for the rate of depl of the small fraction which mediates the
transmussion of 1mpulses The rate of disappearance of adrenergic nere function after
zeserpine vl accordingly be hughly dependent on the umpulsc frequency in the ner cs

‘The results p d provide a for the general lack of correla

tion betwccn amine levels and adrenergic nenve functton following reserpine treatment
and for the finding that adrenergic transmussion after reserpme can be abobshed
before total depletson of the transoutter stores (Sedvall and Tharson 1963 Haggendal
and Lindqvist 1964}

The shilful techmcal assistance of Miss Sonja Lofstrandh 15 gratefully acknowledged
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Abstract

Fex ] R Fuxeand G Lennerstrand Absence of monoamn s 1 oli o-cocklear fib es wn cat Acta

physiol scand 196> 64 739—262 — The olis o-cochlear neurons in the cat have been studied

wath the help of the fluorescen ¢ method of Falck and Hillarp with or without crushmng of

thet atans m the veshbulo-cochlear anastomosis o 1n the pons "o monoamines y ere fo

in thes neurons (cell bodles axons termunals) not even afier axotomy It 18 concludecd Tt
all o not act as. m

e et et of o gan of Cortt

‘The course of the crossed ol o-cochlear efferent fibres was first described by Rasmussen
{1946) and this has been followed by several other studies (sce Rasmussen 1960 Rosst
and Cortesina 196?) The uncrossed oliso-cochlear efferents were also found by Ras
mussen (1960) and again described by Rosst and Cortesina (19621

Electronmicrescopical myestigations on the cochlea after transection of the crossed
or both the crossed and uncrossed cochlear efferents (for references sre Spoendhn and
Gacek 1963) prose that the crossed efferents termunate on the hair cells and the afferent
endings of the organ of Cortt The uncrossed efferents probably end 1n the same region
(¢f Spoendlin and Gacek 1963)

Electrophysiological studies have shown the crossed efferents to be anhbitory n
function (for references see Fex 1962)1 as are also the uncrossed {Desmedt and LaGrutta,
1963)

The cochlear efferents hav e a high acetvlcholinesterase (AChE) activaty (for references
sce Rost and Cortesina 1967) and they may thus be chohnermic relensing acetyl
choline (ACh) as a transmutter In support of this view Gusselsson (1960) found an
wncrease 1 the cachlear nucrophomics after injectson of ACh 1nto the endolymph and
related these findings to the earl er results that the cochlear microphonscs are increased

Present address  The John Curun School of Medical Research Canberra Australa
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by electrical stumulation of the crossed efferents (Tex 1959) ‘The effect of such electrical
stmulation has since been studied also by Desmedt and co-workers {sce Desmedt 156}
However electropharetic application of acetylcholine 1nto the organ of Corti as done
by Ratsuks (se¢ Bullock 1964) caused pp of the cochlear h althoush
a full report of these experiments has sull to appear Furthermore it has been shown
(Desmedt and LaGrutta 1963) that the effect of cochlear efferents on the cochlear
action potental and rmucrophamcs are not changed by 1 v mmected physostigmine
{an AChEanhibitor) ner by dibydro-f-crythroidine which blocks transmussion n
cholmergic yunctions (Unna, hmazuk and Greshn 1944)

The non cholincrgic nature of the effrrent transmetter 13 also suggested by the
findings that subconvulsive doses of strychnmne reduced or abolished the effects of
elecincal simulation of the olivocochlear hibres (for references yee Fex 1962 and
Desmedt and LaGrutta 1963) The cochlear efferents are in this respeet simifar to the
spinal interncurons that are responuble for post synaptic inbition of motoneurones
and that are 1n alt probabihity non cholinergic {¢f Curtss 1963) However the crosed
efferent sntubttion 15 not affected by 57 diphenyt § 3-diazadamantan 6-0f {1757 IS)
which depresses spinal post symaptic nhibitions {¢f Cuzts 1963) Thus these spinal
and the cochlear inhibitory sy stems may have different inhubitory transmitter substances

It has been found that the termunals of many different neuron systems in the C\S
form and store monoammes (see Carlsson Falck and Hiflarp 1962 Dablstssm and
Fuxe 1964a ) These neurons have recently been shown to be monoammergte (Fuve
and Gunne 1964) The present work was made to establish whether the cochlelwr
efferents belong ta any of these specific systerns The presence and direction of mono.
amtnergic fibres can now be dicectly studied 1n the central nenous system with the
use of a smple methad (Dahistrom and Fuxe 1964b) The method 1s based on the finding
that after acotomy the respretne amines rapidly accumulate in high amounts readily
visualized with the fluorescence method of Faick and Hillarp in the prouimal part of the
fibres

Material and methods

10 cats free from ear infect ons and weighing between 1. and 40 kg were used 1 the promt
study In 5 ancsthenzed cats atterapts were made to take out pieces of the organ of e
keeping th ¢ topographical interrelationships intart However the organ wai regularly damared
and the spectmens contam niated with bone tssue
Inthr 5 cats ! 5, mgikg) the left vest bul »cock fear
anastomons _contaiing the cochlear efferents was crushed wah a fine forceps under awpit
condstions  The techmique 1o reach Qorts anastomosty has been described by Fex (192
In 2 of the cats the cromsed cochlear efferents (see Rasmussen 1940) were mterrupled abo ty
the bram stem  when cross 0g at the midline gust under the floor of the Durth entr cie 288
Ievel of the genu of the facial nerves (sce Fex 197 Alter the operation the anit 1al were kept
at ve for 20 hrs under hight pontobartatal anestheys wath ¢ ntro] of airways and body tempera
ture and then k lled by addite nal pentobarbital  The stato-acoustic nervey on both s des were
caken out from th cats 1n which tl e left sestbul scochlear anastommis hal be o tult e
Specstiens fcom around the cut n the bramn stem were taken 1n the 2 cats w th such a foodt
and controf spectmens from the same regisns were taken 1n the cats why hhal s braas s
\ntact In alb cats W& rog ma wh ch would contaun 1t e cells of onyn of the coct by Teceas
(f Rasmussen 1916 Rows and Cortenna 1X7 were taken ax spec meny n
Al sperimens were freezedard srevted w th f maldel yde gas and embrdded in parafs
23 desenited pres ously (Dahlstrom and Fux 15 13) Thescraisecy na(8 10n w « cxam
ined by fluorescence m crowopy The nena were cut g twd natly and the bram apreis €5

transersely
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der the cond: b Ireaction primary eatech suchasdopa
(D) and (NA) and 5-hydroxytryp! (5-HT) are dinto intensely
fluorescent 6 T-dihydroxy 3 4-dihydro-soquinol nes and 6-hydroxy 3 4-dinydro- f-carboline
respectively (Corrods and Hillarp 1963 196%) Thanks to thus conversion the presence of 5-HT
and eatecholamines 15 visualized by what 1n the fluorescence mictoscope used 16 a yellow and
usually green to yellowgreen fluorescence respectt ely

Results
Normal anmals

‘The organ of Corts was severely damaged 1n all preparanons No nenve fibres with
speafic fluorescence were present around the few sensory cells that could be observed

‘The stato-acoustic nerves contained a number of fine varicose green fluorescent nene
fibres some of which seemed to be related to blood vessels They were runming m a
part of the nerve where there are no obno-cochlear fibres The superior olivary com

plex and uts immediate surroundings which would include the cells of ongin of all
olno-cochlear fibres (¢f Rasmussen 1946 1960 Rossi and Cortesina 1967) did not
<contain any nerve cells with catecholanmnes or 5-HT

Animals wath the left vestibulo-cochlear anastomosts evushed

No accumulation of catecholamnes or 5-HT could be observed in the fibres above
or below the lesion

Ansmals with section of the erossed olwo~cachlear fibres in the brain stem

A number of mtcnsely green and yellow fluorescent deformed nenve fibres were
observed on each side of the lesion These fibres however had a location and a direc

tion different from thosc of the cochlear efferents (as described by Rasmussen 1946)

Discussion

The method used here to find monoamines 1n neurons 1s highly sensiuve and speafic
(for references sec Dahlstrom and Fuse 1964a) Furthermore axotomy of monoatmne
contaning nerves fibres results 1n a rapid and large accumulation of moncamines i
the proamal part of the fibre 1n the central as well as in the penipheral nervous svstem
(Dahlstréra and Fuxe 1964b)

In the present work no monoarmines were found 1 the region of the harr cells and
0 spite of the rformed no were found 1n the axons or in the
soma of the cochlear efferent neurons However certain parts of the vestibular ganglion
have been found to contan CA terminals in close contact with the ganghon cells
(Dahlstrom Fex Fuxeand 1 d b ) E are
1n progress 10 show 1f they are of central or peripheral ongin

It 15 concluded that olivo-cachlear efferent fibres do not contarn A D\ or 5-HT
hence 1t 18 unbikely that these
of thesc efferents upon the cells of the organ of Corti

atthe

This study has been yupported by a Publ ¢ Health Service Grant (NB 07834-04) f om the
Jational Inst tute of “eurolog cal Discases and Blindniews and by grants from the Swedish
Med cal Rescarch Councit



262 JORGEN FEX ET AL
References
Bxlxs.ﬁv’:h T Y In Semphynolegy Unuted States Japan Jont Symposum 1964 1361~

Cantsson A B Farexand N A Hieare Cellular locsbaation of bram monoamnes 4ita
Posiol siand 1962 5 Suppl 196

Corxopt H and N & Hiriare Bl L Tur he hen hung
von 1 ldentifr g der f den Produkie aus Modellvermachen
rm!G'I > h handl und F d Hele chaim Acta 1963 46 2470~

b zurh hen Sich h
1 2 es i den Produkies aus Dopammn und For

mald:h)d Hele :}um teea 1964 47 911918

Crxrs D R. The pharmacalogy of the central and penpheral sntubiion Phormaof  Ker
1963 15 333~353

Damstrow A and k. Fexe Evidence for the exsstence of monoansne-£OMInINg newrons
m the central nen ous system | Demonstration of monoamnes 1 the cefl bodies of bram
stem neurons Acga phynel scand 1964 2 67 Suppl 232

Darstron 3 and K Fuxe A method for the demonstration of monoamine contaimmg
nerve fibret 1n the ceatral nervous system defa physio! scand 1964 b 60 293—28>

Desuepr J E Audhitory-evoked potentiats from cochlea to cortex a3 snfluenced by activaton
of the efferent olwacochlear bundle 7 acoust Soc Amer 1962 34 14781496

Desweor J E and v La Grutra Tunctian of the uncrossed efferent olivo-cochlear fibrey i1
cal Mature (Lond ) 1963 200 472474

Fex | Augmentation of the cochlear microphantes by stimulation of efferent fibses to cochlea
Acta oto-la yrg (Steckh ) 1929 50 40541

Fex ] Audrory acuvity m centafugal and centripetal Fbressneat dete physiol scand 19
55 Suppt 189

Tuxe b and L Gusae Dept tion of the stores in bran
on amygdalord stemutation Acta phyual scand 1964 62 493—491

Cmserssov L. Effect n mucrophomcs of acetylchohine injected mta the endolyn pl auc space
et ofo-laryng (Siockh ) 1960 57 636637

Raswvwsex G L The olvary peduncle znd orbier fiber praject ans of tte supenor of sary
complex J n:m[r Arurel 1916 B4 191220

Rasurssen G L Effcrent fibres of the cochlear nerve and cochlear nucleus In Vewral mechas
smy f the aud o1y and 1e § bular pstems B4 Rasmussen G Lo and W 1 Wwindie Ypringfictd
€ € Thomas 1960 Chap 8 10211,

Rowst & zndC Cowtesiva The efferent innenanon of the inner car Panmneria m 4 1567 1

478— .00

Sroespus H and R Gaces Elecironmicroscope study of the eﬂ"nrnl and afferent innesa
tion of the organ of Cortran the rat Ann otol St Lows 93 (53

Usxa K AL Bz and ] G Grestss Pharmacel ge auun o{mﬂ rina alkatond 1
ferythro d ne and sulbstances derned from it J Phormar { 1948 89 33 0

2430
Ccnxom H andN & Hurare Fh

L eenunale




Acta physiol scand 1965 64 263—268

From the D of P logy Unners ty of C Denmark

Exchangeable Water, Sodium and Chloride
1n the Skin of Mice
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Abstract

Langgdrd H Exchangeable water sodusm and chloride vn the shin of mice Acta phys ol scand 1965
64 .63—268 — The exchangeability of water sodwm and chlonde 1 skin has been studied
10 untreated mice_in mice with localized acute inflammatory edema and 10 m ee with estradiol
induced edema of the skin The total amounts of water and sod um were found to be readily
exchangeable wh cas 15 per cent of the tisue chlonde in untreated mice was exchanged at
a much lower rate The find ngs n the m ce with acute inflammatory edema and in m ce
t cated with estradiol indicated a possible relationshup between the slowly exchangeable chlonde
and the amount of ac d mucopolysacchandes n the skin

Previous studies on the composinon of conncctne tissue have indicated different
flud phases or “water compartments  Terms hke bound or fixed water free
water and frecly moveable water have often been appued 1o some of these fractions
withaut precise definitions The vanous fractions of tissue water may contam electro-
Iytes in different concentrations Electrolytes mav further be stored 1n the tissue 1n a
dry or osmotic inactne form attached to or “hound to varnous charged

macromolecules

Thus for the biological function the total contents of water and electrolytes 1s of
Iess interest than the part available  to the organism in the homeostasis The available
(e part can be d by 1sotope ditution methods

The purpose of the present paper has been to study the exchangeability of water
sodium and chlonde 1n connective tssue with speaial regard to the function of the and
mucopatysacchandes of the ground substance

263
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Methods

White maje mce of a single strain weighmng from 22 (0 28 g were used They were mamtauned
on 2 standand laboratory dhet wih water ad bbatum

Espenmentol groupr

1) Mice uath eslradiol induced edema of the shin

On the 6th and &th day before the experiments subcutaneous mnjechions of estradio} monoe
Benzoate 10 ¢ g 1n 0 | ml of arachss aif were gwen (i Hyidberg Separay and Langgded 1964)

2} M ce wath locali.ed acutt anflammatory edema

On the day priat ta the expermment the sk on the back was depiated by a close cut wihan
electne chpper followed by apphcation of & banmm suiphide depslatory After 5 mun the skin
was cleares of depilatory with ample amounts of water One hour before the expenment the
ammal wag hightly ancsthetzed with fivathane (halothane® B ) 20d acute mflammatory
edema taduced on the naked skin by applying filter paper moistened with xylene for 2 mun {¢f
Szporny ot ol 1964)

3) Cont of amels (untreated)
Expersmental p ocedures
\) Exchangrable nater
Using & scrometer syringe { \gla®) 5078 of o sotuuon of ¥H,0 m €3 per cont NaCl con
tauung approximately | oG was snjected 1o a tad van and the site of puncture sealed care
fully Ten nunutes later the ammal was stunned by a neckblow the right carotsd artery was
cut and 500 4 of blood sampled i a Carbberg consinction pipeite prepared with hepnae
saline After decapriation and bleeding the backskin was depifated ay descrbed above (antmals
with Jocahzed acete edema were already depilated at this stage) A partscular arey of the
depilated shan with undeslymg sbentantous tste was sxcused and dvided imte two peees
which were weighed on a torsion balante One sample was used for determmation of the water
content by frecze-drying of the sample 1o constant weight The other sample was used for the
rad cacune assay M2 sodhum hydrouds w a volume of 3 times the tissue volume (spee grav =
1 D) was added and the sample heated 10 a atoppered tube ta 70 C for 30 nun to obtaim tume
destruction The protewns wese prenpitated by adding 10 zinc sulphate in the name sl
umes a3 sodwm hydroude Plasma samples were ireated in an wdenncal way  Afier centnfs
gation 100 ul of the cear supernatants were added 10 2 scntillation medium desenbed
Brav (1960} and the radiwactivity measured m a fqud santllation counter {Jsotope Deie)
opments LTD) The exunt of penttranon of B O into the bwue was determuned by
comparning the ratio of the hasue plasna rad oactsity 10 a smalar ratio for water detenmined
chemically by freeze-dryng of the sssue When the tho 12008 were equal fencth ron wis
complete

B) Lxchangeable sodvum
Approwmately § 1 of Na as NaC) m 50 p of a 09 per cent %aCd whinen was wmyected
1 % Ten nunutes later blood was sampled and the backskin depilated and excused as descr bed
for f ble water The 15k le was & 2 torsson balarce
put into countsng tubes and the  radiahon measured 1 2 well type eryvial connested with &
1700 scaler {liotope Devel: LTD) The rad of 50 ai of blood plasma was
d < stread Afier the amay she skin samples weee lreeze-dned lo
constant weight and defattened by repeated ireatmems with petroteurs edher and dl-dh;
ether The dry fatfree ussue and the plasma were faally analyzed for sodum w ih 2 et /
man DU flame photameter and photomuluphier (f Husdberg Jensen Hofm and um;"
1963) The ratio of the pawe plasma concentrations o Na ang the same sata o N3 hte
termuned chem eally were compaced I penctratian of * Na inta (he tusue was complete o

1o ratios should be equat

©) Exthangeable edl nide
561 of a 09 per cem Nall salut on contaming approxumately |
Jcied ¥ Gronrpa of smumals wese cxamomed 0 min 2 by or 20 ke later m
Brocedures were tie same a3 deacribed for detertmination of exchangeable waier

Col 1 as™ald war i
Chherwue (b€
e sotaf
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Tamx 1 The percentage of water sodium and chlonde whith 1 exchanged i $0 munuter

Sken of estraduol Skun with acute
Norma! skin treated mice mfammatory edema
HO 101239 (n=11) 97131 (n=17} 100426 (n=11)
Na 103227 (n=10} 107:L4 3 (a=10} 103432 (n=10)
< 85139 (n=12} N%27  {a=12} LY =10}

The values are means + standard error
= number of avmals 1n each group
b Sigmificantly dufferent from 100 atp <0 001
$ gruficantly dfesent [ om the corresponding control group at p < 6 001

amuants of chloride 1n the dry fat free tissue 204 m the plasma were determned by avtomat ¢
potennometrie itrat on with s lver autrate (Rad ometer s8 trator) { f Langghrd Jensen
Holm and Hudberg 1963} m the weve after P reip tation of the provens by Somogy: 3 teck
nuque { f Cotlove 1967) The tissue _plasma 7atios of rad sactity and taal chlonde deser
i ned chermcally were compared The percentage recovery of rad sacuwty § om skin and
‘Phasma samples were deterinzned by 3dd ng known amounts of  Cl to sksn and plasira samples.
“vo staustically sigmificant difference was found between the effimency of measunmg €1 added
ta 10 skun samples and 10 plasma samples {p > 0 § by t test)

Results
The exchangeable part (E) of water sodium and chlorde was caleutated by the
formula
counts per sec per mg tissue
counts per sec per mg plasma
1013l content per mg ussue
total content per mg plasma

E (percent) = < 100

The 1alues abtaned 10 mun afier adounistraton of the radactne matenal are
shown n Table I The figuess wdwate that the exchange of water and sodium was
complcied at this e Only 8 per cent of the tssue chlonde were howeser exchanged
in untreated ammals In estradiol treated ammals the figure was as low as 71 per cent
but 81 per cent m anumals with tocalized acute wfammatory edema

The same ranio was therefore determined 1n normal and estradiol treated ammals
7 and 20 hrs after injectsion of the radioactne chlonde The findings are sRustrated 1n
Fig | Two hours after the injection 93 per cent (SE = 37) were exchanged w
untreated mice B2 per cent (SE = 20) i estradwl treated 2nimals At 20 hrs the

exchange was complete i normal skin (102 per cent = 3 3) but not 1n skin of estradsol
treated mice 197 per cent = 3 0)

Discussion

The water of the skin between the lar and the 3}
space The extracellular space i turn connsts of an inteas ascular compartment and
several intersual flud comparsments The water of these compartments 15 held by




266 HANS LANGGARD
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Fig 1 Exchanged chionde in per cent of the chionde content deteswmed chemicatly 10 mi
2 hrs and 20 hirs afier wpection of sadsoactive chlonde The values for the standard ervar of the
mean are indicated by verteal hnes through the points Pont O 1s igmficantly different from
0 U fromlU O fiomO O from U O from Uy and O from 100 per cent at p < 001

forces of different natures and strength Ifskin ss exposed to a risimg mechameal pressuse
a certam frachion of the water can be squeezed out (Huvidberg 1959) The remmnng
part 18 held 5o tightly that it appears to b bound 10 the tssue  Difers and Labaut
{1946) stated that approvimately half of the bound water does not sere as sofvent
for small tous { nom clectrolyte dissalung water ) This pare of the tissue water may
be bound to tissue protesns i a crystal form by ele {orces i by
hydrophilic non polar sidegroups of the pratewns on the dipoles of water (I raser and
McRae 1959 hiotz 1960) The other half which s somewhat less adhicrent was thought
to be teapped  wathin munute tssae cavities of the colloidal matns { nonsaceharere
disoliing water ) Flowever the water binding cagacity of connectine tissue &8 pre
donunandy selated to the hyaturonic aaid (¢f Hhidberg, 1960) Rulonen (1952) pomnts
out that hyaluronse acid binds water 1n two essenually different ways Large amounts
of water can be taken up due 1o the gel structure In addition small wons attached to the
hyalurome acid ta the extent that they arc owmotic actne Wil attract water from the
surrounding ffwd Consequently another phase of fixed waier aghrnn, to the awle
cules of the hyaluronw aad ot be counted far 4 feeely movable flusd phase may
alsa exist in connectin e tssue (MeMaster and Parsons 1957)

‘The data of the present study (Table 13 indicate that no ddfference exists beiwern the
exchangeabiity of the water molecules i these differem compartments \ay wated
moletule  the conmective tisue regardiess of which companment a belongs 1o
segardios of which cormponent st 11 bound to and regardiess of she nature of it « brading
forces 15 as readily exchangeable as any other water molecule of the e fn othes
words bound nater in the sence of less exchany eable watee malecules does ni L exist 18
connective tusue The exchange of tratium does not determine the water phase onh
but alse exchangeable hydroten tons 1 protens byaluronsc acid ete The dusocsuon
of water at tssue pH 15 hownver meonsderable and the mchanze of Iydrogeniont
would therefore not wfluence the radipactive asas of itated water 103 mrasureable

extent
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Simular statements can be made wath regard to sodium (Table I} Caleulations on
the osmolanity of the tissue fluid shows that a great fraction of the cations must be
present 1n such a way that the osmotic activity 1s appreciably reduced (Hwvidberg
Jensen Holm and Lanegird 1963 Langgird et of 1963) The hvaluromc acid seems
to be responsible for the binding of excess sodum and potasssum (hulonen 1052
Huwidberg Szporny and Langgird 1964) It 15 not cvident whether collagen also binds
sodum hahn et af (1962) studymg the effects of electrolytes on collagen i solution
showed evidence of 1on binding They further stated that it was difficult to remove
1ons bound to collagen although some exchange of 1ons took place According to
Harns and Stemnbach (1956} there 1s wrthun 1solated frog muscle a small fraction of
sodium which 13 1ly non ble This non-exch ble sodium seemed
to be associated with the connective tissue rather than with the muscle fibres Manery
and Bale (1941) however studying the penetration of radiosodium tato the extra
and neracellular phases of the tissues of rats found raprd exchange 1n skin kidnev
Iner and muscle The same authors stated that there 1s an essental difference between
the asatlability of the excess sodium of connective tissue and bone T contrast wath the
excess sodium of bone that of connective tissue 15 frecly exchanged with sodium n
plasma

In agreement with the last mentioned authors the present study indicates that there
15 frec exchange of sodium 10ns between the different compartments of the connectne
tissue and sodium 10ns m plasma

For a long tme there has been a standing discussion whether chlonde rons can be
stored dry 1ntheskin Itis generally accepted now that the collods of the connectne
tissue ground subs: have p resulting from the coewstence of
posttvely and negatively charged groups (Ussiag ef af 1960) Thus amons can be
bound as well as catons although at physiological pH connectne tissue 1s charac
thenzed by a netnegative charge Engeletal (1961) 1nm vivo cxperiments convincingly
demonstrated the amon binding capacity of dermus by a potentiometnic method
Manery and Haege (1941) using €l with a short hife tume studied the extent and rate
of penetration of chlonde 1n different tissues They found that penetration was com
pleted 1n skin within a few minutes In contrast with thus the data of the present study
strongly suggest that a certamn fraction of the ussuc chlonde 1s exchanged at 2 much
Jo e rate than 15 the mawm part (Table I} In skin of untreated mice this part consn
tutes approuimately 15 per cent of the total chlonde content The findings 1 ammals
pretreased with estradiol and 1n animals with localized acute inflammatory edema
mdicate that the slowly exchangeable chlonde may in some s av be related to the
amount of acid mucopolysacchandes of the skin Treatment vath estradiol 1n this
speaific strain of mice raises the amount of acid mucopolysacchandes mn the skin
approvumately 100 per cent without affecting the collagen content (¢f Hwidbers
Szporny and Langgard 1964) On the that the slowly ¢ ble chlonde
fracuon 1s related to the amount of acid mucopolysaccharides treatment with estradiol
should rause the percentage of slowly exchangeable chlonde from the above 15 per
cent to approvimately 30 per cent which  as actually found (Table I Skin samples
with locahzed acute inflammator edema per unit surface area weigh approximately
the double of non 1nflamed skin samples f¢f Langedrd ef af 19641 and the relatne
amount of acid mucopolysacchandes 1 therefore decreased to approumately 50 per
cent of the normal Thus the percentage of slowl  exchangeable chlonde accord ng to
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the same hypothests should go down from the above 15 per cent to approumately 75
per cent which was also found (Table I)

Of course no conclusive statement as to the nature of the slowly exchangeable
chlanide 1oms can be made on basis of the datar presented here The data obtamed 2
and 20 hrs after injection of the radioactive chlonde (Fig 1) suggest that the slowly

h ble chloride 1s exch d at a rather constant rate

This ivestigation was carned out 1n The Laboratory for Investigation of the Pharmacology
glhc Conncctive [issue with a grant from the Dantsh National Association against Rheumatic
iseases
The author thanks Miss Lenc Clausen for exellent techmical assistance
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The Transport Form of Free Fatty Acids in Rat Serum
A study 1 vitro using gel filtration
By

Goran Goranssov

Recened 79 October 1963

Abstract

Goransson G The iransport form of [ ee fatly acds wa 1ot serum A study 1n 6t 0 wsing g 1 Al tien
Acta phys ol scand 196 64 263274 — The parin on of labeled Dty amds betneen the
prot n and water phases in rat serum has been stud cd 1n vatro using gel filtranon on Sephadex
G700 colurmns Launc cagric and caproic acds were 1o an increasing degree distnbuted aver
the total volume of the column whereas all saturated fatty acids as well as unsaturated ac ds
with a cham length of 1% carbon atoms or more were completely eluted in combmat on wnh
protem The saturated acids were with increasing number of carbon atoms o an increas n
<xtent eluted with the hpoprote n fraction More than 98 of all the unsaturated fatty ac d.;
atad cd were eluted with the albunun peak. When the amount of ole ¢ aeid was increased above
amole rat o of total fatty ac d to alburmin of 3—6 the percentage of rad oactvity recorered
wauth the atbum o fraction

“The interacuon of free fatty acid anions with albumin has been demonstrated by sex eral
authors {Terest and Luck 1957 Goodman 1958) Using electrophoresis Laurell (1955)
and Gordon (1953) have shown an interaction also between olcate and serum Lipo-
proteins

In the present 1 ork the partuon of labeled fatty acids between the scrum protem
and the + ater phases has been studied 1n gel filtration experiments

Materials and methods
“The Tatty acids used were the following

Caproc ad 1 C Obta ned from Thbe Rad ochem cal Centre  Amersham
England. Batch 4 Spec act 4 mc mM
Capn acd1C Obtaned from The Rad ochenucal Centre  Amenham,

England Batch 9 Spec act. 4 me m\

269
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Fig 1 O olesc and com
\ pleaed with rat scrum sub-
[l Jeeted 1o gef filtratton wung

Sephadex € 700 eolumn
chromatographs  Gef bed
@Wmi Sod volume 17mt
determuned  with  dextran

ssce 0

—ourrtse 5w 500 000)
P A e
Layrw actd § €F Obtained from The Radichemmal Contre  Amenham
England Batch 9 Spee act 21 mefmAL
Mynisue 2ad H Sonlabeled acid obtamned from the Harme! Inatitute Aust o

Manesaa US\ The acd was fabefed wih H as descnbed
by Bergatrom and Lindstedt {39,7) Spee act 10 meim

Palmmc 2ed } G Obtaned from The Radiochetical Centse  Vsmersham
England Batch 22 Spec act 4 mefm™

Palmtic aed 9 $OH Obtsined from The Radichemscal Centre  Amentam
England Patch 3 Spec act 390 mejm\d

Palmutale ¢ acid M Prepared biosyntt encally from palmutic aed 9 10 15 {sre
abat\c) as desenibed by Goranssen (1965 ¢) Spec act 7 mef
m\!

Stear ¢ aad 9 10-H Qbtaned from The Radixhemical Centie Amenham
England Spee act app 100 mcim\

Olese 20d §-C Obrzined from The Rad oot emical Centre  Amrersham
England Bateh § Spec act 25 meim\{

Lanole and 1 ¢ Obuamed from The Rad ochemical Lentre Mmentam
Englrad Batch 20 Spee act 23 me m™M

Srachudic acd | Ohtasned from Calh <tem Calf rma LS\ Spec act ?
e m\S

Qlesc ac d unlabeled Obtauted from Fluka \G Basc! Swaperfand Was wsed i

the chemical am unws of 00F 043 27 and 10, eoq per mb
of seram i tombinatsen with labelcd abe ¢ 2 11w blan
mereas ng m le rat o fatty ac d albumen 1o four s fut s
Lach £ 204 exerpt caprowe capne and hnoletc was sul jeeted 15 revensed phase hromatox.
raphy and mmedately bef ve the preparat n of an wyect noschur n v Fqudiqwd
parution as descnbed by Borgstrom 11952 t amsurc that ¢ ore than 975 of deral nctr 1y
was present 43 the reapecute { oe fatiy acd Mo attemnC was made ta pu by the cI1f €
capne aod The hosleic scd was punfied by rovensed phase ¢ fumn tr matxraply and
\gNQ SO thin laser cf romat sgraphy as described by Goranswn (1970 ¢ anitter d o
clenucal punts was approx matcly 2 5
The amount {ihe sodium sall fea bfin a dgaenwalie § wardowl of 2 @7 aled
ethant and | mt T freshly prepared serum fr mn rmal 7915 adderd §1musture wasall wed
sostand at least £1¢ | runs at room tempersture 30 was then Fliered T1e serum was yisvally
elear (cxcept when 10 peg of Nawleate was d wived 1 2 mi alwerym) bachsolutin  ata o
patautic acit and another v ac 4 w thst pe G aniene §1 hbded fany an i were pownt
i each - lutiont
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Taztz T ‘The part tion of labeled fatty ac ds between protein and water phases n rat serum
studied by gel Aleration on Sephadex G %00 columns Gelbed 60m! Void volume

17 ml
Percentage of radioacvity eluted with

1 Eq of fatty

ac d added to 13—20ml 35~50 ml 50—~70 ml

1l ofserum of eluent of eluent of cluent
Capro cacid 002 0 50 50
Caprie acid 004 1 93 6
Lauric acd [ 2 96 2
\ynstic acd 002 2 98 0
Paloutc acd 004 4+08 96108 L]
Stear c acd 00> 19 81 0
Arachidic aced 006 7 29 e
Palmutolese acid 020 2 98 0
Lanole c acid 008 2 93 []
Olew acid o0l 1 ag o
Oleic aaad kS 1 99 °
Ole ¢ acrd 27 30 0 [
Olerc acid 100 55 43 0

To each solution was also added 8 04 ¢ Eq of paim t:c ac d so that each solation contained
one Q. ¢ Labeled and one Fi labeled fatty ac d "The values for palmt ¢ and are the mean
£ SEM of B experiments whercas all the other valucs represcnt st gle experments

The solutiuns of fatty acyd in serum were subjected (o Sephades column chromatography at
room temperature essentally as described by Flodwm and Rillander (1967} but us ng a gel bed
of60raland 68 saf ne a3 efffuent The void volume was deterrnuricd with blue dextran with
a molecular s eight of 500 000 Prote n was determuned spectrophototneemically at a wave length
of ?80m; The eluted fractions were assayed for radioactvty by liqud sc ntillat an cauat ng

The present invest gations were d ided nto ? parts Onc part concerned a comparson
between d flerent fatty 2cids The othe parts as undertak 7 to study the effect of an ncreasing
wole rat o fatty acidjalbumim

Results

‘The ehuton pattern of rat serum proteins (see Fig 1) was similar to that obtamed by
Flodin and Killander {196?) for human serum proteins Three praks were found

ccording (0 the determmnanions of Flodin and Rillander (1962) the first peak repre

setited alfa, globulin beta, globul n alfa hipoprotein and beta lipoprotem It comaded
with the vord volume which equalled 17 ml as was shown in this work by the complete
overlapping of the elution cunves for dextran and protein 1Se Fig 1} The second
peak of protein consisted of gamma globuhn and i the third peak the proten was
manly albumin
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The recovery from the Sephadex columns was better than 90°, based on radion
actvity measyrements Comparson between columns operated at room temperature
and at 37 C did not reveal any appreciable difference 1 the efution pattemn of ara
chidie actd Nerther was any difference noted when the 62 mi of ethanol used 10
dussalie the fatty acd salts wa tvaporaied prior to the addition of the serum

Determnanon of the radicactsvsty sn the eluted fractions (see Table 1) showed that
labeled fatty acids were eluted with the lipoprotem and the albumsn fractsons and m the
tubes corresponding 10 50-~70 ml of eluent No peak of radioactivity was found n the
gamma globuln fracuon

In table I 1t can be seen that th i the h ! serses of d fatty
acds there were certan gradual changes m the dustribution of radsoactvity The
caproic aod was found both distributed oser the total 1ohume of the colume aed
the alburmin fractton

The eapric acid way 1 more thar 90 %, eluted with the albumn fraction The acrds
from launc to arachudic were to an mereasng degree eluted wath the hpoproten frac
‘twon

‘The palmitoleic ofese and hinoleie acids were ta more than 98 7 found in the fubes
corresponding 10 the albumin peak

VWhen the chemscal amount of oleic acad was increased a shift n the distribrution of
radioactivaty occurred so that more label was cluted from the column wath the hipos
protem fraction

Discussion

The data w the bterature dealing wath the possible difference in diappearance rate
of tndividual free fany acds intravenouslty ingected 1ata animals have been someswhat
Hy F and Gardon {1958) found no differences 1 she

diusappearance rate of palmitic linoleic and oleic acid Later however Uzawa #fof
(1961 compared scuveral fatty acsds and noted that ofeic acid was mare raprdly extracted
by the tissues than the other fatty acids Dustin et at {1961) reported that hinolese
acid disappeared faster from the blood than patmitic acsd Thus st now seems establshed
that the unsavurated fatty acids with 18 carbons are more rapidly extracted than paf
meue actd when injected into Jaboratory anumals

This finding was supported by the results of Goransson and Qlisccrona (1962} and
Goransson (19652 b ¢ d and ¢) whose expeniments also showed that Jon~ saturated
fatey acids duappearcd more slowly from the blood than shorter saturated fatty acids

1n an attempt 10 add sorne funhier 0 the of posubite diffe
10 the tumorer of indndust free fatty acds o plastua the present work was undentaken
The resudts suggested that the unsaturated fatty atids sn serim were complesely albymin
bound when wsed in amounts comparable 1o those ngected carhier into raty The
saturated fatty atids with Jew than 14 carbon atoms were to an wncreasing degree
parutioned n favor of the water phase as might be cxpected from the decreast in
try drophatie propestes of she short fatty acds The long saturated acsds were ta an
sncreasing extent eluted with the ipoprotem fraction They may thesefor h;trb':;
complexed with the hipopsatems bt the fact that the bpoproten feaction comesd
wath thevad volume makes it unposuble from the present data tocxcludr the pomial &
of emulsion formation Howeser the agreement of the present data wath thoe of
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Laurell (1955) Gordon (1955) Goodman and Shafrir (1959) and Carrol (1964) makes
1t probable that the fatty acids were in fact complexed with the hpoproteins i the
present mestigation

In any case the present results wdicate differences m the form m which the long
saturated and the unsaturated fatty acids exast n the serum studred 1 this work This
discrepancy may not necessanly be primanly d the rate of disap
Irom the blood of the fatty acids 10 vivo Instead the difference in disappearance and
the difference m distnbution between the protems and water phases may both depend
on the solubility of the individual fatty acds in water which will be discussed below

The carbon chamn of the saturated fatty acids prefers a staggered configuration
hydrophobic miicu ¥ith mcreasing chamn length the excluded \olume becomes
greater Ths fact together with the concept that the intenor of the hipoprotewn molecule
1 fess ngid than the intenor of the albumin molecule makes a combiation with hipo-
proten more and more favorable with increasing cham length (Arvidsson 1964)

1E1t1s assumed that the fatty acids have to pass a water phase when transferred from
the proteras in the plasma ta the surface of the tissue cells and the passag~ through the
water phase 1s the rate determuning step i the kinetic line the rate of uptake of the fatty
acids should be dependent on the solubihity of each fatty acid in water This hypothens
13 supported by the data shos ing that the long saturated and hydrophobic fatty aads
are extracted more slowly than the short and more hydrophilic actds In the same
fine of observation 13 the faster extraction of olerc Joid than steane. sid and of hinoleic
acd than oleic acd noted by Gdransson and Ohvecrona (1965} and Goransson (1965 b
aad ¢}

The findingin this swork that the short fatty acidswere tasame extentdistrtbuted aset
the volume of the column 1s interesting 1 relanon to other results indirectly showing
that as much as 50 ¢ of faunc anid and 90 ®, of capric acid fed to rats may enter the
portal circulation whereas fatty acids with a chan length of more than 14 carbon
atoms are transported via the thoracie duct incorporated into chylomicrons (Bloom
Chaikeff and Remharde 1951} Direct evidence of transport of capric acd as such i
the portal blood has been presented by Borgstrom (1955) and s alsa 1 agreement
with the present results

‘The amount of oleate dissolved 1n rat serum varied from 002 to 10 0 pteq per mi of
serum an the present work Thas corresponds roughly to a mole ratto total fatty acid/
alburun of from 2 to 22 assuming normal rat serum ta contam 1 eq of free fatty acd
and 30—40 mg of albunun per m! It was found that when the total amount of free
fatty aod was approumately 3 moles per male of albumun vituatly alt of the added
labeled oleic acid was eluted with the albummn When the mole rano was increased to
6about 30 of the radiacunity was eluted with the hpoprotein containmg globulin
peak At a igher mole ratio (approumately 22) an even higher percentage of the
Taioacuty was thuted with the globulins These findings agree with those of Laurell
(1953 and Gordon (1935) who found that an merease of electropharetic mabulity of
iipoprotewns after addution of increasing amounts of oleate took place at a mole ratio
fatty acid albumn equalling 3—4
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Abstract

Lundholn L and B \ohme Lundhola Energeties af ssometrur and sxot mic cont action vn wsoloted
sarular smooth tur | under anatrabi cond tons  Acta phvs o} seand 1363 64 275282 — In
expenments vt isolated bovine mesentenc artesy the energy praduct on was deteerimne & fram
the lactic acd production under anacrobic cond wons Duang sometne contraciion of the
musct pr parations ad ko of adrenahine or of potassum ons resalied m 3 3 to 5 fold
elevation of the metabolism contometant with 3 fise of tension When the te1s on bhad reache t
maximal level the metadolic elevatian was mate taderate — 3pprovimatelv 60 per cert in
the experin ats with adrenabine and about 20 per cent ar 1F o~ With potass vm jons Thus the
muscle consumed more energy M altamng a certain tension tevel than 13 mamntam oz @ Total
consumpean of ugh energy phosphate compaunds on 1melr € €0 traction was estmated to
wsceed the preformed wontent by app oxsmately 300 per cemt The encrgy demand  as ap

grectably greater for isametric than foe 1saton ¢ contracton bath ducing the nercosing icastn
phase and during ma ntenan ¢ of castant tension — hbenamine bimked the metabohc
stimubst o and she contract le effets of adre val ne but ot e eliccts of potassum sons

In previdus expersrents i1 undholm and Afohme Lund! olm 19622 1963) we had
determined the energy metabol s duning isotomic contraction of solated sascular
mustle under anatrobie condisons 1t s ay found that on contraction with eatecho!
arunes hustapuae banum ioas and electrical smutaton the metabol sm mereased
durning shortening of the muscle The contraction i mm and the merease of metabolism

ere correlaied Qacr the muscle had attained a constant degree of contracton the
metabolsm ceased to ncrease  Addition of potassium 10ns was followed by muscle
contrachon 1 wtheut 2 eoncident sumulanon of the lactc acd prodection Tt wax
nevertheless possible wnder certamn cond 1o block selectively the
of adrenabine and histammne without affecting their Iatory action on the
{Lundholm and \fohnie Lundholm 1963) ‘This somer hat tenous relabion betwern

effects
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Abstract

Lundhofm L and E \fohme Lundholm Energetict of tsometen and esalomee ¢ ntraction wn wsolated
tascular smooth mus 1 under anarvobie ond tons  Acta physiol scand 1965 64 275~282 — In
expeniments on isotated bovine mesenteric artery the encrgy production was deterauned from
|he farue acd p oduet on under anacrobie conditions Dun g msometnic coptraction of the
uscle preparations addit on of adrenaline or of potassum ons resalted n a 3~ to S-fold
eleuk on of the metabol sm concoraitant wath a tise of tension When the tenson had reached
mawumal Jevel the metabolic elevation was more moderate — approumat lv 60 per cent in
the experiments w (b adrenal ne and about 20 per cent 1n those with potassium 1015 Thus the
sriasele CONSOTT ¢8 MOTE ENErgy N SUSINING B Cr7ia 1 1chsion evel than In ma nain ag 1 Ttk
consumption of Mgh en rgy phosphate compounds o BOMELIC CORtraction was est nated to
exceed the p clormed content by approximately 300 per cent The encrgy demand was ap-
prec ably grexter for i netric than for woton ¢ contraction both durng the ncreas g ¢ ns on
phase ard dunng m ntenance of constant tens on — Dibenamune blocked the metabohe
sumulaung and the contracnle off ts of adrenal ne but not the effeets of porassium sons

In previous expenments {Lundholm and Mohme Lundbolm 19622 1963) we had
determined the energv metabobsm duning isatonic contesction of solated vascular
muscle under anaerobic condinom It was found that on contraction wath eatechol
amines hisiamine banum rons and electrical stmutation the metabolism increased
dunng shortenine of the muscle The contraction in mm and the merease of metabolism
were correlated  Onee the muscle had attained a constant degres of contraction the
metabolum ceased 1o merease  Additsion of potassium 1ons was followed by muscle
contraction without a cowncident stunulation of the facue aod production Tt was
nevertheless posuble under certain conditions 1o block selecuely the contractle effects
ofad e and sthout affecting their Y action on the

Lundhotm and Mohme Lundholm 1963 This somey hat tenous relation between
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Tazie T Isolated bovine mesentenic artenes Tyrode solution with 05 per cent glucose in N,
Effects of adrenaline and K 10ns on factic acid production under 1sometnc and wo-
toruc conditions P = probahility that the eflect was due to chance n=number of
tests t{2=time yn mun to reach the hall maximal value of tension or shortenung
t=tme in mn to reach thr maxymal value Tests with 1solonic contraction from
Lundholm and AMohme Lundholm (1962) Aficr adrenstine the muscle shortencd
19 mm (mean) and after K 10ns 2 0 mm (mean) The muscles were loaded with

10g
0—15 rmn factic aad 15—120 mun lactic 2ad
production production
pimolig{ 1 5mmn 1 mol{g{105 min
Drug m n )2 t
contraction control drug  crease  control drug  crease  mun tmun
Adrenakine
1OMENC 374 105+ 68% 3274 5271 200 18 642
07 03 10 11 27 32 0z 06
n=6 P2 0001 P< 001
150tomC 512 68 17% 289+ 289L 03% 174 92%
14 13 06 32 33 27 01 04
n=7 P<00>
K 1ons
sometric 29+ 121+ 923 298+ 3234 55k 13 78
05 13 12 19 17 14 014 [
n=g r<001 P< 002
Botanic 51 21+ -28% 286% 274+ ~12% 06 63
14 11 05 30 12 32 003 06
n=7 P< 0001

metabolic sumulation and 1sotonic contraction prompted us to study the metabolic

dunng We elected for this purpose to mvestigate the
effects of adrenaline — on which much of our previous research had focussgdL - and
of potassium tons which under ssotone d did not tate the
Methods

repared and treated as described 1n
ot CpThr preparations were mourted
d and adjusted by means of a
tions at the start of the &
d Afohme Luadholm

r these experuments we used bovine mesenterie art
fz earhier paper (I undholm and Mohme Lundholm 1972 a)
i spreially designed framies 1n which the length could be measur
Tscrometer screw thus assunng length umformuty of all prepara
periment. A description of the {rame will be publuhed (Lundhotm and Mobme Lundtelh
1965 b The preparanons were 14 mm wide 10—17 mm long and approxima ;cyd per Re
the weight being about 0 15 g Tension was recorded by 1sometric pen on ymoked P2
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Fig | Effects of adrenalue and K Tyrode on tens on and lactic acid production of solated
bowine mesenter ¢ artery in Tyrode solution contam ng 0 3 per vent glucose and bubbled with
rutrogen Lacurc acrd productton 15 indicated both m percent of the contro} values and in mg}
100 g muscle during the periods 0—15 mun and 15—120 m n after addston of the drug

cord ng was nat absolutely ssometrre at a developed tens an of 25 g the muscle shortened D 5
mm Prr to the addst on of adrenaline or of potasswma tons the tens on was adjusted ta an
watial value of 2 g

The lactic aad content of muscle p eparation and suspension solution was assayed by a
previausly reported enzvmatic method mvolving the usc of lict ¢ ac d dehydrogenase (Lund
holmn Mohme Lundhiolm and \amos 1963 Lundholn Mohme-Lundholm and Svedmyr

3,
Other methodologic data were as follows For determuning the tine pattern of lactic acid
3 on 1sometnic afer lne and porassium sons eight preparatons

were immersed tn organ baths contaning Tyrode solutio 1 bubbled with n trogen At the end
of 30 mn two preparations were taken for determnat on of the it 11 lactic acid co sent and
the solution f om the other six was exchanged fo a s m lar solution contaming 0 5 per cent
glucose Ta h o of these xix was added adrenahine at a concentration of 2 5 and 1o two
others a Tyrode solution cantar ung nstead of sodium salts equimolar amounts of potass um
salty (In the following the respective solutions will be deyigned as Na Tyrode and h Tyrode )
The remaiming twa preparations served as controls For lactic acid assay of the muscle and ats
suspens on solution ane conirol one adrenal ne and onc K Tyrode p cparat on were taken
afte 15 mm and the remain ng one of each after 1 0 mn The difference between the st al
level and the summed laet ¢ ac d content of preparation and solution on termination of the

" the Tacuc acid

In the d benam nc expenments ¢ of 8 p eparat ans were first treated for 60 mun with di
benamine at a concentragon of 5 10 an Tyrode solution conta ning 05 per cent glucose and
bubbled with n trogen One untreated and one d benamune treated preparation were thea
taken for det fmunation of the nitial lactic acid content whereupon the suspens on solttior
was changed To one cach of the three treat
at a concentriton of 23 10 or h Tyrode or NA Tyrode contatning 0 5 per cent glucose

Results
Effect of Adrenaline and & Tyrode on Locte dad P odution and Tension The resulis of the
vath ad are in Tabte I and Fig | During the imital
15 min period of developing tension the lacuc acid production rose by approxumately
300 per cemt Duning the next 102 min the tension remained near its maximal level

and the metabolism though srignificantly lower than the 15-mun value v as sull elevated
by about 60 per cent
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Taewe I The effect of dib on the L action of ad: or K sons 0 bacuc
aad production and tension of iolated bovine mesenteric arteries Tests in N, and
05  glucose under iometnc conditions Mean of 5 tests

Lacuc aaid producuon

#imoles{g/ 120 aun

Control Change alter Maximal
Drug concentration g/ml value drug tension g
Adrenaline 371x72 +220445 a7
25 10 reoal
K Tyrode 17£27 +106+29 29

P<005

Dibenamune 1 10 ¢ 317£22 +20£50 0
Dibenanune | (0 37410 —034i08 o
+ Adrenatine 23 10 4
Dibenamune | 10 337410 +74120 25
+ & Tyrode P< 00>

After h Tyrode too the Yactic acid production 7ose substantially — by almost 500
per cent — during the first 15 min (Table I and Fig 1) For this peried the maximal
tension and the of lactic acd prodh showed a certain proportionalisy

maximal tension in g
The quetient o crease 1 mg/100 g7 15 man
periments and 0 43 1n the experments with K Tyrode  In the latter the teosion after
reaching maximal level gradually declined At 120 mun the lactic acid production was
elevated by only 20 per cent — a value sigmficantly lower than that for the first 15 mm

Influence of Dibenamine upon the Contractile and Metabulic Stimulating Effects of Adrenaline
and b Tyrode Since bovine mesentenc artertes contain relatn ely substantial amounts of
poradrenaline (Schmuterlow 1948) 1t was concenvable that the potassium ions had
eherted some of therr effects by hberating noradrenaline from the vascular ussue It
was found however thas dibenamine at a concentration of 5 10 selectvely miubited
the le and bol effects of adrenaline without mfl the
corresponding effects of potasstum rons (Table If) hence it scemed Itkely that adrena
Lne and potassium tons had produced their effects v1a an action upon different re
ceptors

Degree of ectuation wn wsometric and wsolome contraction In arterial muscle an 1sometric
contraction was associated with far greater simulation of the metabolsm than was an
ssotomc contraction (Table 1) This disparity 15 discussed more fully in 3 later sceuon
of this paper A possible explanation however was that esther a smaller numbcrlt;:'
muslce fibres were actnated or the degree of actvation was less with isotonic thap wil
sometne contraction To test thus hy pathesis two preparations of equal length from ;hc
same artery were contracted with adrenaline ~ one of them isotoncally and the other

was (144 1n the adrenaline ex
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Fig 2 Mesentenic artery 1n Tyrode solution bubbled with ™y 05 glurose Tension measured
wieh farce transducer on Grass polygraph A The tenuon was6 g at an mnat length of 5 53 mm
The muscle « 25 then allowed to shorten to 3 70 mm at whch length the mustle gave a gust
desectable tens on afier addition of adrenabine (10 ) The muscle was then rap dly (< 2 3ec)
elongated ta 5 59 mm and the change of tens an measured B The same artery at a contamy
Irngth of 550 mm  teas ou development after sddstion of adrenaline

ssometneally (Fig 2) When the isotome preparanon had shortened to a constant value
¢ was sapidly elongated 1o 112 onginal kength 1e the szme length as the sometnc
preparauon The tenswon of the formerly isotome preparation intreased therehy to a
salue two to three hmes that of the ongmalhy somene preparation and then gradually
dechined 10 the same fevel This expenment dicated that the sumber of acuvated
muscle fhres and’or the degree of acthivanon were the same for the twa preparatons

Discussion
Lactie {od Production as @ Ceiterwn of Erergy Vlelabolssm The exient 1o which the Jacke
acu under t 4 reflecss the totl energy metabolism dunng

tumracuon 1s an umportant question Another seres of €xpernments was therefore
conducted (Lundhelm and \ohme l,\mdholm 1963 a) in order 0 elunidate the effect
of adrenaline on the high energy d content (: tnphos-
phate and creaune phosphate) of artenal muscle durng isometae contracion Seven
minutes afier addinon of adrenal ne the relevant content had falfen by an average of
07 geq/g and at the end of 60 mun 1t was sull depressed by 0 5 sieq g ~ For each mole
of Yacte ac1d produced from glucose | en of high energy phosphace compound 1
synthesized concormutantly ~— Qn 1sametric contracton 1 the preseny experumenss the
tactic aaid production increased durmg the first 15 eun by 6 8 moles g corresponding
o synthess al6 B gecq g hagh energy Sinee as above
the content fell stmuliancousty by 07 ,utqg the total consumplion of hugh energy
phasphate componnds was 75 peq g Duning the penod fram 15 ¢0 120 mn the lactic
acd producuon refiected the encrgy metabolsm fairly accuratels 1nasmuch as the
high enery phesphate compound content probably remarmed constane
Enctgy ! tabolism on fsomemne Contrach n The artesal mmd: can therefore be esur
mated 1o have consumed  duning ssometnc
73 pieq & tagh epery phosphate compaunds aver and abm: the h.ml mcubuhsm
Thus consumption v a3 about three times the preformed amount the faater being n the
rewon of 25 peq & Lundholm and Mohme Lundholm 197 b A devrease 1n the
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d phosph and creatine phosph contents has as pomnted out above been
1 { on The preformed high energy phosphate com
pound content 15 app ly i for maxmal of vascular

muscle such contractton depends rather on a conitnuous energy production

Time Paltern of Energy Metabolum The lacuc acid productton was appreciably higher
durmng the mitia} phase of contraction, when tension was bemg produced  than sub-
sequently when a constant tension was maintained The difference was particularhy
marked on contraction with b jons 'V ascular muscle thus required a greater amount
of energy for the prod than for the of tension Similar findings have
been reported for frog striated muscle (Hartree and Hill 19°0 Hul and Woledge 1967)
and for snail smooth muscle (Bozler 1930) In this respect the behaviour of various
types of muscle appears to be qual ly sirmlar A T of frop,
muscle and vascular muscle with regard to the energy required for producing a gven
degree or tension will be reported 1n a subsequent paper {Lundholm and \lohme
Lundholm 1965 a) 1n which the energy consumption ss determuned by a method that
permits companison with Hill s th Ject, It can be d
here however that the tension production energy consuraption appears to be of simifar
magnitude for different types of muscle whereas the tension maintenance energy
consumption ss appreaably lower for ascular smooth muscle than for frog striped musele

There could be an alternaine explanation of the fact that the energy demand of
vascular muscle was lower for mantenance than for produchion of tenmon. The il
elevaton of tension after adrenaliine and potassium 1ons probably reflected the degree
ta which the muscle was mn an active state  Qun the other hand the mamtenance of
constant tenston following the mual phase was not necessanly dependent on this

active state  but could have been due to a more passne tome mechanism The

expenments with K 1ons 1 which the tension fell after having reached maxmal level
suggested that the acuve state may change with tme Further expenments were
therefore conducted (Lundholm and Mohme Lundholm 1965 b) to determme the
degree of active state  10—~120 mun after additron of adrenaline or of potassium tans

41th ads under bic cond, the active state rematned constant
h the but with ons 1t hat Assuming
that sumulation of the metabolism was elicited and was commensurate with the degree
of actine state  the lower energy consumption for the 15—120 min period after
adrenaline could hardly have been attnibutable to depression of the active state  In
the potassiim ion expenments on the other hand the reduced energy metabolism was
probably ascribable in some measure to a depressed activestate  Over the perod from
15 10 120 mm the energy metabolism was less elevated m the potassium son than i the
adrenaline expenments The mam reason the energy metabohism was lower ence the
tenston attaned a furly constant Jevel was doubtless that the muscle consumed less
energy In mamtamnng than 1o producing tension

Energy Metabolum m Isotonic and Isometric Contrattton of }ascular Musrle On thesmes
electsic determination of the cnergy metabolism of frog stnated muscle Hill (1938}
observed that isotonic contraction developed more energy than did 1sometric Dunng
sotome contraction the  heat of shortenung  was added 10 the  heat of actnation
No definite metabohie counterpart of heat of shortening has however beendemon
strated on determunation of the energy b from the oxygen ; (Whnz
fen 1962} or from the hydrolyns of creatine phosphate (B qg”
\farechal 1962 Caw lnfants and Davies 1962 Carlson Hardy and Wilkie !
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Hilt (1964) has shown moreover that the heat of shortening was probably over
esumated 1n earhier studies

In artenal muscle nevertheless isometne contraction — as is clear from table T —
was associated with far greater sumulation of the metabolism than was 1sotomc con
traction Durmg the first 15 min which comcided rougthly with the il contraction
phase the metabolic increase following adrenaline was several umes greater in the
i1sometnc than in the isotonic expenments Indeed 1n the former expertments but not
m the latter the metabolism remamed elevated even after the tension had reached a
faurly constant level

On contraction of the muscle with potassium 10ns the lactic acid production showed
1o increase at all under 1sotonic conditions Ve had earlier observed that adrenaline

the lactic acid d of vascular muscle after its contractle

effect had been bloched by dibydroergotamine (Lundholm and Mohme Lundholm
1963) This lactic acid production was equal 1 magnitude to that associated with
1s0tomic contraction but v as substantially lower than that assouiated with 1sometnic
contraction The ligh energy phosphate compound content dechined when 1sotonic
contraction was chicited by adrenaline but rosc when the latter s contractile effect had
been blocked by dihydroergotamine (Beviz and Mohme Lundholm 1965) ~— Under
1sotonic conditions therefore contraction 15 doubtless an energy requinng process
indeed 2 linear relation between lactic acid production and contraction has been
demonstrated It 1s nevertheless probable that the encrgy consumption of the contractile
process accounted for only a part of the lactic acd preduction shovn for 1sotonic
contraction 1 Table I Where a correction made accordingly howeier 1t would add
to the dispanity 1 terms of energy metabolism between sotomc and 1sometnc con
tractions

‘Towhat may this disparity be attnibuted  Since the ume pattern was almost identical
for the two types of contraction (see Table I) differences in duration of the contractions
could scarcely have been i the respectne initial lengths of the
muscle preparations were practically equal The degree of actnation and’or the
number of activated muscle fibres were probably the same for thets otypes of contrac
uon (Fig 2)

One difference between frog striated muscle and vascular muscle was however that
whereas the former contracted 1sotomically from uts fully relaxed state the artenal
muscle + as already contracted 1o some extent at the outset For example the prepara
tions in Table I contracted 1sotomeally only 2 mm whereas maximal contraction from
the fully relaxed state may theoreucally at Jeast amount to some 9 mm (Lundholm
and \Mohme Lundholm 1962 a) In these earher experiments we also demonstrated a
hinear relation between the metabolic increase and the contraction in mm I assumung
this relation to be a factual one and if the muscle had contracted 9 mm instead of 2 mm
the lactic acid production s ould have been four and a half times as great 1¢ approu
mately 7 7 gmoles/g ~— a value somewhat exceeding that for 1sometric contraction
Before any final stand 1s taken regarding the question whether vascular muscle requires
more energy for isometnic than for 1sotonic contractton it would be advisable therefore

10 determine the energy metabolism for cach type of contracton from the fully relaxed
state

We are grat ful 1o th  ssistance of Mr \andor \4més Financial suppors has been g sen by

th Swed h State Med cal Rese rch Council and the Swed sh N\ ton 1 Asociation aga nst
Heart and Chest Discases
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From the Department of Anatomy Unwersity of Helsinki 5 ltavuorenpenger Hels nke
Fintand

Uptake of Monc by M 1c Mast Cells
of the Mouse
By

Oravi Erasio and Laurt hauvko

\fammalian mast cells have been demonstrated to contamn histarmne (H) 5 hydrocy
tryptammne (5 HT) andjor dopamine (DA} (Lagunoff ef ol 1961 Adams Ray et o
1964) Using radiactive 1sotopes Furano and Green (1964) showed that rats mast
cells take up exogenous 5 HT and H but not DA or noradrenaline (NA) Adams Ray
(1964) presented histochemical evidence that mast cells of many mammals take up
large amounts of dihydroxyphenylalamine (D) but not DA although D apparently 1s
after uptake converted mnte DA 1n the mast cells Observanons to be presented 1n the
present paper indicate that mast cells of the mesenterium of the mouse are capable of
-concentrating not enly 5-HT and D but also DA and NA

Albimo mice weighing about 30 g were intraperstoncally snjected wath 1 5—3 mg of
ammne or D1n 0 3 ml of saline After 5~16 hours the mice were killed and the mesen
tenum was stretched on a shde dried and exposed to formaldehyde vapour for 1—15
hours at 80 Cto convert the ammes into fluorescent compounds (Falck 1962 Eranko
1964) Afier 8 ography the pi were stamned vath tolu
1dine blue and ph hed agam now in vistble light

Fig 1 shows the mesentersum of a normal mouse injected with saline ealy No or
very httle monoamine fluorescence 15 visible although several mast cells are present as
can be seen from Fig 2 Fig 3 1s from the mesentenum of a mouse given | 5 mg of NA
12 hrs before killing Intenscly fluorescent cells are present and Fig 4 proves these to
be mast cells

After injection of D DA or NA a green fluorescence appeared in the mast cclls
while the fluorescence observed afier 5-HT admunsstration s asyello  green Exposure
for 1 hour to formaldehyde was enough to dexelop the fluorescence Injections of ad
renahine (A) or H faled to make the mast cells fluorescent cven if the speaimens were
exposed or ermight to formaldehyde because 4 1s less readily cony erted into a fuarescent
compound than other amunes (Falch 1962 Eranko 1964)

The obsen attons indicate that the mast cells in the mesenterium of the mouse contatn
seny Linle ff any intrinsic D DA NA 5 HT or A although they are capable of taking
up and all of these T ds Lut A It has been claimed that H 1s
not demonstrable with the method employed (Falck 1962) Therefore 1t cannot be
concluded with certainty whether the mast cetls examimed contan andfor take up H
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Fig 1 de induced f n the of a control mouse The whole

field 1s essentially non Aluorescent 200 x

Fig 2 The same ficld as that in Fig 1 after staming with toluidine blue Several mast cclls are

ntensely stamed 200 x

Fig 3 de induced m the a mouse inyccted nra
with | 5 mg of norad; 15 hours before kalling Several mtcnscly fluorescent

cells are visible 200 x

Fig 4 The same ficld as that i Fig 3 after starmng with toludine blue The fluorescent cell

can be identified as mtensely basophil ¢ mast cells 200 x
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From the D of Histology Rarolinska 1nst tutet Im Sweden

Adrenergic Synaptic Terminals in Autonomic Gangha
By

Bermi, Hampercer hare Axer Norserc and UrsaN UNGERSTEDT

Adrenergic synapuc termmals as 4 by the
method of Falck and Hillatp have been reparted 1n hath sympathetic (Hambergee
MNorberg and Sjoquist 1963) and parasympathetic gangla {INorberg 1964 Hamberger
and Norberg 1965) The present results inchcate that adrenergic synapses copstitute
p and wid d systems i the gangla
Autanormc ganghome tissues from large numbers of untreated cats rabbrts and rats
(Spragnt Dawh:y) were collected dunng an wnvestigation with the above mentioned
1 method on the d neuron (for details on the proce
dures used see Norberg and Hamberger 1964) In 3 rabluts preganglionic denervation
was performed on the supenor cervical ganglion 3 to 5 days before dissection
The superior cervical gangha 1n the rabbat contasn numerous adrenergic varicose
terminals which form p ke synaphic around ganghon cells
(Fig 1) and persist arm preganghontc denervation In the rat the syraptic connections
1n these ganglia arc made mainly with ¢cll processes presumably dendnites ™o defimite
proal has been obtaned for the existence of adrencrgic synapses in this ganglion in the
cat In the stellate gan,lia of the rat adrenergic synaptic structures have been found to be
of the same type as m the supenor cervical gangha taking contacts maily vath cell
processes The celiac and wnfertor mesentersc gan lia have the most v ell-dev cloped systems
of termunals of all the sympathetic gangha Very prominent baskethke synaptic strue
tures have been found 1n the rabbit as carlier reported for the cat (Hamberger Norberg
and Syoqvist 1963) The tntramural gangha of the wmtestines have been found to contan
adrenergic SYNApUe structures i the rabbit — and also in guinea pig and man {(Nor
berg unpubl obs } — as previously shown for the rat and the cat (Nerberg 1964)
The ethiary ganghon of the cat contains disunct adrencrgic synaptic structures (Fig 2)
but these scem 1o be rather few Earlier pharmacological data indtcate the presence
of adrenergic synapses in ciliary gangha of the dog (Tum Suden ef af 1951)

\though adrenerme synapue terminals have not at present been found with cenainty
1n all types of autonomic gangha and their occurrence may differ as betw cen species 1t
cannot be ruled out that they are in fact constderably more widespread than demon
strated Certain technical difficulties seem to be imolved as the terminals in ¢ g the
supenor cenvical ganglion of the rat are often very difficult to visualize The shghtest
duffusion of the adrenergie transmutter probably makes the very fine termnats com
pletely undetectable particularly if they are i contact v ath Auorescent cell bodies or
processes

The observations reported here do not 1n themsclves permit any definite conclusions
as to the function of these svstems of adrenergic synapses in the autonomic gangha In
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Fg 1 Fig 2
Fig 1 Sup con ganghion rabbit preganghionsc dencrvation 5 days before dissection ¥ 330
Fig 2 Giliary ganghon cat > 330
Oae of the gangh n cells n each Figure 1s surrounded by a basketl ke synaptic structure made
up of numerous adrencrgic vancose terminals lying together This arrangement makes the

difficult 1o d In Fig 1 the cellular fluorescence 1s of somenhat
lower mtensity than wsually

conjunction however with the evidence (see Marrazzi 1939 Lundberg 1952 McDougal

and West 1903 McLlennan 1963) ind. that Iine and lipe mav
produce an of the ¢! and that acetylcholine 15 an
cital m the p: gangha the results strongly suggest that

Y
therr funcitons are mhibatory
Thes umsestigation has been supported by research grants (Y 247 and 482) from th Sweduh
Medical Rescarch Counal by a L 5 Public Health Service Research Grant (NB 05736-01)
from the Natonal Insttute of Neurological Diseases and Blindness and by a research grant
from Magn Bergvalls Sufielse Stockholm Sweden
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From the Department of Physiology harolnska Insttutet Stockholm Sweden

Catecholamines in the Preaortal Paraganglha
of Fetal Rabbits
By

Tomas BrRuvpin

The morphological development of the adrenal medulla and the paragan,hia in vanous
mammals was described by hohn (1903) In rabbuts he found that the upper parts of
the largest preaortal paragangha extend to and become enclosed by the adrenal cortex
Thus at birth the adrenal medullae of both sides are connected with one another via
the paraganglionic tissue Concerning the hormone content of these organs 1t has been
held that jrenaline 1s the only if formed during fetal Life (West 1925)
Recent investigations have shown however that the maimn catecholarmune m the adrenal
medulla of rabbnt fetuses during the last third of thair intrauterine hife 1s adrenaline
(Brundin 1965) In the study to be reported here 1t was found that the hormone
distribution 1n the preaortal part of this organ complex m rabbuts distinetly differs from
that of the adrenomedullary part

Pregnant albino rabbuts were killed by a blow on the head 29 days after conception
The fetuses were immediately taken out and decapitated The lasge preaortal para
gangha and the adrenals were removed and under a
The catecholamine contents of the tissues were determined fluorimetrically

The analysis showed (Fig 1) that in the adrenals about 70 per cent of the catechola
munes+ as adrenaline while the liome pars ¢ the adrenals
almost exclusively noradrenalne Thus different parts of what appeats to be the same
morphological structure showed remarkable differences in hormonal contents suggest
mq dhlferent funcuons of the adrenal medulla and the paragan~lia

of the that of the adrenal

mcdulla has been morphologically described by Hollinshead (1937) Work 1s 1n progress

on the phvsiotogical s gnificance of this nervation during the prenatal and newborn
pesiod

This work has been supps ried by grants from Suftelsen Lars H ertas Minne and from § enska
Sallskapet for Med insk Forskminw
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14 Fig I Mean salues of adeenaline and nor
adrenaline 10 adremils and paragangha
from b fetal rabbuts at 29 dayy gestation
Vertical bars standard ervor of mean

ug CATECHOLAMINES PER FETUS

ADRENALS PARAGANGLIA
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From the Department of Chmeal Phys ology  herobaska Tnstatatet 1
Stockholm Sweden

Studses on the Peripheral Circulation and
Metabolism m Man

IV Oxygen Dulization and Lactate Formation 1a the Legs of
Healthy Young Men during Strennous Exercise

By
Bener Pernow Joux Wanmen and Srarrax ZecrerQuisy
Recewed 16 Getober 1964

Abstract

Pemow B ] Wahrenand 8 Zetterquist Studes on the peripheral curculstuon and metabolirm sn man
I\ Quygen unihy ovon 2 d lactate formatum ur the legs of b olihy young men durn strenwous exercue
Seta physiol scand 1963 64 289—298 — 19 healthy soung men exerased on & boycle
ergometer with mereas ag work loads From indwell ng eatheters m the brachial srtery and
the f moraf veurr blood samples were drawn before during and after exerese The a—v
4 Fecence  the leg mcreased bneatly m retation 1o heart rate and O uptake (0 a mean salue
of 163 mijl at maxumal work At this antens ty (heart rate 180193 beats per m n) the mean
value of the enous O saturauon was § per cent A lincor relat anshup cxted betweea log
lactate and heatt rate duming work as well as between tog fuctate and O saturation of the
fermoral vesaus blood The slope fot the sem logarithsnic yegress on of the femotal venous con
centrat on bf vcess lactate (XLJ on heart rate was sign ficantly sseeper than that of venaus
1012l lactaee concentrat on pH of venous blood decreased duting exercie € 3 mean value
of 709 at maxmal lasd A Uriear selanon was obta ned between decreate 1 pH and inerease
n factate The ceproduc bl ty of the ghovementoned resits was evaly ted for 6 sabyesss 4
otupanson between exercise performed with one and twa legs showed that heart rate acreased
almost dent catly @ relanion © O uptske at both types of exercise The wows O satusanion
was sommewhat ow ratsubm ximal work Joads dunng onc leg exerse while the final enous
O saturaten values at masumal work were almost wdentical La tate wcecased more vapsdly
during one leg exerosse These dacs scem o nd cat th ¢ bload flow 5 relation 10 O demand
+ less adoquate i anzg leg th B 5% thoeg exer 15e At comp rable workung intens ties

Durnmg excrese perle on a biycle

with 2y wcreasing working
wmtensity the femoral venous oxvien saturation decreases hncanily {Carlson and Pernow

1965 At a moderate work a mean value of about 20 per cent was obsenved (Donatd
et al 1957 Carlson and Pernow 1961 and Reeves of of 1961} Hos ever a more com
plete extraction of oxigen i abtuned when the blood fow response 10 exereae 13
unpawred by disease Thuy Donald ¢ of (3957; showed that i panents with mural
discase the {emoral pxven saturation often decreased to alues below 5 per cent even
duning hight everase Swmatar findings have been reade n pauenis wah antenal occu
stve discaye (Carlson and Pemow 1962 Bellman Pernow and Zevterguist 1962)

R N R RN
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Fig 1 Fig 2

Fiz 1 Oxvgen saturation 1n femoral venous blood of subjects at rest supine sittng on the
bicycle and performing two-leg excrcase correlated to heart rate The heavs dotted hine sad
cates the regression Iine (v == 42 7—0.24x, r = 0 80xxx} for the values duning work with =+ 2
5D wathin the thinner dotted hines.

Fiz 2 Arternal enous oxygen difference 1n the Jeg of subjects at rest, supme sifting at the
bicycle and performing two-leg exercse correlated 10 heart rate The heavy dotted line
indicates the regresson lne (y = 678 + 050, = 069%=) for the values dunng work
with = 2 SD withun the thinner dotzed Lines.

The aim of the prescot int esugation was to study whether an almost complete utihza
tion of oxygen n the legs is obtained also in normal subjects 1n connection to a maxy
work. The influence of the mass of muscles taking part tn the work w as studied by perform
ing excrase tests on a bicvcle with onc and both legs respectively along the same
Iine as reported bv Dunér {1959, The changes tn blood lactate pyruvate and pH were
measured m order to compare the acrobic and anacrobic components during exercse
of varving dezrees. Fmallv the reproduaibility of the metabolic results was studied by
repeated exercise tests

Material

I9bealth  well trained iremen aged 22— vears parucipated Each had recently undergone
2 chimcal exammation and been found normal

Procedure and methods

The imesugauons were perfrmed 1 the morming The fastng subjects exercised on &
bl crgometer The dure during the course of the m-
vesuigatson and the meth xds of analyss were all sdentical with th e previousls seported (Carl
son and Permow 1951 192

When the teflon catheters had been wmnserted percutancoush mto a femoral sew and 2
brachial arery the subjects ested for balf an hour Blood samples were then collected £
resumg values 3 man afier e subject had Gken fus place on the bicy cle a oew blood e ple %23
érawn from the femoral vew with th sampled log hanging swairht down The exeras began
at 300 kpm mun and mereased cvery 5th mun by 3 further 500 kpm min up to @ maximal laad
o 1,200—1.800 kpm rom The pedal speed was 001 p m. A1 the end Jf each Joad bl od samples
were drawn sumultanesush from both catheters Osyged uptake 1 th+ Jungs was £4 oy
duing exereise in 11 subjeets. The beart sate was calculated from electrocardiographuc oo
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Fg 3 Arteno-venous oxygen difference 1n the leg of
subjects at rest supine performing a two-leg exercise
correlated to ovgen uptake i the lungs ‘The dotted
lines indicate the regression Lme {y = 1105 + 136x
r—069c ) 25D

Results

Oygen (Fig 1—3 Table I) A sigmficant decrease in O, saturation of the femoral
venous blood was obtained at rest by changing the position from supine to situng
(p << 0001) The further decrease i femoral venous O, saturation dunng exercise as
well as the mcrease 1 a—y O, difference was Linear 1n relation to both heart rate
(Fig 1—2) and O uptake 1n the lungs (Fig 3) At the highest work load when the
heart rate was 180—195 beats per mun the O, saturation m blood from the femoral vein
was 2—16 per cent (mean value 9) and the a—v O difference 145—188 ml/l (mean
value 163) After work the O, content and satuation of the femoral venous blood 1n
creased rapidly In 5§ cases blood was drawn within 30 sec after the end of work with
the subjects still sitting on the bicycle The O, saturation of these samples had mcreased
from 5 to 11 per cent (mean value 8) at the end of work to 20—35 per cent (mean
value 27) It then further increased to values probably signuficantly higher than at rest
before work Thus the p-value for the difference in O, saturation before worh and 310 5
myn after work was < 002

Lactate (Fig 4 TableI) Thencrease in log for artenal and s enous lactate concentra
tions during worh was Imear 1n relation to heart rate The regression coefficients for the
two relations did not differ sigmficantly (p > 01) At maximal work the lactate con
centration of the artenal blood was 7 7—12 5 mmoles/] (mean value 10 3) and of the
femoral venous blood 8 5—14 6 mmolesfl {mean value 10 8)

A sigmificant correfation + as obtawned between the anaerobic and aerobic com
ponents of the total muscular metabolism This relationship is indicated i Fig 6 where
the loganthm for femoral s enous lactate 1s plotted against the O, saturation of the same
blood samples

The artenial lactate concentration remawmed unchanged during the first runutes
after work compared with the lesels at the end of work (10 3 mmoles/l at the end of
work compared \1th 96 mmoles;] 3 mun later mean values p > 04) The 1enous
lactate hos cver increased shghtly after the exerase Thus the venous lactate at
maxmal s ork v-as 10 8 mmoles/land 116 3 min after work This dufference was prob-
ably significant (p < 003) The venous artenal lactate difference was highly significant
both 2t maximal work and 3-—5 mun aficr the end of work (p < 0 001)

Pyru ate (Table 1) Pyrusate concentration increased gradually durmg exeraise and
reached at the end of v ork 0 18—~0 34 mmoles/l (mean value 0 28) 10 artenal blood
and 0 24—0 3t rameles 1 (mean value 0 33) 1n vencus bload The difference n artersal

and senous py fus ate at maumal work was highly significant (p < 0001} The pyruvate
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TaeLe I Mean value (M) and standard deviation (SD) for vaniables measured ata wol g

Atrest  Atrot
swpine  mnung

Femoral senous oxygen saturation per cent M 60 30
SD 12 1t
N 19 19
Arterial yenous oxygen diference mlfl %3 s 93
SD 20 14
N 19 19
‘Venous pH M 740
D 002
N 12
Artonial lactate mmoles/i M 08
SD 02
N 16
Femoral venous lactate mimoles/l M 09
SD 0z
N 19
Artenal pyrusate mroles/! M 00
sh o3
N 17
Femoral venous pyrinate mmoles /! AL 010
5D 002
N 1o
conc d 0 1ncrease Jrately after work and was 3 nun after work

0 26—0 59 mmoles/l n the scnous blood (mean value 043} This increase i pyruvate
dunng the first 3 mun after work was sigmificant (p ~ 001)

Lscess of lactate (XL) XL was calculated for artenal and venous blood according 10
the equation given by Huckabee (1958) XL = (L,—L)—(F,—1) (L/P)
where L, and I, are the lactate and pyruvate concentrauons a8 rest and L, and 1 the
correspanding values during, exercise

The XL values for femoral venous blood imcreased durnmg exercise i a manncr
similar to lactate 1 e 2 very small increase at shight and moderate work and a sieep
isc as soon as the work became heavy As for log laciate concentraton the inereas
of log venous XL was hnearly corrclated to the heart rate dunng work (f1g 4and )
The slope of the semiloganthmuc regression for venous XL on heart rafc was however
ugnificantly stecper than the correspondsng value for venous lactate on heart rat®
(p < 0001) and probably smficantly siceper than the slope of the regression for Jog
artenal XL on heart rare fp < 0063) The regression line of lop, artersal AL on heart
rate however paralleled that of artenal lactate on heart rate The fatrer regresson
cquations were y = 0013x — 1 61 and y — 001 1x — 1 05 respectively
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exexcue 10 normal subjects N = number of ohsen agons

Durng exercue heart rate After exevese min
100 130 "we 180193 % 3 iy
26 22 15 9 5 7 €3
19 6 5 2 34 13 }33
18 19 19 1 {4 10 33
ns 131 147 163
12 i3 12 10
12 18 18 1
73) k&2 703
0% 095 ons
12 13 w
23 52 103 36 86 83
(2] 20 i3 23 29 19
a4 14 1 10 & 8
29 55 108 16 91 73
19 15 19 23 21 21
13 3 10 1o 10 10
LREY 020 azs 037 039 043
004 004 a0 603 a8 o0+
13 15 0 e 8 ]
1 0z$ 433 043 D4l 040
8o 133 o3 DaYs L1 903
7 1% 10 10 3 hg

#H The pH of femoral venaus blood was 7 357 42 at rest (mean value 7 40}
During work the hlood became mereasingly acdified the Jowest pH valuey (6 93~
726 mean value 709} bang vecorded at mawrmal work and wnmediately after the
end of nork A lmear correlanon was abtaned berween pH and lactate concentration
af the ferporal \eraus blood duning work (Bxg 73

Comparison betaten one leg and tuo-l g extrese

Four subjecty exercised ts sce withannterialof | 1/2 br each uare up to manmat levets
Subgects R P M B and P L worled fiese wich one feg and chen with both legs
Subgeet ko . staried wath the two-leg \ otk The results are green w Fig 8w which
the work miensities sre shown in terms of oxsgen uptake The mcrease of heart ratz
relation o Oy uptake was tn 3 cases atmost wdentical m the two types ol wask whilc a
Bigher heart rate was recorded m the one feg evercue 1 case A M The femoral
venous O, saturation was always somewhat lawer when moderate work was pecformed
wih arte leg than with bath ¢t maxamal work however the final Q, satarauon values

were almost identical in the two (ypes of work A cacrespanding pattern appeared for
the 2y O, difference
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€ Fig 5
Fig 4 Log lactate concentration of femoral venous blood during exercise i relation to heart
rate The heavy dotted hne represents the regression obtained from the equation y = 0 010x~
086 r =083 The thunner dotted hnes indicate - 2 SD

Fig 5 Log excess of lactate (XL) of femaral venous blood during exercise an relation to heart
rate The heavy dotted line represeats the regression obtasned from the equation y =0 017x~
227 r=088== The thumer dotted hines mdicate + 2 SD

g

Fig 7
Fig 6 Lactate concentration of femoral venous blood during exercise in relation 10 the 0xy57%
saturatsm of the same blood samples The heavy dotted hne represents the regression nbuugD
from the equation, y = 1 69—0061x. £ =052 = The thurner dotted Lines idicate = 2 B
Fiz 7 pH of femoral senous bload durng exercuse correlated to lactate concentrat ot
femoral venous blood
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Fg 8 Changes in fornoral  enous oxygen saturation lactate pyruvate and XL-concentra

l(x;ns and of heart rate dunng excrase performed with one leg {2 2) and two legs
L))

A definite difference was observed 1n the merease of lactate duning the two types of
work The lactate concentration of the femoral venous blood was thus always higher
1n the one leg exerase than in the two-leg exercise at comparable v orlang wtensities
This finding 15 1 agreement v 1th that of Dunér (1929) for artenal blood A similar
pattern was found for pyruate and \L

Reproduarbulrty of the rietabolic results
In order 1o evaluate the normal biological vanavon 1 a—y O, difference and oxygen
saturation lactate and pyruvate concentrauon and pH of the femoral venous blood at
rest and durning exercise two identcal exercise tests werc performed by the same
subjects at an nterval of exther one vear or [ hr

I subjects (Fig 91 exerased on a bicycle 1n exactlv the same manner with one year s
nterval The blood volume and phyvsical working capacity  cre the same before both
1e3ts As is seen from the figure the differences in the measured parameters v ere
strkingly small

Th hersubjects (Fig 10) d d I exercise testsatal { hemterval
Between the s ork periods the subgects rested 1n the supme pesition and drank water
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Fig 9 Fig 10
Fg 8 The arteno-senous oxygen difference i the log the femoral venious concentrationt of
Iactate, pyruvate and XL, the femoral senous pH and the heart rate 31 rest and durng two
sdentzcal tesss {one yrar mterall in three bealthy males

Fig 10 The arteron enous oxygen dsfference i ihe fog the femoral venous concentrations of
lactate pyruvate and XL. the femorad venous pH and the heart rate 21 rest ands duniog 3
two-leg exeresse m three healthy males with the work identically repeated after 90 min

e fib Exacty the samie work tould be performed on both occanions Honever 28 sub~
Jecss found the hrghest load m the second test 1o be much heavser and more exhausting
than i the fist The heart rate duning exeroise was generally higher i the second test.
Thss was more obvious dunng submaximal work, two subjects showing a difference 12
heant rate of 15 10 20 bears nun The dsfference breame somewhat smaller as exerose
contiaued The mean dafference ta femoral venous oxygen saturation was 0 § per cent#t
the hughest loads the corresponding value fora v O, difference was 2 mb )} Intwe
cases (R R 20d B T 1o Fig 9) the wtal Iactate concentsation and ML of femorzl
venous blood were about 1 mmoles Jower 1n the second tesc at identical work load
whereas no such difference was found in the third case

Discussion

In dus semes of studies st has been evaluated to what extent the availability of Oy
dunng muscular exerase of different intennines 15 adequate in relauon to the @¥)ED
demand of the workng tssue This has been based on measurements of the O, eontent
and eoncentranon of lactate and pyruvate sn blood from the femoral ven and the
brachual artery dunng leg exerase The procedure has earher permutted an evaluanon
of the functional impairment i pavrsts wath artenal arcadatory nsufficsency ta ehelegs
(Carlson and Petnow 19,9 1962
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Dunng leg exercise the O, saturation of the femoral venous blood evidently falls
almost kinearly with successive rise m work mtenstv This decline 15 presumably only
to 2 mnor degree due to an increasing extraction of Oy from the muscular blood Of
greater importance seemns to be the fact that the fraction of blood from non muscular
ussue 1n the femoral venous blood probably decreases dunng exercise as a consequence
of the marked 1ncrease in blood flow through the actuve muscles The extremely low
0, saturation of the femoral venous blood during exercise of very high mtensity indt

cates that at this level of work the fermoral vein contains almost exclusively blood from

the active muscles A gradually d of the blood flow to
the working tissue thus appears to be an important factor in the abilty to perform
exerase of high wtensity Disturb of this h for red; leading

to a low physical working capacity have been demonstrated 1n mdividuals with
sasoregulatory asthema (Carlson Pernow and Zetterquist 1962) The almost complete
penpheral O, extraction found in some cases 1n this series further illustrates that nor

mally the O, transporting capacity 18 a brmting factor for the physical working capac

ity

Tt 1s carlier well documented that the formation of lactate 1s rapidly increased when
the evercise reaches 1ts maximum A bLnear relanonship was found between the log
lactate and work intensity which agrees with earher findings (Strandell 1964) There
1s also a positive correlation between the acrobic and anaercbic components 1n the
total muscular metabolism duning exercise as indicated by Fig 6

‘The progressive and manly parallel ncrease of the artenal concentrations of total
Iactate and \L duning heavy work with increasing load found i thus study 1s m agree
ment with carlier results (Carlson and Pernow 1962 Knuttgen 1962 and Strandell
1964) A steeper slope was however found for the regression of log venous XL than of
log venous lactate on heart rate This finding may support the concept that XL 1s more
closely correlated to the rate of bol: than lactate (Hi bee 1928)
The absence of a sumilar difference in the increase of artenal concentrations of XL
and lactate during work mught be explaned partly by a dilution effect partly by a
higher degree of influence from lactate and pyruvate catabolism 1 other tissues on
these values

Immediately after excreise the O, saturation of the venous blood nises very rapidly to
values sigmficantly hugher than the mitial levelin the same body position before exercase.
Tius agrees with the findings of hramer Obal and Quensel (1939) in dogs They
found that the O, consumption of the muscles afier an imtal peak immediately after
the end of exercise fell very quickly and within no more than 30 sec afier completion
of exercise was about 50 per cent of that measured at the end of the excraise The post
exercise hypererma on the other hand 13 normalized very slowly after exercise of high
intensity and long duration (hramer et of 1939 Ganz etal 1963 Permow and Wahren
unpublished observauon)

Dunér (199) reported that the physical working capacity of a subject using one leg
was about 75 per cent of that if two legs were used O, uptake at the same relatne
working intensity was appreciably less in one leg exercise Artenal lactate concentra
tion increased more quickly during one leg excrase Dunér stated that in exerase in
vol ing large groups of muscles the limiting factor 1s the ability to supply O to the
muscle rather than the quantity of muscular mass partiipaung The results obtamned
m the present study appear to corroborate this assertion When the motivation 1s strong
't 15 possible 1n one leg exercise to attan virtually the same heart rate and O, uptake
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as would be attamed i1 & o leg exercise (cases ! and 4 1n Fig 7) Since apparently
both the cardiac output and the pertpheral utilization of O, 13 the same whether a cer
tain work 15 performed with one or both legs 1t mught be assumed that the blood flow
through the exercising muscles 1s much larger at the ane leg than the twa leg worb
However 1n sprte of this the utihzation of muscle glycogen as a source of energy 1s vt
dently more pronounced during the one leg exercise as indcated by the higher lac
tate level of the femoral venous bload

Obviously the 't of the bolic data p d 10 thas sertes of papers
18 very pood asseenin Fr, 8~9 Regardless of whether the examnation was repeated
after & few hours of rest of a year later when the mdnadual 1 as 1n a comparable state

of tramng the ma v O diffc pryrusate and pH of the
femoral venous blood at comparable absolute working intensity were very shght The
t 1n Jactate were hat greater

This work was supported by grants which are gratefilly acknowledged from the St edish
Medical Research Councit and the Swedish National Association agawnst Hears and Chest
Diseases
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Studses on the Elimination of Exogenous Lipids
from the Blood Stream

‘The hanetics of the ElL of a Fat Emut Studied by
a Counstant Infus:on Techmque tn Man

By
Dac Harizero
Recer ed 2 November 1964

Abstract

Hallberg D Stud es on the elumnation of exo, wous 1 pds f o the Blood siream The knetics of the
o ‘;;5)' 2 of a fat emuls aa st dued by @ constant tnfuston feckntque w man Acta physiol scand 1965
Uiy o39 —~ Thearker described kanet ¢ principle for the climinat on of  fat emulsion
Comral pid ) from the carculation stud ed aficr $ ngle ijections was confirmed m this study
S & constant snfusion technique A primer dose of the fat emuls on follo ved by & constant
oglon wasgwen The plasma tnglyce ide (TG) level 1 as followed The emulsion TG frac
2% 10 plasma was separated from endogenous plasma TG w th a polyvinylpyrrolidone den
<ty grad ent At low infus on rates there was a constant TG level n the top fraction of the
erad ent contang the emuls on TG 10d caung a first order removal At bigh infusion rates

® wa3 a hnearly ancreasing TG con neration n the top fracuon ndicat ng a zero order
Temnal, The data confirm equivocally the kinet ¢ prineiple described ea J er wh ch cons sts
o a max mal ehmination capac ty (ze o order k aet ) at h gh concentrations and an expo-
fential eln nation ae (first order kin tc) at lov concentrations Duning the el nunaton of
the vmuls on ‘TG fractian from the ¢ ¢ ulation changes  ere noted 1n the concentrabons of the
other TG fract ons 1n pla ma Some data on these changes are also presented

The o) curvefor hyl and fat injected into the blood stream
has been studied eashier by several authors who deseribed the ehmination to be either
39 le exponential with a rate mversely proportional to the tnital concentration {the
Biven dose) (French and \Morns 1957 Edgren 160} or complex (French Morns and
Robinson 1956 Fredrickson McCollester and Qno 1958) Controverually to this
Carlson and Hallberg (1963 found 1n the dog that (he chmmnauon after single mjec
tions could be charactenzed in 2 simple math maucal form  \bove a so-called  enncal
Conrcentration  (C mmole/] plasma) there as 2 hnear {zero order; elvmnation rate
(A mmol 1 plasma runi and belo  ths concentration there 3 s a single exponenual

299
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Tante I Data from constant 1 v infusions of fat emulsion 1n man Calculations are made on
the triglyceride concentration in the top fraction after PVP dennty gradient separ
atton of plasma See Table II for notation

Expt
no  Pa v Period t c, c N K ¢
1 241 116 1 70 043 013
v 70 013
2 305 146 s 50 073 007
292 n 50 00018 ol
158
438 ur 50 00475 011
v 30 012
3 335 140 I 105 00081 004
(P=33) Iv 3 004
4 327 53 I 52 014 013
(P=32) 132 I 30 023 014
264 ni 49 07t ¢i2
n 30 010
5 198 25 I 52
0 i 92 023 013 023
75 i 50 000% 003
n 50 003 o1 07
6 27 120 I 182 00110 003
(P=28) Iv 40 003

Nondeteetable concentration

(first order) elmunation rate (k,/min) The formula presented was k€ = h, Ths
Jind of kienc was also vahd for chylomucrons in dogs (Carlson and Hallberg 1963)
and for aruficial fat emulston given as single ingections to man (Hallberg 1964)

Howerer tobe able ta study the human elinunation ¢urve 1t was necessary to separsie
fat emulston from endogenous plasma tnglycendes (TG) This could be done using 2
density gradient method with polyvinylpyrrolidone (PV P) desenbed by Gordis m 1967
In this gradient the fat emulsion 1ses to the top of the tube and endogenous plasma TG
separates mto two fractions which remain 1n the lower part of the tube called mddie
and bottom fractions (Hallberg 1954) The object of the present mvestigation sas 1o
study further the described kinetic pranciple in man be means of a constant infusion
techmque

Materials and methods
Subjects Male and female patients 1n apparently good general condition between 10 ui,':la
years old hospitalized for munos dusorders (herma hemorrho ds ete ) were used 3 ﬂumg
vesugation After an overmght faat (about 15 hrs) the studies were performed 1n the morn
with the patients resting i bed during the expenment
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Tarix [I Table of notation

Symbols Defintions Units
A Armount of englycerrde mnfused 25 2 10 emulsion per
unit bme mgmn
TILIN Period of infusion
In Post snfusion perzod
t YLength of nfusion peniod ma
c Cnireal concentraton  the contentration of TG i
plasma where zero order kinettc changes to fint order
kinene mmole{l
C Increase in plasma TG concentration durng constant smmole/l/mi
mfusion of fat & nalsion
CL Constant level of plasma TG concentration during co1
stant mfusion of fat emulsion Tmemolefl
R, Constant for zero order kinetic mmole/l{mun
1S Constant for first order kimenic Joun
Pa Assumed plasma volume {43 mt/kg) 1
b Determuied plasma volume (Evans blue method) ]
A

Mean molecular weight for the triglycerides of Intralipid &

Constant infuson A Beekman soluton metering pump adjustable to 05 mbimin was used
for the constant fusions The pump was repeatedly eal brated duning the study Immeduately
before theatart of all 1 v 1nfus ons a prmer dose of 0 1 g tnglycendes per kg b w as fat emulsion
wasgventv duning less than two munutes (Prmer dose in case no 6 was 003 g'kg) This dose
way repeated each time the speed of the wmfison was e

S ¥ subjects 1 ere divided into two groups A and B wath 3 persons in each group Group A
¥ cened infusions during one prtied and group B dunig 3 consecuuve periods with an aereas
g amount of fat for each period The durat on of each period 15 hown mn Table I (range
4918 muin) The concentranon of pla ma TG was folloy ed before dunng and after the
wifus ons Aler fractionat on of the plasma TG 1n the P\ P gradient each fract on was analysed
Tor the TG co 1centration

Procedures AN nfus ons we ¢ gven into a cubual vern Samples of blood were withdrawn
from a permanent needle i a vein in the othes arm and collected nto chulled heparmt ed tubes
which were stored 1 ice water not lonyer than 4 hrs befor extracon Al constant nfus ons
of the fat emulsion were performed with Iniral pidB 10 (Schuberth and VWred nd 1961}
A rap d njecuons (prmer doses) we  made w th Intral pd® 20 {except n case no 6
where the 10 emulsion  as used) The volume of distribut on of mjected | p ds was assumed
1obe equal with the plasma  olume (B erman and Hamhn 19b.) Pla ma volume was assumed
tabe 43 mIperkgbw In some instances th s figure was checked with the Evans blue method
and found aceurate The mean molecula wereht of the 1G 1 Intrabip ¢ ¥ was determaned by
comparsson with a standard of tnpalm un The commercusl tnpalm (p reagent grade was
reeryst N zed three t mes punified on a sihie c aad  ollumn and the punty was controlled wih.

The en uls on was kindly supplied by A B Vitrum Stockholm Swed o
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thin layer chromatography The TG content of the emulsion 1 as given by the manufacturer
The mean melecular weight_determin~d from the glycende glyceral content was found to be
88, Themean m w of soya bean od was 874 calculated from the fatty acid composition gven
by Wrethind (1963) and ' 5° of undetermuned fatty acids was considered to be stearc atid.

Analytical methods Al TG determnations were made by the method of Carlson (1963}
Trplcate determmations were carnied qut on each extract Every other plasma sample was
extracted in duplicate

Fracuonation of plasma TG were made by a modification of the density gradient method
with PVP descnibed by Gords (1967) (Hallberg 1964) In the present study the recovery of
TG afier scparation v a3 107 = 109, (SD) The errors of the analyses were otherwise the same
a¢ those found easlier (Hallberg 1964)

Calculations

Caleulations were made only for the top fracuon TG Zero order removal {hy mmolej) min)
was considered 1o exist when the curve mcreased lineatly dyunng infusion or fell Inearly afier
infuston (zero order kunetic) (Damiels 1931) First order removal (h/min) was considered fo
exist when the cusve was on a constant level during the infusien or fell exponentially ffirse order
kinetc) after the termination of the intusion {Damels 1931) Rate constants {h, and k) were
determuned by caleulations
(hs + C) P N =\ (dunrg hncarly mcreasing TG concentration)
h CiL P M=\ (atconstar TG conc ntration)
{See Tabte 11 for notations)
Rate constants for period IV were deternuned from the slop  of the curves on etther lincar

or scrmloganthmuc scales (Hallberg 1965) and they are given in Table I The so-called

enucal concentration  {C mmolefl) 15 defined as the concentration where the fra tonal
removal rate cquals the maximal removal rate b C =

Results

Group A (One infusion pertod) In the top fraction two subgects showed 2 hnearly m
creasing TG congentration and one showed a constant TG level during the infustons
(Tig 1} After the termunation of the infusions th TG concentratan fell i all the sub-
Jects The hinear change indicates a zero order reaction for the removal whereas the
constant level during the infusion tdicates & first order reaction

The ouddle fraction TG concentration increased for ali 3 subjects In the two wsth the
Towest concentrations the middle fraction increased up to a constant level After the
termination of the infusions one of the cun.es fell exponenually one constantly ancreas
1ng cunce levelled off and the third seemed to {21l after a delay of 15 min (Tig, 1)

The bottom fracton TG concentraton showed a slow mcrease dunng the infusions
After the terrmnation of the infustons the cunies did not show any consistent changes
fig 1)
¢ Ggmupﬂ (3 consecutn e infusion periods) The fop fraction 1 G concentravon in group B
showed dufferent fevels dunng the different periods of infustons (Fig 20 Dunng the
first period (1) when the smallest amount of fat was iafused there was a consiant TG
fevel Dunng the second {11) pertod there were constant Jevels for two curves and 2
small mcrease in the third carve Durning the third (111} period there was a hncat
inerease 1 concentration for two subjects and one had a constant level Dunng e
post wnfusion pertod (IV) all curves dechoed The hnear change ndicates a 2610
order reaction and the constant level duning the infuston indicates a fisst order reachon
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Fig 1 {lefi) Tnglycende concentration {mmolesl) 1 plasma from 3 subjects (o0 1 3 and &)
&1Ven constant 2 v 1nfus ons of fat ¢ nuluion (Intralip d) Plasma triglycendes were fraction
ated 1nto 3 fractions {top middle and bottom) n P\ P grad ent tubes (sec methods) Arrow
ind cate the primer dose (0 1 g fatfkg tn no 1 and 3 and 00> g fat/kg in no €) and the start
of wfus ons the vertical hnes imdicate the end of the wmiusions The table shows the amounts
of fat infused per tmin 1 mdicates the infuston period and 1V the pertod afte infuston.

Fig 2 (nght) Tesgl cendr concentranion (mmoles 1) @ plasma from 3 subjects (oo 2 4 and 5)
gnen constant 1 v infusions of fat emuls on (Intral pd®) during 3 periods (1 11 and 113
Plasma trulycenides were f actonated ato 3 fractions (top middle and bottom) m PVP
grad ent tubes (sec methods) Arrows ndi ate pnimer doses at the begmning of each penod
{01 gfatkg) The table shows the amounts of fa1 nfused during each period (I 11 and 111)
T\ indieates the perod aficr the end of the wmfus ons

The middle fraction TG showed a ! during the
mfusion except dunmy, period 1 where two curies came up 10 a constant Jesel After
the infusion the concentrations decrease or remaned unchanged

The & ttom fractin TG n this group showed an almost contmyously increasing con

Tentration duting the infusions except in one casc where it came up (o a constant level
duning peniods 1 111 and I\
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Rate constants "The rate constants for the elimination of top fraction TG were caley
lated according to the formulas described and are shown i1n Table I

Within each experiment there was good agreement for the caleulated values of the
constants between different periods

All the elimination constants calculated during the infusion were of the same size
as the constants determined on the graphs for the postinfusion penod The constant for
maxunum removal capacity varied between 0 03 mmole/I/mmn and 0 12 mmole/ljmm
and the constant for the fractional removal rate varied between 0 07 and 0 14 per mn

Discussion

As 1t was difficult to know the ¢ntrcal concentration  at the beginning of each exoen
ment the given doses were not of th de to obtain
from each experiment However if the results are looked upon as a whole the kinetic
prinaple for the top fraction can be judged and some information about the kinetcr
for the muddle fraction TG be obtamned

Top fracton TG These expersments confiem the principle of the kinetics descnibed
earhier for the elummaton of the used fat emulsion from the blood (Carlson and Hall
berg 1963 Hallberg 1964) There exsts a maximal capacity {zero order kinetic) for
the removal of arufical fat emulsion from the blood stream in man Below a  cniucal
concentration  the rate of removal is exponential This kinetic prinaple was earlier
shown to be valid for chylomicrons 1n the dog (Carlson and Hallberg 1963) The kinetic

F ple was d by the with several mfusion periods and with
different amounts of emulsion infused The eliminanon constants were of the same size
both durmg and after the infusion and md dent of the TG when the

reaction orders were the same

It was ezrlier obsen ed that durng the emination of the fat emulsion 1 man changes
occurred in the concentration of the  endogenous  plasma 1G found 1n the middle and
bottom fractions 1 the PVP gradient (Hallberg 1964) so was also the case m this
n The lable at present contains no information about the
kanetics of these plasma hipid fractions i the PYP gradient This investigation was not
designed to follow these fractions i detatl The results may however be commented
upon
AMiddle fraction TG In group-A expenments (one infusion penod) there were two
curves showing 2 steady ncrease of concentration up to a constant level It can be as-
sumed that dunng the interval of ime when the concentration remained at a constant
level the amounts of middle fraction TG entening and leaving the plasma compartment
were equal In one of the curves (no 1) which was followed long enough after the end
of the infusion the decreased exp lly (with 2 half hfc of 32 min
(A = 0022]; Ths suggests that the level was regulated by 3 7
process (first order kinetic! When the muddle fraction 1G concentration was at 3 con
stant Jevel during the mfusion there was a delay of about 15 mun at the end of th*in
tuston, until the concentration started to decrease (no 1 Fig 1) This suggests that ‘1:
muddle fraction TG concentration 1 not directly dependent upon the top fraction T
concentration. ooung P

In group-B (3 1nfusion penods) there were also two middle fraction curves ¢ e
1o a constant level dunng the first penod (first order binetic) During two consec!
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penods the concentration scemed to increase 1 a lincar way {zero order kincuc)
After the end of the infusion onc of the curves (no 5) fell in an apparently hnear way
‘This suggests that the kinetic for the muddle fraction TG may be the same as that for
the fat emulsion. This suggestion has been the subject of further studies (Hallberg 1965}

In group-B there was a TG m
the middle fractron after the first period m 5 of 6 peniods Thus kund of increas argues
agawnst contanunation of fat emulsion TG from the repeated primer doses and for the
opimuon that this fraction 1s recireulating TG

Bottom fraction TG The TG concentration 1n thus fractton increased slowly 1a all the
cases There were no definute trends in the curves and no conclusions concerning the
lunetics for this plasma fraction can be drawn from these expeniments The increase
per munute was of the same magmtude as that observed 1n the bottom fracton after
centnfugaton of plasma at 486 x 10 g men afier single wyection of fat emulsion
(Hallberg 1964)

This imvest gation was supported by a grant from Stockholms Stadskollegnm 1 thank Dr L.A.
Caglson for adv ce dunng this study
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Abstract

Hallberg D Studies on the el minat on of exogenous lipids from the blood stream The kinetics of the
elimunation of & fat emulsion studied by single tmection technigue vi man Acta physiol s and 196, 64
306—313 — The Jnetics of the elimmation of a fat emulsion (Intralipd®) from the biood
stream was studied after single 1njections to 10 fasung individuals Plasma tnglycerdes (TG)
were d by means { polyviny} density gradients into three fractions The
emulsion TG was found in the tap fraction of the gradient and endogenous plasma TG sepacated
1o two fractions which were found mn the lower part of the density gradient The unetics of the
emulsion TG fraction were composed of a zero order eliminauon rate at igh TG concentra

tions and a first order ehiminau n rate at low TG concentrations Intra individual vanations
were only observed in the zero order part of the kunetics the possible causes of these vanations
are discussed Changes 18 concentration of the kpids found in the lower part of the density
gradient were observed during the eltminaton of the emdsion TG from che cieeulation The
possibility that th  kineuc principle for one of these fractions (middle fracucn) s the same
as that ¢ thefat emulsion 13 discussed

The el curve for fat 1 leaving the blood stream after intravenout
1njection has been shown to be composed of 2 parts representing a zero order reaction
at hugh tnglycende (TG) concentrations and a first order reaction at low TG con
centrations The rate of the elimination 1s determined by one constant for cach order of
sreaction This was shown to be <alid 1 dogs (Carlson and Hallberg 1963) after nngle
jections of a fat emulsion The knetic of fat emulsion leaving the blood stream 1n
man could only be determuned after separation of emulsion from endogenous plasma T
a density gradient method with polyvinylpyrrolidone (PVP) described by Gordis in
1962 (Hallberg 1964) With this method 1t was shown that the kineuc principle ',"
nan for fat emulsion Jeaving the bfood stream was the same as that n dogs after single
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‘Taste I Rate constants for the removal of mjected fat emuls on from pl2sma n man Calen
Iauons are made on the curve for the TG concentration in the top fraction after
PVP density gradient scparation of plasma

Dose Ryt T2 Kt

Caseno glkg mmole/ljmn  mn fran memolef1
1 03 (>040) 6 012 (>40)
2 03 on 1 006 175

3 03 008 1B 004 20

4 03 {>010) 17 004 {>25)
5 03 009 10 oo7 130

By =Maximal removal 7ate 1 ¢ rate for I near phase Figures withun parenthescs are eal

=¥Fractional removal rate 3 e rate for cxponential phase
= Cntical glycende where linear phase changes atto
exponential phase Figures 1n parentheses are taken from the hnghest value 1n the ex
‘Ponental part of the cune

Taste 1T Rate constants on different days for the removal of inyceted fat emulsion from plasma
in man Calculations are made on the curve for the TG concentration m the top
fraction after PVP denuty grad ent separation of plasma

Dose N T12 S
Casemo  gjkg mmole/lfran  Dun Jmun mmole/1
S A 03 013 13 005 260

B 03 (>015) 13 005 (>30)
LA 03 010 9 008 13

B 03 {>037) 9 002 (>40)

[+ 03 006 9 008 078
LAY 03 (>006) 17 004 (>15)

B 05 007 17 004 18
9A 02 (>007) 12 006 (>12)

B 05 (>017) 12 006 (>30)
10 05 006 I 004 154

B 02  004) 19 004 (~10)

K =“Maxumal removal ate 1 e rate for Lnear phase Fgures with n parentheses are eal
culated from G —&

N =Fracuonal emoalrate ¢ rate for exponential phase

C= Cnucal concentraton  glyceride concentraton where 1 near phase changes nto ex
Ponential phase Figures in parentheses are taken from the highest value of the ex
Pponental part of the curve
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mjections The kinetic was also confirmed m man by a technique with constant 1 +
nfusion of the fat emulsion (Hallberg 1965)

Bierman Gordis and Hamlin (1962) demonstrated with the PVP gradtent method
that during ahmentary kpaem:a a rectreulating ipid fraction called secondary particles
was present This was found m the middle fraction of the gradient tube Dunng the
elimination of the fat emulsion both after smgle injections and during constant infusions
1t was observed that the biprd concentration mn the endegenous plasma TG fractions 1n
the PVP gradient changed (Hallberg 1964 1963) Thus suggests a recirculation of the
emulsion TG into the blood stream It was also observed that there were inter as well
asintra indwvidual 1n the el curves The amm of the present workwas
to extend these studies withsingle 1 v injection of 2 fat emulston Data for the recrrculat
ing TG fractions observed in the present work wall also be discussed

Material and methods

Procedures 16 studics were made n 10 subjects Some ind viduals were investigated 2 or 3
tumes with intervals of at least 3 days usually 7 days After an overmight fast individuals in
good general conditions were gaven varying doses of the fat emulsion (Intralipid® 20 11 v
mtoan arm ven The amounts of given fat emulsion are set out tn Table I and IT Onendy 1dual
had fasted longer as stated below The mjection time was less than 2 min Blood samples were
drawn at iatervals from a permanent necdle 1n a vein 1n the otherarm The blood was collected
m chilled hepartmzed tubes and stored in ice water not longer than ¢ hrs before extraction
After the test all samples were centrifuged to scparate off the plasma at 400 g min (¢ mun
according to Dole and Hamlm 1962)

The TG concentrat on 1 as determined on plasma before and on the three fractions after
separation of plasma in PVP dens ty grachents

4nalytical methods AN TG deterrmations were made by Carlson s (1963) method The mean
of triple determunations on each extract are given Many of the plasmas were extracted in du
pheate The fract onat an of plasma 1n 'V P gradients was made by a quanutauve modificat on
of amethod described by Gordis an 1962 (Hailberg 1964) The PVP gradicnt separates ipacm ¢
plasma into three fracuons 1 Top fraction 1n the gradient tube this fraction contans the emul
sion TG (Hallberg 1961) 2 \luddle.f action 1n the grad ent tube this fractron contaws a partol
the endogenous lipds 3 Bottom fraction i the gradient tube  thus fraction contatns the bulk of
endogenous iprds The different fractions were separated with a tube sl cer and by puncture
of the plastic tubes with & needle The errors of the analyses have been given earl er (Hallberg
1964) Samples with recovery out of 103 + 20 were excluded

Calculations end d fimtions  All results were plotted on graphs TG concentration yersus time
on hnear and semilog scales The slope of a hnear curve on a hnear scale 15 des gnated
(mmole/l plasmafmin) (zcro order k netic) The slope of a hinear curve on a semilog scale 15
called K., (per mim) (exponential or first order kinetic) The concentration where the curves
change order of reaction 1s called the critical concentration (G mmole/l) and can be deter
mined by the formula ky C =K In those curves showing only an exponentral ebminatien
rate the h was esnmated from the highest concentration of the exponential part of the curve
These esymated figures give a mumimum value of G and thus also a mumura value of b

The curves for muddle and bottom fract on TG arc 1n the figures drawn with mierrupt
lines

Results
The ehmination curves were all complex as judged from the cunes for the con
centration of total TG 1n plasma as described earlier (Hallberg 1964) Results from
each of the three fractions denved by separation of plasma in the PV P gradient wilt be

presented here

+The emulsion (Schuberth and Wretlind 1961) was kindly supphed by A B Vitrum Stock
holm



ELIMINATION OF ENOGENOUS LIPIDS IV MAN 309
4 B
IR Ea o mmeasm o s
“ - oo e m
\\ [, \ e e @
\\ \ o~ <
IS '
I & R N \5-
JOR .
» N
4 -
{ R
r
° ks
:m]
o ] w0 e 028 = <

Fig 1 Elinunation from the blood stream of ntravenously mjected fit emulsion (03 g fat/kg
caseno 8\} 4 The tnghycende concentration in plasma before and afier s paration 1 PVE
grad ents mto shree fract ons in semtlogarshmic scale B Changes from preinjection value in
nglyceride concentration in the three grad ent fractions in fig A

] \\A

4
[

1

s
-

i

[

3

AN
\

Top ®
. " ) m‘!] N
N N
N e |

\ '
\

)\ ©

A\

% -

o5 e e

% CAELT)

Fg ! Elim nation from the blood tream of ntraven usly ujected fat emuls o (05 g far'kg
D,

grad ents into theer fract ats a emidoganthm

e trglyc nde con entration 10 plisma bef ¢

nd after separauon 1 FV P

scate B Changes from pre ag cuon \alu 10

NEhyee le concentrat n o the three grad ent fract onain fic \ Sem loganthmie scale



310 DAG HALLBERG

a1 &
5,7\ L
% 2 A \ sun
20 R .
8 o
ot ,
f - %,
| ~
' B .
w e i
& 1)
-
o
o Y
4 A
sesd b \ -
P R L

Fig 3 Elmunation from the blood stream of sntray, enowsly anjected fat emulsion (A 0 2 g fatfig
€asc 1o SA BOSg fatlkg caseno 9B) Changes from pranjection value in trigly cende con
ccx;trzuon of plasma afier separation mio three fractions i Py P gradients Semafoganthmic
scale

Top fraction Thus fraction s she gradient represents the fat emulsion TG 1n plasma
(Hallbery 1964} Fhe ehmnanon cunve was composed of a Linear part at high TG
e and an pactatlow TG 8 umes in 7 subjectzas
described earlier {Hallberg 196%) Al the other times the climnation curves were
exponential The camposite curves confirmed the kinetic pnnciple earber desenbed wath
a zero order kinetic at high concentrations and a {ist order kinetsc at low concentra
tions The cl on were calculated tn each case and are set out m Table

between @ 04and 0 12 per min There weremter as well asintra mdividual vartations in
the curves Intra indndual \anations were found in the zero order part (R,) of the
elmunation curves 1n case no 7 The fust order parts (K;) were identical withan each of
the 5 subjects i estigated more than ance (Table 1)

Casc no 8 with 2 single exponential ehmnation curve with the smalfer dose was
Femvestigated with a targer dose and then the curve showed both orders of ehmina
ton (Fig 1% and 24, K, was the same (0 04/mun) 1n both studres

Case 2o 7 was miestigated 3 times with the same dose and underwent a chole
cystectoms i the first mterval and had no food for the first 2 postoperatne days The
slopes of the exponenual pan (R ) of the curves were tdentscal on these 3 occasions
Howerer the constant for the zero order part of the curve (k) showed sanatons
between 0 06 mmole/limun and up to more than 0 32 mmolef/iymn see Table I

Muddle fraction This fraction in the PA P gradient represents a part of the endogenons
plasma hipids Dunng the ehmiaton of the fat emulsion the concentravion of the
muddle fraction TG w as it mereanng (Fig 13} then in some cases remaining ata
plateas {¢ g Fig 2} and thercafter decreaning In order ta estimate changes i middle
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fraction TG concentration dunng disappearance of TG n the top fractian the middle
fractom concentranions mpuy the fastung concentration were plotted aganst ume on
semloganthmme scales for all curves {e g Fig 1B 2B 3) The decseaung parts of
1) curves 50 d were compauble with an 1 decay with a half life
between 20 and 40 mun The other 5 subjects were euther ot followed Jong enough to
reach the decreanng past of the curve or the points did not permrt 2 Judgement of the
shape of the curses The curve for the top fraction TG concentration crossed the curve
for the erease 1 middle fraction TG concentration faurdy well at ts peak (Fig 1B 3A)
The response 1n the muddie fraction TG ta dufferent doses of fat emulsion i tHustrated in
Fig §and? {caseno 8) andin Fag 3 {rase no 9) The muddle fraction TG seemn
both cases to increase up to the same Ievel with the different doses but wath the higher
doses the nuddte fraction yemams fonger at this level (Frgs 2B and 3B)

Bottott frazhon "Thus fractson in the PVP gradient contans endogenous Lipoproteins
The iyection of fat emulsion caused tnereases w TG concentration sn all cases These
chaoges were always smaller than those in the middle fraction and the peak if present
appeared atalater ime 42 the end of the axp the ¢ was &

0 most cases Whether this decrease is exponential or not canact be desermined from
the present expenments The wmter 2s well as intra mdividual vanations were not 5o
marked axn the sop and muddle fractons  Mier subtracuon of the fasting concentra
to the peak of the mcrease comerded sn most cases with the decreasing pact of the
cunve for the merease of the middle fraction In two enstanees hawever the mammal
wareases &id oot cancide with the muddle fraction (Frgs 28 and 3By

Duscussion

Ebenation of the fat exulsvare {gop fraction)

The Jisetic prnciple described earbier for climmaton of a fat emulaon from the
arenlation (Carlson and Hallberg 1963 Haliberg 1064 1963) was venficdin ths unests
Bauon The imnterpretation of cusves shovang only exponeatial ehmunation rates 1
Probably that the g en amount of fat was too small for the plasma concentration of Tt
10 reach the  crtwal concentration  where the maxmal elmunsuan caxe acte (zevo

order kinetic) The validity of th I 15 4] d by casene 8 both
Bpes of curves wuth different doses (Fig 1 and 2)
There wese mter as well as mtra wdndual ans 10 the rates The

otea indwsdual vanatians were only found in the maxioal semos al capacitiey thy zero
order part of the kinetics) The slopes of the exponennal part of the curves (A} did not
Yary from time 2o tume t cases i estgated mare than once One case (no 7 shawed an
wereased yemosal gapacity 2 days after an op for galk and d
fractional remonal rate The cause of the merease i the remonal capacsty may be esther
the trauma or ¢ g the differcnce 1 nutngonal state s the other cawsalashowed

vAnatons without trauma the nutnitonal state may be of importance in the rrgula
twnof k,

Rea culating tipids (ouddle and bottom [ action}

The relanon between the changes 10 1 pig concenirations in the thrre gradirnt frac
Lo seemy tn most canves to be close 10 a precunior product relationsh pasdescribed by
Zilversout of of  §943  The cunes fulfil the requ rements that R g <1363 staies for
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such a relationshtp  Each successive peak 1s lower than the last the precursor curve
cros. es the product curve at the p comes sooner than the
product maximum  There are however some curves that do not fit 1nto this system
(Fig 2B and 3B) The mathematical precursor product equation by Zilversmut dots
not take a zero order kinetic for the precursor into consideration

Let us assume that the fat 1si0n passes from the ! 1nto a pool (the lver’)
which transforms 1t into hipids that reappear 1n the airculation and possess properties
simular to those of the middle fraction pids Then zero order kinetic for the cimulsion
1n plasma will act as a constant infusion 1nto the pool and the product from that pool
will act as a constant mfusion into the it Ths 1s supported by ex
peniments with constant snfusion of fat emulsion (Hallberg 1965) In those studics it
was observed that at the end of the infusion there was a delay unti] the middle frae
uon decayed in concentration The delay can be explained by the presence of 3 pool
between the top fraction TG znd the middle fraction TG Such a pool can of courseabo
explamn deviations from the ideal precursor product relationship

The possibility that the kinetic principle for muiddle fraction hipids i plasma 1sthe
same as that for the emulsion 1s supported by other observations during the expenments
with constant mnfusions At low wnfusion rate of the fat emulsion the middle fracton
remained at 4 constant level (first order reaction) and at the end of the infusion afier
the delay 1t seemed to decrease exponentally (first order reaction) At higher infusion
rates the muddle fraction nereased linearly suggestutg a zero order kinetie In the
present study the shape of the middle fraction curves in Fig 1 2 and 3 supports these
possibiliies

The concentration of TG m the bottom fraction also changed during the elminz
ton of the fat emulsion From the shape of the curve for the changes i concentra
tion and according to the quoted statement by Riggs 1tseems that this Lipid fraction
conwains recirculating matenal from the middle fraction From the present study 1t 5
mmpossible to draw any further concl the kinettc principles goverming
this fraction

The earher concept that the ehmnation rate for chvlomicrons and fat emuls
determined by the dose (French and Morns 197 Edgren 1960 Bierman and Hamln
1962) may have a biol by t of zero order and first order
fnneucs for precussor and product in different pools

200 18

Thus imvest gation was supported by a grant from Stockholms Stadskollegium I thank Dr L &
Carlson for advice during thus study
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Abstract

Neelsen B and M Nielsen On the regulanion of sueat secretion w ¢xereise Acta physiol seand
1965 64 314322 — Wath exception of the first few minutes of muscular exercise the sweat
rate both in the work and the recovery perod was found to follow closcly the changes in deep
esophageal and tympanic temperatures — In the steady state of work of vartous intensities per
formed ata constant environnicntal temperature the mean skin (emperature remained constant
whereas there was a hinear relationship between sweat rate and internal temperatures meanred
as rectal esophageal and tympanic temperatures In the steady mate of work of constant 1n
tensity but at vartous environmental temperatures (+ C to 30 C} the mternal temperatures
(rectal esophageal and tympanic) remained constant and the sweat rate (150 to 750 g per hr)
increased ncarly hnearly with mean skin “The mean skin temp
was_however even 3t 30 Camb temp lower than that at which sweating was ¢l cited m rest
— Ebmnavan of the temperature gradicnt along the esophagus by breathing are ssturaled
with water vapor at body temperature had no effect on eithier sweat rate or tympanic and
other internal temperatures The effect of vigorous cooling of 1f ¢ neck over the carotd arterics
was only small

Durning muscular exercise the body temperature increases to a new Ievel the height
of which s dependent on the mtensity of work (kpm per min or O, uptake per min)

At constant work intensity the d body 1 § at the same
Terel tnd of wide v tions ! (M Nielsen 1938)
The large changes 1n heat loss by radiation and convection called forth by the vana
tons n ! were exactly d by thanges 10

evaporation of sweat These results 1ndicate hat the increase of body temperature i
exercise 13 not due to a fatlure of heat regulation but is due to a change mn the setung
of the segulatory mecharusm This view 13 supported by experiments of Winslow and
Gags,c 194] Robinson 1949 VWyndham o a/ 1952 and Lind 1963 The temperataf®
10 the decp part of the esophagus considered to be a 500d mdex of the zoruic blood
temperature showed the same ! of em t ey 2y dd the
sectal temperature (B Nelsen and M “ielsen 19062 Minard and Gopman 1963
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Recently Benzinger (1953 and 1960) found that changes in sweat secretion caused
by m the 1} by work or by combination of both
were very closely correlated 10 changes i the d at the D
membrane He proposed that changes in sweat secretwon exclustvely depend on the
temperatuce of the  heat foss centre in the antenor hypothalamus He constdered the

of the tymp b a good index of the hypothalamic temperature
as these two organs both are supphed with blood from the intemal carotid artery
Benmingers theory seems to be in couteast to the above mentioned expertments in
which large vanations in sweat producuien were found during swork of constant intensity
preformed at varying external temperatures sn spite of the fact that the internal
{rectal or esophageal) temperature remained constant

In the expennments presented i this veport we have studied the correlavon between
sweat secrenon and rectal 1 and skin temng m rest and
dunng work The work experiments were performed both with constant wark mtensity
2t vatied envionmental temperature and with vared work intenuty at constant en
vironmental temperature Further we basve attempied to duminssh or (0 increase the
€aoliog of the blood which possibly occurs on its passage from the trunk to the head

Methads

“The rectal temperature was measu od at 4 &ifferent depths and the esophageal temperature
Just above the duagh & bed by B ! 4\ Nielen (196%) The tympamc temp-
€rature was mea ured by means of a thermocouple consisting of a 0 08 mm thick copper wive
and a 0 09 mes thick rorstantan wire the Junction of whech was sofdered to 2 small s )I:cerpme
{13 mman dameter and 0 4 mm thick) The 15 ¢m Jong wires were rolled up nto a 3 om Jong
*p1 31 and mounted 1n a polyethylene Tube from which about 2 mm of the spiral beanng the
sbemlate protruded The thun copper and constantan wires formug the thermojuncvon
were isolated from cables contamn ng 6 strands of copper or constantan False yuncuions between

¢ thin wires and 1he cable were thus avo ded The polyethylene tube was wound with cotton
50 that afier the insertion ot fitted ughsly to the auditory meatus The most reproducible results
Were gbtained when the subject h mself brought the thermocouple 1n full contact with the tym
Panic membrane a couple of m nutes before each measurement By pullng the ex lobe upward
the meatus way straghtened while the thermocouple was mo ed the last fraction of 2 mm untt
the characternst « shebtly painfl sensation was felf

N 1emperature was meawred esthes by a plco by ath,

Tectrver on 15 d fferent places (head 2 trunk 7 upper extremuty 3 and lower extremy iy 3

€ mean skin temperats ¢ way cajcufated by weigh ng the measurements m proportion to
the tize of the correspanding aveas {Hardy and DuBois 1938) The sk n thermocouple was made
by stretch ng a thun copper and a th n constantan wise over the end of 2 short hallow plastic
Sinder (d ameter £ 9 -m) so that they crossed on anather m a thermagunction 9 the venire of
the cylinder opening The evlinder wa furnshied with a 13 cm Jong handle throueh which
the connecting w res passed. W th fhus on thermocouple 2 constant read ng could be obtauned
within a couple of scconds afier the pparatus was placed aga nst the sk and the megsure
ments were practically unafl cied hv small vanations n the exerted p esure Further heat
conduct on from the 1hermojuncuon was minsmized because the ad] cent wr es wete o contact
with the skin dunng the measurement

As 13d anion rece ver was used a Moll thermop le rlarge syef ce termopife E; h pp and
Zofien) The appacstus was nsalated wish plastc fam enciosed 1 2 covering of polshed afs
T tum from whch the reflector provruded * mm Yo protect the thermop! agamnst ax
U Tens the aperture of th reflecto wa co ered bya ilnof plofiln (th ckeess about 10 )
The time of respanse was only > ~7 sec and was only slightly n ressed by use af the  phofilm
The radiat on from the skn was n 2 b senes of meanrement thead trunk #1c ) compared
“ih the rad suan from tw_ bla k bod es at femperstures 2 few degrees above respecn cly
Below the skin temperatu ¢ The rad omet  was prov ded w th > smaff plast ¢ pins by means of
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Tig 1 The rate of weght
€ loss {x) and theaverageof

the rectal temperatures (0)
1ce deep esophageal termpera

tures (@) tympanic tem

peratures (A) and mean

skin temperatures (+) be
D20 fore duning and after 60 mn
of work at an mtenxity of 300
kpm per nun (O, uptake2 11
O permun) 5 exps Eav
ronmental lemperature 20 C
Forced a;r movement during
and after the work penod
Subgeet H N

which the reflector could be held 2 10 3 mm above the skin without direct contact

The experments were performed on a hrogh bicycle ergometer 1 which the saddle had been
replaced by an armchair Ihe werght loss was measured continuously during and after the work
perrod by means of the hrogh balance (hrogh and Trofle 1936) i which 1t ¢ brcycle ergometer
was suspended as described by M Niclsen 1938 The error on the weight loss determinat ons
was less than 5 g during work The sweat secretion was determmed from the total weight loss
by substracung the weight loss duc to the respiratory gas exchange and water loss The respirs
tory gas exchange was determined by the Douglas bag method In most expenments an efectsse 1
fan directed towards the subject and producing an ar movement of about 0 3—1 mjscc 1
chest height was used

Expeniments in which the subject breathed arr saturased with v ater vapor were carricd out
as described by B Nielsen and M Niclsen (1962) Coot ng of the carotid blood was wtempted
by placing copper capsules which could be perfused with sahine of § G on the neck over the
carotid arterses The capsules were about 5 cm long and 2 em wide and with rounded edges

The experiments were carnied out 1 a chmatic chamber (¢f B Daelsen and M N clsen
1962) The subjects were young male students (O A 21 years 77 kg 183 cm DuBos area
198 m_acrobic work capacity about 441 Q jmin H N 22 years 59 kg 174 em DuBon
arca 1 71 m  aerobic work capactty abour 2 510ymin J \ ?iyears 78kg 178 em DuBors
arca 1 96 m ) On entening the chimatic chamber the subjects were placed in the ergameter
charr and after 15—20 mun of rest the imitial were made diately after
that work was started In the rest experiments the subjecty were Jying, on a bed of rubber bards
fastened t0 4 wooden frame suspended from the balance and usually a prehimnary peniod of
60 mun pre eded the expenmental period

Results

Iig | shows the rate of weight loss (g per br) and the averaged rectal esophageal
tympanmic and mean skin temperatures from o expts on H N wath 2 work intenuty

800 kpm/tmn (O uptake 2 1 lfmun} and an environmental temperature of 20 € In
g 2 15 shown the rate of wesght loss the rectal and the esophageal temperatutes 1
2 senes of 5 expts cach with the same work intensity on subjects O A one senes
performed at 20 C and the other at 375 C environmental temprrature Tt ¢an be
seen from Fig 1 that the changesn tymy and m esophageal termpers
ture both at the onset and at the end of work occur faster than the changes in rectal
temperature In the work period the tympanic temperanrre level as dower than the
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Fg 2 The rate of we ght loss the esop! 1 and the recsal before dunng and
after 60 m n of work at an intensity of 900 kpm per mun 5 expts at 20 C environ nental tem
Perature (O) and 5at 375 C (@)

Subject O A

esophageal temperature level which again 1s lov er than the rectal temperature level
The mean skin

falls derably at the of the work partly due
10 the air movements caused by the start of the electncal fan At the end of work the
Mean skin temperature agamn increases hat 1n spite of the forced

2ir movement. The rate of weight loss begins to increase smmediately at the start of
work whereas the increase of the mternal temperatures both at 20 Cand at 375 C
<nvironmental temperatures arc 15 to 2 nun delayed After this iminal penod the
¢hanges in the rate ol werght loss seem 6o run 1a parallel to the changes tn the esophageal
and tympanic temperatures both durng the rest of the work period and 1n the recovery
Period. This time-relation between changes m rate of weight loss and changes n
internal temperatures ts found both 1 the experimenss a1 20 Cand 375 C emvuron
mental temperature in spite of the Jarge differences i rates of + eight loss exusting at
the two temperatures (Fig 2)

1 expeniments in which the work intensity vaned from 540 to 1 430 kpm per mun
3t a constant environmental temperature of about 70 C, the rate of s eat secretion
‘ncreases knearly with both rectal, esophageal and tympanic temperature (fig 31 The
slope of the curve relaung s eat seeretion to rectal temperature is 30——40 per cent less
than that of the other 2 curyes This dufference in the slopes can not be taken as evidence
for a greater sensiinaty of the sweaung mechanism to changes in esophageal and tvm
Panic temperature It is 1n agreement with the findings that the recial temperature 1s

relauvely high because 1t 13 influenged by the s-arm blood from the working muscles
{B Niclsen and \[ \ielsen 1967)
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Fig 4 Thesteadystatevalues
of sweat rate plotted aganst
the conesponding values

tympanic  deep esophageal
and  rectal  tamperature
ork sntensity 900 kpm per
mn Emvironmental semptt
ature from 3 Cto 373 -
Expertraents wath forced air
movement (@} and without
-

Subject O 4

“The rate of sweating w selation to rectal h ¥ and l"‘
the steady state of work of 900 kpm per min a1 emvironmental temperatures betaeen
5 Cand 375 Cuspresented in Fig 4 The sweat Joss vanes betwcen 125 and 1070g

per hr while the rectal and the csophageal temperatures are constant. Also the
scems to be | By constant except in the Jowest range of

w3l secretion

Fig 5 shows the rate of swear seereion i relation to mean skin temperatures
under dufferent condsmons of rest and exercise The determinations are from the same
cxpeniments as those presented 10 Fig 3 and 4 With constant work insensity the 1ueat
SECTENON IDCTCAses nearlv boearly with mean skin temperature Abo dunng sest at
¥ the sweat secrenon 1s related to the mean skt
temperature The slan temperature at which a certam rate of sweat secrction 13 ehated
15 howerer much hagher 1 the resung than mn the working conditon In the exprn
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Fg 5 Thestcady state values of
sweat rate plotted against the
corresponcing values of mean
sn temperature {Q) workn
tensity from 540 kpm per mun to
1440 kpm per mun at constant
environmental temperature of
20 C (@) constant work mten
sity (900 kpm per mun) at en
vironmental temperatures fror
5Ct030 C (x) rest cxpert
ments at _cnvironmental tem
peratures from 25 Cto 44 C.
Subject O A

Tase T
Breathing water vapor Control
[°]
& Weight Forced Waght Forced
£ . H Tossg  air Jossg  ar
E - per 65 move per 65 mose
@ & TR Tey Tympmm ment T Tos Toymp oun  ment
10 ©A 900 3805 3783 3707 260 -+ 3793 3777 (-} 272+
3780 3775 (—) 218+
10 HN 720 378! 3738 3710 209 -~ 3819 3775 3738 1) -
3797 3760 3720 260 3813 3782 3733 223 —
20 04 1030 3307 3773 3738 613 - 3812 37,3 3737 586 &
3809 3778 3765 614 3827 379° 3767 613 +
" HN %0 3783 3732 3730 383 - 3793 3744 3735 388 —
3790 3748 3745 39 3798 3758 3747 378 —
3778 3730 3727 379 — 3775 3740 3725 399

ments performed at constant emironmental temperature the mean skin temperatyre
Temaimns constant at all work mtensities (540 to 1 440 kpm per mun)

In 8 expts a cooling effect from the respiratory passages on the artenal blood to
the head was prevented by breathing air saturated with water vapo at body tempera
ture (table 1) Both the rate of wesght loss and the internal (emperatures are of the
same magmitude as in the control expeniments with normal wnspired atr

Further a cooling of the carond blood was attempted {Fig 6) Although the temper
2wre between the cooling capsules and the skin was held at about 6 C for 15 min m
the steady state persod of work there was only a small effect on the iaternal tempera
tures and on the rate of weight loss
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Discussion

The expeniments here presented show that except at the very begmning of work the
changes tn sweat production during and alter a work period 1s closely correlated in time
to changes n mternal p as the deep h { an

the tympanic temperature (Fig 1 and 2) At the same environmental temperature the
different rates of sweating caused by different work ntensiues are hinearly correlated
to the observed changes in internal temperatures (Itg 3) So far the experrments arcn
agreement with the view that changes in the rate of sweating, are regulated by the
hypothalamic temperature (Benzinyer 1959 and 1960} But the results of the cxpent

ments with work at constant rate at varying environmental temperatures (g 4) arc
n contrast to this theory This 1s possibly because the work intensity was much higher
{900 kpm per min in our experiments versus 300 and 150 kpm per mun in Benzinger 8}
and because part of our experiments were performed n cooler envitenments than
Benzinger s In the present experiments (Fig 4) the rate of sweat secretion ncreased
from 150 to 1 070 g per hr while the rectal temperature and the deep esophageal terd

perature  which can be considered a good index of the aortie blood temperature

remained constant At sweat rates between about 200 and 700 g per br also the tympamt
temperature seemed to remam unchanged Corresponding results were obtained i
experiments with another subject The esophageal temy seatter ¢ bt

fess than the cardrum temperaturer and the deterrmnations in g 4 topether with a
large material published ezclier (B Neclsen and M Neclsen 1962) show wath gredt
probabulity that the steady state work level of aortic biood tempernure — iude 2 wide
range — 18 pendent of the 1 It might be thought that
a coching of the arterial blood takes place durmg 1ts passage from the trunk to the head
and that this cooling might be different under vanious conditsons However expert

ments in which the subjects breathed air saturated with water vapor at body wempera
ture showed that the climmation of the cooling from the respiratory passages did not
snerease cither the rate of sweat secretion or the tympame temperature { Fable §)
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Further a strong cooling of the skin above the carond artenes (temperature 5—6 C
between skin and cooling capsules for 15 min during the steady state of work) had enly
a small cffect on sweat secretion and practically no effect on the tympanic temperature
1t seems therefore reasonable to assume that the vananons found in sweat secretion
at constant work rate are not caused by changes 1n hypothalamic or other internal
temperatures That large increases in heat dissipating responses can occur without any
merease in hypothalamic temperature are shown In recent experiments by Hammel
etal {1963) who found that resting dogs panting 1n hot environments had the same or
evenalower hypothalamic temperature than when shivenng in the cold

While the internal temperatures and therefore probably the sumulus for the central
receptors in hypothalamus at the same v ork intensity at vaned environmental tempera
tures rematns constant the skin temperature varies considerably and Fig 5 shows that
the rate of sweat secretion mncreases nearly linearly with an increase in mean skin
femperature The changes 1n the rate of sweating in this condition micht therefore be
thought to be influenced by the chanves in skin temperature

Benzinger m recent publications (1962 and 1963) pomts out that although the
changes 1n the rate of sweat secretion are normally caused by changes m hypothalamic

a certain mhib: of the heat d; responses can be cheted from
skin receptors at skin temperatures below the threshold for cold reception (about 33 G
1 Benzinger s expenments)

In our expenments with constant work rate carned out at vaned environmental
temperature the internal thermal stimulus for sweat secretion 1 the steady state
(whether acting 1 the hypothalamus or elsewhere 1 the corc of the body) remamed
ata constant raised level 1n spite of the large vanations in sweat rate 150 o 1020 g
Per hr) The mean skin temperature was not measured 1 the work expeniment at
375 C but 1n all the work experuments at temperatures between 5 and 30 C 1t
vaned between 23 and 32 G ¢ ¢ 1t was always lower than the value (35 C) at which
Swtatng began n the resting condition {Fig 5) IF therefore the changes in sweat
secretion are governed only by the mnternal temperatures and by the temperatures of
the skin receptors (as expressed by the mean skin temperature) the entire vanation in
© eatrate (Fig 5) duning v ork performed at a constant rate thercfore seems to be due
103 vaned degrec of inhibition from the skin receptors But 1t then seems strange that
such 2 vanauon 1n inhibition has the effect that the mternal temperature at the same
work rate increases to the same level at so different conditions for heat loss  Fhe tem
Perature of the skin receptors must of course be somewhat higher than the temperature
of the skin surface above the receptors and this temperature difference must be the
higher the greater the work intensity Based on cxpeniments at rest and duning work in
Warm environments herstake (1955) for arded the hypothesis that the rate of sweat
Production may be controlled solely by the temperature of the nerve endings situated
at about the level of the superficial plexus in the dermis However in our expeniments
{Fig 2) which are 1n cool or 1y warm the

tween mean skin temperature in rest and dunng work 1s 5o large at a centain rate of
Sweat production that the regulation of the rate of sweat production hardly can be ex
Plained by this hypothesss

As mentioned above (p 000) a hinear relation exists between sweat rate and nternal
ftemperatures when different rates of work are performed at the same environmental
temperature sn which case the skin temperature remains constant The increase 1n
Tweat secretion in these conditions mught thercfore be caused wholly o at least partly

NG 41 phyrel e 4464
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by the increase in nternal temperature However the possibility cxsts that other
factors related to the intensity of work contribute to the mcrease 1n sweat rate as
proposed by Robinson (1949 and 1962} and that such factors also are of importance
for the adsustment of the constant mternal temperature Ievel found when work of the
same ntensity 1s perfe d at vartous \ The fact that the
rate of sweat secretion increases almost immediately at the start of work whereas the
nse of wnternal temperatures lags behind for a couple of mnutes (Meyer 2 of {196%)

Beaurmont and Bullard (1963) and Fig 1 and 2 1n this paper} ponts to the existence of
such factors Expermments in a following paper (B Niclsen and M Nielsen 1965) indi

cate haweier that in the steady state of work neuromuscular factors are only of minor
importance for the magnrtude of the rate of sweating
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Abstract

Nicken B and \{ Nuelsen Influence of pa s ¢ and active keat ng on the lempe atu ¢ re ulation of man

Acta physiol, scand 1965 64 323—331 — The effect of passive heating through d atherra
on therm regulatory responses 15 compared ta the effect of acti ¢ heating by exercise on a
hrogh b cyele ergometer 1n 2 human subjects The rate of heat production 1n the two condinions
was of the same magn tude ( bout 5 tumes the basal heat production) — The rectal tempera

ture mncrea ed with passive heating to about the same level as dunng act ¢ heating and ap-
pea ed within i mits to be of the At the same mean
skin temperature conductance and sweat rate with passive and actve heatmg were much h gher
than during normal rest But in the two cond tions of heating the rates of skin blood Bow were
cqual and the rates of sweat ng not much different when compared at the same mean skin
temperature The results ind cate therefore that the ma n stumulus for the mcrease of heat
dis pation during the steady state of wo k caused by the work 1ts If 1s the increased nternal
temperatu ¢ and that the changes in heat dussipat on during work caused by changes n the
€nvironmental temperature withit wide 1 m ts are mainly due to changes 1n skin temperature

Thermoregulatory responses to warm environments or to muscular excrase are gener
ally thought 1o be governed partly by changes in the tempesature of the blood acting
on the thermosensitne regions of the hvpothalamus and partly by afferent mmpulses
from h P lated by 1ncreases in the skin temperature (ef
reviews by Bazett 1949 Robinson 1949 and Hardy 1961)

In 1959 and 1960 Benzinger suggested that changes m heat dissipation exclusively
depend on the 1n the antenor but later (B 1963)
Pomted out that a certan imhibstion of sweating occurs v hen the skin temperature be
comes Io ser than the threshold for cold reception B “ielsen and M elsen (1964)
pomnted out that if the rate of sweating depends only on the internal temperature and on
the temperature of the skin receptors (represented by the mean skin temperatare) then
the entire vanation m sweat rate dunng work of constant intensity at environmental
femperatures between 5 € and 30 C must be regulated solely by the varying degrees
of intubition from the skin receptors But st scems diff cult from such a theory fo explam
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the fact that the internal temperature at the same work intensity increases to the same
level ind dent of wide mn \ and the possihility
that also other factors related to the intensity of work take part in the temperature
regulation during muscular exercise must be considered Robimson (1949 1962 1963)
Meyer et al (1962) and Beaumont and Bullard (1963) conclude from thetr expeniments
that neuromuscular reflexes may be myvolved

To examune this possibility we have pared the Yy responses to
active heating 1 ¢ muscular exercise with the responses to passine heating 1 ¢ du
thermia The work rate was adjusted so that the heat productton per mtnute was equal
to the heat production per mmute durmg diatherma (electrically anduced heat plus
merabolic heat)

Methods

In the work experiments the rectal temperature was measured thermoelectnically m 4 depths
as described earhier (B Miclsen and M Niclsen 1967) In the experiments with diathernua it
was found that thermocelectrsic measurements could not be performed because the thermo
couple 1tsell was heated i the nduction field and the rectal temperature was therefore
measured by means of a elimcal thermometer (This mcthod was mconvenient mn the work
experiments) Skin temperatures averaged from 15 different places and surrounding wall
{means of & of walls ceiling and floor) were determined by a ther

motlectric radtation recewver {ef B Niclsen and M Nielsen 1964) Changes in skin blood flow
were measured as changes in the | eat conductance of peripheral tssues 1 ¢ the total heat loss
per mof body sutface per G difference between rectal and mean skin temperature (Burton
193¢ Winslow Hermngton and Gagge 1939 and Hardy 1937) The work was performed on 2
Krogh bicycle ergometer and the sweat secretion and the gas exchange determined as described
0 the above mentoned arucle

In the expenments with electrical heating the subject was lymg on rubber bands fastened
to a wooden frame The frame v as suspended from the Arogh balance (Arogh and Trolle 1936)
for determinatio 1 of the weight loss

The artibaal heat ng was admnstered by means of 2 short wave therapy apparatuses
{Ultratherm 603 H and Ultratherm 525 E Siemens) One nduction cable was placed over
the chest and abdomen and the other under the rubber bands under the corresponding areas
of the back both 1n a distance of about 2 em from the skin Eachi of the cables was connected to
one apparatus The subject was protected from heat radiation from the short wave apparatuses
by screens covered by alsminium for

The heat production P during the electrical heating + ¢ the ¢lectrically induced heat + the
metabolic heat was determuned as

P=C+R+E—1H (equat 1
where P = total heat production m Kealfhe
& = convectiot heat loss >

radation  » » » »
E = evaporaon »  » y
1H = change 1n body heat contens » »
For determination of the conveetion and radtac on beat I ss the factor ki, Ry + as meas
ured 1n special experiments
xe m=StR
Ts—1a
where  Ts = mean skin temperatare
Ta = mean of air temperature and wall (emperature
The d fference between wail and ar temperature was i all experiments Jessthan 1 € (L )
was caleulated from the metabolic rate evaporatve heat |5 and change tn body heat cor tent
3t an ambuent temperature of '8 1030 C at which the subjects were in nearly thermal equ 1
For the work the factor was d at different
+ R) was then determined from this factor and the

i with the
©values of Ts — T _In the expenments (C
easured values of Ts and Ta
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The heat foss by evaporat on vas determined from the weight loss corvected for the we ght
<h nge due to the resp ratory gas exchange usisg the valuc 562 cal’g for the heat of cvapora
to The change in body heat content was calculated from the change i average body temper
ature mulbphed by weight and by the specific heat of the body (083) The average body
lcmrl}_xrzn.)\rc Tn was calculated by means of Surion s formula Tg = (030 x Tx + 065 x
¥ T eetal

Pr crdure The subgects armived 1n the worming semifasting rested fo 30 minutes at a com
friable temperature and then ente e the chmat ¢ chamber weanng shorts only whereupon
the electrical heating was started After a prelm nary period of heating of 30 mn the da
thermia was interrupted and measurements of we ght and seetal skin and wall temperatures
we ¢ performed as fast 25 poss blc (with n 5 m n) None of these measureme 1ts we € possible
whle'the short  ave apparatuses were tumed on The heat ng was then contmued for the

M 1 experimental peniad and the meastirements then repeated

The work experuments wer performed 1 a s milar manner wath 30 mn prelim nary work
2 dan expermental work period of 60 m 0 nterrupted by a pause of the same durat on as m
the duathermua expenments Duning the paus  and after the expenmental periods measure
m nis of we ght and rectal skin and wall temperatures were tak o t exactly the same t me
mternalsa in the diathe mia expenments Durmg the 60 min experumental work period these
measurements were cpeated with regular ntervals

The heat product an 1n the work experiments was calculated m the same vay as n the dia
thermia expersm nts us ng the measurements tzken 1 the pause and aftcr the exper mental
penod but with the exception that the calculat on of the heat Joss by rad at on + convect on
was based on the sh n tempe atures m asu ed dunng work The reason for th 1sth tthesudd n
cessation of mov ments changes the cond tions for the heat Joss by convection and thus causes
a rap d and cons derable mcrease of skin In the expe

ther hand the ciman  cond t ons does not change by the essation of the  1duction of heat
Controle penim nts n which skin temperatu es ere measured as £ equently as poss ble dunng
the frst 10 minutes after nterruption of the 1 ctn al heating showed that the mean sk a tom
perature ncreased only about 0 1 G f om the mnterruption of the d athermua unt 1 the term na
ton of the normal measurements Thissmall hange could be disceg. rded by the calculat on of
te heat loss by con ccuon + rad at on

Sneth sweat secrenion d m mishes rap dly after cessation of wo k and d atherm a the heat
loss by ev poratan is sl ghily und estmated because th weight loss  determ ned n the
Pause ndafie the expertment I pe 10d Duc (o the relatnety long duration of the expenmental
period the eror ho eve 3 only small and 15 the same n the work and n the diatherm a e
Periments

As subjects were used 7 oung male swdents (O A 21 years 77 1z 183 cm DuBoss area
198m and \J 19 years 76 kg 183 cm DuBoisa ca 19 m )
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Tanex |
Heat production healfhe
Feam Q From eguation 1
Work inten uptake @
Subjects sty kprafmin work ork Dratherma
oA %0 4038 3724 37163
n=8 n=10
SE=+94 SE =164
Al 670 3792 3576 3272
n=8 a=12
SE =437 SE=167
Results
Fig 1 shows the heat 3 {rom the wath clectnical heating and from.

the work experments in subject A J dietermined by means of quation | (see page 000)
1t 15 seen that the heat productionsin the two kinds of experiments are equal at all tem
peratures There 18 a shight merease m heat production with werease of envsronmentat
temperature Since the heat loss bath w subject A J (Fig 1) and in subject O A 1
of ambrent temy this small meresse 1n heat productson
12 passibly due to m the d of the change in heat content
The average values of heat production deterimned on bosis of heat loss from the diz
therma and the wark expenmenty in both subjects are equal and 1 both subjects are
abaut 7° smaller than the heat production detcrmued on basis of the oxygen con
sumpnon i the work expeniments (Table I) This difference 13 masnly due to the fact
that m the determenation of the heat loss penods before and after the expenmental

o ns
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i - ‘ £
{ 4
x!z s
¥ e
-

Fig 2 Rectal lcrnptx:nnr: i the steady state of tir cxpenment at different cove onmental
temperatures Svhyect O 3
@ active heaing Tacreased beat production

O passse heaung
% rest befare the expensment
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45288 mean ak n temperature Two tuby cte \J and O A

Acuve heatng  sol d symbols

Pass ve heatnng  open nvmbols

Persod are welisded 1n which the hrat Joms 15 reduced beeause of the Tapad decrease of
Sweat secretion after cessation of work and dratherma

When the heat production s the same the rectal temperature 1 e diathermua ex
Prriments sntreases to about the same level as in the work expenments aad the msed
temperature level appear w be ind of the ! temp
the range of temperature studied (abovi 10 Cw 2¢ G Fig 2 and 3}

mside
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Fig 5 Sweat rate plotted agamst mean skin temperature.

@ actve heaung
D Passive heatmg | Jnereased heat producuion
¥ stationary conditions of normal rest

e g et

Fig 6 Conductance plotted agamnst mean skin temperature

@ actroe heaung
O posene heatug | Inereased beat production

X stat onarv conditions of normal rest

In Fig 4 the skin temperatures (ayverage values of single measurements in both sub-
jects) of 1) trunk 2) head arms and bands and 3j lov er extrenuues are plotted agawrst
the ding mean skn fram the with actne and with
passne heatung At the same mean skin temperature the skin temperature of the trunk
1s lugher in the expeniments with diathermia than 1 the work experiments and the
average skin temperature of the head hands and arms are higher dunng work than
duning diathermsa This also apphes to the skin temperatures of the 3 regions head
hands and arms Iy The skin temg of the Jower are somenhat
lower than the c ding mean skin and are at the same mean skin
temperature almost the same in the work as in the iathermia expenments
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[2 Fir. 5 s shown the rlaror_omp Browees swm, e 2od mens s temsenaor m
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and Internal Medioine harolinska sjukhuset and hang Gustaf V Research Insutute Stock
holm Sweden

Cardiovascular and Metabolic Response to Infustons of
Prostaglandin E, and to Simultaneons Infusions of
Noradrenaline and Prostaglandin E; 1n Man
Prostaglandin and related factors 35
By
Sunz Bergstrow, Lars A Carison Lans-Gorax EeLusp and Laxrs Oro
R cened 4 November 1964

Abstract

Bergsrom 8 L A Caclson L & Ekclund and L Oro Cardwnastulor and metaboltc re » 2250
wfuvans f prosia londin B ant ta mfusions of and. fanda Ey o miet
Acta physiol scand 1963 64 332 339 — Lrostaglandin B, (PGE ) was infused at 1 rate of
01 02 ;glhg/mm nto 3 healihy fasting male subjects for 0 emn No cons: tent changes i
artrrial gressures sceurred The heart rate anereased about 20 beatymun The concentrition
of frec faity atids (FEA) 2nd of glycesol m plasa increased A sf ght mcrease i ovypen €o%
sumption was observed PGE, ifuse ) snultaneously v sth noradrenaline to 2 healthy fasog
nale subyects redu ed the 1 rease m arterial pressures seen when only sorzdrenaline w19
fused to these suberss Funth PGE fy wibubit 1 the J fine anduc
bradyveardia The mcrease s the concentration of FTA and glyeerol m plasma caused by o T
adrenal ne was only sightly reduced by PGE, PGE had no effect on the calorgense effect of

wradeenali

We have recently abserved that the prostaghandins F, T and E (1GF, eic anhidtt

the increase of blond pressuse ay well as the merease of the concentravon of free fath
acwds (TTA; and of glyeerol 1 the plasma of ancstethized dogs caused by taechol
amsnes ‘Bergstrom Carlson and Org 1964 a; Jt has also bren shown that PUE, m 147
inhibits the sismulauon of the releate of glycerol from rat acpose tiswe cawwd by
catecholamines (Stetnbere ¢ ol 1963 and 1964 a) ¥ rostaglandias have been sl onn 10
cause a prolonged fall 1 blood pressure on § v ijection in the sablit gad an the €t
{Luder 1939, Brrgsirom o af {1959) sofused prostaglandin £ to 2 human subjeets and
observed 30 increase i Heart rate and a moderate fall 1 svstemte actenal blood pres

sure and cardiac output

739
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In this paper data will be reported on cardiovascular and metabolic effects of infu
nons of FGE, alone or together with noradrenahine 1n man Prehamsany reports have
appeared on thus work (Bergstrom e o7 1964 b o)

Methods
Proceduse

Sheakthy male volounters age 23—33 years were studied They reported at the laboratory at
82 m afier fasting ov ¢ rught Qe catheter was placed snto th e brachiat artery for sampling
o blood and regutraton of pressuses with an Elema differeanal transformer transducer (EALT
490 A} and recorded ont & photokymograph (Rhntk) The presstres were recarded over several
sespiratery cycles The mean pressure s s obtaned by electrcal integration (constant 8 9 sec)

Anr ther cathetes was placed tto 2 brachual vem [ the mfusion When 71 & mfusions wer
ghen umadtancously one further catheter 1 as placed wito 3 ven 1 he other arm for this
purpse §'hen POE was infused 1. a 1 subgect 1 a second arterial catheter was placed w the
2art € arch via the Jeft brachal artery under \ ray control Due to an ac dent this cath ter
was withdrawn some contimet 15 and the up of the catbeter became stiuated m the distal part
of tte subclavian artery Al catheters 1 ere shsersed percutaneously

W th 3"l catheters an place the sebjects rested comfortably 1n 1he supine posion “a hepara
w2t ?.roduced 1nto the blood siteam Blood sarr ples weze drawn mto heparinued syninges the
Blood centrfured and the plasma immediately processed Exprred air was coll cted for periods
<€ min mto Douglas bags The 2ay yolumes were esumated with a4 watertank spirometer O
208 €O, ere estimated sccordng to Haldane 11935)

PO\ 25 wnfused 1nto one anesth enzed dog during nfusin of rocadrenal ne wh b the t ¢h
rugue devenibed previonsty (Bergstrom Corbon and Oca 1804

¥ enot
“The PGE, wed was a erystaline preparauan walated from sheep glands as described eathor
1Besgstrom and Sgovall 1960 Borgstrom et of 1962) POE dhsiohed in ethanol 1 as stertlized
by wlteaFlirat on This stente solauon oF FGE, contam ng 50 g mi was dispensed i 10 ml
bostions and stored at — 2 C Bejore snfusion the solut on was difuted abouz 1070 times
with saf ne

Analvtical methods

Plastoa FFA was determined according to Dole {1906} as modified by Trout of al (1960}
Glyceral (Wielsnd 937) and glucore (Marks 19591 ere determioed enzymacath, The plasma

Frotein concentrat an was esumated v ith the B uret method and showed na sgnificans changes
ut rg the stud es

Results

The sesults {rom the sfusions of PGE, are given in Fig 1 and 2 and Table { and the
Foult from the nfusians of noradrenaline and PGE, 1n f1g 7 and 4 and Table 1

Semproms darng infiusion of PGE,

Duning the 1« aafsston of PGE, syt £ showed 4 shighe redderung of the fsce im
mediately afier the mfusion shght sniermittent abdormnal eramps occurred  3bout
15 mun afier the infuson he complained of pulsasing headache m the temples difficultes
o fitate the eyes and s sual symptorms i the form of lightonzs and otber colored pte
BoMenans These svproms contined for about 20 min Ia thts subject evactly thesame
3Mptoms were obrened dunng the s 2 infuson of PGE; o addwon the teft arm
showed sntense Sush and = pronounced edema deseloped + in 10 oun 1n the left

::nd Qne hour after the infusion the Jeft arm « as sightly red and the hand sull edem
s
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Sulyect ? dud nat have any objective or subjective symptoms during or after the
fusion

Subjert 3 siarted 10 fudh in the face after 7 mn of the nfuston snd complaned of
shght headache when PGE, had been wfused for 15 mun

Cardurascular response o POT,
The systohic diastalic and mean artenal pressure remamed almost unchanged dunnt
the infusions of PGE, The heart rate on the athers hand increased about 20 beats pes’
mun n all subjects
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Tanee I Ovygen uptake total ventlation and RQ before dunng and after 3 v infusion of
PGE  as descr bed 1n the text

Tume 0 10—20 4-8 814 60
runutes before before after st after start  after end
Subject 1

Ovgen uptake mljmin 786 307 368 333

“Total vent Jation 1 min 687 820 1055 753

RQ 073 078 08 06>

Subject 3

Oxygen uptake ml/mm 296 319 306
Total ventdat on 1{run 914 1189 911
RQ 079 089 076

In relat on to infusion of PGE

Metabolic response to PCE,

The concentration of FFA 1n plasma increased m all 3 subjects dunng the ifision of
PGE, and contimued to ncrease slightly for 10?0 min after the infusion in order then
tofevel off stowly The average ncrease was 0 5 megjl The concentration of plasma
glycerol follow ed the same pattern imtially but decreased more rapidly after the mfusion
(Fig 1)

The concentration of glucose n plasma ncreased from 90 to 10> mg per 100 ml
during th 2 infusions 1n subject 1 but showed no sigmificant changes in the other ? per
sons

The oygen uptake 1ncreased about 20 per cent in subject 1 and 10 per cent in sub-
Jeet 3 dunng the infusion of PGE, (Table I} The RQ rose dunng the first 10 mun of
the infusion 1n these 2 subjects simultancously with an increase 1 the total veaulation
Insubject 1 the RQ fell from 0 82 to 0 65 during the last 10 mn of the nfusion at which
ume the total y? d to the premfi values

Svmptoms during mfusion of novadrenatine and PGE,

Bath subyects were pale during the infusion of noradrenalne and complained of opres
sion and a feching of tightness in the chest During the simultaneous infusion of PGE,
and d the d. nduced vere abolshed and the
subjects showed a very shight reddening of the face Subyect 5 furthermore complamed
of shght abdomsnal cramps

Card orasculn response 10 norad enaline and PCE,

Th inercase in systolic diastolic and mean artenal pressure ehicited by the first fusion
of noradrenaline v as veduced by approximately 50 per cent when noradrenaline and
PCE; were infiused together The bradycardia usually seen dunng infusions of nor
adrenaline § ay completely inubited by PGE, and there was a tendency to mcreasc
heart rate when the & o agents \ ere infused tovether
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Vetaboltc response to noradrenatine and PGE,

The rise 10 plasma FFA induced by noradrenaline was slightly less when also PGE,
was infused 1o the 2 subjects In subject 4 the FI A Jevel increased to 1 4 meg/t with
noradrenaline and 13 m qfl with noradrenaline and PGE, The corresponding data
1n subject 5 were | 2 and 105 meq/) The same trend was found for the ancrease i
plasma glycerol However infusion of PGF, aof the same batch te a dog duning contin
uous snfusion of noradrenaline and with 2 similar rauo noradrenahne/I CEy caused 2
stnlung fall tn the elevated plasma FFA Ievels (Fig 4)
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Taste IT Oxygen uptake total ventilation and RQ, before and during infuston of noradren
aline (mfuston A) and sl of! d PGE, (infusion B)
a3 described tn the text

15 5-10 8 14 60 10 8 14
Time before before  after  after  before  before  after  afier
Tunutes A A start A startA B B start B st B
Subject 4
Ovygen uptake

ml{mm 281 26 296 310 240 27 307 310
Total ventilat on

1fmun 749 776 903 900 726 759 899 84
RQ 079 076 077 075 078 0.3 079 073
Subject 5
Oxygen uptake

ml/min 266 273 31> 324 272 217 327 339
Total ventilation
1fmin 795 843 1015 950 834 797 1060 960
RQ 078 08 082 080 077 080 OBl 076

In relation 1o the infusion

The plasma glucose concentration increased dunng the infusion of noradrenaline
from 80 to 102 and from 75 to 103 mg per 100 ml respectively 1n the 2 subjects Durmg
the yimul nfusion of and PGE, the corresponding figures werc
from 79 to 94 and from 70 to 87 mg per 100 ml

The oxygen consumption increased 15—20 per cent dunng the mfusions of nor
adrenaline (Table I1) The same increase in ovygen consumption was obsersed when
noradrenaline and PGE, were infused together (Table IT)

Discussion

1 fuston of PGE,

The flush of the face and the headache we obseryed during infusion of PGE, confirms
<ar! er findings i man (Bergstrom et al 1939) The increase in pulse rate was of sumlar
magnitude as found by Bergstrom et al (1959) In the presentstudy however we found
n0 decrease 1n the artenal pressures dunng infusion of PGE; contrary to the carhier
tudy i man This discrepancy might be due to the greater amounts of PGE ifused by
Bergstrdm et af 1n 1929 The unchanged arteral pressures and the mcreased heart rate
fuzgests either that the stroke volume decreased or that a hyperkmetie errculation
2ppeared as a c¢ for a In this 1t 1s of mterest to
note that prostaglandin had o effect on the heast lung preparation of the eat while
2 vasodilator effect was demonstrated 1n the perfused hind leg of the cat (Euler 1939,

200 g byl 4 bl 6
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However Bergstrom et ol (1959) found a decrease of the stroke volume in their studres
m man

The tncrease in the concentratton of FFA m plasma was surpnising since 1t has been
shown that PGE, w110 mhibits the catecholanune mduced increase in FFA 1n anesthe
tized dogs (Bergstrom ¢f ol 19642 Steinberg ¢t al 1964 a) and also reduces the basal
level of FFA m non b d dogs (Steinberg personal Turther
more PGE, inhibuts the basal as well as the catecholamine stimulated release of gly cerol
from rat adipose tissuc i tifro (Stemberg ef al 1963 136% a) Thus diiferent response to
PGE; 1n man and 1n dogs and rats may be due to a spectes difference wath regard 10 a
durect effect of PGE, on the FI'A metabolism or 1t may be duc to different secandary
effects of PGE, m the spccies Fnally differences in expenmental design may be of
mmportance for the discrepancy in results in these studies

Simultaneously with the increase wn the of FFA the tion of
ghycero in plasma increased This suggests that the mobihsation of I'FA from adipose
tissue was enhanced when PGE; was infused due to shmulation of the lipolysis of the
tnglycendes stored 1n adipose ussue

The tncrease an oxygen consumption observed durmg infuston of PGE, can to
some extent be ascnibed to the increased work necessary for the increased ventitanon
Part of the increased oxygen consumption may be due to the mncreased concentraton
of FFA i plasma as has been discussed 1n connection with the calongenie action of
catecholamines (Havel #t al 1964 Stemberg et al 1964 b)

Infusion of PGE, and noradrenaline

In previous studies from these laboratories we have utilized a similay techmgue with
two infusions of noradrenaline wich were 3 hours apart {Havel e2 a! 1964) In these
studues the respense to the secand infuston of noradrenaline was quanuitatively as well
as qualitativelv 1dentical to the response of the first infusion with regard to arterial
pressures as 1 cll as to increase in plasma F1 A and increase in plasma glucose Thest
Gudings yusufy the use of thus tech for as well as quahitatise evalul
tions on the effect of various agents on noradrenaline induced changes

The presens study showed that the pressor effect of noradrenahine was inhibited 10
about 50 per cent with PGE, and that the bradycardia was abolished The snhibition
of the bradycardra may partly be ascribed to the reduced pressure response and partlV
due to a drrect shmulaton of the heart rate by PGE,

The effect of | GE, on the response of plasma I'TA and glycerol to noradrenaline 433
much less pronounced than prevsously found in dogs (Bergstrom ef al 1964a) This s
also apparent from Fig 4+ which shows that in an anesthetized dog PGE, compietely
mhibsted the effect of noradrenahne on plasma FFA If the reason for this dufference 13
due 1o the specres differences or due 0 the different expenmental techniques need?
further studics to be evaluated

PGE, had no effect on the effect of ' \ Fhisism
wuth eaclier studies that the cal action of ftne in man 13 at
Teast partly related ta the sumulation of mobilization of FI'A from adipose bssue (Havel
et al 1964 Stenberg et of 1963 b)

i
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Potassium Induced Release of Transmuatter at
the Human Neuromuscular Junction
By
Dan ELmguist
Recaived 6 November 1964

Abstract

Elmqvist D Potassuom induced release of transmtter af the human neuromuscular yunction Acta physiol
scand 196> 6F 340—344 — When the release of ACh quanta from the human iatercostal
motor nerve termmals recorded as mrature end plate potentials (m e pps) was enhanced
by raising the potassium 10n concentraton the increased rates were only sustained of release
rates were bmited to not more than 150 m ¢ p p.sfsec either by not using higher concentrations
of KCl than 30 mM or by reducing release with mcreased magnesium and lowered calcur
when higher 100 were used If higher rates of release
were allowed 10 occur in the presence of 40 or 50 mM KCl the release rates subscquently
dechined to very low levels The total number of quanta released by 40 or 50 m% hCl corres-
ponded to the amount of ACh estimated 1o be present 1n the mator nerve terminals

Tt 15 well known that rasing the external potassium 1on concentration greatly increases
the frequency of end plate {(m e p ps) at the neuromuscular yunc
non (Liley 1956) As the mep ps are ehated by quantal hiberation of acetylcholine
(ACh) from motor nervc termmnals an merease n mepp frequency reflects an 10
creased rate of release of ACh

During prolonged tetame sumulation of the motor nerve the end plate potentials
progressively decline in amplitude (del Castillo and Katz 1954 Brooks and Thies 196%)
That thus effect 15 duc to a decrease m the number of quanta in the end platc potentials
has recently been shown (Elmquist and Quastel 1965b) It would therefore be of interest
to find out whether or not the motor nenv e endings would be capable of sustarung high
rates of transmutter release during intense stimulation with potassum tons It will be
shown that human nerve endings are only capable of sustaining increased rates of
release induced by external potassium 1on concentrations up to 30 mM I the potas
sim 10n concentration 1 1ncreased stll further a higher iniual rate 1 followed by 3
decline 1n the m e p p frequency 1o very low levels

Methods

on human muscle obtained at thoracotorny from
sected and

The were p
patients with no known muscular of neuromuscular disease The specimens were dis
P ounted as presiously described (Elmquist ef ol 1964

n4n
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Fg | The average mepp frequency 3t 3350
2 mun sntervals at single human mntercostal
neusomuscular juncuons plotted agamst the

ume after enhanced release was started
[JRCI30 m\f @RKCI 40mM O after
Ihr in Ca free solution with EDTA 1 m\{
and RCI5 mMand then 2 5 hrs in Ca free
sofut on with EDTA 1 mAL and KCl 50 m\{
at O ume release of ACh quanta_was N
started by removing FDTA and adding ® '

2 m\MGaCl, A 50 mM KOl n a prep-

araton i whch release was I mited s 1th

8mM Mg Cl and | mM CaCl The aver !
3ge mepp frequency and 2 x SD m %0
10 fibres after 6 brs 1n 30 m\{ KC and .
40 m\{ KCl are also shown ey o o 360

m

The usual techniques for intracellular recordmg with hCl flled glass cap llary mucroclec
vodes were employed (Fatt and hatz 1921) The mucroelectrodes used were 3-8 MQ n
resistance when measured 1n 3 M RCl Potentuals were observed on the csalloscape screen and
recorded on paper using an Elema Mingograf 81 A DC reco d at lov amplificaton and \C
secords {ume constant 1 sec) at three higher amplihcations were regustered s multaneously

Th no mal bathng Ruud had the fllowing <o npositon (radM) KaCl 135 MaHCO 15
Na HPO, 10 RCI 50 CaCl 20 MzCl, 10 glucose 110 and was bubbled with9> O
and2 O with a resulung pH of 727 4

Changes 1n KCI concentration were accompansed by approp ate reduction n NaCl con
centrat on to keep the solution lar except in eatlier in thes senes i s b ch
no alteration m NaCl oncentration was made when the RCl concentraton was tncreased
there was no difference 1 the csults whether or ot the sodum concentrat on was modified

To avo d changes 1n quantum size consequent upon the intense sumulation of transmutter
release used chol ne chloride 5 x 10 g'ml was always added to the bathing solution (Ebm
9 stand Quastel 1965a) Expenments were carned out at a temperature of 32 €

Mepp Frequency was determined by whenever poss ble cotnung at least 100 mepps
when the frequency was higher than J00;sec the me p p's occunng 1n 1 se¢ § ere counted.

Resnhs

38 hias been previously reported (Elmquist Johns and Thesleff 1960) the restung fre
quency of me p ps i human intercostal muscle was about 02 sec If the potassium
o0 cxcemrauon was rassed abo ¢ 10 m) the frequency of the m e pps greatly i
creas

By measuring the mean me p p frequency in aboat 10 fibres at different potassium
10N excentrations st was found that in human intercostal muscle as i the rat dha
phragm (Laley 1936) the Joganthm of the m ¢ p p frequency 1 as hnearly related to
she ) hm of the 1an as 15 also the lated depol
tion of the motor nerve terminals (Liley 1956 Katz 1962

Thatthe mepp frequency produced by 30 m\ potassium was well sustained was
shown by experments in which mean m e p p frequency was deternuned 30 mun after
the potassium concentration was icreased and then agan afte about 5 hrs In both
cases the mepp frequency was about 150 sec In kig 1 are shown the ume course of
the change m mepp frequency produced by 30 m M RC) at a siagle junction ([J)

and the average me p p frequency 1 ten fibres after 6 hrs 1 the rased potasiam 1on
concentration
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1 1 A
TR A W sl g 2 Intracellular record of meppyat
—— a single human intercostal neuromuscular

v B gunction 2 run (A} 6 min (B) and 5 min
IRV el Ve A e Sl Q) after e potavium concentraton was
L ravsed from 210 40 MM R P wasm A 57

|- b € v B4 mVand L3 mv
e o111} Voltage I my time 300 mere
—
ma{
i
200
' Fig 3 Mepp frequency at nngle buman
1ntercastal peuromuscular yurctions ploned
! agamst the total number of meppsre
3 eb corded afier the mitiation ¢f Tapid release
- Symbols are the same as m Fig § The june
£ von at which releas was sumulated with
50 mAACL was the same as 1s depicted i

TTUm e o . Fig 1 The firse 15 pomts and n the ex
perrment with 30 mM KO3 the first 10 7ep
resent data obtaned at 1 mm intenals

A subsequent points represent means over 5

ETTTE T e

wimpp

1f the nas 4 10 40 (@) or 50 (™) m\f the smtial
nsemmepyp frequency was greater than that produced by 30 mdM! Howaser this
fugh frequency was only present for a short persod of tme and the rates subsequently
declimed to very low levels often approaching the restung ficquency The dechne sn
mepp {requency was real and not secondary to the m e p p s gettny, smaller with

consequent loss 1 the base hine nowse (Fig 2, The decrease mm e pp amphtude s~ n

m some fibres was fully explamed by the depolanizations of the muscle fibre membranc

produced by the hegh g on can and the damage to the cells produtrd

by the mucroelectrode insertrons (hatz and Theslefl 1957)

As the nenve terminals were able to release quanta at a moderale rate for very jons
pentods of ame gt 1s unlikely that the nerve ternunal was incapable ta make new ACH
quanta n the bath and could only release those already present when the muscle was
remored from the pauent In the very lngh potassum ron concentration ths number
of quanta should then be teleased n 2 much shorter penod of ume than with lower
potassium concentrations That this was not the case 13 clearly shown in fig 3 where
mepp freguency produced by 30 40 and 50 m\ KCl at 3 different yunchions has
been plotied against the total number of quanta released after sumulation was msuated
The figure demonstrates that in the presence of 30 mM KO the nere termmnal had
releas~d more quanta than at did with 40 and 50 mM A Clin the 75 mm penod over
which the release from these fibres was follo ved

The difference becomes much more pronounced when the release over loaser peonds
are estimated  For instance after six hours in 30 mA\{ KUl the average frequency ©
mepps was sull the same as after a few nuautes 1o that soluton “Therefare about
2 5 mullion quanta had been released durmg the b br penod . In the preparations treated
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with 40 m\ KhCl on the other hand after an initial hugh frequency discharge which
released about 200 000 quanta the continued release at about 4/sec only contnbuted
an additional 100 000 quanta so that the total quantal output 1n a 6 hr peniod was
only about onc tenth of the amount released by 30 m\{ KClmn the same penod of ume

The total number of m e p p s recorded after the application of 40 or 50 m M K€l
svaried considerably from fibre to fibre but no systematic difference between the two

concentratibns wasdetected The mean of 4 fibres in 40 m\M Kl was 216 000 1 67 000
(£ 5D) and the mean of 5 fibres 1n 50 mM KCl was 225 000 4= 126 000

In human intercostal muscle as in the rat diaphragm (Hubbard 1961) raising the
nagnenum and Jowenng the calcium 1on concentration reduced the increase mme pp
frequency produced by raised potassium 1on concentrations and if calewum + as com
pletely removed the enh mmepp vas

By utilizing thus fact 1t was possible to expose muscle to high potassium 1on concentra
uons for several hours without a simultancous release of quanta at an increased rate
Preparations of human ntercostal muscle were washed m a calcum free bathing solu
tion with 1 mM ethylene diamumne tetraacetic aad (EDTA) (normal potassium ion con
centration) After | hr the sp were ferred to solutons
potassium 10n concentrations still without calcium and with EDTA After an additional
1 to 3 hrs transmutter releasc was started by removing EDTA and adding 2 mM CaCl,
The rates of release and the ume course of rate changes were simular to those seen when
transmtter release was mereased by sumply increasing the potassium 1on concentration
with calcium present all the time The total amounts of transmatter released were also
the same

As extended exposure to the high potassium 10n concentrations did not prevent high
frequency release the possibilities remain that these potassium 10m cancentrations m
themselves blocked the formaton of ACh quanta at an early stage or that the high re
Iease rates attzined 1 them + ere responsible for the subsequent decine m mep p
frequency

The sample presence of 40 or 50 m\I potassium does not hmt the amounts of ACh
that can be released This 15 shown by experuments 1 which the me pp frequency
produced by 50 m\f hCl was hmited to about 170 mcppssec by increasing the
Mg concentration to 8 mM and reducing the Ca  concentration to § mM In these
expeniments the release rates did not decline with time (Fig 1)

When the release rates 1n 40 or 50 mM KCl had declined to about the resting level
treatments known to increase m e p p frequency such as further addition of potassrum
elesation of the caloum concentration or ducing hyperosmolanty of the bathing
sofution were undertaken These mampulations only had a very small and brief effect

onthe mepp frequency so that at most a few thousand additonal m e p ps were
ehered

Discussion

The phenomenon of decreasing rates of relcase of ACh quanta n the presenice of high
Potassium ton concentrations only occurred when very high release rates were produced
by 40 or 50 m\{ RCI T did not occur + hen release produced by these concentrations
of potassium was pres ented or reduced by alterat ons in the calerum magnestum levels
Thus 1t could not be the prolonged exposure to ser high potassium 10n concentrations
alone s tuch hm ted the relcasc of ACh quanta
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If the release rates were hmuted to an upper Itmit of about 150 m ¢ p p sfsec either by
causing release with up to 30 mM KOl or by the addition of magnesium or removal of
calcium when higher potasstum concentrations were used the nerve terminals were
capable of releasing at least 2 5 mullion quanta After the release of this great number
of quanta the release rates were nat reduced and 1t 15 therefore Itkely that they would
have been capable of keeping up release at this moderate rate sndefinttely As the total
amount of releasable ACh in the motor nerve termmals only amounts to the equivalent
of about 200 000 quanta (Elmquist and Quastel 1965a) 1t must be concluded that the
nerve endings were able to make new ACh quanta m the bath

The number of ACh quanta which could be released from the motor nerve termimnals
with 40 and 50 mM KCi and normal calerum levels varied derabh
from fibre to fibre with an average of 221 000 £ 99 000 (mean 4+ S D 9 fbres) Ths
figure 1s simular o the total amounts of relcasable ACh present 1n the motor nenve ter
mmals di d by using } holl no ~3 to block the synthesis of ACh
(Elmquist and Quastel 1965a)

‘This correlation between the amounts of ACh that can be released after ACh 5n
thesis has been blocked by HC-3 and that which can be refeased by 40 and 50 mMf hCH
may be largely fortuttous but the possibility that the very high relrase rates produced
by 40 or 50 mM K Cl may 1n some way have interfered with the formation or release of
newly formed ACh quanta must be considered

‘The mechamsm of such a block 1s however obscure That the rate of quantal release
was affected rather than the quantum size indicated that st was not a block of ACh
synthesis surular to that produced by HC-3 but that t could occur 1n the process of
quantal formation or in some later step prior to release or even at the releasc site

Miss B Hansson has provided unfa I ng techmcal assutance The research has been sponsored
by the Medical Faculty Unversity of Lund and by Air Force Office of Sci nufi Research
OAR through the European Office Acrospace Research United States Air Force
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Intubitory Action from the Flexor Reflex Afferents on
Transnussion to Ia Afferents
By
S Lusp A Luwpserc and L VyKLicky?!

Recerved 1§ November 1964

Abstract

Lund § A Lundberg and L Vykiscky Jnkdut 1y action from the flevor reflex afferents on ¢ ansmussion
10 Ja afferents Acta phys ol scand 1965 64 345353 — Inspinal cats the dorsal root potential
{DRP) evoked from Ia aferents of flexors can be effectively depressed by volleys n the flexar
=fes afferents (FR %) 1t has been confirmed that in the acute spinal cat volles s in Ta afferents
offietorsg ve a primary aflerent depolanzat on (PAD) in Ia afferents but sot 1n Ib and cuta
neous afferents and that yolleys i the FRA do notdepolanze Ia afferents Excitability measure
m’;nu and intracellular recording from Ja afferents have shown that the PAD evobed from Ia
afferents 1s depressed from the FRA The presynaptic mhibition fron Ia afferents of the Ia
$iPSP m motonica oncs can be removed by volleya n the FRA Tt s concluded that volleys n
\ht RA inhibtt transmss on from fa to Ia ata1 level possibly p
{hrough depolarization of intesncuronal terminals The Fad nes ace d scussed w eelat on ta the
Action of the gamma loop i the Qevor reflex

Modern reflex physiology has been concerned with the asalysis of reflex actions from
different systems of primary afferents and hittle attention has been gnen ta the problem
of reflex interaction In classical reflex physioogy this was one of the mam problems
2nd 2 well known cxample of inhibitary mteraction 1s the exclusion of the scratch refles
duning the fievor reflex {Shernington 1906; Shernngton (190b) considered  the com
Pounding of reflexes  to be an essenual part in integration

Interaction betsveen the central actions of different afferent systems can be provided

¥ such examples of primary aflerent depolanization (PAD) in which the giving and
TTeening pnmary afferents are different so that the presynaptic inlubition does not
“onstitute a simple negatnve feed back (cf Eccles 1961) Howeser interaction at the
prmary afferent level presurmably affects transmusston to a number of central pathways
Trom a green primary afferend system Selective action on aspecific paths ay can probe
2bly only be exerted through ihibitron of the interncurones of thus pathway  An cxam
Ple of reflex interaction of the latter tvpe will be given in the present paper A prelum
nary report of some of the results has appeared (Lundberg and Vyklicky 1903)

Present address Cz chslo & Acad my of Sc ences Praha
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Methods

The experunents nere o ade on op aal cats anaestt et e§ « wb chioralise or unanestherved
decorticated spinat cats of Y ocrhoeve LX0; For recarding of & resf oot potentials Fxcd
Wuhity measurements and antr_celtular rec ¢ ng from axons and m soncurances ~rarher pipea
(Lundberg and \ secheve 1902 Carpenter ¢ al 1903 Carpenter § undbesg and Sernell
§503) Afl cxperments were 3 ac on tata 0wl Qe provumd nerves «€ the hmb dt played
separation in fa and {h volicys fLecles Eactes and Lundberg 1957)

Phe Tolowing abbreviat ons are us 4 quadnceps Q potersor beept s mn ndinotdd
PESt semvtend siovas S1 antert ¢ b ceprarmimembran auy ASm gasteocaemuuales
G 8 fioxor € gorum longus FDL b als anten ¢ extensor d grorur s fongus (deey P
meal] DP wural Sur superfom per seat 811 ralox e tenuat DRE pn aiy afterem!
depolarization PAD
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F1 3 The upper traces n F—O are DRPs ecorded from the most caudal dorsal rootlet L6
The lower traces sn F—O and the traces in A—E ure recorded from the L7 dorsal root entry
one The double volley technique 15 employed in A—D to show the separation n the Ya and
Ibralleys The PBSt nerve is st mulated and the strength 1 given 1 nuluples of the tireshold
above each column of records In the upper craph (A) the he ght of the DRP is glotied 1 #\
332 funct on of the stimulus strength assho o nF—J Fra tranof olieys and in A—O for
single vollevs Graph B v 1th the same absci sa s \ sho s the si ¢ of the fa { ) and Ib (@)
o ng volley platted agatnst st nulus strength Otverve that 1 ith 3 nele vollev most of the
RE 1 from 1a afferents and v tth 3 tra n of vollevs more than }alf 15 evoked from 12 afferencs
© 1oy ex th ee graphs (C) a ¢  om the same experiment and show miraspinal exatab Ly
messuremnents from 1a afferents of G b A n croelectrode was nse ted into t ¢ motor nuzicus
o € S and the test sp ke recorded peripherally i the G S nerve The mcrease ne ¢ tabl ty
Wasobtained with a short tram of volleys in the PBSt nerve at the st ength indi ated abov each
# Unansesthetized decorncate sp nal cat

Results
Dt e wnof the Ia DRP
The DR? 0 B Fig 1 15 cvoked by a train of maxemal Ta volteys from PESE the sepa
fation i Ia and Ib volleys being shown m the insct reconds in the cunes of Fig |
Fullavnng the conditioning solles 1n the sural nene (that alone evohes the DRPin A)
thete i avery effective depression of the Ta DRI shos n at different mtenals in C—F
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Methods .
hetized with 1 2

The expenments were made on spinal cats or
decorucated spinal cats (cf Veorhomve 1960) For recording of dorsal root potential excit2
bility measurements and intracellular recording from axons and motoneuronessce eatl f Piper)
(Lundberg and \ oorhoeve 1962 Carpenter e of 1963 Carpenter Lundberg and :\um:i
1963) AN cxpersments were made on cats 1n which the provmal nerves of the | mb duplay
separation in 1a and 1b volleys (Eceles Eccles and Lundberg 1957) —

The following abbreviat ons are used Q postertor biceps- oss
PBSt semitendmosus ST anterior bicep: ABSm g; ruh
G S flexor d giorum longus FDL ub abs anterior extensor d gitc rum longus (deep peroy
neal) DP sural Sur superficial peroneal SP dorsal root potent al DRP primary affere
depotanzation PAD
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Fig 5 The test of mtraspinal excita

blity i Ib fibres was performed
through a microelectrade nserted
anto the mtermeduate nuclens wh re
the Ia and Ib focal potentials were
masmal A shows the antdromic
respons recorded penpherally m
the semitendinosus (St) nerve It has
three components and wm B—E a
colliding volley shown in the corre

sponding lower records F—E was
¢ oked from another par of elec

trodes on the PBSt nerve The first
component decreases in B and has
disappeared m € with the maximal
k1 colbidng volley The second
component chs ppears when the col

1ding volley n addition mecludes Ib
afferents and the third component
disappears when the strength  of
stmulation 15 ra1 ed above group 1
maxtnum so that the low threshold
group Il afferents are included m
the collid ng volley In J—M there
i exatabibty measurement 1 Ib
affecents A maximum Ia volley was
used for colls o so that the remain

tween the conditon ng and test ng.
imul) The sey
shows 1h,
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lustrating the separation 1n la and Ib volleys F—J the DRPs evohed
eys R—O the DRPs evoked by single volleys All records were evoked
< strengths indicated above each column i multiples of the threshold 155 being

d subthreshold for Ib The relationsh p between the size of the DRP
incoming 1a and Ib v olleys 18 shown 1n curve A OF the DRP evoked by a tram
4P I volleys more than half 15 caused by impul cs m group Ia afferents (F—]J and

' graph A) and with single volleys Ia afferents contribute an even larger fraction

(M-Land«1n
Steengthy ing
depolanyzay,
TeCePuvenesy

Fig 4 tlustrates
Samnly by Ta afferents The

graph A) Lxatability measurements from [a afferents at the different
dicated 1n the lower curs es show that i this case most of the primary afferent
1on 1n 12 afferents was evoked from Ia afferents There was no difference in
between Ta afferents from flexors and extensors

that the depression of the [a EPSP in motoneurones

may be evoked

63 motoneuro,

Ia LPSPina

ne 15 shown in £ The depression in G 1s caused by vollevs in Ia affer
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A 8 Fig & The upper traces are wtracel
oF 47 lsl o x;ﬁar '(kcl tl;:;tmdt) from a DP axon

e Tow amphficauon i used sn A and

e B the hugh 1 all oth ¢ records The
Preced fosmy lawer trates i C—H were obtamed

c D E after withdrawal of the tlectrode taa yust

oz # 2 exracellulas posstion In each redond
s W o, W DI the exuareliuhr potental should be
PR, [ U S ) subtracted from the intracelldar mnor
der to measure the PAD Lower traces

FEm—— T T A and B and mddle traces 1n G-I

F o ] Soma 4 are from she L7 dessal oot entry zonc
s B3t In record A the sumulus strength was

R S maxumal for group I (icsted with the

{ - /T Gouble volley techaique) The axon had
A tts threshold at 185 v treshold and B
T 1 taken at 19 X threshold Hence the

) Iomue ——— axon 13 a group 1! afferent There uno
PAD evoked fram group ! affercnis of

Q and PBSt (€ and H) byt high thresh
old afferents from € give a clear acuon (D and E) and there s also 30 effect from the cut
aneows nenves {F and G) Al records consut of supertmpased traces Chioralose anatsthes a

ents from PBSt and the addwional cffect m H by volley s 1n Ib afferents from thus nene
“The actions from 1a afferents of fiexors are larger than desenibed by Eecles Eecles and
Magm 1961 and Eccles Magm: and Wallis 1962 and this may be refated to abe faet
that unanaesthetized preparauons or cais under chiosalose were used s the present
expertmenes There can however be na doubt that akso Ib afferents from fevors can
bute 10 the PADY 4n Ta afferents this 1s apparent 1 Fig 3 and 4 but in some ex
penments the effect from Ib afferents was targer than from a as was usually found by
Freles et of (1962

Exaitalubity measurements were abio made from cutaneous affrrents and from Ib
afferents Confirming Eccles e2 of (1963 b ¢} 0o acuon was found from [a afferents of
flevor and extensor nen es 50 nesther of these afferent systews as 8 dlustrated in iz 3
for the offect from group 12 and Ib afferents from ABSm en Ib aflerents from seauten
dinosus Inteacellular recording has been made from four group I5 afferents and nesthet
of them recenved any PAD from 12 or It afferenis (Fig )

L.nder speeral conditions (after Dopay velless 1n the FRA can gie PAD n Iz affer
ents {Andén Jukes Lundberg and Vykheky 1964) but we hae never found such an
action sn the normal acute spinal cat /Fig 9 There was regularly an acuen from the
FRA on cutaneous afferents (f Eccles of ol 1963 ¢ Carpenter Engbery of of 1963
andn the group 33 muselr afferenss a ssslar action from the FRA wasmer with i Fig 6!

1t has nat vet been proved that the fa afferenss from flexors evake PAD exchunely
it §a affevents but the fact that the Ta DRP can be almoss completelv depressed from
the FRA suggesss that there 15 an inhubition of the pathway to 1a afferents

Detression of the PAD 1 le afferenss

Ercuta thity measyremments The exatabiny of 1a afferents rom Bexors and extenuors was
1mvesugated through sumulstion of them by a mucroclectrode merted into the motof
audeus of G S or PBSt and recording tn the peripheny fram the corresponding penes
Records and cun es from such expenments are shown in Tig 7 The tesz response 5¢co
od 1 Bt &S merve 15 showr i record A and the facilitagion frorn PBSt fa afferents
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Fg 7 Intraspnal excabilty measure
ment from la afferents from G S A mu
croclectrode was_mserted 1nto the G §
motor muclews The test sesponse (A and
100 i graph A} was recorded in the
G—Snerve B and flled curcles (@) n graph
A show the effect of conditioning volley m
the SP nerve The facihtation in G and
153 on the ordmate of the graph (A} 15
evoked by a tran of PBSt Ja volleys Tuset
records un th graph show the n
Ta and Ib volleys Record E shows that a

volley 1 SP can remove that facilitatory \ 2N -
acton from PBSt Ia afferents at the nme 7_‘,.___,\\: ——
rehtionship  between  condittoning and

testmg volleys shown 1n record E
rve B 18 from another expeniment with
testng of the excuability n Ia afferents  1—

B R R

from D 4 teum ofvalleys i I afforenus g ° ®

from PBSt gave faclitation o 17> on the "

odnate A'condinoning volley n G § *% € S<RES~DPh

(umulus strength 49 tmes the threshold 7.

strength) gives fonglasting inhibition of the W_,__7T

f ¢!caton but has in atselfl no effect on the 1

exatabil ty on Ia afferents from DP () \ /

There was nio whsbitory effect by a group [

volley from G & 1 acet
n both curyes the abscissa denotes mter @ s=en

! between the cond  oning FR \ volley

and the test spike m Ta afferents Chlorak —

anaesthesia T S0 am Xomwe

in record C, the nset records 1n the curves show the separation 1 Ia and Ib volleys
from PBSt Record D) shaws the removal of the increased excitability when the PBSt
stmulation 15 preceded by a volley 1n the superficial peroneal nerve (SP) with the trme
relationship shown m E The ume course of this removal is shown m cunve A where
100 13 the size of the unconditioned test response and 153 the size of the average
faciitation evoked from PBSt Ia afferents There is a charactenstic long duration of the
epression which corresponds to the long duraton of DRP from the SP nerse In this
Particular experiment the excitability decreased even shightly below the normal test
Ievel but record Band the crosses (x) 1n the curve show that the conditioning SP vlley
alone has this effect It 1s probable that i this cat there was a shght tome pnimary
aferent depolanzation n Ia fibres posably evoked from hip fexor muscles that were
ot denenvated and that the decreased excitabilit evoked from the FRA 15 due to an
intubttian of ths tonic depolanzation Howes er 1 most expenments the FR A did not
have anv acuon 1n themsclves as 1s sho vn m cune B Fig 7 An additional feature in
this cunve 16 that the exatability 1s tested 10 1a afferents from a flecor muscle and that
the mhub tion 13 s oked from high threshold muscle afferents
Jntracelular secord n from Ia afferents The tecords w Fig 8 are from an expenment
wuh intracellular recording from a Ia afferent of the PBSt nerve D shows the PAD
©0ked from DP fa afferents (cf E and H) As expected there 1s no PAD from the sural
nenve (E) but there ss an almost complete inhibition of the Ia DRP on combined stim

Ulation of the sural nerve and DP 1n F The curve i Fig ~ shows the tme course of the
depression
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23

ammr L e
. ‘.

Fig 8 Imracellutar recording (ROl elec
ssmamxaas  trode) from a PBSt fa afferent A—Cishow

2B 128 s s ¢
0 e £ I the spike potential at low amplification 10
N e A7 At dhreshold for theaxon The lover traces
—— 14 are extraccllular mucroelectrode recordings

J— P — ~we————  after withdrawal of the clectrode to 5 just
- = :/“ ~ T extmcellular poution The lower traces m

L A—C G H and the middlc traces in D—F

oo, s arcrecorded from the dorsal root entry zone

- \“\, 1 L7 The PBSt and DP nerves displayed
- scparation 1 fa and Ib volleys A—C and
G—H respectively Stmulus strengths are

gnen i muluples of threshold srengths

s ~DPIg The primary aflerent depolanzation m A e
evoked by Ja afferents from DF (of record

——  H) Thesural solley did not evoke any PAD
(E) F shows that on combned sumulation

/ of the sural and the DP nerve thereisa

6 ey &
Zomec - -

»
EN
§

complete depression of the Ia PAD from

B DP The time course of this depression is

s shown in the graph, where 100 o on the

2 ordmate represent the unconditoned I3
DRP from DP Chloralose anaesthesia

o0 30 40 Toomee

9“1@%‘55

The Ja axon from FDL i Fig 9 recenes PAD from PBSt and DP (E—H) but not
from G-S (C; and ABSm (D) The effect in F and G 1s caused by Iz afferents the
additional effect in H by Ib afferents When the sttmulation strength is rarsed to include
group IT (1) and group M1 (J and K\ there 1 2 progresa e reduction compared with
the PAD evoked 1n H at maximal group I strength It should be observed that thi
depression 13 not only of that component of PAD that 1s evoked from Ib afferents the
siz¢ of the rematning PAD 10 K 1 much smaller than the maximal fa PAD 1n G Hente
the hugh threshold muscle afferents have an ihibitory action on transmission from J2
A sumilar nhibrtion from the sural nenve on the Ia DRP 1s shown at slower speed 10
LN

Remoral of presyraptic whsbition of ¢ ansmussion to motonrurores
From what has been reporied abos e 1t would be experted that volieys 1 the FRA masy
remove the presynaptic inhibinon that can be &voked from Ia afferents of fevors of the
1a EPSP 1n motoncurones This was seqularly found 1n extensor and flexor motonet

rones as 15 tllustrated for a G5 cell an Fig 10 The homonymous Ia EPSP 13 shown 10
D Avolley in the sural nerve does not change this EPST (E; F shows the depresion
that the tramn of Ta vollevs from PBSE gnes of the EPSP and 1n G there is removal of
this depression when the sural nene ts sumulated 1n addition The tme relationship of
the condrtioninz and tesung volleys s shown in €

Efe.tof s ychmne
The finding that the depression of the Ia DRP irom the FR A has the same nme course
28 the DRP evoked from the FRA sugzests that there 13 2 presynaplic inhitation oper
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Fig 9 The upper traces n A—N are intracellular {aitrate electrode) from a FDL Ia axon The
Jower traces 1n C—N were obta ned after withdrawal of the m croelectrode to a just extracellular
poston The lower tracesm A B O P and m ddle traces m C—\ are from the darsal root
entry 2anc 1 L7 Stumulus strengths are g ven in multples of threshold strengths The axon
recenes PAD from group I afferents from PBSt and DP (E and H) but not from G S and
ABSm (Cand E) F—h are obtained with increas ng strength of the DP nerve G being max:
malfor [aand H for b afferents When the strength 1s increased above group I there 1sa marked
decrease of the PAD which 1s apparent ateeady at group 11 strength i 1 but more marked in J
then de strength 15 increased to 27 ¥ threshold The test DRP m M 1s evoked by a tran of
subma 1mal 1a sollevs. The sural nerve 1s stmulated 1n L and in ™ w th combined stimulat on
of the sural and DP merve there 1s an effective depress on of the Ta DRP All records consist
of supermposed traces Unanaesthetized deco ticate spinal cat

e AN
N

T O
test S0 ot Pes 132 =gy

D <k P AL 6 w
s A

—_t T —t— —_—

Fg 10 The upper traces in C—G are mtracellular (hCl electrode) froma G $ motoneurone
nd the lower ¢ aces n those records and records  and B are from the L7 dorsal root entry
jom_The homonymous test Ta EPSP w shown 1 D In F the ¢ 14no effect by a condmoning vol
¥ 10 the su al nerve The depress on in F s evoked by a short tram of max mal la vollevs in
the PESt nerve (Ia and Tb vollevs sho nwn A and B) 8 th_ ombimed cond 1 oning of the sural
7 the PBSt nenve the ¢15a removal of the depression 0 G The tm _ Lationsh p of the con

! 7 ng and testino volleys 1s shown wn record C All records except C consist of sup nmposed

traces Chioralose anaesthes 2

aung at an

tevel through of termunals of 1nterncurones
transmutung effects from Ia to Ia afferents It was therefore of imterest to examine the
<fect of strychnune on this miubitors action icf Ecctes Schraudr and Wilhs 1963 a,
The FRA depression of the Ta DRP remamns unchaneed after targe doses of strychmne
3t are sufficient to depress vens effectvels postsymaptic mhibitory effeets from the
FRA E with did however reveal the complica
tlmn that after steychmine volleys in the FR.A usually had some action on Ia afferents
(e 05t 2563 1t was therefore difficult to exclude that the DRP depression was not at
Primary afferent level However 1n one case we found a complete inhibition of the

TUEWL 4y oyt av b
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Ta PAD from cutancous afferents without that these afferents had any direct effect on
la afferents This sugsests that the inhibitory effect on transmission from Ia to Ia
afferents 1s not changed by strychmne

Discussion

The present investigation set out from the observation that volleys 1 the TR A depress
the DRP evoked from Ta afferents Depressty ¢ interaction Letween the DRPs from duffer
ent sources 1s common but can usually be explamed by the effects that these afferents
haie on primary afferents (Eccles hostyuk and Schmidt 1962 Carpenter Lundberg
and Norrsell 1963} The depression from the FRA of the Ta DRP could be everted at
the primary afferent level only if volleys in the FRA and m Ia afferents evoked PAD
1t the same primary afferents Under spectal conditions such 2n action may be found
(Andén ef af 1964 but there 1s no evidence that thus occurs tn the normal acute spinal
cat We have confirmed that volleys 1 the FRA act on the FRA and also on b affer
ents but not on Ia afferents and that volleys 1n la afferents from flexors evoke PAD in
Ia aflerents but not i Ib afferents and the FRA (Eccles VMagm and Wills 1967
Eccles et uf 1963 b ¢ Fig 3—6 above} Hence 1t was possible to formulate the workms
hypothesis that volleys i the FRA depress transmisston from Ia to Ia afferents at an
nterneuronal leve!

However the problem could clearly not be solved with imvestigation of DRPs 1n
particular there 1s the possibility that the FRA and Ia aflerents may act together on
some afferent system hitherto not investigated It was therefore necessary ta investigate
directly the I afferent pathway and this has been done with excitability measurements
ad modum Wall (1858) and with intracetiular recording from Ia afferents Wath both
these methods 1t has now been shown that volleys in the FRA prevent the establishment
of the PAD from Ia in Ia afferents Correspondingly volleys in the FRA are veny effce
tie in removing the presynaptic mhibttion that 12 aflerents from flexors gnve of the Ia
¥P3l n motoncurones (Frank and Fourtes 1957 Eccles et af 1961) Since volless in
the FR A do not evoke FAD in 1a alferents 1t 1s postulated that this inhibition from the
FRA occurs on the wnterneurones transmutting effect from 11 to Ia

The time course of the inthibition is practcally ideatical with the time course of the
PAD evoked from the FRA This ratses the question of the hibition 1s presynaptic
through depolanzation of interneuronal terminals The mhibition survivcs large doses
of strvchnine but expeniments with strychnme are not decisne since 1t recenth has
been shown that I P ptic iwhibitory path at higher levels ar not
affected by strychmne f Andersen 2l 1963} and there 15 no reason why this coul { not
occur also i the spinal cord

It has already been reported that a sitmlar depression of transmussion to Ja afler 013
can be evoked from the sensortmotor cortex (Lundberg and \ vkiicky 1963 The cru
cospinal tract acts on the segmental level through excitation of interncurones of ¢ flex.
paths (Lundberg and \ oorhoeve 1902 Lundberg Norrsell and Voorhoeve 1907 Car
penter Lundberg and Norrsell 1963 Fogberg 196 Hence at 18 assumed that the
depression {rom cortex on transmussion from the FRA 1s caused by excitauan ot inter
neurones mediating this inhubitory action from the FR A

It 15 a1 present difficult 10 appreaiate the funcaenal significance of yreninapic
inhitton of fa actions It sremns more easy to understand the funcuonal rote Unt 18

removal mav hase In the flexor refles there s also activation of , motoncurones Hurt
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1951 Hunt and Pamtal 1958 \ oorhoese and van hanten 1962) In activation of the
ERA the removal of an exsting PAD 5 la afferents 1 11l gne optimal function 1n the
pathwav from Ta afferents 1o @ motoneurones and hence provide for the 3 lop to be
masimally effective

This s estigation was supported by grants from the Swedish \edical Research Gounc 1
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Ia PAD from cutancous afferents without that these afferents had any direct effect on
Ta afferents This suggests that the mlubatory effect on transmission from fa to Ia
afferents 13 not changed by strychmine

Discusston

The present investigation set out fiom the observation that volleys in the FRA depress
the DRP evoked from Ja afferents Depressive interaction between the DRPs from differ
ent sources 1s common but can usually be explained by the effects that these afferents
have on primary afferents (Lecles Rostyuk and Schmadt 1962 Carpenter Lundberg
and Norrsell 1963) The depresston from the FRA of the Ia DRT could be exerted at
the primary afferens level only 1f valleys s the FRA and i Ta afferents evoked PAD
1n the same primary afferents Under special conditions such an action may be found
(Andén et al 1964) but there 1s no esrdence that this occurs mn the normal acute spinal
cat We have confirmed that volleys 1n the TRA act on the I'RA and also on b affer
cnts but not on Ia afferents and that volleys in Ia afferents from flexors evohe I AD1n
Ia afferents hut not in Ib afferents and the FRA (Eccles Maem and Willis 1967
Eccleset ol 1963 b ¢ Fig 3—6 above) Hence it was possible to formulate the working
hypothesis that volleys in the FRA depress transmussion from Ia to Ia afferents at an
nterncuronal level

However the problem could clearly not be solved with invesugation of DRIs m
particular there s the possibility that the FR A and Ia afferents may act torcther on
some afferent system hitherto not investigated It was therefore necessary to imvestigate
dircetly the Ia 2fferent pathway and this has been done with excitablity measurements
ad modum Wall (1958) and with intracellular recording from Ia afferents Wath Loth
these methods it has now been shown that volleys in the TRA prevent the establishment
of the PAD from Ia 1n Ia affercents Correspondingly volleys in the | RA are very effec
tive In removing the presynaptic inhibitton that Ja afferents from flexors gne of the fa
FPSP 1n motoneurones (Frank and Fourtes 1947 Eccles ¢f al 1961) Since volleys in
the FRA do not evoke I AD in Ia afferents st 1s postulated that thus inbubition from the
FRA occurs on the interneurones transmitting effect from Ia to Ia

The time course of the inhubation 1s practecally identical wath the time course of the
PAD evoked from the TRA This rasses the question if the snlabition 18 presynaptic
through of 1 I3 The infut survaves large dosrs
of strychnine but experiments with strychnine are not decistve since it recentdy has
been shown that lon,lasting postsynaptic inhibitory pathways at ligher levels are net
affected by strychnine ( \ndersen of al 1963, and there 15 no reason why this coald not
occur also in the spinal cord

It has already been reported that a sinilar depression of transmission to Ia afferents
can be evoked from the sensonmotor cortex (Lundberg and Vykhicky 19631 The cort
cospinal tract acts on the segmental level through excitauon «f mterncuranes of reflex
paths (Lundberg, and \ corhoeve 1962 Lundberg Norrsell and Voorhoeve 1967 Car
penter Lundberg and Norrsell 1963 Tngberg 1964 Hence st 13 assumed dat the
depression from cortex on transmussion from the T RA 1s caused by exoitauon ofmt 1
neurones mediatine thrs inhubitory acuon from the FRA

It 1s at present difficult to apj reciate the functional sigificance of prewnap e
inhilation of 12 actons ft s emy mere easy to understand the fun vonal rolr that it
rerroval may hate In the flexcr reflex there 1 also actsation of , motoncurones (Hunt
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Taste T The effect of cart sone on the uriary excretion of total hydroxyproline ff g/24 hours
mean+5D) 2nd on the we ght (grams mean2-SD} of 2 and 7 month old rats

Age Total
(months) Group We ght hydrotyprolin
2 Contrcls 0 15622 474150
NI 187414 5104 76
Cortisone 0 150417 500+ 157
VI 164118 367+ 83
7 Controls 0 307418 320+ 67
VI 306.£23 358+ 38
Cortisone 0 310£29 3494 32
NIT 28826 339+ 36
P00l

6 rats 1n both groups of 2 month old rats and 7 rats m bath groups of 7 rmonth-old rats
Daily dose of cortisone acetate 3 mg mn 2 and 6 mg in 7 month-old rats
0 mutial value 'V IT=after 8 wject ons

catabolsm of the insoluble collagen fibres {Landstedt and Prockop 1961 Prockop 19v4)
It therefore seemed possible that young animals the decrease i the content of soluble
collagen fracnons caused by cortisone would be reflected as a decreased excretion of
bydroxyproline in the urine although such an effect has not been found 1n older anumals

Material and methods

The experimental animals were male alb no Wistar rats 2 and 7 months of age They s ere fod
ad 1b ium w th 2 commercil pelleied d et (Hankkya Oy) and allowed free acces to water

Cortisone acetate (Adreson Organon Oss) was injected intrapentoneally The 2 moath-old
rats recerved 3 mg and 7 month-old ¢ ts 6 meg of cortisone acetate da ly Unne was collected
du ng a 14 hr period at the beginning of the exp nment and afier 8 mjectons and n the
2 month-old rats after 3 nject ons abo The valucs were then con erted to #g per 24 hrs The
anumals w e kulled 2 hrs after the 9th nyection after & fasting pertod of 16 hrs and the blood
samples were taken

< urine samples were analysed for total hyd oxyproline and the samples taken afier 8 1
Jectons for £ ee hvd oxyp oline also After deproteinization with tn hloroacetic acid the serum
samples were analysed for f ec hydroxyp ol ne Hydroxyproline was determued by the method
T Prockop and Udenfirend (1960)

Results

‘The admunistration of cartrsone caused a small delay in the weight gam of the 2 month
old rats and some loss of werght in the 7 month-old rats (Table I) The mual excrenon
of total hydroxyproline m the unnc + as considerably greater m 2 month-old than
7 month-old rats and there was a sigruficant decrease in the excretion of total hydroxy
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Taere 1T The effect of cortesone on the urinary excretion of free hydrovyproline (1 /24 hours
mean£3D) and on the concentrauon of free hydrosyproline in the serum (wg/m!
mean£5D} in 2 and 7 month-old rats

Age Free hydroxyproline Free hydroxyprel ne

(months) Group in the urine n the serum

2 Controls 9022195 3931061
Cortssone 15374340 13054097

7 Controls 4974187 1494015
Cortisone 3882152 1340 14

P 00> *tP-00!

6 rats 1 both groups of 2 month-old rats and 7 rats 10 beth groups of 7 month old rats
Daily dose of cortisone acetate 3 mg n 2 and 6 mg 10 7 month old rats The urnary valucs
were analvsed after 8 mnjectrons and the serum values afier 9 injections

proline sn the cortisone treated 2 month-old rats but no change n the older rats
{Table I The excretton of total hydroxyproline 10 2 month ald rats was also analysed
after 3 imjections but at ths stage of the expertment there was as yet no difference be
tween the excretion of the cortisone treated rats and the controls

The excretion of free hydroxyproline tn the urine and the concentration of frec hy
droxyproline 1n the serum at the end of the expertment are shown tn Table II Thesr
values like the values of total hydroxyproline were consid rably higher in the 2 month
old controls than in the 7 month old ones Admumstration of cortisone significantly
deereased both the urman excretion of frec hydroxyprolne and the concentration of
free hydroxyproline in the serum tn the 2 month-old rats In the 7 month old rats the
mean 1alues were hikewise slightlv decreased in the corusone treated ammals but the
decreases were considerably smaller than i the 2 month-old rats and not state treally
sigmificant

Discussion

According to the present view collagen fibres are buslt up from tropocollagen meircules
that are synthestzed itracellularly and combne 1n the extracellular space to form the
msoluble collagen fibres The content of the soluble collagen fractions + e of fraction$
containing coltagen not ver aggregated into msoluble fibres 10 the ussues of ammals
{¢ g Mazeotte and Cuyon 1134 Orchovit 1950 Robrle and Chyapil 1948 and the
excretion of hydroxyproline in the unine ¢ g Ziff et of 1936 Kninkko and Liesmaz
1728 Lindstedt and Frockop 1961 decrease dunng the aging of animals 1 xpenments
with  C-proline indicate that 4 consid part of the v droxy proline 1 the urie of
young rats 1s derned from the soluble callagen fractions but some catabohsm 1 th

wsoluble collagen fibres 1o unnan hydrox prohine al o occurs In older rats a relaty 1]
smaller proportion of the unnan hvdroxyproline s dernved from the sotuble ¢ Haren
fracuons than sn the voung ones and a relaunels greater part from the catabel m of
the insoluble collagen fibres Lindstedt and I rockop 1961 Irockop 1961 Stufrs on
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the effect of age growth scurvy lathyrism and thyroid hormones on the excreuon of
hvdroxyproline 1 the urine hav e Iikewtse ind; shat unnary by yprohine reflects
changes m body collagen and especrally n the soluble collagen fractions (Ziffer af 1956
Martin \ergenhagen and Prockop 1961 Jastn and Ziff 1962 Jasin ez al 1967 hasa
nklo et ol 1963 havinkko horvusalo and Laitinen 1964)

It therefore seemed surpnsing that the adminustration of cortisone v-as found not to
cause amy change m the unnary excretion of hydroxyproline (Zuf et al 1956 Ruankko
and Liesmaa 1938) although 1t decreases the content of soluble collagen fracuons 1n the
skin of atumals (¢ ¢ Siwko Savela and hulonen 1959 Sakata 1960 Gunther and Car
sten 1961 Seths Ramey and Houck 1961) The results of the present studs indicate
that the concentration of free hvdroxyproline i the serum and the excretion of free and

total hydroxvp: 1 the unine d derably 10 2 h-old rats afier the
adin stranion of cornsone By contrast in 7 month-old rats which had a considerably
low r basal of free hydroxvp 1n the serum and basal excretion of

free and total hydroxyproline in the unne no chanees or onl shghtly decreased values
were obsered after cortsone admunnstratron

These results can be explained on the basts of the studies with - C-proline aited above
{Lind tedt and Prockop 1961) The decrease m the content of soluble collagen fractions
known ta eccur after the adminsstration of cottisone was reflected 10 & decreased ex
eretion of hvdroxyp m2 h-old rats In 7 hold rats considerably smaller
2mounts of unnan hydrovyproline were denved from the soluble collagen fracton
and 2 selatively greater part from the catabohsm of the insoluble collagen fibres There
fore the decreased excretion of hydroxyprohne demed from the <oluble collagen frac
tions caused onls 3 very small reduction in the excretion of bvdroxyproline 1n the unne
of the older ammals

The onmn of free hydrovyprolme 1n the serum has been studied less The concentra
tion of free hydroxvproline i the serum  Like the excretion of hvdroxvproline in the
unne decreases duning the aging of ammals (Robrle and Chyaptl 19611 and increases
after the admimstration of growth hormene (k1 inkko Liesmaa and Luulkamen 1928)
i bvperparathvrodism (Bates, \lcGorven and Talmage 1962) and 1n hyvperthvrod
#m (hvinkko ef af 1964) In the present study the concentration of free hydroxyproline
1 the serum decreased considerabl 1n 2 month-old rats but only very shohily
7 month-old rats after the adminstration of cortisone Thus 1t seems probable that the
free bvdroxyprolme in the serum bke the hvdrovs proline I the urne has 1s ongin
both in the soluble collseen fractions and m the msoluble collamen fibees and that a
considerably greater part of the hydroxy proline in the serum is demed trom the soluble
eolla en fractions 1 voung ansmals than sn older ones

Diferent opintons have been expressed m the hterature concernme the mode of the
hibutery action of corpsone on the metabolim of collagen Several stucies mdicate
27 ant anabolic effect (¢ ¢ Chnapil 1959 Stuko Savela and bulonen 1959 Sakata
10 \Mazuroy and Orehowic 1960 hninkko 1963 Ebert and Prockop 1963  but
¥ studies suegest that corusone in addition ncreases the catabohsm of the collagen
fbres (¢ Sakata 1960) The results of the present studs support the hvpothesis that
the effect of cortsone on the metabolism of collagen 1s mainl antianabolic and not
@abolic for 4 catabolic action would ncrease and not decrease the excrenon of
Bdtoxvprotine in the urine

THswn & was rupported b a grant from the Reumatstto ¥ nnish Rheumatsm Associat om)
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Tontc Accumulation by Water Flow through a Membrane
By
Staseey I Rarororr?

Recerned 23 \o ember 193

———————————————— Abstract ——— "

Rapopart § 1 fonic accumalation by water flor o ou & & memb 2 ¢ Acta physiol scand 1%
1 361371 — The relation between diffaso 1 and water o solutions of RO and of
KRGl 4 LiCl was studied 1 the absence of elecenc current o are fical wide pore membranes
whth were effect vely uncharged and nansclect € lomic mob hues in the membrane we ©
ohamed from huning 10n ¢ conductances m water D fiusion coefScients for KCl n ihe m m
branc were obtamned under zeso and non zero Bow cond uons. They were uscd to compare
predicted with observed steady state  speaific wnic and  accumulation  fags Sin ficant
disagreement was found only between the diffs on coefficicnt denved from the obsersed ac
eumulanon ravos and the zero flow cocfficient Passible reasons were discussed n a cumuls
fion 13u0 of 69 for R+ to L+ was obramed In the non sicadv state the flus SALL wh n
the sole solute could be represented by a proposed equation (Eq + Wtk RCI - LGl th act
aume flux rato eould also be predicred (Eq §) At the steady state the system rprrse ted
3 1t order state 1n whch the forec acting on water was onstanta d nwhich a trans
Port mechanism which was not 10n speaific st

1 od )

An important problem m biology concerns the P
of A with respect ta Na _withm many types of cells 1n the face of 2 reversed d sinbu
tion of these 1ons 1n the extracellular flud [n certain cases the concentratins, abil oy
of the cell 15 thouzht o deprud on active 1on-spectfic transport mechanisms reviewed
By Woodbury 1960) This paper will consider on the otherhand the poss ble imporance
of water flow as a factor 1n somc accumulaton

A cell model was constructed conusung { two compartments separated by a
membrane in wh ch gradsents of hedrostate pressure and of concenirat on could be
produced R and Ls were chown as representative ton brcause of the diff rence
between their mobilines | Robinson and Stkrs 1923 p 4

Three membrane factors affecung 1omic ace mulation sl be d seussed 1 charge
and selectnaty 121 soue mobiliss within o~ membran 3 water flow effect 1o
addinon sieady state accumulaton a well atiben t flux ratio in tt e non-steads state
will be analyzed

Present Addres  Laboratery of N u gty 1Ay N dgnune f Meniaf#fant
Bethesdz Manland LS A
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Theory

The } al principles of were deaved by Hertz (1922 1029 for
wases wnd by Teorell {19.1) Tor 10ns 1n sofution Other treatments have been published
(Manegold and Solf $932 WWiihams and Cady 1954 Bloch 1946 Rocfoed Jolnsen and
Ussing 1953 Nims and Thurber 1961 Ekman Rastas and Salmunen 1963) The Hertz
formufa apphed to salutiony has been venfied exponmentaliv {Garby 1957} and the
Teorell formulation bas been analyzed alo (Nims and Thurber 196t Ikman o af
1963,

Aet fire

The fun Jamental equation for flux (moleslieciion) membrane area) along the ¥avs perpendic
ular 1) the planc of the membrane and in the positve directton (Tig 1} 15 {ie the eation
{Teorell 19,3}

¢ =- rra ¢ SO EC) m
rn

Vhore B - gas constant (Joulesidegreeymale) T = absolute temperatute g = mot thty of
speaific 1 non the total nembrane area (un der unit chemical votentind gradient) & =cation
cor¢ mravon £ = exp\FgjRT) 4 = membrane potential (volts) [ ~ Fara isy (coul min)
w  cxpi—ixiRTut) {a speaihc tome water fineton) » = toral bulk flcw through the
membrane 10 3 postve direction (MifseQ) (wh re tjmembrane asca = water velority em®
memt ran

W x;m Bux s cormant Fq 1 may be integrated pasuially (Sandblom unpublished) fetung

ard, tate

(CEng,~C) ™
KLY
b 1 asngle sato (RCEOr exampled  vhen efectric current @ the flux of K thr ch che

memfran equaltthat of I L 2 reduces 1o an mt grated form of the Hertz equation Wb ¢
vy pparentm bty of £ th R oand (1 inth membrane
©4RC ) @

TS T

L4 RTe

I t

Here 4 m mbrane th chnesstemt F rihecase € 0 Tg 3 das bren derye JNan g 1
and b 1437 anl enlird (€ avhy 1307/

When €, and  are constant Lg 3 15 a bt orler aif £ nual wah €, 8 a funcn 1
«fume une ¢ FdC oty twhere £ asther tumed fe mpartm ne2i taa dhin mean cant
W1h A n minat v and numerater fEq 3 are muluphed by expled RTu ) the deas minat £
villagpr xmat of RTu % that the equateq may be wtegrated ta @ € uf men teane cor
crimat gy flesdon ¢ hange rap div)

t C U exp{~RTu td)1] 4t

fon L muaton
Forzer canmedlix B 1 duces U ¢ Lecredf £9a8)

€ € tlexp dRTu (4]

The prame ( tlemr am prafcs capec

Wan mefla abe ser 71 ) cosrent aranommilatt that £l ba nsf rife

anin thare® urplaedts wde urederdibv e 1 orawlun (r“.‘("l‘mxnl nt

electr hreswthac mm ovam n(R€) UG Crexampl ) theamor erar €350, may

o mult pled Iy ctber [ the tue ah ate raim In an un harged memtoan welatved nd
o Il esabo i be b sam avit walt see belowr an buse £l 10 see belm) sll pamat
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dernat on of a flow mdependent expression of \ims and Thurber (1961} shown to beval 1for
asolution of NaCl + KCl

(G ekl phel

22l 0 145 6
In (chcich ¢y prdd
R
, DM and DU gre the respectne d flusion coefcients of KCl and LiCl 3 athin the mem
rane

For two diffusing species (h+and Li* for example) 1 ater flov_counter to d fusion should
induce accumulat on of the species with the higher mability on side 2 of the membrane (Teorell
1921) The acumulati n vati A at the steady state 1s gx en from Eq 5 b

cheh
1=t :,‘p[_“’_(l ._L)] %)
e R T

]F&qx 3 and 7 must be mod fied for charged membranes {Teorell 19a1) and Eq 2 should in

clude actnmy coefficients for greater accuracy (coeff eients caricel from Eq 7)

Flux R 10

Then Iflutrat of h* to Li* may be obtamed from the quots nt of the indnndual fluxes each.
oo by Eq 2 and has been derived by Behn (1897) for 0 = 0 When 7 % 0 the membranc

m ‘ential and concentrat s profiles must bekno mno der to caleulate the flux rato The mean
luc theorem of the integral calcules ndicates that for and n+ continuous 1 the membrane

@dy 0 theintegral term in the denom nator ofEq 2may bereplacedby f%; dv  where

183 me valuc of £ 1n the membrane Then duision of the k. flux by the L flus (Eq 2)
£V ST et flue ratro

NG T s e ®
iy - T N
v e wp—cf) (1-n")
WhereS = L R Eq 8w llbetest d leting § =
Experiments were designed to test the salidity of Fas 3 to 8
Methods
APlex glass chamber cons sting of ¢ m rsed

. tedb 2
pavatrbathat2 £ 01 G (Fg 1) Solutions (10—70 ml in ach compartment; were
UTed by vibrating glass paddles

(Exi, 1€ tration of solute 1 Compartment 1 (< ther abour 0015 M KCS + 001> ML U
R0 or about 0075 MRCI - 0073 M LICL(E pt |} 12) or about 003 M
B (Expts 1317)] v as held onstant [ r th duraton fth expe ment by Rowing asolu
!0 2t cal solute concentrat on nto ¢ and by mamta ing th_pressure P con tart by
O W dranag P owas k ptac {P dvnescm abo P by drpp ng desulled water ¢t
Feaimen at 3 constart st (-~ emi ec throvghafn bre glas capullary niera
g BT € had The ¢ nc nration of solut ¢ Compartment2 € was Datth begn

" of cach expenment ani nereased wuh tme to a teady tate ley |

The 8l <periment cons ted n measuning the appearanc of sclute n G mpa ument 2
e oneentraton of 3 el ali (KCI £ exampl ) was d term n d by m as nng the
SRC Betwe n 2 pevi uly tandard zed Pr black Pt lectr xles imm med 1n Cemp riment
290 € ps Conductol zer Type 3300 B LKR Stnckh Im, For two salts (RO~ LiCh
Te tance nd cated hanges n total oncemt tion Samplrs 051 3 ml) were w thdrawn
PTdcally f m Compartm nt > anlrpl cd with eq talnt 3 me £ 18§ water
4 PEanm andth ind tual nce ncentrat nswer d term ned ater by moans  flame
Phtmuy Th penst  mping procedu wasf Ul wed alw n th few  prom nts wat



Tig 1 Expenymental comparimental system il
trated wrth KCL A+ LiCl ot the steady stole
Concentrations in Compartment | (C; s}
are hept constant by a high rate of arcula
tion of solution at €7 € varable \pres
sure difference AP 1s maintarned by over
flow drainage 1 Compartment 1 and by
dnpping of distilled water nto Compart
ment 2 at (¢ 4 ¢) ml;sec Positrve d recton
from left to nght along x axis Resstance
between 2 Pt black Pt clectrodes can be
followed 1n Compartment 2 M = mem
brane d = membrane thickness @ = mem
branc surface area ¢ = estmated evapura
tion rate from Compartment 2 —r = total
water flow through membrane m negatine
dircction The figure shows relatne aceu
mulaton of K+

glucose (cf p 363) 1 hose concentration was determmned by the anthrone method of Wallenius
(19>4)

Three tvpes of cellulose dernatne membranes were used \embrane (1) vas a s ngle
Group 5 (Membrane Filter G d = 0008 cm (by mucrometer measutc
ment dry state) average pore diameter = 0264 \embrane (B} 1 as a Group 3 Membrane
Filter d = 0013 em average pore drameter = 03 4 Membrane (C) consusted of three Group
I Membrane Filters whick were compressed together by two plastic s alls v ith st orerhpping
holes total 4 = 0046 cm average pore diamerer = 06 ; Membrane surface for duffusinn #
ranged from 2 5to 3 5 em  with the pore arca composing about 60 © (sce below)

In some evperiments membrane potential was measured by means of two matched calymel
electrodes and a high impedance volt meter

Expersmental Procedares
An experiment consisted an determuning first the diffiston cocfficient of RCI in the membrane
DM for the case AP = 0and v = 0 After the system had run for 1/2 hr (€M = 003 M

CH = 0) the imual condition (CR' = 0) was set and €} was determuned periodically

The volume § of Compartment 2 was determined at the end of an about 3 hr run by spectro-
photometnic measurement (at 510 and 520 my) of the dilunicn of a known quantity { CoCl
(0m! 073Mn3  HCl) which had been introduced into Cmpartment 2 DO assumed
constant over the concentratton range examined could be caleutated then from Fick s First
LawwithaSD of 28 as follows

phel ”dln[(q; [ 9)] (9
[

For G}! — Constant ploting the num rator on the ngl t side of Eq_ 9 agunst ume g3 © a1
approximate straight tine wath slope = DMC! (a em sec)

I ater Floww \fier « for the experiments was determ ned by weighing the water ¢ ming from
the fine glass capillary and by correcting for evaporation (I'g 1) ~1Pwas adjusted from kn wn
flow pressure characteristics of the membrane The system was all wed t run [ £ about 17 hny
with distilled water im both compartments so as to obtain exact flow pres ure eq 1l bnum 30
then the water m Compartment | + as replaced with fapidly ereculsting solution at Gy

The expeniment proceeded for 3 1 5 days while periodic samples were taken and t enf o]
concentrations 10 both compartments were found an i ¢ was redet rmined Tt mean <04
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1 al and final values of r {which changed by an average of 4 durng a run) v asused m
calculavons § was ako determun

DAY which changed by an average of 6 © during a run was determmed at the end of the
ran the mean of its snuial and final values was used for calculation Changes i D! may
ba e been due to blocking of membrane pores (\ims and Thurber 1961) to chemical changes
mthe membrane or to changes i surning effic ency Although such changes would be assoated
with changes 1n membrane resistance to waser flow  the model was arranged 50 that flov re
mamed esentially constant during 2 run {Fig 1)

Vembrane Factory

1 Cho «and Select =1ty A membranc with pores >0 1 u 1n dameter should not be sclecane for
unnal at 1ons (Bikerman 1958 p 440 Sollner 1945) so that relatize rome mobibities n the
membran should be the same as in aqueous sofutin

c absence of selectaty 10 Membranes (A) and (C) was suggested by finding only a small
(< 0001 N) apparent negative charge when membrane potential was measured for a single
slt sy when CM ranged between 0 01 and 10 M and when GRS CRE! = 1071 (Teorell
193} & surface water film may have affected the results (Helfferich 1962 p 267)

The membranes did not select charged from low molecular weight uncharged molecules the
apparent pare area of Membrane (i) for hClor for ghucose diffus on was respect vely 207 &
27SD) and 204 07(SD)  of the membranc surface (cf Garbv 1957) Pore arca
was caleulated by i d ng the d fusion coefficient within one membrane by the respective
coeficzent in water (Robinson and Stokes 1929 p 466 Hodgman 1967 p 2273) if a path
Tength of 34 rather than d were used 1n the calculat ons { Manegold and Solf 1937) pore area
would approumate 60

2 In V[ bility wrths the Membrane The diffus on coeffic ent of a dilute univalent salt mav
be derrved from the | m tng conductances {3 ) of s 10ns (Rob nson and Stokes 1929 p 288}

p =BT ot o)
7. ix
The Lmiting 1on ¢ mobility 15 ¥ = 7,./F? RTu which equals KTA (F? may be called the
d ‘f\fg on cocffic ent of the single 1on {) Dividing the membrane diffusi n coefficient of KCI
DM by the onic d flus on cocffaient g es aspeaificiomemult plit facto f whose aluemay
b obta ned from hmiang somic conductances (Conductance ratos among the three species
Li*and Ci- do not differ by more than 2 from hmiting conductance rat o8 in solutions
4fh o strength of 0.01 y — about 1/3 of the tonic strength of Compartment | n all but expts
1 and 12 (hell and Gordon 1939))
Thus the K+ mult plying factor 1s (P from Eq 10)

RTY 1
fa=D / s (n

Thefactorsar for h* Li*and G respect elyat23 € 093 05317and 10 us ngdata
fom Rob nson and Stokes (1959 p 465) Each factor w It permit calculation of the d flusion
cocflicient of the respects ¢ 1on and thus of the specific ome mob [ty th membrane

Water Flo Eff o Calculato f Membrane P tent | The potential across Membrane { )

and Membr ne (B) was measured wh 1 the total concentrat ans of solutions_equimolar (001>
M1 RO and LiCl ranged f om ratos | € C ) of 11010 1) across the membrane and
when ' nclud d all values 1n Tabf I (see belows % 10 decrease in the absolute alue of
the'z 1o flow potentiad occurred when  was ey negau and when at the same tme the
Concentrat on rat o was fow Correspand ngly onbv expts 1and 7 (Table 1) should ha ¢ had
Mo ethana 10 deviation i the zero flow potential a deviation whi h mav ha ¢ been an
1 ar in ue effect (Schm d and Schwarz 1927

L 2 ured zero flow potentials we  found to qu 1 diffusion potent alsa. calcul ied by the
rderon equation (Ma Innes 1939 p 231 Th refore for expenim nts in Table | ¢ was
ban d by the Hendersn quaton to alculate  and should ha ¢ been corr ttowthn
m”m all but Expts 1 and 7 1n Expt 1 to 12 g was calculated tobe b twren —1 and
~—tm
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TaeLe I Results of flow experiments Expts 112 were done with RCl 4 LiCl and 1317

were donc with KCl DRC! (gem fx ¢ ¥ 10 3) 18 the zero flow diffusion coeflicient
of RClin the membrane (Eq 9) {1 the accumulation ratio predicted from the
vight hand side of Eq 7 using DRG A, 15 the expenmentally obs rved accumu
lation ratio at the sieady state from which an  observed  value for the diffusion
coeflicient of hCl DRl (g cm fsec x 10 ) was obtamed bv sol ing Eq 7
(Gs (C1 ), 13 the experimentally obs tved steady state specific 1 ratio From the
vespective k. and L ratios with msertion of § * snto Eq 5 the coeffrients DRC!
and DL” (aem Jscc # 10 3) could be cbtaincd Nesther DRC nor DRC! differed
s grificantly from DM £5r Dxpts 1—12 but DR was greates than Dt =
membrane water flow (mlfsec v 10 ) o = membrane thickness (cm » 10 %)

& = membrane surface area (cm )

1
ch

wat TN 1 ROU RO
2 ¢ d 4o 1y DETG q - D Iy

0774 -131 08 35 22 12 0361 061G+ 178 0gF IO
0752 -40> 08 15 1 077 0643 0437 112 0,9 0r7

1

2

3 0751 -892 08 24 17 12 6510 0303 117 088 10

4 141 -313 0P 12 12 13 0881 075 10t 15 1t

9 142 —408 08 1212 1€ 0858 0713 10% 17 i7

6 153 —463 46 3¢ 32 17 0340 0107 132 16 17

7 131 -917 46 19 69 0 0052 0008 173 13 [

8 1o —126 4¢ e 17 10 0334 030, 117 07> 05

9 181 —326 46 2t 19 21 0 03 0262 119 i8 1

10 187 —107 46 13 13 18 0813 0628 107 18 18

1] 132 -770 13 20 17 17 nele 037 114 1t 17

12 1of —84F 13 19 1, 2t 0559 03 114 1t [

13 ¢ ol 183 08 [x:10] 070

1% 070 —34t 0°Ff 0687 073

13 131 -318 08 080, Iz

1f 142 —409 08 0788 14

17 0751 -903 08 0500 14
Results

b Accumulation Lquations > and 7
For cach of 12 expeniments with KCI

[0 (Tahle 11 the salue of the pred ced

accumulation ratio was caleulated from the night hand side of Lq 7 letting RTuh =
j"-D: CQand RTu+  f1 DM of kg 11 The quoti nt 1, af 14, of they redicted
to the obserted (1eft hani side of Eq 7 accumulation rauo  as found for each expent
ment  The mean of the quotients calculated from the {2 values of the quot nts ¢ as

14+ 65E  (Pe 005 that mean differs from 100

| Lapt 7 was excluded
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Fg * Enty of ACLmto Compatment » €A = G at 1= 0 €} =003 M Expt \» relers
o Tabl 1 Obsersed values of € folfow the curves predscted bv Ey 4 (RTw = D}
Expt. 17 which 1s not included in the figure can be rey cred at the P = 002 level

bythe s ditnbution of Dixon and Massey (1957 p 276) Thus 4.cq wasabout [0
greater than A,

The steady state specfic e setio € [C, (left hand side of Eq 2' was found expen
mentally for each cation specxes \ alues for ~ (calculated by the Hendersen forrula
 dandf were placed 1 Eq 5 which was then solved for the apparent diffusion
torfficsent of KC i the membrane under flov conditions Coefiaents denved from
e observed K ratios will be called DAQ and those derned from the observed Lt
12105 will be called DR Sumidarlv an observed diffusion coeffictent could be dered
Lom e accumulation ratsos of Expts 1—12 by use of Eq 7 and will be labeled DX

Each of the diffusion coefficients thus derned from obsersed tome ranos at the
steady state s as compared with DA (cf Eq 9) the zero flow diffusion coeffictent of
AClin the membrane A of dffissian coeficients seemed more valid than
one of predicted and obsers ed concentration or accumulation ratios because an rrror
2 corfficient would appear in the exponential terms of Eqs 5and 7 and would distort
™ rauos at high flow rates (sec 4, Exp 7 Tablel

< quotients DC!) DAGH DANU DG and DHG PRE were calculated for cach
s A
0 salt expenment {1—~12) and In values of the quonents were wed to calculate
Qolient means 1n per cent unts of DNG The means were for DRYS—101 = 5 SE
> 00> that mean differs from 100 for DRC—109 = 5 S E P 00>
Wlor PNA_171 = 8(SE)  (F< 00>

low esumate of /1 right explatn why DYC was simuficantly greater than D!
:::‘hhy DRa s DRG0 9 of 12 expennments DY DR was correlated significant!

water flow ¢ (re=—-0918 P~ 00>

Equa o
wiata grven 1n Table 1 were used o calcutat. the salue of the left hund side of Eq 6
1;“’3“‘““"—"" with low For expts 1| the mean of this valus was 1 42 ~ 003

09t semficantly different P 00> from the predicred value of 14
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Fig 3 Fig 4

Fig 3 Iylueef ! * and Le* 1nto Compartment ? Lxpt 10 Table I Iach pare of points represcnts
€ before (tugher paint) and afier sampling €} kept constant The “observed  flux ratio 1y the
rau> of the tangents of each of the curves at tme ¥ The water flow terms {5 1) are calculated
from and from the value of from the ¥ equanon)
The sates flow terms and the vatues (CX) and CY)  are placed n the night hand sde of 1 q
8toobtana prelcted fux rato at time v

¥ig 4 Relaton of obseried to peducted netflux ratior Results of 9 experiments The observed”
ratos [RI@L were determined graphically imethod of Fig 3) at 2 to 4 widely separated
instants during a uogle evp eent The  pred cted  ratios were calculated from the nght
hand side of Eq 8 letung$ | ¢ =1 The mean of th TRobsercd heted dd
ot dlfer signicandy (F 0 05) from zero

Lo Btux wsth Tome Equations 3 and 4

Table [ summarizes the results of 5 flow experrments (§3—17, winh KACl alone For
these expeniments the alserved DPU did noc duffer sigmficandy 17~ 000) from
DM and the steady state cationuc ratio did not differ sigmificantly from the night hand
side of Eq 5§ (leting § — ) and RTa* = D"““/ Moreover the appearance of hClin
C ?lotlos ed the t course gnen by Bg 4 (g 2

Set Flux Ratto Fquation 8
The concentrations of Lt and A m Compartiment 2 determined penodically during
a flow expeatment were plotted agamst ume (see Ti, 3 for example  Tte ravo of
the tanyents to cach of the curves at a specific instant v was the obreried Rux ratio 31
that nstant deft hand side of Eq §)

from the wstintancous concentranons (L) and (C%)  the satue of £ was caley
lated from the Henderson equation notmg 2gain the possible crvor for hugh flo s [rem
steady state equilibinum conditions 4™ and 4 and thus D¢ and DY were calew
lated noting that these ohcerved  diffusion corfficients did not differ from DM The
s alucs were inserted 1m0 the rivht hand side of £q 8 tonether with figures for e 4 S
and f*
Lettng § 1 a3 a first approumation the flux ratios caleulated from the bt
fand sid~ of Eq 8 were compared with those « htaned from observed tangent ranos
(Fiz 3 for 2 to 4 wudely separaced instants per experiment
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The prodicted fix ratos did not duffer signuficantly {£ > 003} from the observed
ancs and Fig 4 shows the relation between them Thus knowledge of the steady sate
{Bioal) conchtsons for a flaw expertment with two salts or of MO wll permit calcuta
Uan by Eq & of the net Aux ratos for any values of C;‘ and CL at any invtant durng.
the experiment

The accord betwoen the pred cted and observed net fux satios depended on the fact that
2 E3 8 theerrorin § which arese beeause p was calculated from the Headeron equation for
=1 wisunmportant {p 363) When C D C so that the error was masmal ¢ ean
ecled out from the night hand 5 de of Eg § When ) = the error i § was small, unce ¢
deviated not more than 10 froo the {6 == 0) value

¥or a flow expenment with Cr=CH €, =0 mmalhy the accumutation raue
{defined by the left hand nde of Eq 7) was maaimal and equal to the aet flix rana

witially and then decreased with fime 10 a steady state mmnmum (Fig 3)

Dhscussion

The results demonsteate that water flow can produce tome accumulation 1 2 two
Sompartment model system according to the formulatons of Hertz {1922 1923; and
Teorell (1951} A oy, pressure d across 2 b having lttle
Temtance to bulk flow (a wade pare membrane) ¢an lead to significant concentration
wdients of K Li and G at the steady state Each tomic ratio depends on the
12u0 afbulk flow & 1o 1omc mobuliey 4 as well a3 on elecineal potental Accumula
Lon should be independent of potential and theorencally may be made as tugh as
dewred for 10ns whose mobslsties daffer

Yalidty of Equotions
@ relevant equanons for the specsfic 1ome rao (Bq 5) and for 1omic accumulaton
(62 6 and 7} were tested by campaning the zero How diffusion coeffirent DA of
AC within the membrane (ef Eq 8) wath the dersed from
;""Md values of jomc concentration and from cell and membrane constants  Eq
%33 coufirmed when membeane potential was calculated from the Henderson equa
o0 for diffusion potential £q 6 also was reconfirmed
The predicvion (Eq 73 that should be of memt
Polential was not tested ad by the Calewlated 1oliages of from
"1 -1 m\ comprise only a sorall~oltage range and the dependence of DYGYDRC
12 could han e been related 1 part to changes m membrane potenual In the hmns
$tudied Eq 7 appeared valid wathn 1020
£8 3 which gave correetly the non-steady state flux of a single unn alent salt coutd
B reduced 10 g 4 for a thin meorbrane. 10 give €, as & function of ume For two
amalent salts the exact formulation of the net fus rabio demands precise knowledge
Fshe membrane concentration profiles The vahidity of the sssumprions teading to
3 8 1 supparted because the squanion preducred comeect et flas ritros whem § o 1
4 "';P'Wu e Ervers
< R equaton (Eq 1) neglects peafc memb an as well ay ? 1
‘f;: £flects among 1 'as of different species {Rapoport 196%) Eq 5 6 and 7 which wore
b3 BY anzegration of £q § acroes the membrane are cxact only of th  membeane hae
eRe06s pores Soflaer {1943} ponted out that collodson membranes are heterogeneous,

e T
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with probabte electrical short circuuts within them when they separate solunony at different
concentrattons It 15 also likely that the steady state 10nic tatio depends on the distribunon of
pore radu since under a fixed pressure gradient the water veloaty in each pare should vary as
the fourth power of the radius Eqs 5 6 and 7 are probably approumations of a sum of micra
scopic systems only a portion of which 15 1n a microscopic steady state with zero electric current

The vaniances of the expensmental resulls may have been due to changes dunnga run int
DI (changes 1n the order of 5 ) or m other constants

Even with efficient stirnng a membrane surface film may be 30 # thick (Schulman and
Tearell 1938) The film could possibly change under different flow condtions 5o as to produce
a conssstent error 1n the differences between zero fow and derived diffusion coeffictents

As noted an underesumation of fL and thus of Li+ mobility withun the membrane could
explain vanations in RC1 diffusion coefTi Mobihities were cat from limiting con
ductanee ratios which may be incorrect 1n significantly concentrated solutions but 1t would
have been unwarranted to cbtan mobihues from non hmiung conductance ratios (Robinson
and Stokes 1959 p 290) Dilution of membrane contents due fo arge water floaws or to low
mitial conc ntrations 1n C 1 might affect cond, quotients and thus ol
ties because of membrane charge

Thermodsnamuzs of System

The experimental system with water flow 18 an open system of the first order since only the
generalized force acting on water s held constant (De€ root 1952 p 199} It may be treated tn
serms of ireversible thermodynamies (Nims and Thurber 1961 Rapoport 1964) Some first
order open systems have been proposed as hving cell analogies because they lead to rome
accumulation for the dependent (passive) tons and have characteristics of what has been
called act ve transpors (reviewed by Rapoport 1961}

In these expenments JP may be considered to be held constant by the transfer of water at
the rate of ¢ mlfsec from C 1atP to C at the higher pressure Py
Work done on the system at the steady state compensates for the work dissipated 3y the system
as water flons downhill from P 1o P carrying i+ L1+ and Cl- agamst their respective con
centration gradients 1n a work or energy coupled process

Thus tte that (or 10m3c can take place
by coupl ng of two work terms or of two active mechanusms which need not be 1on specif €
Eg 7 shows that n the presence of water flow accumulation occurs because «f differences
n the by bihities of o dent 1ons

The accumulat on fatio increases when lonic concentrations i Compartment 2 decrease
{¢f Eqs 5 6 and Table I) 1fa living cel) were ta accumutate jons on the basis of water fl>
a second 1ndependent constraint would be necestary to produce equal total concentratians on
both sides of the cell membrane

1 wish to thank Prof Torsten Teorell for hus very helpful advice and kind encouragement and
Dr John Sandbiom and Dr Chifford Patlak for helpful discussions A Kurt Lundegind snd
e Sug Norberg offered techmcal assistance Work + 11 done under a National Seience
Foundanon Post doctaral Fellowship
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A Micromethod for the Determination of Carbon
Monoxide in Blood
By
H LnpermoLy

Recerved 27 \osember 1964

Abstract

Linderholm H A  for the of ¢ bon monoxide 1n blood Acta phywol scand
1975 64 372376 — A method 1s descnbed which makes 1t possible to determine small
amounts of CO 1n gas and blood by the use of palladium molybdenum test tubes for the detec
ton of CO 005 ml of blood with normal COHb saturation (about 0 5 per cent) corresponding
10 2 tatal amount of about 005 1 CO s sufficicnt for an analysu of the CO content.

For the determination of the carbon monoxide content of the COHb saturaton of
blood in normal subjects (COHb saturation about 05 per cent) earher described
methods require comparatisely large amounts of blood (Roughton and Roat 1945
S)3sten and Sjostrand 1951 Lawther and Apthorp 1955 Gacnsler et of 1957 Coburn
et al 1964) The micro-diffusion method described by Berka (1925) based on the reac
tiont between CO and palladium chlonde requires only 0 2 m! blood for an analyus
of the CO content but its crror 15 not stated

In this paper a modification of the colonmetric method usinga mixture of patladium
and molsbdenum compounds 1n ndicator tubes (Shepard 1947 Andemson an
Dat 198 D 1960) will be which allows d of the
CO content 1n as httle as 005 m! of normal blood corresponding to 2 total amount
of about 005 4l CO The method also allows the determination of small amounts
of CO 1n gas

Method
Avparatas for exroction of CO f om the blood 1
CO 1 extracted from the blood 1n & m xif ed van Slyke apparatus described by Lmd"h"’;‘
etal (1957 1965) s Fig | The extraction chamber has a volume of 100 ml and contaim &
magnenc surrer. Liond and reagents are admutted by the cup and through the 3 way stop-coct,
Extracted gas may be ejected through the stop<ocks to arother gas reapient by med’
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N [PV

¢ ——
s ol

P | The modificd van Siyke apparatus 1 U SN
Whe 2 Cup 3 Extraction chambes 4 Gas reaip- W
e, § Leseling bulb 6 Needle valve s o N

Ievciing mercury bulbs or 1o 3 wide U tbe thuugh which gas flows to the €O analyzer
Treve s a noedle valve i the rubber tubsng from the reepient 1 1ts fevel ng bulb
R ge 15 Ocrylic akohel Trston X 100 disuiled water and sulphune aad 10 per ert

Lrocedure

The van Siyke prpevie. snclud ng the capillary of the cup 1s filled with mercury Octyl ¢ alcohol
a8Tnton \ 100 O Sml of cach and 4 mi of distlled water ase added to the cup Blood 10 00—
91mD) i added by means ofa constr ction prpete made of glass or poly ethylerie { Vatent enmer
193} Pefore blood 2 suck d into the constriction pipette some water 3 placed above the can
Unsson After 1t ¢ bloo has beea suckrd nto the constnction prpetie 115 upper end ts conrected
¥ Subbes tubing cantain ng CO free N gas which 15 slowly flowing from a N cylinder via a
b 0pen 10 the air The glaw constricuon pipetie with a rubber ¢ p s placed m the ¢ p. to
e 8 poyettylenc pipette 18 used 2t 11 hewe placed 1n 2 glass tube which is 2 itdle shorter than
e pete and with ome end formed 1 2 up The hofe of the tip f occludrd by the up of the
Polyetdylene piperte when i¢ 1 prushed §~? mim Ghrough the hole. Th glass tube has  rubber
1P whach 1 placed i the cup The blood sample i sucked n1o the extraction chamber 1l wed
Yot water wh h ssuses the consirr-unn p petie from blaod and 10 mb o CO free \ gas,
"wrwards about 4 el of flurd i the cup are nucked 1o the extraction chawber and a mercury
b applied. The mercury surface 1y lowered halfiway down » th xracton chamber to allow
w2 Alter 2 tmin of sarnng J ml of sulphuncac d s sucked o the extracts 1 chamber and a
ow mescury fock 1 apphied By lowertng th levehng bulh the exwracten hamber s almost
;’:Pmd ofmereury and the fiud s trred for 7run By means of the 3t p-c xcks and the level ng
3 he £33 10 the extraction chambe 1 conveyed 1 the gas recgrnt Afer e additicn £
‘m‘m 10 mlof N, gas to the extractr n chamber and >mn sterng wnder fow pressur
238 solume Contaimung the last traces of (O abeut 2 per ent f the 17 2a) amount 58
b"’;’[‘(grd tothe gas seapent Thr gas cullected n the eor 1 ent 8 shen znalyzerd £t content

E0.analyy

gemuawmd by ejecung the Ml gas  lum n b rec pent st afa Sy sven ate f
03 O gas stream whoh i g4 ked chrough b L twbe T e m st fed van Slyke

BN and through th pallad um mol bt teat ¢ bet 2t an even rate £ D mlma 11
on ol gasarals ycven ac s bianed by placng it mer ury by Lag b D of thr
Torfrapienn above the reaprent u that 1f d fleenc  bew rn e mer ey tirfaces 10 aboat
ot Depnn g and abeur 1 moarhe end {th yrewm Tpmoare fa bway sam
W mertury s passed though th gr pertya Yt 3 needdte 3L 01ty bevwplar §

Tty of by LA Stockl fs Sw drn
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Fig 2 Relatonship between umits of scale deflection on the
potentiometer writer (abscissa) and the amount of CO 41 1n the
5 gas sample (ordinate)
Scate deflection
n a Beckman B phe modified asds bed by and Dahlstrom (1938} The

colur change of the test tubc oceurring when CO s present in the gas stream changes the
extnctr nfor hight of wave length 650 um Fhes is recorded on a potentiometer writer connecied
to the output of the photometer The d flection of the petentiometer writer | mun afier the
deflection startsis 1 athin certasn | muts proportional ta the amount of CO contatned in the 20ml
gas sample of the reciprent [t should be noted thar mercury vapour present in the gas pro-
duces a co! ured ring in the first part of the patladium molybdenum sndicator column [his
nng 1 however clearly distingusst abl from 1l ¢ evenly dutnibuted colour change caused by
€O Tt i3 important te place the indicator tube 1 (he photometer so that the mefcury ring comes
outside the 1 ght path

Cahbration 1y made by adding kown amounts of CO to the modified san Sl ke pipette frem
a €O a r mixture in a ¢y nder by means of calibrated syringes The gas volume i the syringrs
1 injected into a slow strcam of N gas 1 hich 13 sucked through a rubber tub ng and a glas
tube with a rubber tp placed in the cup into the extraction chamber up to a volume ¢f20 m!
After transferring th  gas from the extracun chamber te the gas recipient the gas mixture 8
mn\l()rl;l t the indcator sube in th same way as when gas extracted from bhod samples 18
analyzed

Comparnisin «f deflect cns n the potenti smeter wnter for stan fard gas and for gas extracted
frombloodgs s afterc erection toSTID the LO consentof the blood sample The relatonship
between th d Bect on T the potents imeter wriser and the amountof COin the gas f the reap-
sent 1s shown 1y Fg 2 Lp'oan am unt of about § 7] CO th relationship 1s finear but it 15
at a fairly constant temperature «f 2022 € influgneed by the baromerrc pressure Callra
wons clos t th Flaod anal sis are therefore recommended

COMY atur i n Thr COHb saturat oo the blond was caleulated from the measured €O
content 1n m! CO per 100 1! blood and the €O capacity of the blood » hich 3 as obtain A1y
muluplying the hem gl bin content in g per 100 miof the sample by I 3§ The hemog! tin
concentrat 0 wa measu d as oxyhemogl bin (Sunderman ¢t af 1923)

Results

When vanous columes of the same blood sample v ere analyzed the CO content was
directly proportianal to the sclume (Tig 3, The standard error of 2 single determind
tion was calculated from 10 -5 double determinations 1n different sertes performed
by sanous technical asistants Lhe standard error w3t 000,—0 006 ml CO/I%0 mt
blood at 2 mean CO content of about 0 1 ml (O 100 ml blood (range 0 053—0 107

or 002—0 03 per cent C OHb saturation at a mean COHD saturation of about Dapr
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Bg 3 Relanonshup between the solume of blood ml
{abscissa) and 1ts CO content 41 5TPD (ordinate)
The dots represent means of 3 determmanons

Gl 02 GEEY)

cent (range 0 45—~0 74) The error was about the same 1f constriction pipettes of 0 0z
et 01 ml were used but 1t mereaed m proporuon to the CO content of the blood
sample In a senes of 10 double determinations on blood 1 ith an average COHb
faturation of 4 per cent and a mean CO content of 0 8 ml/100 ml blood the standard
crror was 0 036 m! CO/100 ml blood and the cocfficient of vartation was 4 5 per cent
The cocflicrent of vaniation was thus rather constant ndependent of the ¢'O cortent
of the blood 1n the range that has been exammned It vaned i the different senes
between 35 and 6 per cent The error for the determination of CO in gas was smaller
the coefficrent of vanation being 2 5—73 per cent

Companison of the results of blood analysis with the present method and those
obtained by analysis of 1-—2 ml blood samples with the method described by T inderholm
#tal (1957 and 1905) agreed sithn the error of the methods

Discusston

The main adsantage of the method is that onlv 4 small amount of human blood 1
tequired for 2 determination of 1ts CO content Finger or earlobe blood can be used
This Baciitates = when the fung method (
1948) 1s dificult 10 apply for measurement of the COHb saturation for mstance for
Studies on hemolytic canditions in new born anfants Measurement of the hffusing
“apacity of the lungs with the steady state methad 1 1th due regard to the back pressure
o7 CO from the blaod {Linderholm 1957) can now also be done with only finger or
fardobe blood another necassary method for this purpo ¢ bemng alreadv available 1 e
# micromethod for the detcrrmnauon of artenial carbon diovide tension from analvus

<arlobe or finger prick Blood (Maas and Heyst 1961 hoch 1965,
The exror of the method 15 srall for blood with a low CO content smaller than that
ef'scveral other methods (Roughton and Root 1945 Gaensler et af 1957) A smaller
CITOr {23 per cent) may be obtained + ith the method described by Linderholm ef of
11957) which haweves requares a larger amount of blood At concentrations of GO in
th blood hugher than that t0 3 COHb saturation of 3—4 per cent the
€708 of the present method ancreases abose that given for sexeral other methods

Th greater specificity of the pallaium molybdenum test tubes for CO than that
oF infrared merers or hopealite apparatuses 10 several siuations for instance 1 hen
*nesthesia gases are present 15 valuable {Linderhotm and Lond: 1965)
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Turther advantages of the methed are that the cleaming of the modified van Shyke
apparatus 1s casy when these small amounts of blood are used that the analyss can
be done with an equipment which with smal modifications 1s avarlable at most labora
tortes and thatt can be used for analysts of small quantities of CO 1n small gas volumes

Some disadvantages of the method are that the handling of the constriction nucro-
Ppipettes requires some traming and that s difficult to use for analysis of bleod samples
with a high CO content However for analysis of the CO capacity of blood the method
descrbed by Dahlstrom (1960) may be used as a complement.

Reasons for the use of N, gas i the extraction chamber and of sulphuric acd
were discussed by Linderholm ef of (1965) Is should be mentioned however that
with the present method identical results were obtained either 1 ml of a 20 per cent

de solution or sulpt acid was used for the release of CO from

blood
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Abstract

)dhhn[nn T and Ch Sachs Direct demonstration of the systems of lerm nals belon g to an wndwdual
2 E18ic neuron nd thewr distribut on 1n ral s Acta physiol scand 196 64 377--382 — The
Saper TEIC nerves rematng 1 the rat ins following the destruction of most ncrve cells i the
TEeTOF €en cal ganglion were studicd with the use of a hustochem cal fluo escence method —
P 1ns technique used have for the first ime made t possible directly to demopstrate how the
Tonzangl onic adrenerg fibre by branching withm the mnervated tissuc forms a system of
S Pretermunal axons which run to diffcrent parts of the 1s and how each preteriminal axon
“ﬁam a system of long and branch ng termnals (see Fig 5) The systems of termunals
it Trrng 10 an inddual neuron are dutnibuted to areas spread over a large part of the
o e findings gave d rect evidence for the view of lllarp (1946 199 as to the construction
€ autonomae pparatus — The study also shows that one and the same neuron
81¥¢ exaitatory and ihib tory innervat on respectively to to antagon suc eflectors (dilator
and sphincter)

Observations on the mnervation of smooth muscles have shown that local contractions
4r€ usually not obtained even if only a few nerve fibres to the tissue are sumulated
{Langley 1904) Thus shows that the postgangliome fibre must ramufy extensively and
Mnenate cells that ace far apart from each other Studies on axon reflexes mn the
$K 5upport this view (Lewss and Marvin 1927 Vagenaar 1931 and Walkns ef af
1938) ‘Owing ta the complex structure of the autonomue Innenaton apparatus
\ad the rechnical difficulties inherent 1n the neurohistological methods) very httle
Sknown however as to how this 1s brought about It has proved imposuble to obtan
ABY exact or more detailed knowledge of such fundamental problems as the cxtenston
distnbution and general appearance of the terminals belonging to an indiidual
Potgangliome neuron The concept of a nenve ending a3 used in studies on au
toromic effector systems, accordingly sull lacks the necessary morphelogical basiy

377
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The adrenergic nerses and the adrenergic intnen ation apparatus can now be studied
mn an entirely new manner thanks to the highly sensitne fluorescence method of
Talck and Hillarp which permuts the direct demonstration of the adrenergie trans-
mtter (sce Malmfors 1964 19652 Norberg and Hamberger 1964) The distnbution
and construction of the termunal parts of the adrenergic neries can be studied especially
successfully and convemently 1n whole mounts of albina rat 1ns whtch makes possible
a close of the ad avons and n their entire extension
throughout the tissue

The adrenergic nerves m the rat ins lose thewr noradrenaline (NA) content within

4

24 10 36 hrs after cervical t and can quently no longer be visual
sith the fluorescence method (Malmfors and Sachs 1965) It was found however that
one or two 3] neurons were left intact making st possible to

examune the systems of branching terrmunals and non termimnal axons anstng from a
single postganghomic fibre In the present paper these systems have been studied tn
detail with the use of 1nses 1n which nearly all the adrenergic nerves had degencrated
follov ing the destruction of most of the nenve cells in the supertor cenacal ganghon

Material and methods

About 100 female albino rats Sprague Dawley weight approumately 200 g were used Inall
ammals the superior cervical gangha were detached from the surrounding tissue and crushed
+ 1th tweezers i such a way as to destroy most of the nerve cells Some rrumals were treated
with nialamide (Namuid Plizer 100 to 500 mgfkg 1 p 4 hes before death) and N\ {1 mgikg
1 p 1 hr before death) This results tn a marked increase n the N A content and consequently
m the Buorescence intensity of the non terminal axons (see Malmfors 19652) making them
caster 1o follow

The anumals were killed by decapitation under | ght ether anaesthesia 36 10 72 hrs after the
operation The ¢yes were removed tmmedtately and the inises prepared as whole mounts whch
afier drying + ere treated v 1th formaldehyde gas of optmum humdity (see Hamberger ¢f af
1962) at + 80 Cfor 1 hrand then examined and na
1 1th an o1l immersion condensor (£>r details see Malmiors 1965a)

Results

Chanks to the presence of N A throughout the neuron and to the high sensitinaty of the
method (see Norberg and Hamberger 1964) the adrenergic axons exhibit along thei
entire length a more or less intense green to yellow green fluorescence from NA con
rerted by the 10 2 34-<dibyd line (Falck of ol
1962 Corrodi and Hillarp 1963 196$) The intact innervanon of rat ins has been
descnibed elsewhere (Malmfors 19652 and b)

Following the destruction of a greater or lesser proportion of the nenve cells m the
superior cenical ganghia the wses v ere found to contain a varying number of mtact
adrenergic nenves About one tenth of the inses showed such marked denervation as 10
be surtable for the purpose of this study In some of these trises the plexus of adrenergic
nerves was strongly reduced throughout the 1n1s or in more or less rindomly distnbuted
areas leaving just onc or two systems of branching axons ansing feom a single postsan
Lionic fibre (Fig 1) In other inses the fluorescent nenves left were so few that it w33
posuble to follow a single fibre from its entrance into the v atthe elliary body totheend
of 1ts outcrmost ramufications “ince the non terminal avons — Itke the termunals —




Fg | \ost of the rdrenerg ¢ nerves have degenerated lear ng some pres mmal axons (>
and about f>u  systems of stronger fAluorescent branching termunals v

\siiem of b nching terminals ansine from 3 ungle pretermanal axon (- ) 1 tren
160

T
over the dilator muscle

YTas 4T 8 MImf



Fig 3 s siem of branching termnals arising from a preterminal axon 1 scen around an ar
tenole » 160

Bie 4 A stem fb i tern naliin ite sphincter zone and another over e dilste?
In the fluorescence m scope the two systems could clearly be seen to anse from the $3m¢
mun axon 160
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bhave an efficient mechamism for the uptake and concentration of NA (Hamberger #f af
1364) they could be eastly obsenved following the administration of this amine

A compilation of the findings made 1t these 20 or so wsses reveals the following
general pattern of dustribution and appearance for the indisidual adrenergie axons m
albino rat s (Fag 5)

The postganglionse fibre armves at the periphery of the s at the ciliary body i a
seall nene trunk usually perpendicular to the ahan body Such a fibre will be
referred to untl the pomt 3t which 1t branches as the main axon The fluorescence
1t ps.ty of the main axon 1s 1n untreated ammals fary low and umform The mamn
2 onvaboutf7¢ 1 #sn diameter and 1t branches at varying distances from the ciliary
bodv Withan a short space the fibre rarmfies into several (2bout 4 to 6) thin (about
03 ) branches These branches which are also weakly and endarmly Suorescent
Tuman 2l dsrections to different parts of the inis They themselves do not seem to ramfy
toany major extent but they shortly change their smooth appearance sbghtly showtag
sl enlargements bike the vancosities of the termemals (sce below) only smaller more
¥t gular and of a dower fluorescence mtensity These fibres will be referred to as the

Presermnal axgns

Each prerermunal axon ends with svstem of branching fibres of highly charactenstic
ppearance (Fig 2) These latter show abundant more or less oval enlargements
O sancosities  {about 20 per 1004 avera e thickness about 1 g) which exhubic a
suong Puvrescence due fo the presence of very high concentrations of NA The thin
sgments {about 02 to 05 1) between the vancosiues on the other hand exhibit
# wesk fluorescence gns eng these branching fibres — which will be referted to a5 the

tewinals ~— the appearance of a stung of pearls

The extension of these termmal systems vaned but those distnbuted to the dilator
orered on the average an area of about 200 x 500 #¢ The termunals of a single system
had a total tengih of sev eral mm {3 to 4 mm 1 Fig 2} The ternunals often ended wath
an enlargement quite similar to the varcosiues but a number ended «thaut any
Vitble swefling

Nt all the systems of terminals were distributed to the dilstor muscle Some of the
*¥¥tems four d were confined enurely 10 the sphuncter reoton (Fig 4) The termuals m
“:C 20 manly i1 the same direction a3 the muscle cells of the sphincter Some of the
N ems obseryed were Tocaltzed 1n the walls of arteriolt that were surcounded by the
;’;"“‘s {(Fig 3) 1t was somenimes found that one of the preterminal axons gave nise
m 3tem of termunals distnnbuted to the dilator while another belonging to the same

48 axom ended wath termenals n the sphincter region [Fig 41 or around an artenole
["’r: “ome cases only one postganghontc fibre arrived at the ins to give nse to pre
M’::l 2xons and systems of branching termunals as descnbed abave This ndicates
they ‘¢ 2deenergic fibres travelling to the 1ns do not branch before their entrance in
s Arg L ussue always assuming that all the terminals of an mdividual neuron go

one the same effector organ

Discussion

R,
h:,fﬂl tudics on the adrenereic innervaton apparatus that hase been made 10 this

con '1='°r7 with the Buorescence method of Falck and Hillarp have furmished almost
fa e suiderce for the view (Hillarp 1946 1939, that the fine termunal axon rami
“tons haractenzed by abundant vancosities are true termmals which store and



<ab TORBJORN MALMFORS AND CHARLOTTE SACHS

504

Ditator

/S/ﬁhmcte/ wj

fig 5 3 schemanc p cture of how the axon of an indsidueal adrenergic neuron extends lhrov-f;z
out the s The drawing 15 made up of preces from dufferent preporaons In the upper I
hand corier there 18 seen apart from an arteriole 2 sngle main axon (A ) which pases e
eiiany bods from the chorord wn a small nerve bundle 1 then branches into thn fibres et

g over a large part of the its These thin branchey the pretermunal axons (PT) fater ch:mﬁ‘
thew appearance shawing small rregular enlirgements The pretermnal axons finally p)
VP ito 3 system of branching fibres the termsnals {T} These have a tharactenstc :ppﬂﬂ“‘:r
wth abundant m or lesy oval enlargements or varonues (0 the entarged dmmnlm
branching terminals n the upper nght hand corner ) Systems of branching terminals from :h <
and the same ma n axon can be found m widely different parts of the ¢ lator muxcle
3ph neter regron and around an arie ot

release the sransmiter isee \orberg and Hamberger 1964 \almfors 19651 Matmfors
and Sachs 19631 fractically all the transmtter 15 stored i the yaricontaes which 1\!10"’
very high concentranions of N\ probably in the order of 10 000 jgjg wet wt ”", 10)::
besg and Hamberger 1964 Fhe obsersations made guve abo strong aur»punfulhe
view that 3t 1s these vaniconties thar are the presynapuc structures specialized for
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symthesis storage and release of the transtutter Thus could sn fact be directly de
monstrated by studymng the disappearance of the stored NA on sympatheuc sttmula

tion 1 b with nh of the th (Maimfors 1964)
The ins techmque used 1n the present work has for the first hme made 1t possible
durectly to d how a 1 fibre, by b within

ow 3 p
the ionervated ussue forms 2 system of long pretermunal axons which run to different
parts of the ins and how each pretermimnal axon finally forms a system of branchung
termnals cov ering a faurly large asea (see Fig 5) It follows that the systems of termunals
belonging to an 1ndind di qi¢ neuron are distnbuted 10 areas spread over a
farge part of the s This cxplains why local contractions of the dilator muscle are
'1‘;“{:1) rot ohtamed even if only a few postzanghionic fibres are stmulated (Langley
)

The adrenergic wnen ation 1 d along the sarme hnes also
several other tsues (Morberg and Hamberger 1964 Malmfors 1965b and ¢) It
therefore seems probiable that our findings as to the general appearance and distnbu
ton of the systems of Is hel to an mdmvidual peuron are n pnnople
of quite wide application

Strong evidence has been obtained for the view (Hallarp 1946 1959) that the auto-
poruc ground plexus — a twe or three dunensional network each strand of which
sially contains two or more fine and vanicose axons -— s the real twaen atton structure
that st 1¢ bunlt by long nerve terounals and that termnals from two or mote neurons
Somverge 10 and inner ate the same group of effector cells {see Norberg and Hamberger
1954) The present findings gne the first direct evidence for this view The adrenergic
IRNeniation apparatus of the ns dilator muscle 10 the rat appears as a dense two
dimensional network in which two or more termunals wsually run together {see micro-
Photas i \almfors 19652) On the bas of the findings made in the present work 1t
<an be concluded that thus network 1s made up of a large number of systems of long
and Bmchmg terinals and that the terrumals runmng together n the same strand
ongnate from drfferent newrons showing the correctness of the convergence principle
Our findings wcidentally disprove entirely the syacytical nerve net hypothess (for
Teletences see Hillarp 1960)

The true endings of the Is are quantatn el and it seems unltkely
that they can play any esenual role n adrenergic transimssion They mav haweser
be identical with same of the steuctures described by electron as true
Penve endings  which are ntimately associated 11th — ¢ g parily embedded mn a
Pocket of — effector cells

The sphunceer of the 1ns 1n vanous mammalian speces shows an adrenergic mner
Vatien of varying abundance which i all probability has an inhibitory funcuon
Malmfors 1965h) Tt 1s therefore of considerable mnterest that newrons  gwing
termnals to the dilator were found also to supply termunals to the sphincter One and
the same newron can thus provide y and mhibitory innenauon resp 1
te to antogomustic effectors

o investy red by s U § Public Health Service Research Grans (\B
ﬂn”ss"l;ﬁfﬁﬁ"&: A sty « of “eurological Duscases and Bl ndness and by  grant
from the Swedish \ed eal Research Councal
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T Abstract

Soranson G The metaboliom of futty acuds 1 he rat VHI Laune agd and my stic aod Acta
Toel scand 1965 64 383—386 — Eather 1 C launcacd or 1 C mynstc acd together
e or‘x 1 palmui cacid were1 v myected into fasted and refed male rats and the disappear
20d dh label from the blood and the tissue distnbution of label studied Both lauric and mynst e
rappeared more rap dly than palmutic acid from the blood In refed rats launc scid way
racted even more rapdly than myrustic acid Launic acid was ovidized at a higher rate than
odraad and mynstc seid was more rap dy oudized than palmitc acd More launc
Uver phy and mynstic acid Jabel + as found 1n the Iver Neutral Lpid plus FFA than i the
g AOSPholip ds Th s skewed distribut o was most marked for launc acd i the fisted
Towds ¢ tneven distribunio t 13 discussed m relation to the fatty ac d composition of the liver
P 1o tertain feeding experiments and 1o the interconversion with other fatty acids

In 2 senes of artides the sesults from expeniments 1 the rat with several fatty acds

gzwebun reported (Gorapsson and Olivecrona 1964 a and b Goransson 196ta b ¢
2nd €) This paper deals with the findings in smular espenments where G laurm
o€ mynsue acid was 1 v snpected together with H? palmite aeid

Methods

'sne 1€ launc aeid (Baich 9 Spec act 210 me/m\) the | G mynstc acd (Batch 8

et act 154 mc/mM) and the 9 10-H palritic actd (Batch 3 Spec act 389 mc/mM) were
burchased £ om the Radiochemucal Centre Amersham, Engl nd Th H nynsuc acd (Spec
3 10 me/mVf) w v it ted [ om nonlabeled ac d (The Hormel Insutute Ausun Munne
212 USA) as described by Bergstrom and Lindstedt {1927) The acids vere purified as de
scnbed eartier (Goransson and Oltvecrona 1961 ) prior fo the preparat on of the mnjection solu
wrn Hall a ml of serum was iyected 10to each rat. This dose contained approxmately 0 1 7 oq
oftabeled Launic and 0 1 4 eq of labeled palm t e ac do 0 1 7.eq of labeled mvrusue and 0 1 e
I labeled palm 1 cac d When G Launc and H _mynsue sc d was inyected the dosc contained
30Ut 01 ‘ueq of th former aci§ and 0 3 4 eq of the latter ac d

383
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Taste I Ratio CY/H radicactivity in the blood neutral ypids plus Iree Tatty acids in rats
alter the s v anjecuion of C * launic acid or C* mynistre acid together with 1 pat
pubic acsd 10 rat serum The ratio 1 the injected fatty aod mixture was taken ay §

Lauric acid Myristic acrd
Min  Tasted rats Refed rats Fasted rats Reled rats
1 0g 07 04 04 09 08 06 06
2 [13:] 07 — [X:}
3 07 07 07 07
4 — 07 07 [
5 o8 o8 o7 09

Tarete If Ratio Cf {EV radinactwvity 1n wssue bpuds from rats 5 mun after the iv injection
of C* lauric acid or € * myrisuc acid together with H palmiue acd m rat serum.
The ratio ta the injected fatty acid muxture was taken as | 0 Totalsn the t 18
the mean +:50M of 5 rats

Adipose

Liver Newtralfat  Phospho tasue Carcass Totsl in

Total plus FTA lpeds Tatal Total the rat
Laurie acid
Fasted 023 037 004 023 047 0311001
Refed 08 100 D54 053 LRI 072400”
Myriste acid
Tasted 024 028 ¢19 0sn 075 0554008
Refed 090 107 or? 091 097 090007

The nutritonal dtate of the rau the operative procedure and the amalytical methods were
the same as those described by Guransson and Olvecrona (1961a) except for one mod fication
In peeliminary exper ments it was found that myristic and specially lauric acid when present
a3 frec fatty acids wese ot 10 a considerable drgree when the hipid samples were taken 10
deyness using Feat and a stream of mitrogen To avord this loss of free mynistic and Liunc aad
the solvents were evaporated s mply by allowing the Iipid samples to be aayed £ ad o
actvity to stand at room temperatre untid dry The free Lty 3cd frachion was not separated
Trom the neutral lpids i the present expenments

Results
Ad the values obtained for palmutic acid n this work agreed excellently with those
published earher (Goransson and Ol ecrona 1964 a) the results in thus papee are gives
a1 the ratio € /H*in the indrndual samples Tte ratio in the mpreted fatty aod mie
ture was taken as one
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The resules of the present expertments can be seen in Table I and I Table I shows
that both myrstc and launc aed disappeared more rapidly from the blood than pal
ming acxd 1n both fasted and refed rats The difference was geeater for launc acid than
for mynstic acid dunng the first mun 1 the refed rats Ths finding was venfied in 2
#parate eypenmaent wa which C * launtc and H® mymistee acid were myected 1o three
rats The ratio +/H* 1n the total blood Irprds was then 0 55 = 002 afier I min and
031 £ 004 afer 3 mun

Table I gives the sissue distnbutton of label 5 mun after the tmyecuon From the
tofumn “Total m the rat 1t can be seen that the launc acid was oudized more rapidly
e the mynstic acid and that both fatty acids were oudzed more raptdly than the
Prloutic acid Even in the refed rats a considerable amount of lauric acid was oadwzed,

In the hvers from both fasted and refed rats more € radioactmaty was recos ered
from the “Neutral lipid plus FFA frachon than from the phospholipid fraction both
A the evpertments with faunc and with myrstic acd This skewed dustribution was
Thost pronounced after the mjection of Launc acd

Discussion

Labeled free fatty acids have been shown to disappear from the blood at different rates
(Gorsussan and Ofivecrona 1964 b Goranson 9642 b ¢ d and ¢ Ono and Fred
Fickson 1964) In general the fatty aceds scem to disappear more rapidly with mcreanng
4 saturation and 1 ath @ecreasing chan length The last finding way further substan
Uiated by the present experiments 1n which mynstc and launc and were extracted
faster than palmunc aid In the refed rats the Jaune acd disappeared from the blood
©ven faster than the myrstic and A possible dependence of the disappearance rate on
the e<tent of assocration with serum proteins of irec fatty acads was discussed by Gorans-
3on (1964 £) It was suggested that if the rate hrmuting step 111 the removal of fatty acids
fram the blood 1 the passage through a water phase the solubtlity of each tatty acid 1
wat r should affect the disappearance rate

In the present expenments carbohy drate refeeding did not reduce the oudavon of
laune acud to the same extent as the oxidavon of palminc acid This finding supports
the results obtamed by Lossow and ChatkofT (1935) who established that the degree
9F sparmg increases v 1th increasing Jength of the carbon chain of the fatty acid Lossow
and Chaikoff studied the conversion of fatty acid C o expired C Oy © hereas the
Present techmie determines the oudation of fatty acid to nonlipid soluble products
However any n the rate of oxd of ind, 1 fatty acids should anse
dunng the breakdown from fattv acid 1o acefate since the acetate molecules denved
from different fatty acids probably mix completels before further h
™t Furthermore 1t has been shown carher {Goransson and Ol vecrona 1964 2) thay
the oxidation from fatty acid to 2cetate 15 very rapid during the finst few min after the
Injection “Thuy the ratio between the reco ered laune and label and palmitic acd
Label in the present experments should be approwimately he same as the Fato betw een
haunc acid Label and palmutic acid fabel not recosered as C Oy in the work of Lossow
and Chaikoff Th s was indeed found to be the case Lgng therr data the abme ratio
150 40 and 0 37 for fed and fasted rats respectvely and these values agree closely with
the results presented mn Gus work

£ 73ts are not fed excessve amounts of laune and myrsuc aad the hver tngly cendes
contan small amounss of mynsac acd and very small amounts of launic aod wl

5655011 4 ta phy 1o LR
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the phospholipids contain negligible amounts of both acsds (Dobrisova Hahn and
Koldovsky 1964) The present results are 1n accordance wath this as 1t was found that
launc acid was not mcorporated 1ato the phospholipids in the fasted rats to ans appre
able extent This prece of information also supports the results of Elovson (1964) who
found launc and mvnistic acid 1n the lner onlv 1 the tngly cendes aftcr feeding hydro-
genated coconut ol to rats

The difference 1n distnbution of label between the Liver nentral lipid fraction and
the Inver phospholipids from fasted and refed rats after injection of Launc acid suggests
arather extensiy e intercom ersion in the refed rats The snterconversion has been studied
by Elovson (1964) at our institute He found that in the fasted rats virtually no inter
comersion took place In the hvers of refed rats about half of the radioactnaty n the
neutral lipids 2nd one fifth of the radicactivaty in the phospholipids was in launic acd
after this acd had been injected  After injectson of mynistic aad approxumately three
quarters of the radicactvity was an mymistic acid 1 both the neutral lipids and the
phospholipids in the Iiser Both acids were principally conserted to palmitic and steanc
aad These findings by Elovson should be born in mind when the results ;n Table IT
1n this paper are interpreted

Thus work was supported by grants from the Ved csl Faculty in Lund and from the U.S Public
Health Service (He 0030701 \MET)
The excellent technical assistance of Miss Isénc Ralebssan 1s gratefully acknowledged
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The Incorporation of Fatty Acids into the Alpha
and Beta Positions of Liver and Adipose
Tissue Lipids of the Rat
By
Gorax Goransson
Recened 3 December 196+

Abstract

fvo'znson G Thewn orporat nof £ tty ands to the Aipha and B ta positions of luer and ad pore tussue
nP o they ¢ Acta physiol scand. 1963 64 387—391 — Labeled laune myristc patmiue,
: :;nc Palmitolaic oleic and limoleic 2ads were mnmasenously smyected mto fasted, male rats
st e estenfication at the alpha and beta pos ton of glycerol n Iy er and adipose fissue hpnds
by o4 The futty acsds were rapidly incorporated mto both alpha and beta poutions of L e

diposc tissue Lpids Each fatty acid was 1acorporated o the alpba and beta pos tion m
Proportion to the amount at whi h that fatry acid normally occurs n each position. Thus the
“‘;“Hmm!ed fatty acids were mawly estenfied at the bets pos t 1 and the saturated acids at

‘¢ 2lpha pos ¢ on

There 15 a marked dufference i fatey acid compasttion amor indn idual organs within
2 €ertam amumal species and also among the hpid fracnons of a parucular ussue « g
tAzlycenides and phosphohpids (Goransson and Ol ccrona 1964 4 speafic distnbu
bon of fatey acids between the alpha and beta posttions m gl cendes and phospholipids
bas also been noted 1 Menzel and Olcote 1964 Hanahan ef of 1963 In order tostudy
the mechanisms by which a speafic fatty aad patiern y mamntaned in a certam lipid
Traction sevcral fatty acids were myected intra cnousls snto rats Goransson and Olive
€1ona 1964 and 1965 Goransson 19652 b ¢ d candf Itbecame cvidentthatsaveral
mechanisms such as preferential uptake intercon ernon and eudanon operared to
modify the compostuon of the free fatty acids before estenfcation However the resulis
310 suggested a marked specificrty m the estenfication process stself This mechanism
35 studied 1n more detail by Goranson 11963y The results prompied the present
mare extended imvestgation of the estenfication of fatty adt n rat lver and adipose
ue
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Taste 1 Total rad, and posiional of rad m hyer Lipsds and
adipose tnglycerdes 5 pun after the 11 1njection of Iabeled fatty acids dissclved 1n
rat serum. Each value was obtained from a single animal. Alpha/beta denotes the
ratio of the speeific radioactvity in an average alpha position dinided by the speaific
acuviry mn the beta positon

Adipose fissue
Laer phospholipsds Neutral hipids plus FFA tnglycendes
Percent of Percent of
mjected radio- AlPha  ipjected radio. Alpha Alpha
actvity Beta acuty Deta Beta
Launc aad 06 58 42 — 28
\Mymstie aad 37 n 41 21 18
Palm:tic acad 69 15 11 26 16
Steanc aad 84 27 - — —
Palmttolic acid 20 04 48 06 07
Olexc acd 3z 07 77 02 04
Lin lac acd 63 02 15 0.2 01
Methods

A C' labeled and an H? labeled fatty acid dissolved together i rat serum were injected

1nto fasted rats and the mncorporation of label in1o bver and adipose liprds was deter
mined. The poutional distnbution of the labeled fatty acids m glycendes and phos-
pholipids was then studied using pancreatic bpase and phosphatidase A

The foll>wing labeled fatty acids used were obtamned from Tt e Radioct emucal Centre
Amersham England 1-C' Lunc aad (Barch 9 Spec act. 21 0 me/m\M; 1-C' mymst ¢ acd
(Barch B Spee. act 154 me m\y 9 10.H palmitic acd (Batch 3 Spec act w9 mc mM)
1-C* steanc aad (Spe¢ act approximately 10 mo/mM 9 10-H <leic 2ad (Batch 2 Spe¢
2ct 00 me m\ and 1 C hnolac aad Batch 20 Spec ace 247 me/mA\l) H palmitslac
aad (Spec_act 7 mc m\M was bi svnthetcally prepared from 9 10-H? palmn ¢ acid 28 de-
scnbed earber (Geransson 19 >¢  Fach fatry acsd was pund ed by reversed phase chromates
raphy and Lquid b id partition o thin laver chromatoeraply to assure that more than
5 of the radmct 1ty was present as the appropriate free fatty acid Tt e | noleie acid wat
subjected t ASNO SO thn haver chromatograply as desenbed by G fansy n (19 ) and
the ¢s-linolric acd recovered and sbown tocontanles than 05 of rad sa tive impuntes.

Tie preparavon of th  nyection s lanon has bern descnbed carlier (Goransson and O ¢
crona 19§ 0 ml fsrum was ipeted into each rat. Thas dose contatned about 0 08 peq
of one H Labelrd and 008 peq of one € Labeled fatts acid Tl ¢ low s,cafic actvity of pal
mt olesc and made 1t necessary ¢ angect about 1) peq 10 produce gatislact y apetif ¢ 2CUNILA
1n the tusue bp ds

The ueatment of the £ats prior 1 tte expmreny and 1 operat ¢ procedures were 3%
reporied provious y  Gorsnawon and O vearona 144 In the pramt experiments each 13t
was sacrifeed fi ¢ mun af ex mpect on The tn [icendes 1n the epid dymat far pads and e
neutrat 1 pids plas free Qanty aods and pt aphv | pids in the Liver were recovered s ng extrac
ton and phuc pr xedtures lly a3 dexcribed by Gr ranwon and Olrvecroad
(194) One mod Ganon thit was nrroduced was d pp g of the thn biver plates 1n 0 2
2.5 slution of acctic ad 1t 7 prior ¢ develrpment Th s pretreatment of the pli @
crsured good srparaton of the d gt er de fracumn { m b {ee farty ac 1 fracom.
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The bver tnglycendes were not wolated from the other neotral hpids and the free fatty
acids Thus the values grven sn Table T can not be conndered strictly representatise for
the hver tnglycendes The figures presented should however constitate 2 good 3p-
proamatian as 1t was found carher that the radisactnaty m the rat Iiver peutral hipsds
Smin afier thes v sngection of labeled palmitie acid 18 mamly associated with the tn

And dighycendes (G ard Ol 1964 a)
The gl condes from the adipose tissur and the neawral hip d plus free fazty acid Fraction
front the kyer were subjected to with park pase 4 sn Iyophsd

1ed 100000 X g yupemnatant from a | 3 homogenate of the £ csh gland 32 VN of hprd was
ke (o deyness 1n 2 10 mi ampoule using heat and a gentle stream of pifrogen. 38 md of phose
shate bufiee (pH 80 015 M) and 200 p} of 2 bpase 30 uton were added  Thus amaunt of
Lpaye was shown 11 ap exprnment with G glyceral fabeled trolew 1o give about 5 of total
bydrolysis The sncubation war carred out 1 the sealed ampoules for § brat 37 C The hpd
nixture was then reconered by § quid hiquid paruvon and fracoonated into tn dr and mono-
gheendes and free farty actds us ug thin layer chromatography The sdiwidusal 1 pid fractions
were chrted from the siea gel with 50 mlof20  methanol m ether Radiaacuvity was
sasured by kg santifation counting and the ghycerol eontent determ aed by the method
of Carlsson and Wadstrom {1929)

The speatfic actisaty 1 an aserage alpha postion of the Iiser neutral hipids and the
adipese tssue tnghycendes was demed by usig the followng formula

3 x TG ~ beta
apra -2 TG 2 b

where ‘TG s the speesfic acthvaty of the tnglycendes and  beta  the specific actsity
of the monaglycersdes obtamed by degradation “The ratio betwern the specific sctvity
ofan alpha pontion and the beta position was then used m Table T It as abvigus that
uniform distribution of a fatty acid woulk result 10 8 ratio equal to one

The torat phospholipuds from the liver were freated wich phosphag dase A from bee venom
{Leo Halan, Swedeny A soluton contaimng 40 mg of phosphobp d was taken o drvaess
 ghss stoppered test tubes and the phospholp d emuls fied 1 0 3 wl of phosphate buffer
(P70 01, A} Fhosphaudase % and 10 ml of ether were added ind the tuber vigoroudy
3haken for falf a o nute The weubation was carned o overn ght at room temperatuse The
Salventwas then evaporated the pads @ ssolved i chloroform and transferred 1o § O <olumns
Thedite finty acads were huted with chlotoform atd tie rema awng kp dsw th methanol When
the metanal eluste was assayed by thn bayer chromatography using ¢hlo ofarm m ghanol
waler acetcaaid 7o 25 3 I ar develop ng vatew only Bysocompounds were detected It
was concluded that the degradanon of the betx ester bovds was complece Ta establish w hether
20y alpha hyd olyns has occurred the Ivsacompaunds were subjected 1o 2nather degradation

nly tnngn ficage amaunts of { ce fatty 2 #ds were hberated durng s p ocedure Thi
fuggested that na appreciable hydratysis of the alpha ester band had oceurred during the first
degradat on The fabeled fany acdx s the chlavgform frect o \ efs norefore reganded as
Quanstatiely recoyered bera fatey aerds

The sulyertion of the totat p fignd fracuon 1o d with phosp
% eonstitused an approamanon 15 had been shuwn cark er however that 8050
of the insected patmotic acsd Jabel 1 the phosphohpid fracuon were m ghy cerophaspha
vdes (Goransson and Oliscerona 1964) Therefore the meorporation of fabel tnto
nengly phosphatides i the present exp should pat affect the
mterpietanon of the dala

The ratio between the speific radioactivty m the alpha and the beia positan of the
phospholipids gren w Table T was calculated 1 the follos 1ng wav the radwactivity
m the fatty acads a7l t off by phosphandase \ ¢ £ the bewa fatty 2ads w 2s suberacted

d
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holinid: d

from the amount of radioactisity 1n the total ph used 11 the d
The difference was taken to represent the radioactin ity n the alpha fatry acids and was
diided by the radtoactivity in the beta fatty acrds

Results and discussion

In Table 1 the percent of the myected dose 1s indrcated for the Iner phospholipid frac
tionand necutral ipid plus free fatty 2eid  Traction These values are i good agreement
with those obtained in earher expeniments {Goransson and Olivecrona 196+ and 1965
Goraasson 19655 ¢ ¢ and }

‘The ratios afff dicate a specific incorporation of the saturated fatty acsds nto the
alpha positton of the three fractions studsed This tendency was most pronounced in the
phospholipids where the mncorporation of saturated fatty acids into the alpha position
ncreased with increasing cham length

‘The unsaturated fatty acids were distnibuted predomnantly i the beta position
This dustril ficrty was most d 1n the case of hnoleic acid

Infe the fatty acrd comy m the alpha and beta position
of rat Iner lecithin and triglycenides 1 available 1n the Iterature (Menzel and Olcott
1964 Hanahan ef o/ 1963} The ratio between the percentage of each fatty acid in the
alpha posittion and the same fatty acid in the beta position can thus be formed For
some of the fatty acrds most abundant in the gt hosphatides this ratio has the
following value for palmitic acid 15 stearic acid 55 olerc acid 05 and hinoleic acd 02
If these values obtatned for leeithin are compared with the ratios of specific actrvity for
the total phospholipids in this work the agreement for all the fatty acids except stearie
acrd 1s obvious The steanc acid 15 however 5o unevenly distributed that both the raie
m the present work and the rauo in the work of Menzcl and Olcot {1964) may be
somewhat uncertamn Thus the conclusion to be drwan 1s that under the conditions used
1n the present expenments fatty acids are incorporated mto the alpha and beta post
tions of the Incr glycerophosphatdes 1 proportion to the amount of each fatty acid 1
that pesition

A companson between the data 1n Table I and the results obtaned by Hanahan e 4l
leads to the same concluyon for the hver glycenides as for the phospholipsds abose The
similar incorporation of fatty acids into the hser glycendes and into the adipose tissuc
triglycendes suggests that also in the adipose ussue each fatty acid may be estenficd 18
proportion to the amount of that fatty aaid m each position

From the results in Table 1 1t 1s clear that a rapid incorporation of label occurred
into both the alpha and the beta position of the hptd fracttons studied Thus the incor

poration of label into the liver phospholipids should take place either by an extensine
exchange of both the alpha and the beta fatty acid or by total syntheus as described by
Kennedy (19571 For Iner and adipose ussue triglycendes de novo synthesis seemed 10
predommate over exchange or incorporation 110 preformed parual glycendes This
agrees with the findings of Shapira ef at (1960) who concluded that de noso synthess
was the main pathy ay for incorporation of labeled fatty acids in adipose tigsure 10Ct
bated tn vitro Contrasting resultswere however obtamed by Andersan and Tose (196!
Thesc authors obsered a higher specific acusity 1 the fatty acds in the alpha paiton
than i the beta posttion for a scries of fatty acids after mcubation with adipose nsue
Only 1n expenments with adipose ssu¢ from fed rats ¢ 1th glucose added to the incub3
f1on medium was the ratio of specific actmaty an the alpha postion to speaific actisity
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1a the beta porstion below one for hnolere and olesc acid As these authors pomnt out
tte difference may be atinbutable to seducnon of alpha glycerophosphate 1n their m
Vilro expenments as compared wath those of Shapiro ef of  This mught render de novo
30 tews less important than exchange and mncorporation into partial glycendes Sum
tarly the dufference between the present results and those of Anderson and Tove mav be
expluned by a more extensive supply of alpha glycerophosphate i vivo even though
fasted xats were used

Tus work was supported by grants from the Medical Faculty 1n Lund and from the U S Public
Health Service (He 0530704 MET)

The excellent technseal assstance of Muss Iréne Ralebsson and Mrs Barbro Gothe 1 grate
fully ackaow ledged
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Electrophysiological Investigation of the Gustatory
Effect of Ethyl Alcohol

I The Summated Response of the Chorda Tympani 1n the Cat,
Dog and Rat

By
GorAN HELLERANT

Recawved t December 1964

Abstract

Heltekant G Ilectrophest logical ymestigation of the gustatory effect of etfs] elcokol T The summated
resf onse of the chorda hympant n the cat dog a drat Acta physiol scand 1965 6f 392397 — The
summated response of the chorda tympans nerve to alcohol 11 charactenzed by annitial depres
sion a slow onset of the discharge and then a strong positive response to a water ninse The
il period of decreased ctvity 15 related to the alcohol concentration 1 such a way that
a stronger solution d mimishes the period of depressed activity in the nerve Th ncreas of
activity 1 greater 1n the cat and the dog than in the rit This positive response 1n the aat and
rat shows a maximum after which no further increase in the response can be obscrved with
ncrersed alcohol concentration  Evidence 1s presented that the strong response to water afier
alcchol emanates from gustatory fibres which respond positively to water The powibiliey of
:’i:l gu!:'lur) responses 1o water and the types of gustatory fibres responsive to alcol ol are
iscusse

‘The gustatory cffect of alcohol has been electrophysiologically myvestigated only 1
a few stadies Bewdler (1953) reported that the response to alcohol was hardly peree?:
uble 1n the rat In a recent paper Diamant ef al (1963) reported that they had tested
the effect of alcohol on the tongue of 2 human subyects and 1 dog by recording 15
clectrical response from the chorda tympant perve This response difered in seveed
respects from that observed to other taste sumuli Therefore 3t scemed of wterest
study the response i more detail using a number of specics

Methods
anesthet1ed

12 rats (Spraguc Dawley 4 dogs and > cats were used an thus study They were g
with  Mebumalnatriun 1ml of which contwns 18 mg pentobarbital 40 mg pentobarbiety
dumand 20 mg urethan e aminal dse of 06 mifkg bw was adoum teeed 171
species and the repeated d mes 1 v in the cat and the dog

392
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Fig 1 Curves of the summated response
m the chorda tympan: of the cat dog and - 4

fal to different aleohol solutions There = T N -~ -
sponse was measured 1n per cent of the e, €

3ponse 10 Rmger 3 solutson after 10 sec

o T 1 2 3 56/%w

The aperative procedure and the expenmental technique were almost the same as thos®
used by Cohen Hagiwara and Zotterman (1950) The recordings wete always obtamed from
the whole chorda tympant nerve

e 321n of the summator was adjusted to give 2 good response to the applt ation of the test
tolaaoms. These v ere appl ed to the tonguc by means of a burette fived ngdly 1a position with
18P 2 few mm above the tongue A two-way stop cock was connecred to a tap water contamer

constant and equaf to that of the bath in which the stmulus solutions were kepe (2933 Q)

¢ temperature of the tongue surface was recorded witha thermocouple The quanuty {25 ml)
and rate of flow (100 mJ/mun) of the test solutions were hept consfant during the test. The tongue
w3 ninsed wath tap v ater after each test until the nerve showed ts onginal acvity Smee no
dfferences were obsered between the responses obtaned to solutions made up i distl ed
waltf or tap y ater tap water for pracucal reasons was used as a sobvent

The tongue of the rat 15 small and 1t 1s dsTcult to expose its whole surface A catheter was
&:’ l"fo ¢ put m the esophagus and the solutio 1 flowed from the postertor aral cavity out ave

onoue

A two-batile preference test with aleohol solutions and distitled v ater v as easmied out o the
P8 Each an mal was kept sn a separate cage The slcobol solutions in s expenment were
wate up 1m distilied water Two prpeftes contaumeg 3 atet or alcobol were mserted through
koles n e 1id of each cage The bottles were shified once a dav bet cen and 1n the cagey
actoning to 2 randon table (Fisher and Yates 1919) Thirteen solunons were used with

l‘“[""«‘:nmnnns berween 0 1—7 3 M A staustical study was made on the results with Student s
est

—————— e e

—

Fi% 7 The recording showy the summated response o 4 1 M aleohol  the chords tympans
of the car ‘The s gral md cates the flow of alcohol Observe the mual decreasc of the
Privous actity Time ma ker | pe sec

Results

ITa alt the species tried the magmitude of the response to alcohol was moderate which
canbeseensnTug 1 The figure shows the height of the summated response to aleohol
plotted agasnst the molar concentration The response was measured 10 sec after the
2pphication of the alcohol solutson and given m per cent of the response (o Rungers
solution The fieure shows that a response was clicited with weaker alcohol solutions
1 the cat than it the dog and that the response was very small (n the ray, even when
strong solutions were used In the rat the summated resporse to aleohol in the chorda
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I
| Fig 3 The reciprocal of the interalinsecbe
tueen the onset of an alcohol flow and the mo-
J ment when the summated actvity 1n the nenve
reached 2 mm above the level of spontaneous ac
uvity has been plotted on the ordinateand th e
logarithm of the molar concentiration on the ab-

_ scassa for one cat
2 3 3
Fle ¢

tympant 1s small even measured in absolute terms Fig 5 demonstrates this clearly
In the cat the response showed a2 maximum at 50 M alcohol and further increase
molarnty only decreased the response In the rat a maximal response was obtamed
with the 6 5 M alcohol solution and still stronger solutions produced no change in the
response

In the rat 16—49 M alcohol ehested a depression of the neural actnaty which
lasted a3 Jong as the tongue was exposed to alcohol This depression can be seenn Tig 1
which also sndrcates that 4 9 M alcohol caused the greatest average depression in the rat
This ebservation was confirmed by taking the mean levels for 10 sec periods before
durning and after the application of the alcohol n all ammals The decrease 1n actn sty
‘v-as more evident 1n some ammals than in others Thus 2 rats out of 12 shos ed no
decrease at all

An smtial depression to alcohol was also observed 1n the cat (Fig 2) and in the
dog {not illustrated) In these animals however the depression lasted only a few sec
and then the response d mn This explamns the lack of
adepression m the curses from the cat and dog 1n Fig | asthe values in this figure
were obtained after 10 sec of alcohol flow when the depression was already over

Dsamant e o (1963) suggesied that alcohol depressed the activity of the re eptors
responding 10 water 1 the dog Further st has been shown by Cohen ef af 1935 that
in the cat salt depresses the actaty of fibres sensitive to water Provided that the dheony
of Diamant ef af 15 correct a combination of salt and alcohol would therefore be ex
pected to cause a sull stronger depression In a few experiments the effect of alcohol
17 Ringer s solution was therefore tested in the car Unfortunately however the
Runger s solution elictted a salt response which masked the eventual depression I
on the other hand the alcoholic Runger was preceded with ordinary Renger s solu
ton the water response was alrcady depressed Thus o direct evidence could be ob-
tained about the tvpe of fibres depressed by alcobol but a companson between the
1rmtial decrease and the response (o water nime revealed that ammals which showed
a marked il neural decreass to alcohol showed a strong response to a fol
lowing water nnse

Fig 3 mdicate that the duration of the depr st 1 wath increased
non of alcohol The figure gnes the results of a series of alcohol solutions of different
concentrations applied to the tongue of a cat In the recording thus obtained the Irvelof
actmity duning a constant flov of water was used as a reference line The interval was
measured besween the moment when tf ¢ solutions were applied and the ponty hentle
depression was altered o a definite increase 1 acunry  This was arbitranly defined
asa pownt 2 mm abore the reference ine The reciprocal of this interval was caleulated
and plotted on the ordinate in the figure The hm of the molar ¢
of the alcobol solutions was plotted on the abscr sa [t should be mentioned that the
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depresson caused by alcohol vamed 1n size from cat to cat and was sometimes prac
veally absent (Fig 4 A}
¢ response to alcohol differed from the response to the consentional taste solutions

1 the respect that a water rinse following the expesure to aleohol caused 2 sirong
icrease of achvity This can be seen in Fig 4 A which shows the Tesponse to water
alter 33 N\ alcobol 1n the cat The signal sndicates the duration of the flow of aico
Botave the tongue A simslar response to water alter alcohol was seen n the dog and
ashght extent 1n the rat (Fig 5) Fig 4 B indcates that no umular response could
be observed when the tongue of the same cat was nnsed with Runger s solutions
after 33 AL alcohol w Runger s solution

Fi 4 Cand D shows two consecutine recordings obtained 1n one cat The response
o dstilled water after 49 \{ alcohol 1n distilled water 18 recorded in C. Fig 4D
haws the respons 1o 0 5 M sucrose after 4 9 M alcohol 1 05 M sucrose It should be
obseried that the aleohol solutions im Fi, 4B and D sere made up in Ringer and
05 M sucrose respectrvely 1o prevent a response caused by the solvent The figure
iod cates that 4 ninse of 0 5 \ sucrose n water after alcohol ehiated a response sunlar
1o that caused by water after a previous alcohol application

Because of the relatively low respanse obtaed from the chorda tympam of the rae,
Onemay suppese that the threshold to alcobol is very high or the number of gustatory

%52 4 Record ngs showang the summated response. n the cat s chorda tympan nérveta
33xg alcohol i disulled water Distilled water befo e a d after
33%p alcobol in Ring rs soluton Runge s solution before and afrer

“:;;';Mgs Aand B were obta ned from the same cat Note the difference m act ity when the

Wis awa

€39 Malcobol i dut led water Distilled water befo ¢ and after

D g9y aloohol 10 0 5 M suc ose 00 Msucro ¢ before and afie  Record ngs Cand Dare from

hesame cat and consecutive Qbserve the il ity n thewere se of a tvity to the nase of
© SuCrose solution and the disulled water afier the aleohol In all recordings the honzontal

b ™3 ndicate the flow of alcohol sofutions Tim ma ker | per sec

Ao P

Fi2 5 Record ng of the summated response of the chorda fympam nene 1n 3 rat to 74 \{
aleshal solut on fowed o er the tongue D tlled water before and after Observe the increase
€2ttty when the solution was rinsed awas Time ms ker | per sec
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receptors senmtine o aleohol s rather small Further the stimulus of alcohol an the
rat as well as m other species may be transmmtted by fibret 1n other nerves The latter
theary seems to be d by some exp on hghily h rats It was
observed that when 66 M and stronger alcohol solutions flowed ouer the tongue the
recording showed artsfacts due to swallowing movements although the recorded e
sponse 1o aleohol way weak Newker 0 5 3 NaGl nor B 5 M sucrose produced this effect
although they eherted a much stronger response in the charda tympans Inyecbion of
6 bolished letely the arufacts and prosed that they were due
to 15 These seem to ndicate that the rat steongly
P d the alcohol L n spate of the weak response i the chorda tym
pant {Fig 5} Sumdar reflexes were also observed 1 the cat In this apimal howerer
the muscular moyements seemed to become most intense when the tongue was rinsed
with water afier alcohol 1 contrast to the yat which reacted strangest to the alcohol
A behavioural methiod was also applied to determine the threshold to alcohol 1 the
rac A two-bottle preference test was eraployed with 5 rats The first wipn of aleohol
Tejection was obsenv e in the choice between 3 5 M aleohol and water {p < 0 05) and
the anernion was evident 21 22 M (p< 0065 Students ttest two-tssled) Ths ss
mtcresting as Fig 1 indicates that the first depression of the newral acuwnty way
obsersed at 1 6 A alcohal

Discussion

The smost sinking charactensues of the response to alcohol in the chorda tympam were
the imnal depression  the slow onset of the ducharge and m the cat and the dog the
sirong respanse to a water ninse after afeohol exposure

In the rat the threshold to aleohol seemed to be high of judged by the merease of
the summated dicharge i the chorda tympam nerve The determunation of the

d with 2 bottle prefe test gave a lower threshold o aleshol Tig 1
dicates that the firt depresson of the neural actvity was obsersed at 36 \{ alcohol
The fust sign of an aversion 1o aleohol was obsersed at 15 M solunon The obser
ration on an aversion 10 this concentration 15 supported by Anola and Forsander
(3961) who reported an aversion to 10 o (3 8 M) alcoho! i rats This may wndt
cate that the neural depression rawsed by the alcohiol was behavourally sigmificant
as thy d by the p method wasclose 10 the alcohol concen
tration which first caused a decrease of the neusal actinty Nesther the wnfluence of of
facion nor the possibility of a sensory nput via mher nenves have been taken into
considerauon The threshold may seem ugh compared ta a detectson threshold m
wman of 85087 M (Diamant ¢ ¢ 1963 Renquwist 19201 but st v lower than the
salues reported from some msects {Dettuer and Chadwick 1947 Hodgson 1931)

The obsenauon an hghtly anestbenzed raty revealed that the ansmals recened
information strang enoush to chat the refleves even when the response sn the chord
tympan: was weak The obsernanon may be explaned 1 fwo ways Oneas that the
yesponse 10 strong alcohol mav parcly be due 1o an actnation of thin fibres i the
chorda tympant whieh 13 aot disclosed by the summaror The sceand cxplananon 3
that other neres also mediate the yesponw 10 ateohot

Dhamant of of (3963 reported that alcoho! produced & mild depression of the
3pontancous fene actnry a the dog The present results are in agreement with this
obven ation and in addition d monstrates 3 simylar deprrssion i the £atand the st 4]
sy beolwnterest that the latency of the posin e response o alcohol and the conced
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tration of alcohol showed a simular relationship as the one found on quite different
fpecies yuth another techmque (Cole and Allison 1930) These authors studied the
relation between the alcohol concentration and the response latency m Balanus tintina
bulum Rana pipiens and Planana dorotocephala  They found 2 hinear relation be
teen the reaiprocal of the reaction time and the loganthm for the molar concen
tration
As previously mentioned Diamant ef of (1963) proposed that the depresung effect
of aleohol “was due to a depressing action on the receptors responding to water  In the
Present imvestigation no drrect evidence for this assumption was obtaned but a
Comespondence between the strength of the wutial depresston caused by alcohol and
the heighe of the response to water alcohol was observed The hypothests wall be
further supported by the results of a followiny, 1 estigation
© IeSponse to water after alcohol may be explamned 1f we presume that this response

cmanated from the water fibres deseribed by Cohen ¢f af (1955} It 1s then easy to
Predict that Runger s solution after alcohol Rungers solution should not chat a
fesponse a3 Runger s solution does not suumulate the y ater fibres This explasns the
Aifference 1n the response 1n Fig 4 A and B to water and to Ringer s sofution Lije
$trand and Zotterman (1954) have shown that a response i the water fibres also can
beelicited with a sucrose solution It has been observed in the present nvestigation that
05 sucrose after alcohol 1 sucrose ehcited a strong response 1n the cat as Fig ¢ D

ows These obsersations support the hypothesis that the response to water after
aleohiol 2 a response from water fibres

© Iesponse to water 1n the rat after the exposure to strong alcohol solutions and the

observed 1mital decrease 1n the electrical response to an alcohol nnse indicate that
even the rat may possess some ability to react to water by means of 1ts gustatory mech
ansm although this ability 1s small and not as pronounced as in the cat and the dog

urthermore a positive response to v ater m the rat was reported bv Pfaffimann and
Bare (1950
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Abstract

Hellckant ( Elect ophysialogical tn est gation f the gustatory effect of ethsl alcokal It 4 s ngle fibre
analysts in the cat \cta physiol scand 196> 64 398-40C — The response of single gust tory
fibres of the chorda tympani in the cat 1o alcohio) has been recorded and compared ta the res
ponses o NaCl sucrose acet & saud and quinime Alcobol ewoked a respe nsc in all gusiatory
fibres testedd In regard to their response pattern two pr neipal groups of fibres have been observed

In U efinst group aleohol produces an nitial leerease of the spontancous acuvity f oy o by
delayed and m xderate increase When the tongu 1 rinsed with waier afier the alc hol theresa
strong burst of mpulses In the second gr up alcohal produces an immedrite respons chirac

terized by a moderate sncrease in impulse frequency A subsequent appl cats m ¢ £ water d 3 not
give rise 1o any bunst of impulses i ths group but bringy the mpulse frequency bck ts the
rosung level An analvis of the response pattern of 3 ngle gustatory £ bres revealed alse tf at the
first group of fibres are predominantly senuitive to water acid and quinine but 13 usually not
stimulsted by NaCl The sccond group s generally actnated by 311t

Studics 1n thss laborators /Diamant ez af 1963 Hellekant 1965) have shown that tle
summated activiy in the chorda tympans of the cat and the doy, mereases when the
tongue 1s rinsed with water after exposure toalcohol This increase of actisity v as not of
only 0 a shight extent obsen ed when a rinse with Ringer s solution followed th alcahol
(Hellekant 1365 Further 1t has been shown earher {Laljestrand and Zctterman 1928
that the do and the cat possess fibres sensitise to water ft was suggested /H Hekant
196} that the summated responsc 1o v ater after alcohol was due to an acinaven of
(ibires snsitine to water Th actisaty of these fibrex 1s depressed by salt Jrdid there
fore scem of uitrrest to examunr in detail the selationshup between the fibres sensn®
to water and the obs ned neural discharye to water after alcohol 1n an ammal that
ses fibres which respond posstisely to water

Annual decrease of actnaty 1o alcohol i the chorda nympans was reporied w2

previous paper Hellrkant 1565 1t was proposed that th mptial decrease and e

398
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ohserred increase of seasitreaty to water after alcohol might be related smce they
\suallv occusred together The present work was undertaken primanly in an attempt to
salyze the relationship between the responses 10 water and alcohol and secondanh to
mps e the response to alcohol with the responses to the 4 conyentional taste
quabres m chorda tympany fibres

Methods

‘ge Guts were anesthenzed with a B o soluton of Mebumalnatrnum 1 ral of s Juch contatns
g u Pertsbarbial 40 mg pentobarbitalsodium and 20 mg urethane The mttal dose of
26mI% b w was adminssterod + p and the repeated doses 1 v The chorda tvimpam nerve
I;’ dissected atcording to the technique of Zotterman (Cohen, Hagiwara and Zotterman
a2 ) e cpmenmal sheath was removed under a dissecting mucroscope The nerve was Lirst
vded wib 3 sharp surgical blade tnto at least 8 bundles which then were sp! t vath fine
#odlet 1010 smmall bundles cach contaming a fer o 2 sin,le responsive fibre
operat se field was covered by a pool of Ring 18 solution kept at body temperature For
recording te nerve bundle was placed across a platnum electrode which was fixed m a micro-
manipilat 1 Mast of she Pinger s sofution was drawn out and a second electrode was put i
<oniet with the remaming solution The electrodes were connected to 8 balanced input RG
wupled preaapl fier and 1t ¢ amphfied action potentials were then recorded on a cathode ray
"“;“h"!wpc and 3 Tandberg stercotape recorder
(e iod of temperaturc control and applicatton of solut ons has been described eatlier
ellckant 1965) The technique permatted 2 constant adaptmg flov of 1 ater berween the
:ilc stunulanons This kept the tongue at a constant te nperature and free of salva Imreg
nurs in the flow when changing from water to 2 taste solution v cre also avoded
“;ll'he =utionswere made up 10 tap water 1 hich had 2 dry res due of 0012—0020 °  ash
m“ﬂ—oms chloride 0.23 -028 m\{ magnestum 0 16—0 22 m\l calesum 0 49—1 10
potasaun and sedium together 7—8 mg/l and with 3 pH round 75 The reasons for
\oumg LB water wil be duscussed later 0 5 M sod um chlonde 05 A sucrose 0 03 \f aceuc acid
"l’d 003\ quinine (monohydrochloride hydrate were used as test solutions The aloohol
§57oms were made with 9> ¢ cthanol and tap water_and had the concentravons 17 25
%4149 97and 65 M Someumes also a 8.2 M solution was tested
0 1 cthods were used to construt Table I presenting the resulis on the £h & specifictty
2¢ w33 based on a subjective determmnat on of the aumber of qual bes t5 3 hich each £b ¢
FPonded ‘The secord method 1 as bised o1 the assumpt on th ¢ the spontancous wrregular
b:zumq €an be descnibed by a Powson distnbuted tme sencs A fest founded on the relation
pween Land s was used o test th s asumption In the ca  the x I es m ide the confidence
‘10000, s assumption was regarded as true Then the number of 1 npulses dunne each
1140 conuceut ve seconds wh ch exceeded the 99 confid ace 1 mut of a Paisson distribut on
¥l regaded ava response The 99 level was very arbitranly chosen because of thea a lab ! ty
2 sustable Possson rable iy Documenta Gergy The d flerences in the results obtamed with the
t* methods are rather small

Results

L tatal of 33 fibres from the chorda tympan of the cat were tested for their response to
aethol and gther sapid solutions Al of these gustatory fbres which responded to
¥ahous sapid solutians such as NaCl acetic acid quintne hydrochlonde and sucrose
10 the fotlowang called the standard solutions responded o alcohol Thuty per centof the
hrey revted responded with an increase mn acti ity to a concentration of 17 \M
#leohol Ninegy per cent responded t0 2 2 M alcohol
The fibres y ere diided nto b o groups according to therr response to aleohol and
™3 er aficr alcohol + ater fibres and non  ater fibres
Wata fibres This group meluded 18 of 33 tested fibres Fig ! Awsarecording from
2 Upical fibre of this group and shows several characterstics common to the grop
Which v \ll be descr bed  The s gnal on the recording represents a flow of alcohol over



400 GORAN HELLERANT

b ShlellLL s
12

A ¥ ¥

i IR RN TR TR SN VRS SIS TR N | W5 &SR 115 ] (W
s » ’ > e

B T T e I L NN TR (N1 TR T ] LT T TR

i I 11 %

Fig 1 Responsc from two single chorda tympant uruts to a flow of 3 3 M alcohol which was
preceded and followed by a constant flow of water The honzontal hine indicates a flow of aleohol
over the tonguc Note 1n fibre A the mitial depression to alcohol and the very strong respanse to
water afier Eight sec of the recording was excluded Note that fibre B did not show any iniual
depression to alcobol but a constant increase of the frequency which decreased immediately
when the tongue was ninsed with water Time macker 10fsec

the tongue During the continuous water flow preceding the alcohol the discharge of the
fibre recorded from was rather constant Some tenths of a second after the change from
water fo alcohol flow the discharge frequency decreased to about half of the value it had
during the exposure 10 water This 1s evident from Iig 1 A showmng the responsc t0 33
A alcohol For practical reasons 8 sec of the recording was excluded 1n this figure
The duration of the depression depended on the alcohel concentration used After the
period of depression an increased mpulse actiity followed The recording inFig 1A
indicates no increase during the alcohol flow but shows that when the alcohol v as
nnsed away by water the frequency i the nenve fibre was substantially mereased
This sudden burst of activity rapudly subsided After about 15 sec the fibre showed the
same frequency as before the alcohol flow

Tz 2 gnes a better demonstration of the moderate increase of the activity 1n two

water fibres and the very intense response to water after alcohol The water fibres

are represented by the circles and the dots The frequency per scc is plotted on the ordinate
and the number of sec after the onset of a flow of 2 5 M alcohol over the tongue on the
abscissa The line below the absaissa indicates the alcohol and the water flow

Some of the features which charactenze and distinguish the water fibres from the
other group are further di n Fig 3 {the les) In thus figure only fibres
tested to at least 3 comsccutne alcohol concentrations were sncluded The number
of impulses during the Gth sec was plotted agamst the molar concentranon Each
tnangle symbolizes the mean value of the activty in the number of fibres mndicated
bv the fiqures beside the symbols The honzontal lines show the S T The cune
obtarned very much the { responsc from the whole of chorda tympan
s hen plotted against molar alcohol concentration [t1s further evident from the figure
that 5 sec after the onsct of the flow of 16 \ alcohol the frequency in the  water
fibres was lower than dunng the water flow Lxpressed numencally the difference o
19 and the reduction would have been more pronounced if measured after 1 shorter
interval

In Fiz 4 the frequency dunng the maximal response to water after cach alcohel
solution has been plotied against the | hm for the of the p
alcohol sotutions The curve shows a conuiderably more lincar course for water than 19
shown in Fig 3 for alcohol
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Fig 2 Curves of ihe responses to™ 5 M alcohol
and water 1n four different units The frequency
;: “me 0 sec was obtamned duning a constant
o4 of vater The sgnal below the abscissa

1ndicates s hen the flow was changed from atcohot
to warter

Fig 3 Shows the mean response to aleohol dur
g the 6th sec 1 all fibres tested with at least
M Swequent aleohol  concentrations  The
27dles sepresent the mean value of the pumber
:h water fibres ind cated by the figures beside
o Jmbols The e les sepresent the mea 1 value
by ﬁ‘ number of “non water fbres indicated
i ot figures heside The obl que and honizon
nes show the S E for the two groups Note
Ty the curve obtamed from the water fibres
o a sumilar concavity as the ane sbich was
tained when the summated response from the

whole ner,
oot Bere was ploited fo the concentrat ons of

Fg 4 The mean value of the maumal frequency
10 water afier alcohol n th same wate  fibres
fu¥ g 3 has been plarted aganst the logarithm

fohe concentrations of th- preced ng alcohol
sluton The horzontal Inesind atethe$ E
¢ figures close to the po nts show the number

of values 1n each point
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Fi2 5 shovs further some of the features which charactenze and distingussh

water fibres from non water

fibres In the first four columns of the figure the

YSSponses fo the standard solutions are drawn as graphs Each column shows the
difference between the actiaty during the first sec of sumulation and the spontancous
actwity the last sec before In the Sth column the conunuous line represents the
maximal responsc toa flow of 4 T \f alcohol and the dashed hne 1n the same column the

Ce-83003 ¢ phynst 4 V1S
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Isg 5 Hustgrams summartng frequency of responses during the first sec to the standard
solutions and the maximal impulse acuvity to 4 1 M alcohol 1n 8 different units Thstogram
L shows the relauve magnitude of the summated response to the test solutions an arbitrary
unnts ‘The honzontal dotred hne ndicates the raponse 1o water duning iF e fist se¢ Afier 1
41 M alcohol ninse Note the responses to waer tn A—IY which were classific T as “water”
fibres and that the summated response in F briefly speaking 1 a sum of A—D) an 1 F—I

response ta water dunng the first see after the alcohol flow had ceased 1lie spontaneous
actvity has been subtracted also from these values A~D 1n the figure \ cre clasyfied a8
“water fibres The fibres i Lig 5B and Carcalso presented in g 2 The summated
response from the whole chorda tympani 13 added as a comprson in Iig 5T Trusevt
dent from the figure that these fibres were sumulated very hitle or not at afl by NaCl
and sucrose In these fibres quimine or acid or both solutions sumulated to a yery great
extent ‘The figure indicates that the positive response 1o water after alcohol tnthe wa
ter fibees usually exceeded or reached thesame intensity as the response to the standard
solution which stimulated the fibres most It shows further that the poutiv¢ response 12
alcohol waimod d to the resg toacetcacd or quinin kol '
In70  of all water fbres the maumal response to alcohol was less than that of the
standard solution which stnulated the fiber most The graphs show this clearly
\on uater fibres Inli I Bihe difference between thistype of fibres and the  water

ibres can be olserned The record demonstrates that the impolse frequency in the nen <
fibres did qot decrease when the amimal s tongue was exposed to alcohol On the con
trary the frequency slowly mcreased When the rongue was nnsed with water the fee
quency decreased to the s3me salue as duning the spontancous actinity s sthout showing
any increase of actnity © the v ater flow

This difference between the two types of fibres 1y more apparent sn Fig 2 where the
tesponses of two of these non water fibres are yndicated by crosses T urther the figus®
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FiE 6 Cunes of imputse frequency for NaCl sucrose acd
#odquinmena “non water fibre Note the slow onset of the re

$ORSE ta sucrose compared to that of sodium ehlonde andlack
of tesponse to acid and quinine The spontancous activity dur

178 the flow of water 13 marked at 0 sec

hows that these fibres were stimulated to a greater extent by weak alcohol solutions
than the “water’ fibres

The last observation 1s more evident 1n Fig 3 where 2 number of non water
fibres 15 plotted 1 the same way as for the “water fibres The arcles represent the
mean value of the number of umpulses per sec The S E 13 represented by the obhique
Liaes The figures beside the circles show the number of fibres included in each value Itas
tndent from the figure that these fibres were simulated to a greater extent by weak
alcohal solutions The figure mdicates that the curse nises approumately hneanly
between 1 64 1 M and falls at higher alcohol concentrations A sumilar decrease was
obseried 1n the summated recording from the whole chorda tympani m the cat (Helle
kant 1965)

These fibres showed also other differences i comparison to the water fibres In
Fig 5 F—1 the responses from 4 typscal non water fibres were marked similarly as
the responses from the water fibres Thefibrein Fig 5G sthesameasmFig 18 It
13 cvident that these fibres were not sumulated by water after alcohol were simulated
wealdy or not at all by quumne or acid to some extent by sucrose and strongly by NaCl

¢ maximal response measured 1n 1mpulses per sec when the tongue of the cat was
ninsed wath alcohol was usually greater than or equal to the response to the standard
solutton which stumulated the fibre 1 question most The recorded response to sucrose
which can be seen m Fig 5 G—H 13 ol nterest Such observations were made on a
tal of 7 pop water fibres Some of the non water fibres were therefore also teated
with a senes of sucrose solutions

Fig 6 chosen as an cxample shows the response to the 4 standard solutions and to
1 M sucrose The figure mdicates that the frequency 1 the nene increased when this
SUong sucrose solution was used It 15 also evident that the response to sugar did not
show the same rapid increase as to NaGl and that thus fibre was not stimulated by acid
or quinine

‘Table [ the obs s made on
The figures within parenthesis in the table are based on the method descnbed earbier It
13 Obvious that there are borderline €ascs between “non water fibres which werestimy
lated by quinine and aad and wster fibres which were sumulated by NaCl The
majonty of the two groups showed howerer the outhoed speetficity

6 " od ol
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Tanie I The distubution of fibres according to their responses 1o the 4 standard solutons used

Water Non water

Number of £bres responding (o fibres fibres
Sodwm ¢hioride alone 0 () 3{3)
Acetic aid alonc 1(0) 1{n
Quimne hydeochlonde alone 3(3) 1 (1)
Sodwm chlonde and sucrose 0(n 5(4)
Acetic acid and quinine hy drochloride 5 {5) 0 (0)
Sodwm chlonide acetic acid and quimne 2(1) (1)
Sucrose acetic acid and quinine 4(9) 0 {0)
Sodwm chlonde sucrose acd and quinine 2(2) 2 (2}
Only tested with sodium chlonde and sucrose 1(hH

Not responding to any standard solution ofn 2 {4

Discussion

The results of this study show that the strong peripheral response to alcohol 1 the chorda
tympant of the cat 1s butlt up of individual fibre responses which can be divided into
two groups Further the mvestigation has shown that the taste fibres can be grouped
according to their sensttivity to the consentional test solutions used and that there s a
conformuty between their response to alcohol and this sensttivity

Refare the ducussion of these absenations something should be mentianed about the
methods The mam motn e for usung tap water mstead of distilied water in the solunens
was purely practical The procedure scemed to be justified by carhier experimental
abscrvatons ont the water responise i the cat by Liliestrand and Zotterman (19.4)
who reported  “Tap water had nearly as strong an eflect as distilled water  Ringer s
solution contaurung salts suppressed the response from the fibres senutine to water
therefore 1t could not be used as a solvent (Hellekant 1965)

AMost of the fibres were exposed to a serves of alcohol solutions and since the difference
between the reaction pattern of the two groups 1 rather obvious the classificatian 1

water and non water fibres was not difficult 1o order to compare the fibres with
earlicr classifications of the fibre ypar they were grouped according to theer senst
ity to the 4 taste qualines As the determmation of the occurrence of a response ma
fibre was subjectine a further method for formmng an esumate was used  This method
eather desenibed 1w the baus for the Gigures witten parentheses in Table I A com
pansson of the results from the estimate based on olsen ation and the statistical estimate
shoned s the main that the number of Libres which did not sespend to any sumulus
mereased from 2 16 5 For the rest of the fibres the differences in the values obtamed Iy
the two rthods were s nificant

The water fibres in this studs scem to correspond to the fibres earher clawsified at

water fibres by Cohen etal 1735 These fibres were also senutive 10 quinmne and acid
and not atall or weakly stumulated by NaCl Thusisin accordance wath the charetensuey
of the water fibres in this study Sato (1903, reported a surmilar relaton in the gat
between the water sensitisaty and the lack of a response to salt Elis water seastive unitd
were alio sumulated by quumine to 3 great extent Lsine the nomenciature of Plaffmann
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F(IINI) the principal numbers of these fibres may be charactenized as  acd quinme
ibres

Most of the non water fbres corresponded well to the fibres sensitive fo salt
described by Cohen ef af (1955) and Sato (1963) These authors reported a relation
between the sensitivity to salt and the absence of a response to water Pfaffmann s
(1941) acd salt  fibres seem to correspond well to the non water fibres predom:
nantly sensiive to salt None of these authors reported a quinine and salt sensstisity
combination which 15 1n agreement with this study Pfaffmann Cohen ot af and to
some extent Sato observed however that the salt sensitive fibres were stmulated by
andsabso In this respect their studies differ from the present one But both Plafimann
and Cohen et ol have stated a threshald value of pH 2 5 and lower for these fibres The
ad used in thus study bad 2 pH of 3 1 which was heher than the mentioned threshold
“alue This may explan the difference Onefibreofthe non water type wasstmulated
exdusively by quinine (Table T) and thus supports previous obscrvations of the existence
ol specific ¢ qunine  fibres (Coben et al 1955)

The above observed relation m single fibres s mdireetly supported by an obsersa
Uonin the glossopharyngeal nerve of the cat (Appelberg 1958) This author could not
detect any 1esponse to water His recordings do however show that the response to 1
M NaCl was at least 3 times that of 02 M acetic acid This 15 strikung as the results
from the chorda tymparu 1n this study revealed a stronger response to 0 05 M acetic
3cd than to 0.5 M NaCl Further there was always a response to water in the chorda
"Ympani nerve These abservatrons support indirectly the outhned rel between
A water sensiity corvelated 1o an acid sensiivaty and a salt response related to the
2bsence of 2 response to water

Some of the tested fibres both within the water and “non water groups responded
1005 M sucrose As shown earher (Liljestrand and Zotterman 1954) sucrase solution
1d water can produce the same effect on water fibres Previous studies of the summated
response to 0 5 M sucrose and water revealed a stmular tntense increase of the actiuty
after alcohol (Hellekant 1965) A response to sucrose was however obsenved in some of

© non water fibres This response can only be explained as a direct effect of sucrose
(Fig 6) The fibre 1n this figure was sumulated to a lesser degree by 025 M sucrose
{notincluded n the figure) The obseryation contrasts to a certan extent with those of
Plaffinang (1941) who reported a response to sugar only 1n one or two cases Pfaffmann
did outhine 2 tongue area possibly sensibve to sugar The existence of sucrose sensitve
Bibres in the cat was supported abo by other observations Thus Liljestrand and Zotter
man (1954) found a response to 0 b M sucrose m Ringer s solution which ehminates a
water eflect since this 1s suppressed by the Runger Thus direct sumulation by sucrose
was indicated The statements of other authors (Berdler Fishman and Hardiman 1955)
also indicate a taste response to sucrose in the cat though the response was weak

Itss of course difficult to draw any conclusions on the gustatory effect of alcohol
n man but perhaps a companson could be ventured Rengwist (1920) noted the
dxﬂ'cully 18 defimng the threshold of alcohol The slow increase of the recorded re
$ponse obsened in the vhole chorda tympans both 1 man (Diamant e of 1963) and
incat dogand rat (Hellekant 1965) mav explain Renquist s obsersation Diamant ef of
{1963) reported that man does not posscss fibres sensive to water Thesr recording of
the summared response in the chorda tympan: in man did not show any initial decrease
of activaty to aleohol Ths supports the hypothests that the inutial decrease of actnty
10 alcohol emanated from fibres sensitive to yater The last menuoned authors also
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compared alcohol of different concentration and its ey entual taste strulanty to the salt
sweet sour and bitter qualiies The subjects reports varied This 1sinteresting asno
correspondence was detected in this study between the senutivity (o any of the taste
qualites and the sensitivity to alcohol tn the taste uruts of the cat cxcept that weak
alcohol solutions increased the activaty in the  non water fibres more than 1n the wa
ter fibres

Diamant et al (1963) reported further that the eventual similanty to any of the
cons entional taste qualities ceased with increased concentration This may indicate a
stimulation of all kinds of gustatory fibres and ponds well with the ob:
obtained i the cat where all fibres mediating taste were simulated at higher concentra
uon

Since alcohol 1s very lipid and hydrosoluble a raptd of th branes by
alcohol scems possible Renguist (1920) considered that the alcohol penctrates the
gustatory cells Other authors have expressed the same opimion from studies on other
speaies (Dethier and Chadwick 1947) A penetrauon 1 also plausible in the cat The
study on other receptors in the tongue may possibly contnibute to 2 solution of the
problem The bility of a direct ! of th helial nerve fibres mustalsobe
taken into consideration According to previous authors (e g Adnian 1912) and my own
observations alcohol applied directly to a nen e does not generate any action potentials
but blocks the conduction Therefore the obsened increase of the frequency must
emanate from the receptor or its proxunty

In an carlier study on the bass of ebservations from the whole chorda tympam 1t
was suggested that the substantial response 1o watcr after alcohol emanated from fibres
sensitise to water (Hellekant 1965) These fibres were also presumed to cause the observed
il decrease n the spontancous actiuty when the tongue was exposed to aleoho!
The recorded respanse from separate fibres has proved this hypothews to be true and the
recordings tndicate that the response to water after alcoho! must be considered as a
response to water
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Abstract

flr;mc C_The permead ! ty of b ain caplla 1es 1o non-clect olvtes Acta physiol scand 196> 6 407—
by - DY means of the Indicator diffusion method blood brawt barmer permeab ity
Camctersics were studied on dogs The permeabil ty coeffaient of fructose glycerol
l";epykne Blyco) urea thiourea antipyrine ethanol propanol and butanol was calcutated If
5 substances arc ordered according to therr rate of passage from blood 1nto brain ssue 3 hier
3rchy 1 found whi h corresponds to that whech 15 typical of the permeabulity of cell mem
Nés o non-electrolytes. The experniments lend support 10 the view advanced by the late Au
8ust Arogh that the permeabid ¢y eharsctenstics of the blood bran barne are analogous
i those of eel) membranes in general This conclusion 15 discussed aga ust the background
T¢ ent find ngs of morpholog cally-demonstrated fightness of cerebral capillarics which
g“l:!y that matenial which diffuses from blood into brain tissue must pass the plasma mem-
ranes of the endothetial c lis

The most common expenimental procedure employed in 1nvestugations on the blood

bram barner has been to myect test substances mtravascularly and then to cut out
brawn tissue slices at yarying times after the injection and to determune the amount of
atenal which has penetrated into the brain ussue Among the several shortcomumngs of
the tssue apalysis method an important one 1 that 1t pernuts very hittle detasled
ompanson of passage rates of substances which pass the blood bram barner wth any
®ase 1113 theretore pot surprising 1o find the  anous test substances grouped only as
havnga Jow ora high abiliytopenetrateinto bramn ussue Obviously a method with
2 much higher ime resulotion 13 needed and the preseut article deals wath attempts to
apply the Indicator diffusion  method (Crone 1963) (o the transcapillary exchange
Processes in the brain  Tlus method permts an extremely high time resolution as the
€xchange processes in the capillares are investgated within seconds after intrazarersal

Mijection of test substances
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hrogh (1946) put forward the idea that the permeability charactenisues of the blood
bram barnier reflected those of cell membranes in general One of the ways in which
this statement could be tested was to clanfy experimentally the importance of the
polanty of non electrolytes for the rate of passage from blood into brain ussue The
purpose of the present study was to establish a huerarchy of a series of non-electroly tes
according to thewr ability to pass from the blood into bramn tissue and thus to dehine the
physico-chenmcal factors which determune thes ability The following test substances
were used fructose glycerol propylene glycol urea thiourea anupyrine propanot
butanol ethanol

Theory

An account of how (o convert a single njcciion method into a quantitattve method for evalu
ation of transcapillary processes has been given previously (Crone 1963) and only a abont
description will be given fere
The methed 13 based on the ! ngection of a hiffusible reference substance
{10 ;ndicate the dilution in the blood stream) and a test substance the loss of which from the
blood 1s to be { B the of the two substances in the 1n
Jected flued with those frund sn indsvidual blood samples collected every 2—3 sec from the
superior sagittal s nus within 20--30 sec after the rapid antracareti 1 injecuon the fractional
Joss of the test substance from the blood can be calculated The advantage of the mett od is
that thesampling takes place 50 s00n after the injection that there can be no important build up
of concentration outside the capillaszies And as the Joss i detcrmined duning the early stecply
nsing part of the dilution curve it 19 presumed that the loss of test substince from the bloxd is
10 the in the cipilla Ifthes 1 true then it 18 poasible to determine
the relatne speed with which a number of substances pass from blod nto bran tsue The
fractional loss of a test substance 1 found as (¢ f—Cet}/crer where ¢ ¢ ta the concentration
of th ¢ non-diffusible reference substance and ¢ 13 the concentration of the test substance
The concentrations are_of course expressed relative to the concentrations of the substances 1
the mgection solution There 15 no direct proportional ty between fractional loss (F) and the
permeabl ty cocficient (P) but a log, relation exists

P= - % In(l—f)
from which the permeabulity coefficient (cmxsec ) can be caleuluted of the eapillary surface
area (A) and the rate of blood flow (Q) ts known It 13 impliost in the method that the extra tion
1s independent of the concentration of the test sutstance (which mens that the loss of matersal
during the passage through the capillL toibe tlary

f the s not A the amedsted transfer mecham m s
most probable

Hghy d fumble substances present a methodological protlem as the speed with which
they pass nto the braim 1 such as to permit equilibrium between the blood an th scnous
end of the capillary and the tssue suppled by that capillary In such cuses the Ind eator
diffusion method may underestimate the permrability of the rate bmstiog memt rane and 1t
must be admitted that the problem f how to differentiate briween pasuage rates of 1igHlv
d fTuuble substances 11 not sol ed by the Ind ator diffusion  smeth x1

Methods

The expenments were performed on mongrel dogy anaeathet red with s bum barbitone
(Mcbumali "3mgket w 1 v Small dogs wesgh ng about 12 kg were mnst switable The
carotid artery onone  te was clewned an | a small pehyth ene catheter stroduced 11to a8 d
branch of the caroti artery wsaally the superior thyr id artery A Luciie adapter (Restn ght
and Treuze 1057) wa fued nto a b lIe dnlled in the skull alene the pater v gare Fire
supenior agittal smus arar the ¢ reula Immediat ty bef re t e mgecticn of e test saluh 51
an icmon way ma fe an the sinus n order t ¢ lect bl learmg the brain without anv
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contm nation by extracerebral blood The blood flowed frecly and no sucton was applied
The free flo permutted the collection of 21 mlof blood every 2sec The blood was eollected
 small test tubes mounted on a slowly moving kymograph An aliquot of the imjection mixture
vas dissol ed i bepanmized blood taken smmed ately before the mtracarotd gecton In
his way the compositron of the myection muxture could be determ ned under circumstances
snilat to those which applied for the blood samples from the bran The detcrmmnation of
4yt xnd of test substances was carried out on whole blood rather than on plasma 1n order to
obviate corrections for loss of test substance mto the erythrocytes
The volume of the Aud wyjected was 1—1 2 ml The injection lasted about 1—2 sec The
tonscity of the injection muxture was always held sery close to that of normal dog blood by
addion of sustable amounts of haCl
213 Blue Dye was determuned spectrophotometrically after dilution of the blood in sahine
Fructoce was determsncd by Bojosen s method (1927) Recoveries averaged 993 wn expens
€8t in wh ch fructose was added to whole blood
Glycer 1 p opylene glyeol wrea and thioures were used as  Colabelled compounds Glycerol and
W3 were debvered from The Radiochemical Centre Amersham England the other sub-
Htances from New England “uclear Corp Boston U§ A
The rad y was d e after precip tatton of blood with ZnSO
NaOH by Somogy s method. Radioactity from € an urea and thiourea was d termined afier
et oudation according to van Syke {1940) and van Shke Plazm and Wemger (1951) as
modified by Sakamu (1955) * Cglyceral and  C-propylene glycol underwent persulphate
oudation (i enhouse 1948) The CO Lberated was trapped 10 NaOH and plated as BACO.
(Henques o1 | 1946) Bach plate was draed and the act s ty expressed as the actus ity per 16
mg BaCO [ om an d curve for self of CmnBaCO The
zmples with by Trace lab (TGC—14 Carbon Counter)
T background actevity was 11 cpm The net actiity 1n the mayofuty of the samples 1 as at
10 times the background acuvity Every sample was plated i duphcate and e act vity
Sxpressed as the average of the acuvity of two plates 10000 counts were registered The
Zccuracy of the determination of radioactivity was tested several imes by epeated anatyses of
fmplesfrom 3 large amount of supernatant The coclTcient of variaton was found to be
between 1 6 and 36° The recavery of carbon atams was determuned by exdaton of
€ach of the following substances urea (992 ) thourea (978 ) glycerol and propylene
&heol (983 ) _ e figures 1n brackets showing the percentage recovery of ca bon
Ethanol propanal o d butanol were determined by means of the enzymatic method devised by
Dotzaver ‘¢ o (1957) The standard deviation as calculated from the difference between 20
gt;%I Cate 3amples w4s for ethanol 075> mg  for p opancl 069 mg  and for butano)
m

4 yrute was desermined by the method described by B od ¢ ef of (1943) as mod fed by
Araybill ¢t ol (1954) The recovery was 973 o analyseson whol blood with a standard
deviation of 050 mg  (anupyrne added to a final concentration of 17 mg ) The low
Tecosery mav be due to prote n bind ng of pa ¢ of the antpyTine

© extract on ratio (E) of the test substances in the ind vidual samples was calculated as

E =1 — (€ o )rel /{(cT—18%'re1 where

thesull's rel referstothe ct that each concentrat on s exp essed clauvels to the concentra
“on of that part tance 1 the inject on muxmure

€ ext z)::nt:‘tmmn Th are cons dired n the next s cton wer the calculated a erage
©of the extraction rat os as determmned frow the samptes cofiecred on the sieeply 1s ng pan of
the 1nd eator dilution urve (normallv 2—# samples were obtained from each expeniment)

Results

% Fruetose It was found 1 an earl er im estioation (Crone 1963) that the permeability
of the bram capallaries to sucrose was zero or close to zero Fig 1 summanzes 13 expts
19 which the ability of fructose to pass mto bram tissuc was imestigated The frure
shows the 1nminal extraction of fructose m indinidusl samples (zero ime on the absassae
Corresponds to the peak of the dilution curve — pomns before O ume therefore Iie on
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Fig 1 Frulow esperments The extraction (n per cent) of fructose during the first passage
through the bram. Absemsr bme of collection of bload from the superior sagiteal 1 aus
Zevo-umie corvesponds 16 peak of difunon cure

the sieeply nsng part of the curve) During this interval the concentratios of fructose
outside the capllary 13 neglmble compared with the internal concentsation and the
outward diffuston 15 assumned to be proy 1 ta the mean il

ton  The average extraction ratio calculated on samples coflected before and 0

cluding the peak sample was 0OH (= 452 )

The occurrence of negatne extractson ratios in the carly period probably means that
the extraction 15 30 close to zere that analyical \3MAlONY SOMENMES gNE HEZILNE
salues \egatne extracuon ratios after the peak may be due to net retum of matessat
1o the blood

2 Lrea and throwres [hese two submtances pass canly through most capillaries and
dusinbute m the ol water One would thertfore expect a sigrificant foss of thesr 1est
substances from the blood duning the passage through the brain On the other hand
Collander and Barlund 11933 found = rather slow penctration into the intenor of he
Algze Chovs and Overton (1902) had earlier found that the peoeiration 1sto the
wnteriar of muscle cells wok place only dawly According o frogh s view ane would
therefore expect that the permeabiny of the bramn capillanies to these substances was
Tow

4 expls were performed using labelled compounds ~ mactne camer) 2 with ure2
and 2 wath thiourea Fhe average extraction of urea way 0 11 (13 2,) and of thioured
007 (7°,) Dg 2showy the revults

3 4t syone The mobecular radios of this substance 1s 396 & only alntletess thantt”
sze of sucruse and a | tde more than that of urea Thr lipowd water partizon corff 0ent
23 conudrrably hugher than that of those substances and apparently this factor seems (2
be of importanre as the avera r extracuon of anupynne an §4 oipts was found to b
05 (46 o) Fig 3 wmmarzrey the results from the mdavidual expenments
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Fig 2 Ures and thourea expervments on
braim The upper part of the fgure shows
ume-concentration curves for Evans
Blue Dye and urea as obtamed from
samples collected from the superor
sagittal sinus after ingection into_the
common carotd artery Evans Blue
¢ C—O Ura @ @ The
lower part of the figure shows the extrac

ton of urea (2——0 and @——@)
and of thiourea (X ~—x and + —}
m separate sample,

exlraclion- -

Y
“

o
secords
FE 3 Imtual sxtr cton of antipyrine n e bon The extraction of ant pynne n ind vidual

samples collected from the supeno sagutal s nus aft

njection nto the common carotd artery

ero-t me correspond o the peak of th Ume-concentrat on curve.



+12 CHRISTIAN CRONE

.y

™
)

relaine concentration
=3

o

|

Fig 42 Fthanol experments IVe upper

part of the figure st ows tme-ct ncentra

tn curve for Evans TPlue Ine
—— JandDretan HE

Tt Lmer part shows th ¢ extra um

o 3 & 9  raun mndiwvidual samples foom s et

secerd, peniments

NENEN]

extraction -

'
o
i
w

4 Ftharol proponol and butanel In order to examne ! rogh s hypothenis further the
“lipord-soluble sulmtances cthanol j ropanol and butanol were studied

Acco ding to Collanfer s 1nvestiganions the increasing hipaid solubnlity of the melecules
should dotninate over the effect of increasing molecular size 3o that one would expect
a lugh extraction of all three substances tn the brain This was found in all expertments
The avera, ¢ extraction ratics nere

Ethanol 093193
Iropanal 090 (90°
Butanol 091 (91 ¢,
Fig 42 and 4 b show the results of indiadual experiments with ethancl and with
butanol as test substance
5 Pr el protslen gixol and glycerd Thess three substances reprevent anothes
homolos,ous senes of non-clectralvtes and they make 1 posble € study the efl ct of
substitutin® M groups with OH-groups
In order to get a clear frcture of the offect of substtunon  the substituted and t1e
unsubstituted compounds werr imvestigated 10 the same experiments propan 1 bem~
e represemiatn g of the unsubsututed molrcule Tropylen ghycol and ghyeerel ware
wsed 23 Clabelled com wunds and werr mnpeceed torether with mactne carner
Thr cxpenments were perhagn the mint sprctacular of th e wlole series because they
shoned the proflsund chan = of difluutslity @ rou~h the bran capillanes eawd by
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Fo F'g 4 c Butanol expertnents The upper
g - Part of the fioure sho 3 ume-concenta
X uon cunes fo  Evans Blue Dye
o o —— Jandforbuunol(@ @)

” The lowe part shows the extracuon

=3 [ 3 6 9 rauos m individual samples from 3 ex
Secomds Pperiments

e mntroducyyon of onc or two OH groups n the molecule The results are shown
' S2and 51 where the curve for propanol should be compared with that of ather

Proylene gl col or g1y ceror

0034 (3 4 28 Xtraction rato of propvlene glycol was 0096 (96 ) and of glycerol

3540 Teagy onth noucng that a small molcule such as glycerol has  very

bstances emploved The two unknowns in this ealcutation are the blood flow per
2 f brain Gssue and the a erage caprllary area per unit of tssue Using the average
59Ure for the ceretrat bloodflo 90~ 10 1 persec perg tissue (Lassen 1999) and o
uPllary surface area calculated on the basis of counts of capullary demsitees in the bram
M0 em2 per g of vaste (Crone 1963 and applying the formula g1 en 1n the seet on
<Oy one obtains the permeability coefGients in Table [
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Fig 5a The permeability of bramn caprl

lanes to propanol and propslene ghycol The

upper part of the curves shows the ime
curves 1 an exp
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TapLe 1 Permeab | ty corflicients and inrtial extraction ratios for a series of non-clectrolytes

0 bra n cap lanics

Ininal Permeabil ty cocfficient

Substance extracton rauo em sec t
Inulin 0 0
Sucrose 0004 o
Fructose 004) o610
Glycerol 0054 021 -
Thiourea 007 079 -
FPropylene glycol 010 038 —
Urea o1 044 —
Antipyrine 056 33 -
Ethanol 093 10 -
Propanol 090 10 -
Butanol 091 10 -

¢+ After Crone (1963)

 Probably underesumauons brcause of method logical I nutations (sce text)
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Discussion

The “Indicator diffusion method permuts 2 ume resofution which makes 1t possible
t© disungussh between a number of substances s 1th only small differences 1 rate of
Passage Thus 1t has been possible to draw a spectrum of noa-clectrolytes according to
the franscapillary exchange rates The order of the substances n'Table I corresponds to
that for 1t e same. 1 tes found 1n the stud dity of cell b
(Collander and Barlund 1933 Davson and Damell 1952) There are small differences
0 the actual sequence of substances between different cell types but there 13 no doubt
that the general pattern as known from studics on cell permeability also applies to the
blood bramn transfer The results of the present serics of expenments thus support
Rrogh y general statement (1946) concerning exchanze of matenial between blood and
Bram tgsue see p 408

An interesting extension of the “cell membranc hypothesis would be the demonstra
10n of presence of mediated transport processes at this level The eustence of mediated
$53port 15 just as typical of celular cxchange processes as the applicability of the
Collander Barlund scheme Glucose was found to pass the blood brain barner with a
mechanism which 1s defimtels different from that of the non-¢lectrolytes mentioned
the present work and 1t was concluded that glucose transport ato braia 13 an example
of facthtated diffuston (or mediated carner transport) Crone (1960 1961)

What 1 basis for the duff d n the trander of matenal between
blood and bram ussue This question has been discussed cver since the slow exchanes
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was demonstrated and. no difinite answer can as yet be gieen There seem to be three
relevant possibidtties ) the capiilary endotheli membrane may wself be of an upusualiy
fow pormeatnlity b} the ghal foot processes outside the endothehal basal membrane
might restnet diffusion and <) fack of snterstital flurd 1a the bran

The fist viewpoint which has been supported over the years by Spatz (1931)
hrogh (1946) Broman (1935) and Davson (1956) has gained connderabile interest from
recent electron microscopic 1nvestigations of the morphology of the endotheliat cells
Linng the bram capiliaries (\aynard Schultz and Pease 1957 anquh:lr:md Hartmann
1937} 1 which 1t »as shown that the endothebal tube was comph
with ne evidence of spaces betw cen the individual endothelial eells and that
of neighbouning cells was a typrcal feature Bennett Laft and Hampton {3959) phtc
the cerebral capillanies in a category for themselves in a review dealing with known
merphatogy of seceral different capillary arcas in difterent organs

The posstbiltty that the delayed exchange 13 duce to non existence of an interstitial
space m the brain has ta recent years become a widely accepted explanation of the
blood brain barner phenomenon IF the antersiuial flwnd 15 vertually non exstent i
the brain st 13 clear that exchange betw een blood and tissue 13 equal to exchange acrow
cell membranes This could explain the common characternties between exchanges i
cells and exchange across the blood bratn barner It scems however 1o be forgotten
thiae there 1$ no unequiv.ocal evidence for the postulated very small interstnal apace On
the contrary several investigators have found spaces of the same order of magnitude as
that in muscle or even greater Rall Oppelt and ¥ attak (1962) found an tauhia distribu
tion space in the bran of 7--14 2, when they perfused the subacachanard space with
wmhin Davson and Spaziam {19593 found a sucrose space of abaut 16 °, The theory of
son-cassence of anantershiual space an the bran rests essrntally on electron microscopic
studics of the brain but these marphal Gl hould not be accepted v
A senous obgection is raased by yan Harreveld and Schad€ (1959} who clawm that the
cells in the central nervous system swell immediately after the circulation s arrested
They find that the electncal smpedance goes up sgwifying transfer of RBusd from
intersunal 10 ntraceliutar phase whereby the mierstinal volume goes down

43 10 the importance of the ghal iy estments st might be relevant ta powt ous that

omerat 1 investiganions on the cell dynarmcs i tssue cultures obsenved that ghat foot

rocesses were in conlinuous stow movement rather than o a fined posibon (Fomerat
195%) 1€ ths movement also occurs sy tt means (hat the surface of the cerebral
capiiaries may be tess completely covered than appears mn tustalogwal sections The
theory that the function of 3 lial foot processes i to take up matersal from the blood and
noursh the peurones by ferding these cells swith the matenal thus atsorbed (Dempsey
1958} has 30 far Rot recenod the necessary expenmental support namely the demonstia
uon that the man mesabe e fuel glucose enters she ghal cefls before it enters the
neurones

To conclude the present expenmental results do not give any indcasion of to wheee
the lundrance of ditlution betwren blood and bram ttiue should be placed Whaterver
the focalization may be it can be said that the relm ant atructure has many pprmr:bdm'

characterstics 1 comm n wuh the plasma membranes i celis and 1 occur 1o the
author 1o be most reasonable to consder the pesibility that blood bram bamer
ity seflects the 1 of the endothiehial <ells propes — 15 other waeds

(hm the sfow exchange of matrnal in the bran o duc to a very low permeatitity of the
cerehral eapallanes
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Some Factors Regulating Normal Arylesterase Actity
of Blood Plasma in Rats
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hras-Bertin \weustingson and Besar Hevricsov
Recesved 22 Dec 1964

Abstract

\vgustunsses h B and B Henncson Some farto ¢ regulatn normal arylesterase acti dy of dod
Hlasma i rats Acta physiol scand 1963 64 418425 —— 3 senes of cxperiments were carned
out 1 order to find dve bess conditions for fisrther genetse studics on plasma an lesterase actvity
n rats Arylesterase was absent in the plasma at birth 3ad adult actiuty devets were reached at
the age of about 40 doys Females had a hagher actrvaty than males The importance of sechmgal
detaus regarding narcous blood tampl ng and handiing of samples before esterase deternuna
non was anvesugated In rats starved for 42 hrs but otherwise untreated the plasma aryt
esierase actvaty mereased about 40 per cont Refeeding of starved sats Sor 4 hrs before blood
1ampling decreased the actrity The condition of meyaentary consumpteon of food gready
mfluenced the plasma an lesterase actisizy

The estesase pantern of rat plama s highly complicated Three marn 1y pes of esicrasel
{aryt rarbont and chob } are present (A 1959) and in additon
each tvpe probabhy orcurs i different forms with closely related substrate speaficty
or as socnzymrs  Sugustinsson 17611 The arylesterase acthaty was found i at fesdst
two electrophoreticath separable fractions and the (otal arylesierase actnaty measured
with pheny} acerate differed gready among indinadusls The ongmal aim of the presest
1nyesugation v as to studs the factors respanuble for the sanaton between indiveduald
pactrcularly the genefic (actors imoh ed

The genetic control ¢ playma anylesterase acussty oy has been demonstrated
Uvugustingon and Olwon 1Ml These anmmals contan 1o thee plasma only on®
snulesterase the actisty of which 1s faely constant wt adult ammals when fested 3t
varous occavions Prelinunan qtudics with rats bawerer have shown that the a1y
exterase acvity (4 conudesably unstable which makes genette wudiey defficult 10 wad
therefare necesarty to studs at first the factors responsible for thu inconssstency 11
enxvine actinity The purpose of thit paper 1s to describe some of the expeniments pef
formed which o ed the Lana for an evaluat £ the g tro! of anylescerms®

actnany an rat plasma
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Taste I Anylesterase actmaty of blood plasma in a hitter of rats Farents actusity male 117
female 89 M {mak) F (female}

Rat number and anylesterase actity

Agem 3 5 6 7 8 9 1 1315
dap ¥ F M F F A A% F M AL

B M7 w7 g 127 14 9% 9 123 79 130
% 195 62 107 16> 168 03¢ 120 148 10 108
2§15 9 137 10 192 120 126 209 1k 138
137 20" 203 130 170 149 165 13> w9 125 120

5 162 M40 155 10 149 18
s 137 129 158 104 120
m 109 92 124 121 iz
Man

vahe 172 178 129 140 136 129 19 is7 122 132

Materials and methods

Anumals All evpenments were camicd out on rats of & shghtly mbred Wistar stram The
:Vlngho of adult rats ranged from 17>—230 g Except as otberwise stated the ammals were

lowed food and water ad ibitum The following kinds of d ets were used
d“"mr{ food A well balanced composttion of Laboratory food containing 80 of a mixture

crreals (manly maze wheat and oats) 11 / fishmeal 69 dried skim yulk | fodder
Yast 02 ofavitamn A and D muxture in granular form and 1 8 salt muxture (VicCollum)

Fatfree diet 685 ,, wheat starch 25 , dned skim ymlk 15 fodder yeast 2 4D
mextute and 3, salt muxture

$u the diets with 3 or 10 / fat the corresponding amouats of starch an the fatfree die were
replaced by coco-nut fat

Blood placma, Blood samples were collected sith heparn 1n narcosis following 1trapentoncal
yeet on of a barb turate (Mebumal) except as otherwise stated by puncture of the heart. In
3peial cases blood samples were collected by puncture of the dorsal vein of the tail The plasms
W3 eentnfged free of all cclls and used for esterase d germnat on

te103¢ determungtion The esterase actnaty was measured by the Warburg technique at 25 G

2 50 um bearbonate CO4 buffer of pH 7 4 contaunng 336 mM NsHCO and 10 m\
CaCl,. Phenyl acetate 1n 5 final concentration of 10 mM a3 used as subst ate Correet ons
We5¢ made for spontancous hydrolys s of substrate and mn certain cases with phenyl acetate
x;:hhu Tor hyd) iyzed by crmina were then carned out

e presence of ¢t qmne bromid  (final concentrat on m’

In dﬂmmmgyltho: l;‘;’;dtm act 1ty of adult ammals plasma v as diuted 1.200 w th the

Results
i oduclory experiments
In the prehougary maung experuments rats with differcnt anlesterase (ArE) acuvity
Tevels a3 judged by one determination were crossed The sesults of one of thewe erosses
arellustrated in Table I In addiuon to a vanauon between individuals 1n the activity
2 consderable vanation was also observed for each single ndnvdual from time to bme
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Fiz 1 Anlesterase {ArE) acinaty of the
plasmas of rats of the same litter at
various ages Estcrase actvity (umoles
of substrate ml *run !} measuted with
pheny) acetate Vfean actvicy vahies of
the parents are shown to the feft. Mean
setvity values ([7) and highest and
v st acurty values (@) obtauned on
separate determinations s ath each sam

ple Esterase activity at birth was meas-
ured with a pooled sample collected
from the cord values at the age of 7 and
34 dasy refer to pooled samples (D)
collected from twa rass for eack decer

mmation There 1 as no sigrificant sex.
difference 1n anlesterase acunity of the i 1 ] 1 1

three males and one female tested in this o W 2 3. 49 so &0 M
cxpenument. AGE IN DAYS

b

PARENTS 2
$

A(E ACTIVITY
8

a8
-

In one indnadual {rat po 7) for example the AtE actnaty was [70 at 137 days of 2ge
and 92 ina sample taken at the age of 211 days Sex difference could alsa be observed
mn some cases females having higher acmaty than males Other experiments also
demonstrated these vanauons withmn indraduals 1n activity Ievels which male geneue
studses almost impossible \ anation between indisiduals in this actiaty s charactensuc
of several mammahian species However most species studied so far ineluding humans
show rather hugh stabhinn regarding the ArE actty 1 adult indinduals over a long
period of me

Age 1anation 11 arylesterase acticity

At birth the ArE actvany of plasma was almost zero This v as tested v ath a pooled
sample collected from the umbilica) cords The actiaty demonstrated with pheny!
acetate as substrate was almost entiredy due to the action of cholinesterase since in the
plasma from cord blood the hvdrolvais could be almost completely abolished by 01
m\1 prostigmine bromude  \fter burth there was an increase of the ArE acusiy v Inch
reached adult actiaty devels at the age of about 40 days Fig ! demonstrates the results
of ane of the expenments perfarmed

Techmcal 1rpro ements tn blood samplin, and the role of narcosts
The tmportance of 2 number of technical details was studied regarding the blood
sampling and further treatment of the samples before estera.e determination Afier
hasing ahered some of these dewails final techmque deseribed above) 1t was fuund that
1echnreal errors confd ¥ ot be responsible for the unexpected inconsistency i esterase 3¢
vy aof the indiadual

Ether narcosss was used o the Grst experiments bug was later replaced by mebumal
parcesis The Latter agent gave a more stable narcosus and blood sampling was made
easier The degree of narcoss saned at different occasions for the same indnadual Table
I shows that the ArE actiany of the plasma was generally higher s hen tl ¢ blood w28
taken from ammals without narcosts but not always so Heart puncture gises nse toan
appreciable trauma but results in obtaring a comparatn ely large volume of bload V
comparnsson of this techmque s sth that of puneturng a tf ven demonstrated (Table
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K oAwAL 1 S6FAT

NCRMAL FAT FREE 10X FAT NORMAL
el o S v bl il bkl

A E ACTIVITY

A EACTIITY
A E ACTIVITY

Fig 2 Fig 3

T8 2 Effect of starvation and different diets on the plasma arylesterase (ArE) act 1ty of female

Smeord.a at top of duagram C Control values Sia Fg 21 47 hs starvauon before

“$ S nphng S Fig 211 42 hrs starvaton followed by food duning # hrs before blond
ng

F8 3 Effect of starvaten and fat diet an the plasma anlesterase (ArE) ac 1ty of male
. See Fig 2 for further exptanations

TARLE 11 Effect of narcoss on the arylesterase act 1ty of rat pLisma

Biood samples taken Anlesterase actss ty
W narcoss 137 2 &> b 89 i
W thout narees o 173 131 13 197 19 13

TaRte HI Anylesterase acu 1ty of blood plasma obta ned from fve ras The mmples were
taken (rom the & | and the heart

Buaod taken fro n the Anlesterase acu v

Ta) L] 14 144 146 1o
Hon 133 14 109 1 "z
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TasLe IV Arnylesterase actiity of blood plasma 10 rats afier 6—~8 hrs of starvation The
acuvity

Rat number and arylesterase actnty

Agem  F ¥ F At \ F N M
days 134 13> 136 137 138 139 140 1
47 174 109 185 135 159 175 134 152
55 167 116 184 143 157 176 137 14
1 155 120 177 132 145 172 134 144
140 1>¢ 139 178 131 148 171 138 144
Mean

value 163 123 181 137 151 174 136 147
Source of vamation DF sS MS Rato P
Between scxes 1 f 364 6364

Wthin sexes 6 22306 506 <003
Betwern rats 15 18847 12565

Within rats st 3450 678 } 1853 <0001
Toul &7 28¢,0

111} no difference in the ArE actity betneen the 2 samples In these experiments the
blood was first taken from the tail and then from the heart of the same ammal The
techmcal difficulties in getung enough blood (more than 1 ml) from the tail was the
reason for using cardiac puncture throughout the main part of the invcsugation

After having revised vanous details in the procedure three Litters were imestigated
from the age of 100 days The results obtained showed 2 less marked vanation within
ndividuals 1n ArE acumity but this vanation was sull considerable and the mam fac
tor evidently remained unsoh ed

Role of ferding and staring

An indscation of z factor related to the feeding of animals being of great sigmficance
for the \rE actrvts Jevel in the plasma was revcaled by the following observaton [e2]
Sundays there was no onc  charge of the animals which then had to use the food
and water given them on Saturdavs Part of the food had been refused and on Monday
the animals consumed a large amount of fresh food When blood samples were collected
on Mondays several ammals were in a condition differing conuderably from that of 3
normal feedin., Those facts seemed to be related to unexpected activity values obtained
from samples taken on Mondays 1 ¢ thee values differed frequently from thow
taken on other days of the weck
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Fesudts from two Litsers have been pooled since the parents of both hitters had med um esterase

¥ ¥ ¥ 8 F F F ¥ F

W Y 18 149 150 151 152 153
B 140 106 12t 154 158 183 15¢
13 19 136 109 s 147 150 183 154
19 17 170 102 148 157 160 189 156
W s 167 13 153 163 164 156 160
Mo g5 153 108 135 155 158 18> 156

12 one expenment one group of ammals was fed normal food ad libitum and another
8roup with 60 ©, of ealculated ad libutum consumption of normal food For both these
groups the vanation 1n ArE actwaty + as sull sigmificantly bigh and the amount of
food consumed over a Jong time was therefore of manor umportance

The stuation of y of food 1 with blood samphing
a5 found to be of the greatest mmportance as ilustrated 1n Fig 2 Ten female rats were
Marved for 42 hrs Blood samples were then collected from half of the group (I m Fig 2)

cother 5 rats recen od food and after another 4 hrs blood samples were collected from
em (I1un Fig 2) The results obtained are sllustrated tn the first part of the diagram
! Fig 2 (“\ormal Dict } The A:E actnaty mncreased markedly i the group of rats
*huch were stans ed for 42 hrs and decteased i the rats + hich recerved food before blood
$aphing In group II one of the rats died at the tume of blood sampling
nary expernments revealed that the composition of diet also mught play 2

Sgusficant role The lpid component should be a factor of importance and a series of
SXpenments were thercfore performed feeding the amals wath a diet without fat and
diets contaming 3 and 10 fat rspectnnely A diet contaning 10 fat 1 mast cases
Eﬂ 102 marked decrease in AsE actwity compared s 1th diets w thout fat or with 3

it

The effect of starving on the ArE actiity was also studied when the animals weve fed
With different diets before the starvation The results of these experiments are llustrated
mEig 2and 3 An increase in ArE activaty as the result of staring was again obvious
23 was the effect of momentar, consumption of food

E perments wath stab liued arylesterase achzty

\fter hasing realized the importance of the type and manner of feeding we let the
ammals stars e 68 hrs before blood sampling Table IV illustrates the results obtained
with four actvaty determunations on samples taken from 17 rats of two ktters out of
Parents all having mediu n ArE actvity Anal the results de 1
2 high for diffe between 1 ArE actnaty Sexdifference
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m dus actvaty was alsa sigmficant w spite of the relatnely high vanation between
wndividuals The bass for an evaluation of the genetic control of esterase actnaty laels
now scems promang

Discussion

In connecuon with the present investgation 1t s noticeable that stanation has been
demonstrated to cause a change n plasma anylesterase acunany the ammals seem
to react with vaning actnan values even in a normal feeding procedure the best way
of stabihizing the activity wall be to mtroduce some hours of starvatien

Stanvation generally causes a number of bioch 1 changes d with
varous ammals and organs This also concerns plasma enzyme actsiues In rats for
mstance  the follors ing actvities decreased  amnlase (Soon Ju and Nassct 1939)
allaline phosphatase (Doose and Schmidt 1960) cholinesterase in adult female rats
(Barrows and Chow 1958} and male rats (Seon Ju 19601 and cleaning factor hipase of
posthepann plasma (Monkhouse ef 2/ 196]) An increase in enzvme activity as a e
sponse 1o starvation v ‘as found n rats for serum acid phosphatase (Laron and kot adle
1961) and for GOT and GPT 1 horses and catde {\cuman and VMadermd 1%
The meanng of these changes 1s not clear and 1 po cases they could be correlated with
knotn ory 1

The biochemical background of the nerease m anlesterase actig dunng the
onset of stan ation reported above 18 also obscure Tworecent obseryationsmay however
be of some importance m relation to this change of the esterase actvan level in blood
plasma. Tarst 1t has been demonsirated by several authors (Goodman and hnobil 1959
Albnink and \euwarth 1960 Corvilam efal 1961 that both in humans and ammals the
concentration of plasma free fatn acids increased markedly as due to starvaton
Maves 1961 found a nearly threcfold snerease 1n thus concentrauon foliowny, the
transiuon of rats from the fed 0 the fasting condition Secondly 11 was demonstrated
by Pz 194 that anleterase of human serum n the presence of free faty aods
with a cham length greater than 6 C-atoms and arommatic acetates or proponates £an
trans-esterifs 1o the esters of the long cham fatn acids (ef Augustnsson 1964

The phvsiological function aof plasma anlesterases therefore mav be theie action 10
the tran. portof fiec fatny 2c1ds The concentration in plasmais partly at least dependent
on this esterase actnan We thus suggest a possible micrrclationship between the i
crease in anlesterase actnts observed in the present investicauon and the previoush
demonstrated increase m free fatts aad concentration in rat plasma as due (o starsation.
Anylesterase mas be a factor determining the transestenfication between acetic acid and
fatrs acsds of long carbon chains on the one hand and the free phenolic OH group of
terosine This amino acid 1s present o albumin to abous 5 *, and albumin 19 knows
10 bind fatn aads

Ttmueht be passible 1o thro more hight on these biocherical problems in connection
with our genenc expenments Ammals w th extreme actniny levels which can veny
Jdeh be produced by sclrcted maungs cculd posubh show some physiolomcal 1&
sporse reflectng 1 e tuochenueal action of plasma anlesterase

Thu 1 esgat ot was supported by grants from the Swed sh Medical Rescarch Council n;\d
the Swedsh Nararal Sacre Research Cauncl W are in§ bied to Min Inga Anderson VD

Iegrsd Opps et and M Enk Johanswm £ ¢ kulled technucal assistance



ARYLESTER ASE ACTIVITY I\ PLASMA 42>

References

Aterine A J and R S \evwikrar Effect of previous starvation on the resporise of plasma
Jpids and frec fatty acids (FFA) to a fat meal J ol n T cest 1960 29 441—445
A B El blood plasma esterases 1 Mammalian plasmata

Atadhem scand 1929 13 571—597
Avorasoy R B Multiple forms of csterase m vertebrate plasma 4 New Tork dcad
Sa 1961 94 844860
Aweesirasoy KB Anlesterases 7 Histochen Gytochers 1964 12 744—T747
‘l"clu'ln\uzsow K B and B Orssov Genetic control of arylesterase in the pig He editas 1961
2
Bxlxlnmlus C A Jr and B F Crow Protan nutntion and enzymes 7 appl Mutr 1958 11
Comviiare | H Loes A Ciswrenosand M Amrawoy Effect of fast ng on Ievels of plasma
?;n:ge;nﬁcd fatty acids in normal children normal adults and obese adults. Zancet 1961 1
>

Doost H and J Scivior Studien uber die alkabsche Scrumphospbatase der Ratte 1
Mittething Das \ erhalten der alkalischen Serumphosphatase bex der gesunden wachsenden
und rachiuschen Ratte & ges exp Med 1960 133 423—433

Coonsax H Al and E KRosm The effects of fastng and of growth hormone admimstration
on plasma fatty aeid concentration n normal and hypophysectomized rhesus monkeys
E dormology 1959 65 451—458

LaRoY Z.'and \ howanio Serum acid phophatase response to stamation and cortisone
admmistration in rats Vetabaltom 1961 10 1100110+

Murzs P A Regulation of unestenfied fatty acids of the plasma during the onset of starvaton
Yate (Lond ) 1962 195 1071—1072

Mowrorse F G J Straciayand F McCrans Cleanng factor ! pase (CFL) of posthepann
Plasma Canad 7" B ockem Phyuol 1961 39 1027—1036
EOAN \ and 1 \averova Influence of starvation on acusiues of GOT and GPT m the
blood serum of chinically healthy horses and cattle Stom sl akad emd { wid Vet med
1960 5 809—818 Chem Abstr 1960 55 10620
tz W and H HorLerv Untersuchungen uber Fermente des menschlichen Blutes VIIT

mogliche Rolle der Arylesterase 1 im menschlichen Fettstoffwechsel g physiol Chem
196% 335 2 1-328

S00vJU K Effect of starvat on on the cholinesterase actity of d gestive organs kidncy and

sPlecn Aew A4 7 (Aoco) 1960 3 Mo 10 63—67
¥Ju J and E § Naser Amylase in pancreas intestme 1 er and serum during fastng
Bonprotein dict and real mentat on. Proc Soc exp Bol (\ ¥) 199 100 834—877



Acta physiel scand 1965 64 426433

From the D of Histology Karolinska Instisutet Stockholm Sweden

Influence of the Thymus on Thyroxm-induced Changes
mn Blood Lymphocytes of Young Gumea-pigs
By
Urr Ernstrost and Benet Larssov
Recened 22 December 1964

Abstract

Frastrom U and B Larsson {afluence of the thymus on thyroxin tnduced changesn blood lymphocytes
of young gin a prgs Acta physiol scand 1965 €4 426—433 — Young male guinea iy were
thymectomized or sham-operated and tecated with thyroxn or saline shortly after operation
or one month after it The mfluence of thyroxn on the total number of blsod lymphocytes
and on blood lymph with different dral content 1 as ! thymee
tomized and sham operated ammals The average mitochondnial content of the blood Jympho-
cytes was not influenced by thymectomy but was highly increased by thyrovin treatment in
both sham-operated and thymectomized animals Thyrovin treatment decreased the number
of lymphocytesimm of blaod n the thymectomized animals but not m the sham opesated
ones This reditetien was due cxchusively 1o a decreased number of tymphocvtes with [yw mites
chondnial content 1t v as highly significant one month after thymectxmy but not signdicant
shortlv after it Thyrown treatment inercased the absalute aumber of blund lymphocy tes with
& high mitochondnial content s gmif cantly in the shameoperated and almost sgnificantly in the
ammals Ieus ded that an intact thymus is not necessary for a thyroxin
snduced increase i the number of blood lymphocytes with kgh mitock ndral coptent $n
addition the results suggast that thymeet)my of voung guinea pigs causes a £ lure of the
thymo-lymphatic system to maintain an unchanged number of small Jymphocyte/mm! of
blood duting thyroun treatment Thus fatlure 1 not manifested immediately after thymectomy
but 13 significantly establuhed one menth after it

“The lymphocytes in the blood of ts are not a homog poy of cells
Thus the existence of short byed and long Ined Iy mphocytes (Ostesen 1904) and of
Iymphocstes with different sources and different desunauions (Fschichus 1953 178
1s reported  Several morphologrcal parameters such as cell size nuclear size bataphiha
of cytoplasm mitochandnal content and specral nclusions have been asedd with the
object of separaung the blood Ivmphocstes into dufferent classes with different ongind
ot functions The number of mitochondria 1 probably a cnterion of the metabolic
acumity of the indssidual lymphocy tes Estdence also exus that the distnbution of blood
Iymphocytes with respect to thewr mutochondnal content (M) depeads on funcuons!
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Hnaton 1 the thymo-lymphauc system (refs sce Ernstrom and Lassson 1961 and
Discussion below) However the relation between the MC of the blood lymphocytes
~2od the b, P actvaty of the b h argans 1s not precisely defined as 1 the
correlatian between the appearance of reuculacytes 1n the blood and erythropoiesis

Th ymphatic hyperplasia in guinea pigs (E and Gyl 1959)
B accompanied by a great increase 1n the mean MC of the blood iymphocytes (Ern
strom and Lareson 1961) Determination of the mean MC of the fymphocytes of the
{hymus and the tymph nodes has nat proved whether the Iymphocytes rich 1 mto-
chondra are thymogenre or whether they dertve fram the lymphatic tisue (Ernstrom
2ad Larsson 1963) This question 13 answered 1n the present 1vestigation compring
2 comparison between the effect of thyraun on blood lymphacytes n shymectomized
fwnea pagy and i sham-operated contrals In additton an accaunt 1 given of an
unexpected wnverse effect of thyroxin on the nuraber of blood lymphocy tes in thymee
Yomized and 1 shar operated animals

Material and methods

doung male guinea p gs we ghuing 180--250 g were d: ded mto e groups
ST Shameaperated thyrown treared
5C Sham-operated conteol treated
™ yrectomized thyroxn treated

€ Thymectomuzed control treated

At 3—5 weeks of age the guinca pigs were thymectomuzed ar sham-operated according
Rehe technque wsed by Gyllensten (1953) Operation was performed ander Tocal anscthens
(Gslocane®. * Astra) Thyroun (Thyroune Ayegaaed & Go AfS) was wgected every 3rd

Yor 9 days (35'c umections 50 ugfky b w tn the dorsum) The control mere gnon an
Sl volume 009 , solutian of NaCl The ammals were kulledt by a blow om the neck o the
9ih day alfer the 312y of thyrovin or control treatment

In one experiment {34 guimea pigs) thyvoxin sreatment was started 31 days after operation
2nd contiauied 1040 days alt ¢ t when the animals were killed

Ina second cxperument (68 gunca pigs) thyroan restment was started 3 Qays alter opera
o0 and continued to 12 days after 1t when the anumals were kiled

Blood from the nght ventucle was taken for supraviral staming with neutral red and Janus
Forn B accord ng £o the technique wied 1n previou expe ments (Ernstrom and Larson 1961
1563} The shdes with the Blood tymphocytes stained supravitally were mmechately exammed
153 hght pucroscope (mmersion obyect ve 1000 <) and the mitochondnal conscnt of 100

Iymphocytes from each an mal was determmed Ia o der to exclude subjectine errors

1 the determinations the ins. cstigate did nat know from which of th four expenimental groups
the satmples were taken The lymphocyies were clasafied into 6 classcs with respect ta theie MG
Yt mphocytes conta ning 05 6—10 11—15 16—70 21—30 and > 30 m tochondra
The average number of o tochondria/lymphocyte was calculated { om the frequency of
Yymphocyees and the med an of mitochondr n cach clase In the Sgures sesait and dey
Suson only 3 categories of lympbocy tes are compared Ismphocytes wath faw (0—10
Mitochondruafecll) med wm (L1—20) and h gh (> 20} MC

Differential counts of blood sm ars were made The total numbes of letrencvies mm of
¥lood was abtasned by counting m 2 Butker chamber

The results were analyzed statst cally by means of Scudent s £ test

Results
Ef et of thyroewn one mx nth after thymectomy o sham opevat on
The relatus e distrbution of blood ivrphocytes as regards their m tochondrial eontent (MC)
3 28 almost wdentical wn the sham-operated and thymectamuzed smmals on the one
hand and un the two groups of thyrowin treated animals on the other hand (Table § 5
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Tagte 1 Differennial counts of blood Iymphocyies in guinea pigs thyroxn treated or tomtro
frequency of Tymphocytes richs in mitochondna 1s demansteated o the ammals ireate

thymuy
Classsfication of fymphoeyte
phocytes m
Numbes of
ammails 05 510 -1
Sham-operated thyvoxan treated 13 590 35F 364
*04 %12 *i
Sham-operated contral treated 13 193 141 %4
£1a %12 =13
Thymectomzed thyroxmn treated 1 76 3419 30
=08 420 x16
Thvmectomazed control treated 54 197 441 734
+16 417 %13
TFhus the average number of tymphocy te was not infl d by thymec

torm but v as highly sigmficantly ancreased by hyroun treatment m both sham
operated and thymectomzed animals

e total number of Lymphocstes mm® blood was dureased wn the thyrowin treated thy
mectonsszed amintals when comgared with thymectaruzed controls (p < 001 Tl
deceease v as confined 10 the hmphacstes vith Jow MCtp - 000D

In the thyroxsa trested sham-operated anumaly the total number of blood hnpbio-
€vies was mereased when compared with sham-operated controls but not siguficantly
This increase way confined to the fymphotites with medium and high MG ip - 004
andp 000} respectavely

The differemt resubts of thyroan treatment on the number of blood Iymphocytes 38
thymectomized animals and i ammals with miact thy mus ss diustrated 10 Fig | and
mterpreted bypothencath in Table 11 o thus table ancreased conwumption of hm
phocvtcs tmplices esther icreased hsis or an increased transformation to other celt
tpes Increased § v ducnuon implies either an mevcased refease of cefls with or without
wnereased mutote actnes sn the himphoo topactc organs or an sncreased tramsform3
tom from other cell b pes

Efctof thro n ka tly after thame £ my 0 tham peration
The selative dustnbunon £ 1lond bmphocytes as repards therr Gt the Eaur expen
mental groups was atm st sdenucal te that found one month after Bromenimm O¥
sham operaunn Table TTf

The total aumber £ lood hmphoes tey was not ugmificanty changed 1s am egxn
mental group Thr changes sn the number of tHood lymphocytes with low medinm
and hugh MC afier thyr jun tegtmens were umfay 1o those found one month afte?
operation but showed lms statuacal signsf cance Fra 7
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trested one month after sham operation or thymectomy Meanstandard error An ancreased
with thyrox n compared to those not grven thyroun urespective of the presence of an intact

according to their mutochondrial content Lym Mean
number of
I3

1620 21—30 >30 Iymphocyte Difference
13 91 26 134
08 406 405 +02 35103
79 3g 05 98 p<0001
=07 204 +02 +02

141 80 14 125
E31 105 +03 102 27£04
J-Bl 41 04 S8 p<0001
=08 106 +02 +03

£|

2 -

1 £ w o

i .

i
0 1 a !

Fgl Fg 2

Fig 1 Total number of blood 1 mphocytes number with low (0—10 miochondra celt)
med um (11—90) and hugh (> 20) mitochondnal content n gu nea pgs thyroun treated o
ool ieated on month afier ham operation o thymegtomy A h ghly increased number
of blood lymph od

wath high cont nt s n the h
an mals when treat d with thyroxin whercas a pronounced dee ease nth number of lympho-
¥tes wath lawe v drial cont @t n the thyroua treated

an mals, \fean _ standard error ST Sham-operated thyroun treat d SC Sham-operated

contral treated TT  Thymeetomuzed  thyrown treated  TC Thymectom zed  control
ctated

Fig 2 Total numbe of blood lymphocytes number with Iow med um and high m tochondnal

ontent in guinea pgs thyrox n treated or control treated shortly afier tham operation or

Symectomy § mular changes ar h: perated and th animals

when treated w th thyroxn Mean = tandard error Abbreviations asn Fg 1
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Taere 1] Summary of the thyrexin snduced changes 10 the number of blood Jymphocytes
with Jow medium and high mitochondnial content in gumea prgs one month afier
sham operaton or thymectomy ST Sham.operated thyroxin treated SC Shame
aperated control treated  TT Thymectamizrd thyroun treated TG Thymee
tomuzed contro} trearsd

Shame-operated anumals Thymeciomized ammals
Effect of Effect of
thyroxm Interpretation thyrosin Interpretaton
Lymphocytes with low  ST=5C Increased con TT<TC Increased con
matochondrial content sumphon compen  p- 0 008 sumption o’ €om-
sated by mnereased pensated by in
production crcawd
production
Lyvmophotytes with me ST=8C Inereased TT=TC Ao increased
diurs m tochondnal p<00) production production
content
Lymphocytes with ligh ST SC Iacreased TT>TC S1 ghtly increased
m torhaudral e mtey. p- 0001 prod sction p 00 productim

Tarwr 11 D flerental counts of biood lymphneytes wn guinea pigs 1t yroxin wreated or 0
frequency of Iympbocytes nch in mitoct ondrea 18 demomstrated n the anml

miaet thymus

Clasuficati n of lympheay'et

Sham-mrratrd th Tt rated

Sham-oprrated control reated

Thymectomuzed thyt s ntrea =g

THvmectomured comtr )} treated

phocytes in
Sumber of
amals 05 €—10 N=P
7 74 378 »*
£13 =24 220
17 [P} 29 0
=15 237 #1?
In 124 378 s
219 217 =i
” 1eo 441 S
<127 =ty =Y
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The greatest difference between the cxpenments was seen 1 the cffect of thyroxn
treatment on the total number of blood lymphocytes i the thymectomized amimals
Thus thyroin caused a decrease i the number of blood lymphocytes (— 119 not
sgmificant) shortly after thymectomy and a greater decrease (— 38 °, sigmificant)
one month after thymectomy The reduction in the number of blood lymphocytes was
confined to the lymphocytes with Jow MC both shortly after thymectomy (—24 ¢
not significant) and onc month after 1t (— 64 °, highly sigmficant)

Discussion

Tt mught be argued that the thyroxmn induced increase 1 the mean MC of the blood
lymphocytes merely reflects the general change in metabolism of the hyperthyrord
animals and not specific changes in the lymphocyte producing organs However
a change in the MG of the blood lymphocytes is also seen when the actvity of the
lymphatc tissue 1s altered by other agents than by thyroxin mjection ¢ g by cortuone
or antigens (for refs sec Emstrom and Larsson 1961) On the basis of suck findings
1t has been suggested that the MC of the blood lymph reflects the I
poretsc actvity of the lymphatic tissue 1n the body On the other hand Otam (1957)
has suggested that the lymphocytes with high MC may denve from the thymus The
present investigation has given some snformation relevant to thes discussion

In gumea pigs treated wath thyroun shortly after thymectomy the mncrease in the
number of Iymphocytes with hugh MG was about the same as 1n sham-operated amimals
One month after thymectomy as well thyroun treatment caused an almost sigmficant
inerease m the number of lymphocytes with lugh \IC, despite a decrease m the total
number of blood lymphocytes These findings show that an increased number of
blood lymphocytes nch n mitochondna appear in thyrowun treated ammals even after
thymectomy The MG of the indwidual lymphocyte is correlated to the size of the cell
{Wisernan 1931 Fichtelus and Larsson 1961 Ermstrom and Larsson 1961)

trol treated shortly after sham operation or thymectomy Mean £ standard ervor An increased
treated with thyroun compared to those not given thyroun  mrespective of the presence of an

accordng to ther mitochondnal content Lym Mean
number of
™ /
16—20 21—30 > 30 lymphocyte Difference
121 82 18 1”3
+09 +07 =04 +04 17405
106 45 10 10 P<00!
10 =07 +03 +04
120 71 ot 1ns
108 +07 +03 +04 16408
80 44 12 102 P01

+07 =05 =03 =03
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¥ the suppositon that large lymphocytes (with high MC) diffesenuate 1o smaller
fvmphocytes (with fower MC) (Rundred 1995 Sainte Marie and Leblond 1928
Schooley #f of 1939 Enerett ef of 1960 Yoffey ¢f of 1961) 15 correct and appli able
to the blood lymphocy tes with different MC in the present snyvestigation the thyroun
induced changes could reflect an increased producuon andfor release of large Iympho-
cytes with lugh MC prior 10 an increased production of small Ivimphocytes with low
NC. The latter cells did not 1n fact mcrease 11 number i the thyroun treated
guinea pigs — which mught indicate a shortened hfe-span of the small blood lympho-
cvtes m the hyperthvrord animals (increased Iysis?)

On the other hand recent research seems to have proved that under certain expen
mental condittons small lymphocytes can mcrease i solume and become lareer
Tvmphocytes 1 ith a basophulic cytoplasm (Gowans ¢f al 1960 Porter and Cooper
1962 a Ricke et al 1963) The thyroan induced changes reported n this paper may
therefore also reflect a decreased hfe span of small Iymphocytes with Jow MC due to
therr transfarmation mito largee Iy mphacy tes witk higher MO

Another alternative ~— even if more hypothetical than the presious ones — 1 that
the large and smafl lymphocy tes with high and low MG are not geneucally related
to each other but represent two different cell populations with different sourees or
functions In this case the increased number of blood lymphocytes with high MG and
the reduced number of blood lmpharytes with low MC cen i the hyperthyrod
animals are independant effects or effects related 1 other wavs than by transformation
of one 1ype of ccll to the ather

In the present imesugation an unexpected obseryation was that the total number
of blood lymphocvtes and of them only those with Jow MC was simificantly reduced
10 the thyroun treated thymectomized anmimals when compared to (h)mrdomll(d
controls Apparenthy  the lymphanc organs of the thymectommzed amimals arc 10
competent to increase the production of Iy mphocy tes with fow MG (small tymphocytes)
sulficiently to compensate for the consumption of such cells during thyroun treatment
Table I Thisas companble wath the finding that thy roun Fuls 1o tnduce s mphatic
byperplasia in thy mectomized animals (Ernstrom 1965) Siace the results are significant
only when the guinea pigs are treated with thyvroxin one month after thymectomy
and not significant s hen treatment 1s gen shortly alter aperation these effeets of
thvinectomy scem to be ume-dependent Thes falure of the fymphatic system of thy
mectomized guinea pigs 10 mantan the numbet of small lymphocy tes'mm? of blood
unchaneed dunng thyroun freatment may be compared to the retarded regenerstion
of the Ivmphane oreans and the deficent recovery of the smmunologacal reactmty
of x trradiated or steroid treated ammals obseried after thymectomy even 1n sdilt
age (for refs see Ernsirom and Gyilensten 1965) The results are 10 a recrment wih
the Iy potbess that the thmus 13 an smportant source of a cellular or humeral facfar
which seems tc be of ¢ ¢ for thyroun lated 1y mphocy toposess
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On the Occurrence of Tyramine in the Rabbit Brain
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Abstract

Gunne L M and ] Jonsson On the occurrence of tyramwne n the rabbit bran Acta physiol scan |
196> 64 433438 — After chromatographic separation on a strong cation exchange
Tes n ne nvramine could be detected 1n an extract of 6 pooled rabbit brans This ind cates that
ttcwhole bram content of tyramine must be below 10 ng/g wet tissue we ght This observat on
dacs not support the concept that tyramine should be an important metabolic precursor of
noradrenaline in the bram

Tyranune 1p-hydroxy phenylethylamine T AM has been widely used as an experimental
100l 1n order to induce a release of end formed hol. (Burn 1960
Nasmyth 190 A release 1s obtamed at synaptic sites both in the peripheral adrenergic
nenves and i the corresponding termnals within the bram  Admimustration of TA thus
actiates adrenergic actinity provided the catecholamine storcs of the nerve terminals
are not depleted of their catecholamine content

Recently Spector of af (1963) reported the presence of considerable amounts of T4
in the b Thus finding 1ndicated that the decarbaxylation of tyrounc
might be a quanutitnely important route m the biosyntheas of brain catecholamines
Yurthermore an important role of bran TA as an endogenous modulator of the eate
cholamine release scemed concenable

According o th presentanyestigation howeser the bran content of TA 1slow After
chromatographic separation on a column of the strony, cation exchange resn Amberlite
CC 120 no TA ¢ uld be detected with the senutne fluorescence method of Oatrs
(1961)

Abbrevatons TV e ne \A = noradrenal ne N s normetanept fan
dopamine MTA = et x weamine SHT = s-hydroxytryptamine

e DA

431
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Fu
200
KA
NM
Fig | Separauon on Amberhte CG 120 of a sample
contaiung 10 fg each of noradrenaline (NA) nor 100

metancphrine (M) dopamine (DA} tyramine (TA}
and 3 methovytyramimne (MTA} Sohd line direct
fluorescence expressed as fluorescence umits (F U ) at o A M1
"85/335 nm (act/fluor )} wasel ngths. Doted I ne
worescence at 470/570 nm afier mitrosonaphtol con
densat on (Qates 1971)

Fracton

Methods

12£ eshly removed rablit bra ns weigh ng together 110 g were pooled and homogenzed n 600
mt of cold 04 N perchlonc acd The homogenate was draded 1nto 2 equal parts and to each
part an addition of TA was made 1) The first part recewed 33 ng of tyramne C2—H
{specsfic acnvity 140 000 counts/min) and 2) the second part was given an addinon of 10 5
of TA — Each part of the pooled extract was centnfuged and filtered pHadusted 04w th o\
potass um hydroude and after the potassium perchlorate bad been spun down cach extract
was concentrated to dryness i 1aaio The concentrated extract was dissolved in 10 ml of water
and pH adjusted 0 4 w th 10N sulphunc acid Each exiract was then cemtnfuged 1 the cofd
and the sup matant was chromatographed on a column 100 ¥ 4+ mm of Ambe hte CG 120
essentially accordine to Haggendal (1962) After passage of the extract th column was washed
with 10 mi of water 10 mi'of 1 N sodium acetate bufler pH 6 0 followed by 10 ml of water
(the weak phasphate bufler of the or ginal method dsd not semove some amphotenc compounds
for instance tyros ne and 3 4-chhyd oxyphenylalanmne (dopa) while the strong buffer solution
employed was effective in this respect) Elution was performed with I N hydrochlorie ac d and
the ehiate was collected s § 3 ml fract ons The fract ans were analyzed for direct Ruorescence
at the wasclengths (act {fluor = 282/333 nm uncorrected nstrumental valucs  Amunco-
Bowman spectrophotofluorometer) Y hch ere found to be opt mal for authentc TA in
hydrochlonc acsd

Pilot stidies were undertaken to establsh the e} uve Ry vatues of all amimes expeeted to
appear i the chromatogram Thuy NA NV DA TA and MT A were added 10 g of each
to the same column_Later the same expeniment wa  cpeated w th the except on that onlv a
small addition of T was made n order 10 asce ta n the muumal d_cem ble amount of TA

Forfurther dent fication bewides the relat ve Ry values the pesks obtar ed by dicect fluo es-
cence were analyzed by spec fic fluorescen em thods NA was id nt fied by the tnhdroxymdole
(THI) method (¢f Euler 1926 p 861 DA by the method of Carlsson and Waldeck (1938) and
SHT was recognized as a % hvd oxy ndahy) compound by 13 specsfic  avelength change n
strang acid solutton ( § Udenf wend 1977 p 1/0) The TA peakw s dentified by the ! mitroso-
2 naphtol condensation method of O tes (190 1) and Spector ¢ ! (1943) us ng 0 5 ml of each
Fract on for the analvsis The Buorescen w3 read at 470 570 am

When T4 H had been added to the sampl the rachoa & ty of the £ action was csumated
maPackard T Ca b Lqud Scntll uon Spectrometes 50 ;1 of each fra tonw retakenf r
amalysisina 7 3 toluene absolute ethanol solut on consa nng 4 g of 5-d phenyloxazole and
100 mg of 1 4 bis {3 phemloxazol §) benzene per § ter of toly ne

Results

Fig I shos s the durect fluorescence of a chromatogram of 10 is of cach of the follawing
substances N A NM DA Thand MTA Although T4 was no completely separated
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from MIA the T\ peak s as readsly dentificd by the nrtrosonaphtol condensation
method (dotted hine m Fig 1) winch gines only 2 very low fluorescence with MIA
The recorery of T was 33 per cent, It was found that the fow cst amount of FA which
could be detected by this method was 05 pig

When bramn extracts v ere chromatographed it was found that the high concentratidn
of 10ns and the thoroush washing d hed the capaaity of 17
column 1o some extent f1z 2 and 3 present the data obtatned from the pooled rablit
bram extract when 35 ng of T A H had been added Tig 2 gaves the direct fluorescent®
vhere the N\ DA and SHT peaks were later wdentified by specsal fluorescent®
methods A small peak mamed MIA in Fig 2 was obtamed i the viesusy o e
TA I scintilation peak idrawn above in Fig 2 and 3) Fie 3 shows the effet
treatment of the fractions by the nitrosonaphtol condensation method It 1 obvidd
that the fractions containing, th - T\ HY acunity do not correspond 16 3% ncrexy 3
flyorescence and thus that thex d not c¢ntam fue nmetrically measurable amounts
TA

When 10 gz of 1% had hern added to the pooled bram extract

howerer fluor

- 4
cence peaks apprared s the expected positions both by direct measurement (Frm‘
and afier treatment with nitros naphtol (Fig o) The fluorescence of the b3} {;,’;;lf(l

determinad by the THI method corresponded to approumately 11 g anead
the pooled extract &0 a N Vlesel [0z g wet tumur waght
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Fu
0
- fu
o e
10
™
™ MIA
[
o o
£ B3 750 3c on 3% e
Fg 4 Fig 5

Tig 4 Separation on Ambethte CG 120 of a pooled whole b 2in extract of rabbirs (wet ussue
weight 53 g) Direct fluorescence at 285/33> nm 10 zg of tyramine added to the sample

Fig 5 Same fractions as Fig 4 trcated by the mitrosonaphtol condensatton method and
read at 470/570 nm

Fig 6 Fractions obtamed prior to efution (at fraction O} from a
peoled w ole brain extract of rabbits (same sample as F gs 2 and
3 The fractions treated by the nutrosonaphtof condensauon
method and read at 4701570 nm.

Fig 6 shows the very strong Huorescence obtained 1 many fractons (aurosonaphtal
treated) prior to clution with hydrochlone acid {for detats of the acid fractions see
Fig 3) The fractrons denved from the effluent of the bran extract had a fluorescence
after mtrosonaphtol treatment around 7 000 fluorescence umts  hile after 10 g of
TA the fluorescence of the eluate did not exceed 50 F U \fter the extra t had passed
the column there was a decrease in fuorescence but 2 second peak around 7 000
FU was obtamned whea the column s as washed with buler solution pH 6 0 Part of
s second fuprescence peak may be accounted for by tyrosine which 1s known to be
present n the bram n amounts of app: 15 ug g (f Udenkk 1962 p
134) This anuno acid has 2 of app the same as TA
after mitrosonaphtol treatment

Discussion

The present iy estigation onginally aimed at a study of the posaible role of endogenous
brun T\ as a mediator of achiuny, ynder physiol ! and ;.
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states of experunentally wnduced excrtation where such activity is imohved {¢f Guone
1963} The study of Spector ef ¢! {1963) mdicated the presence of TA in the brans of
various laboratory ammals wincluding, rabbits as demonstrated by fluonmetric paper
h } as cl and methads of id

Furthermore Creveling et al (1902) showed (hat adminsstration of TA 2 € *gnesnsc
to incorporation of G mto urnary NA and NV andicating that TA may seneasa
precursor of A — In view of the data of the present mvestigation howcver the high
tissue concentrations of TA obtamed by Spectar ef ol {1963) m vanous parts of the
rabbit brain {cortex 1 3 cerebrllum 18 mudbean 25 medulla 27 pons 1} eandate
10 ugfg other parts contatnng less) must be sertously questtoned  Although no figure
was ginen for the whole brain TA concenteation 1t 13 evdent from the examples gnen
that the whole brain fevel mu t be at feast | #g/g The whele bran content of N
rabbits averages 0203 pgfg (Beetler and Rosengren 1959 own obsenttions)
Since the amount of NA m each pooled cxtract of the present study was 11 g theex
pected TA content should be 3355 ug

‘The absence of fluorimetrically measurable TA n the erucal fractions indreates that
the total amount of TA must hve been lower than the muumal discernible 05 pig
corresponding to 10 ng/g Thus the T\ levels obtamed by Spector et af (196 vere
at least 100 times igher than those of the present study The reason for the high
fluorescence obtained by these anthors is obscure bui 113 evident from Tig 6 that there
are tughly fluorescent compounds within the brain which must not be altaned 1o
wmterfere with the fluorimetne assay after nitrosonaphtol condensation

As a constquence of the abosve findings there remuns some uncertainty regarding 2
hypathetical TA step in the biosynthess of bramn NA in the rabbst

This study was supported by grants frem T erese uch Johan Anderssons Minnefund 0
Medical Research Council and by grant AF TOAR 61-31 from the Air }ore Offce of
Seienufic Rescarch QAR through th Fur pean Qiffice Verospice Reseorch Dnited Sties
\ur Force The authrs are indebied to Hoffmann L. Roche $1d £ 1 1 genrrous supphy

3 methoxytvramine
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From the Departments of € n cal Phys ology Pharmacology Medical Buochemustry and
Medicine University of Goteborg Sweden

Effects of Ganglionic Blocking Drugs on Blood Glucose,
Amuino Acids, Free Fatty Acids and Catecholamines
at Exercise mn Man
By
ARNE Caresten Jan Hacoenpar Bo HALLGREN RuboLr JAGENBURG
ArLvAR Svansorc and Lars Werko
Recened 28 December 1964

Abstract

Carlsten A J Haggendal B Hallgren R Jagenburg \ Svamborg and L Werka £fcts of
gangl nwc bl ching drugs mblo dglicos amipacsds freeS My ccsds and catechol mines of exercise v man

Acta physiol scand 1965 64 439—447 ~ The mflaence of exe cise of submamal load o the
arteal concentration of catecholamunes free fatty acsds (FF3) and amuno acids was stud ed
1.6 young healthy men The noradrenaline (\ ) level 1 1creased as a rule su cess velv but the
low adreoal ne {A) level was unchanged Alter 19—18 mun of work there was no cha 1ge 1n the
total FFA level’ but among the 1d vidual FFA the percentag of stear ¢ and oleic acid de

creased whereas thatof palmtic palmitale ¢ and 1 aoler ac d tncreased The total aminon tro-
gen Jevel increased and among the mnd vidual am no ac ds the ¢ was a ma hed elevaton 1
alanne When the excrase + as performed during the nfus on of gamgt on ¢ block ng d ugs
the incren ¢ 1n N 4 was abol sh d o less marked but the changes n the arter | concentrat ons
of glucose lacuc and pmusic acd am no ac ds and FFA 3 ere s mil 7 as without drugs

These results ind cate trae the role of the svmpathet ¢ nervous system ) of m no impart nee
for the regulation of the free fatry  d level 1n serum durng ex ¢ ¢

In exercise of submaximal strength and long duration the metabolism in the muscle
1s of acrabic type and the capacity of the oxvgen transport and the oxygen extraction
of the tissues ave thus of prime importance The increased need of substrates dunng
aerohic \ ork can be covered by enhanced blood flow and mereased uptake from the
blood The uptake of substeates such as glucose lactic acid and free fatty acids (FF )
15 at rest proportional to the concentranons 1n artenal blood (Goodale and Hackel
1953 Goodale Olson and Hackel 1957 Carlsten ¢# 2/ 1761 Scott Finkelstem and
Spitzer 1967 t least as far as the myocardium concerns whereas amino acids are not
aronly to a hmted extent axidized by nonhepatic bssues (Bla neral Y906 \liller 196%)

A
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Tanee I Noradrenaline 1n artenal plasma (s g /1)

Wathout blockade

M
n A sD SF\{
At rest 6 0135 007> 415
2~ 4 mun exercise 6 0340 0204 410
1518 mun exereise 6 0497 0348 3.0
2426 run excreise 3 0330 0217 312

15 mn after exerase 2 0075 0007 150

Taste 1T Mean percentage eomposition of individual fatty acids within the T'FA fraction and

Without blockade
M
n A SD SEM
1 [ 2345 1938
<
160 I 6 153 [} 310
c6 1 1 [ 112 0608
n b 0917 109 205
1 6 128 2272
G
180 n [ ~372 1027 7.9
c1g i ¥ 6 366 3149
un 6 —~170 2033 70
1 6 833 1457
<
182 1 6 152 1801 205
Total “« 1 6 628 200
FFA 4 1 [ ~233 125 0436

Abbreviations 1= Values at rest 11 = The difference between values at exeresse and atfo!
error of mean

The artenal Jevels of glucose and FF A are relamely unchanged dunng work (Cﬂ"’
sten et al 1962 except an ininal fall in the FF A evel in some indisaduals (Carlson &0
Pemow 1959 Tnedbers, ¢ 6l 190 Havel “ammark and Borchgrevink 1063) T#

| myocardial uptake of FF\ expressed in per cent of the artenal level secms 10 b r:
same at rest and during work (Carlsten et of $961) As i the transport of ovveen ¥ ,
enhanced necd of these substrates 1 thys cosered by an increased blood flow per U3
ume
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Wit arfonad With vegolvsen

A M
n A sD SEM n M SD SEM
€ 0267 0147 445 3 0130 0036 619
5 0288 0186 347 3 0230 o101 390
& 0335 0299 27> 3 0333 004> 128
@ 0737 016 370 3 0093 0120 34t
4 0133 008 3> 3 0187 0042 779
mean total FFA Tevel
With arfonad Wach vegolysen

A M

n o\t sp SEM n A SD SEM
6 274 185 3 a8 215
& 27 134 3o 3 260 16> 274
6 382 126 3 450 0600
& 113 0543 511 3 118 1310 145
€ 1418 298 3 108 207
6 ~313 138 555 3 ~230 350 14
[ 373 346 3 401 303
6 ~328 200 399 3 —183 208 152
6 888 0873 3 1070 157
6 0833 1209 179 3 0767 10> 176
€ 693 63 3 298 189
6 —378 139 0666 3 144 6”8 396

N == number of ohservations M = mean -alue SD - standard deviauon  SEM 6 srandard

The consumption of glucose and FFA the mam sources of energy is great s relation
10 the plasma pools of these subs An increased 1n some tissues must
rapidly be balanced by a releasc from others The mechansm behind thi regulation

and output duNNE EXCTCIse 1s Not anown
v b stomponane b el of e ol
of several substrates 1s the symphathetic nervous system  the mam transmutter substance
of which 13 Lne (W) The h acuvity has been reported to be
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Tasie 11 Amno acids i artenial plasma {mg/ 100 mf)

Without blockade
A
n A1 sD SEM
Threomne 1 3 170 0186
i 3 —0090 0139 17
Prolne 1 3 248 1097
i 3 —-0130 045° 030
Glyene 4 3 190 0386
11 3 ~0 060 0416 (3D
Alamine 1 3 278 0452
1 3 179 avr 176
\ahne 1 3 285 1167
4 3 —0133 0516 04
Tsoleueme 1 3 09’ 0200
n 3 00’7 0719 01
Leucme 1 3 156 0437
u 3 0170 0331 063
Tyrosine 1 3 089 0160
n 3 009 00954 163
Thenylalanine 1 3 088 0311
n 1 a0z @230 0is
Total NH N 1 1 ray [
n 3 0773 00971 30

Abbreviation  See Table 1

involved an the mobilization of FT\ from adipose tssues (Hasel and Goldhen 195%
Bogdonofl Wersster and Merrut (970) Admumsstration of N 4 as v cll as adrenaline (A}
stumulates the relerses of T1 \ from the adipose ussue (Dole 1956 Havel and € oldfien
1957 Bogdonoff Wewsster and Merat 1960}

Presumably the effect of the sympatheuc actits 15 of less importance i the reguld
uon of the carbohvdrate metabofism stoce injected X % in conrrast o 3 ds bot sy ht
influence upon the blood fesels o glucose tHavel and Coldhien 19571 As yudsed from
expenments 1n the rabbit N A has no effect upon the blood amino mtroven tevel s
contrast 1o & {Brunsh and Luck 1932 6

In the present studs exeresse of a constint submavimal load was performed b;
votng healthy men '8 vears of age with and without admmistration of tamet :;
phan camp ! or Iy or bromide * The artenal concentratian

\ Trmethaphan campt nulf o te ( \fna! Rocte; and Hexamed coum brov
{ Vegolysen  \ay & D ker

¢
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With arfonad With vegolysen

s M
n M sD SEML n AL sD SEM
6 157 029 3 157 0738
® 012 0206 133 3 0057 0150 Dby
5 228 6519 3 190 o147
5 0132 050> 03 3 033 0290 201
6 166 0182 3 157 00473
[ 0012 0158 018 3 0087 0154 09,
[ 198 0330 3 231 0723
3 1553 0460 827 3 1630 0512 550
6 288 057> 3 25¢ 0440
6 —0045 0432 09 3 037 0370 128
6 087 0067 3 093 00703
¢ —000> 0031 015 3 —0077 00193 269
6 163 0962 3 169 0244
6 0050 0177 09, 3 —o2y7 0461 089
[ 086 0165 ! 093
6 —0072 00°5 113 1 020
[ 878 0183 1 891
6 0160 0222 177 1 003
6 283 0290 3 287 016>
& 0915 0216 244 3 0290 00721 697

catecholamines glucose amino acds FF\ lactic acid and pyruvic acds « as deter
runed The change in the symphathetic actnaty provobed v as expected to eluadate
some of the metabolic effects of the sympathetic nerious svstem

Methods and procedure

Chemical and phys olovteal methods used ha € been pret ously described Carl ten et 1 1967
Carlsten et ! 1063 H egendal 193

Each ind vidual wa ¢ amined ? or 3 umes with ntery Is of 1—b months under denncal
etrcumstances with ex  pton for g nglom blocking drug during the later examinaton

Tna postabsorpt  tat the brachs | arfery was cath tenzed tn the nom ng Afier a quarter
ofan hour s restunth I ngposton a blood p e urea d the axygen consumption {Douglas
bag) were measured foll wed b blood samp! nig from the a teral catheter With the ubject
sl n the Iy ng pos ton the ph + al exercise was perf rmed on a bicvcle ergomet £ w th a
Inad 6f 600 kpn n 1 fca @ J—3 ar B00 kpm min (casc & fo 30 mn and with frequent
records of ECE nd art n | presur € vgen onsumpt on was determ ned after 12 —17 mn
Plood [r catecholan e wa sanpled ? ~4 13 1Band 7i— { mn after the starta d I3
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min after the end of the exercise whereas blood for the other analyses was collected bets eentt e
14th—18th min

Ganglhonic blocking drugs were infused by veirr The infusion rate was successively increased
unul a significant and constant effect on the blood pressure was achieved Some individuals
were unable to fulfill the experiments because of muscle weakness headache and anwiety In
these cases the experiments were later on repeated with a lower dose The mean dose of Arfnad
was 08 mgfmin and that of V egolysen 1 6 mg/min

Results

Artenal oxygen saturation carbon dioude tension and pH at rest and during exercise
were not influenced by the ganglionic blocking drug The same fact apples to the
oxygen concentration ventilation and respiratory quotient

The exercise Joad was submaxuimal In the studies without blockade the oxygen
consumption was 53—7 2 times the rest value In all subjects the mean artenal
blood pressure 1nereased during exercise as an average with 16 mm Hg The inerease
1 heart rate varied more betw cen the subjects than the changes in oxygen consumption
or blood pressure presumably due to differences in physical traming  The average
heart rate at exercise was 127 beats/min  the effect of excraise bemg an increase of 63
beats/min

When the exeraise was performed dunng the infusion of gangliome blocking drugs
the increase in oxy gen consumption was about the same as without drugs The increase
1n blood pressure was less marked than dunng work without blockers the mean arterial
blood pressure rose as an average 6 mm Hg duning Arfonad and 10 mm Hg dunng
Vegolysen The increase 1n heart rate during exercisc was somewhat greater with
blockers than without The infusion of Arfonad induced an mncrease of the heart rate
both at rest (20 beatsmun p < 002) and at exercise (14 3 beats/mmn p < 007)

‘The respiratory quotient (RQ) increased dunng exeraise from about 08 to the
viciity of 0 9 at both expenmental conditions

The N\A levels mcreased dunng exercise (Table 1) Already after 2—4 mun the
arterial blood level was hugher than at rest and 1ncreased as a rule successively duna”
the exerase However there were great indiidual variations After exerasse the M
levels decreased and had approached the basal levels within 15 min

Dunng infusion of the ganghiome blocking drugs the NA Tevels at exercise in most
cases showed only a slight increase or even decreased somewhat In 3 of the subjects
there was a clear difference 10 the NA levels 1n relation to the admunmistration of the
drum dunng excrese \o apparent difference was found between the two ganghonic
blocking drugs \o measurable amounts of A were detectable in any of the expent
ments

Afier 1418 mia of work with or without admumistration of ganghome blockers
there was no siwnificant change 1n the mean tatal FFA Ievel (Table 11 Among tte
sndiidual FF A the percentage of steanc acd and oleic acid decreased and that of
palmitic  palmatolerc  and linolesc acid increased at both ceperimental condanons
Corresponding chianges were cbserved in the absolute values except for patmitic 3cd
which was unchanged

Physical work without and with ganghonic blockers provoked an clevation of the
total plasma ammo nitromen and among the indisidual amino acids a marked elenation
of the alanine level Table 111

Ganghonic blockers did not influcnee the change sn plasma concentration of ghacos
lactic acd or pyannic aad provoked by the exeraise
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Fig 1 The plasma FFA level n correlat on to the N A e e
Ievelat rest (O_@) and duning work ((] W) without (O as® o o
) and with (@ B} the infus on of arfonad

T a0 w0 e Wm
FFA pmote perit

Discussion

Ganghonc blocking drugs interfere with the reflex adjustments of the airculation They
black the vasoconstnctor pathways which control penipheral resistance and senous
return Essentially they eliminate efferent nervous mfluences which keep blood pressure
up espectatly when the subject 1s under such stresses as standing or exercise In the
standing, body position the hydrostatic redismbution of blood to the Jow er limbs 1s more
exaggerated dunng ganghonic blockade infernng a disadvantageous reduction in the
venous return to the heart with a decreased stroke volume as a result This hydrostatic
effect 1s of course almost chiminated 1n the supine position Pertpheral yasodilation and
mcreased flow may occur ¢ g in the hmbs even 1n the absence of a nse 1 blood
pressure (for example duning excraise)

In the presentan estigation exercise was performed with the subjects supine morder to
prevent d blood pressure redi when i bloching drugs were given
Exen wath these precautions the dosage of drug had to be lumited othersvise the subject
had not been able to perform the amount of excraise prescnibed That the level of
infusion of drug was enough to cause marked gangliome blocking effects was evidenced
by several signs ding the of the circul as well as from the central
nervous system The indinduals studied 1n the present imestigation had higher heart
7ate both at rest and exercise less increase in blood pressure during exercisc and cerebral
symptors when the drugs were guen mdicating a marked and as near complcte
ganghonc blocking effect as could possibly be achieved sn this experimental seting Due
1o these effects of the ganglion blocking drugs the subjects complamed of a feeling of
muscular weakness some of them also of anxiety In a few expenments the subjects
studied were not o en able to contmue the exercise for more than a few munutes because
of these sensations In these subjects the expenment was repeated v 1th a lov er infusion
rate on a later owcasion

During work the increase n oxy gen consumption and RQ, was the same whether the
subjects were gnen ganghome blocking drugs or not  Assuming that the combustion

of amuno acids 1s negligible this means that the drugs did not change the ratio oxudized
carbohydrates to oxuidized fatty acsds Thus the blockers did rot depress the combusuon
of fatty acids during work

\Measurable amounts of A n plasma were not found in these experiments not cven
when the N A leyel increased considerably dunng exercise The increase of N A blood
Ievel at exerci 13 n agrecment 1 ith the findiags of \ endsalu (1960 + ho hovever
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studted the effects of exercis~ of only short duration and with stepwise increase in
Joad under which a successine increase of NA Ievel was found With our procedure
of 2 constant Joad but considerably Jonger duration the \NA level increased progres-
sinely 1n 4 out of 6 subjects who all were in so-called arculatory steady statcas jud e
from the constant heart rate and systermic arterial blood pressure Theres evidence
that not enly the duration of cxercise but also the degree of load hasannfluence on the
NA lese! Further studtes on thus problem arc 1n progress

The increase of the NA levels 1n blood duning, work was i some cases markedly
reduced dunng the infusion of ganglionic blockers but in other cases there was no
effect on the NA level The levels of NA thus s anied connderably between the different
subjects Hov ever the values of FFA amuno acids and glucose lacue acid and pyrusic
acd did not differ markedly whether the blockers had an effect on the NA levels or not
o correlation was obsered between the NA level and the FFA (Fig 1)

In an carher report concerned with only few subjects st was found that the percentage
compontion of indwvidual fatty actds changed dunng exercise the mostobniouschan ¢
was a decrease 1n the percentage of steanc 2ad (Carlsten et af 1967) This obsena
tion 1s confirmed by the present study  The fall in the steanc acid Jevel can depend on
an increased mflow to the blood of fatty acids from the adipose tissue which s poor int
steanic aad (Hirsch et af 1960) The reason to the Jess pronounced decrease m the
level of olerc and and increase in the levels of palmitoleic and linoleic aced can not be
explamned by any difference between the fatty acid composition 1n adipose tissue and
1 FF\ These changes n the indnadual fatty aad Jevcls dunng exeraise were not
influenced by the admmistration of the gangliome blocking drugs

In the present imestigauon the ganghonic blocking drugs were givenan the highest
possible dosage with maintenance of museular function and will to exercise Ths does
not arcessanly mean a complete blockade of alt heral gangha The sympath
tone and release of \ 4 may thus be normal or cven above normal 1n certain localized
areas ¢ g fatussue However it has nrer been defimtely proved that the far cellsin the
adipose tissues are mnenvated by adrenergic fibres Wath photo-fluonmetnc techmgue
such fibres have bren found 10 the s essel walls and the majonty of fat cells are apparently
not tn contact with the termenals contaiming N\ A (Wirsén 1964) The effect of icreased
sympatheuc actinity on FF 3 release mught therefore depend on a diffusion of eatechol
amines from the vessel wall mnto plasma and into adipose ussue cells The present
observation that mfusion of ganghomc blockers which dimimished the p‘xnmlmxr-\l
tnercass in N A sn the blood dunng exeraise only to 3 very himited degree influenced
upon the FFA fovel mught indicate that the role of the sympatheuc syxtem 1 e
regulation of the FF A Irs el in plasma dunng exercise 13 of Jess importance compared (0
other F} A molnlzing mechanisms

Asded by grants from the Swed b National Assocaats n agains Hears and Q2 73t [ scases anl
the Swed b Research Coun !

References

Buare J Mo H Sor rex A 1 Sneerand R ] Prve Stud en on myocard al m tabel m.
imer § Met 194 0 B 6833 e

Borponorr M DA M Mexurand B 1 \emxr The effect {aut non ¢ ganghon
binckade upon serum free ity level nman J lia Teest 190 37 9 550 et

Presrar R and ] M Liex Eflecrof s mpatt et ¢ amines upon am no acid a tror 1 cont
aftheblrod Poc Scep Bl N Y 197 89 oH



GANGLIONIC BLOCKING DRUGS IN EXERCISE 447

Cartsren 3 B Harrorev R JAGENBURG A SvaNBoRG and L.WeRko \Myocardial metab
olsm of glucose lact c acid ammo acds and fatty acids tn healthy human mduvduals at
fest and at different work loads Scand J cf n Lab Invest 1961 13 418—428

Caristew A B Hatearen R Jacensurc A Svavporcand L Werkd Artenal concentra
tton of free fatty 3cids and Free amino acids i healthy human individuals at rest and at
different work loads Scand J clin Lab Inrest 1962 14 182—19]

LsTEN. A B Haticrey R Jacenstre A Svansorc and L Vwerke Myocardial
arteniovenous d flerence of mdvadual free fatty acids m healthy human indiaduals Vet
olum 1963 17 10631071

Carison L A and B Pervow Studics on blood ipids dunng exerese 1 Arterial and venous
plasma concentrations of unestenfied fatty acds 7 Lab clin VM d 1909 57 833841

Dot Vv P A rclaton between non cstenfied fatty acids in plasma and the netabolsm of
glucose F chn In o5t 1926 35 150—154

Frrepoere S ] W R Hareas Jr D L Trourand E H Estes Jr The effect of excresses
on the concentrauon and turnover of plasma nonesterified fatty acids J ehn Jncest 1960 39
215220

Goovare W T and D B Hacker Myocardial carbohydrate metabolsm in normal dogs
with effects of hyperglycemia and starvaton Circulat Res 1903 § 509—o47

Gooparr W T, R E Otsovand D B. Hacxar, The effects of fasting and diabetes mell s
on myocardial met bol sman man Amer J SMed 1929 27 212220

M vir R ] and & Gotorres The role of the sympathetic ner ous system i the metabolism
of free fatey acds 7 Lypid Res 1959 1 102—108

Haver R J A Namtarw and C F Borcnorevisk Turnover rate and oxidavion of free
Fatty acads of blood plasma in man during evercise Studies durng contmuous mfusion of
patmitate 1 € 7 ol n Jmest 1963 $7 1054—1062

Hiscx J ] W Farquisr E H Ammsns Jr M L Perersonand W Stoeser Srudies of
adipose tssue nman Amer 7 chn Vutr 1950 8 499511

Hacoeapar J Animproved method for it orumetric d of smalt af
aline and noradrenaline i pla ma a1d tissues Acta physiol 5 and 1963 59 242--20%

\iigr 1 L The role of the Ir er and the non hepatec ¢ ssues an the vegul 1 on of [ ze ammno acid lex Is
i the blood 1m0 deid P ols Elsevier Publ Comp Amsterdam 1967 706—721

Scorr J G L J Finserstervand ] ] Serrzer \yocardual removal of free fatty acids under
norma) and patholog cal cond tions 4mey 7 Physt } 196 203 482480

VENDMLY A §tud es on adrenal ne and noradrenaline in human plsma deta phrs of s and

1960 49 Suppl 173

Wsex G D stribution of ad energec merve [5 re tn br wn and wibte adipos ¢ smue Handbook of
phys ology Secton\ Ed. A E Renold C.§ Gahll Jr Adpo wssuc Balt more 1964
m press

dren



Acta physiol scand 1965 64 448--452

From the Aero-Medical Laboratory Insutute of Physiology Unnersity of Lund Sweden

Determunation of the Mixed Venous CO, Pressure with
a Rebreathing Method
Correction for Volume Changes of the Lung Bag System
By
G Luvpin and D Trouso
Recewved 7 fanuary 1953

Abstract

Lundin, & ani D Thomson. Determ nation of the m xed tenous CO, p essure with o webreoting
method Correctuan for colume changes of the lung bog syrtem Acta phnol scand 1905 61 418~42"
Tor determunng the cardizc output with Fick s equation the muxed s enous CO - content can be
d $ with & haqor Durg th - rebreathing fhe mirogen and
percentages 1 the bag were smultancously remstered by fast n trogen and CO meters This
allowed the correction of the CO values caused by vofume changes of 1t £ fng rebreathing bag
ystem duc to the @ ference in O uptake and LO ol nunation When this correcnon 11 apphed
gt er values for the cardiac cutput should be obrained

In a paper by Lundin and Thomson (1962 an analvsis was made of the influente of
rebreathing ume on the detertunation of mixed venous blood €O, presuse whea
uning a CO, rebreathing methed for cardiac ourput measurement An almost sigruficant
dufferencr of 06 mm CO, pressure was found between values obtamed with thr twe
rebreathing umes used  The salues v ere lugher with the longer e This dff-rence
was smaller than that reported by Hanylion 1962 who clumed 1t (o be caused mamiy
by the €O, berng diswc boed 10 the Hurds of the lung ussues 33 hen the €0, presuses of
the muxed s enows blood obained by Lundin wnd 3 hormon were used to cateulate the
CO, vontent of this bl md to be wsed (n Erck s equation the » alurs from the sebreatt ing
umc 13 sec gave abe it 2 per ent huster cardiac output than 1 e values from e
rebreathung time of 22 ser Hamlton found a 17 pes comt Ligher cardiac output af the
sebreathtng tume used to determune the mixed yenous GO, was 16 imtead of 21 ¥7

Lundin and Thomson found 1t unlikels that the exponential vourse of CQ, accumulaben
Qunng rebreattin which  astt bavs for tf ar graphseal determinaton of th meed
venous CO, pressure was d sturbed by the solubilin of €0, m = fung & suet Tie
difference howerer was larie en uzh 1o be of smporiance and sheuld of goauble e
corrected for In ths paper we have therefure tned to anabyze if such a difference could
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Fg | Schematical drawang of the expenmen
tal arrangement.

be explatned by volume changes caused by a gradually d 4 CO, el

from
the blood and a constant oxygen uptake a factor whach should be more pronounced
with 2 loneer rebreathing time

Method Nane healthy subjerts were wsed On each subject 4 indoctnnation expenmen.s 1 ete

done befare the actual measurements started In these expenments the CO was measured as
described easlier by Jernérus Lund n and Thomsen {1963) The measurcments this time also
sncluded smultaneous measurements of prtrogen and CO percentages of end tidal a r and of
the gas muxture 1n the rebreathung bag The instruments for gas analvas Were a rap d infrared
€O mer t (Godart Capnograph) and a fast response n trogen meter (Lundi and n
1952} The seasitny 1y of the snstruments allowed revwstrar on of changes it CO percentages of
about®03 and00>  for them trogen The CO meter which draws about § 51 tres gas per
™ nute was shunted o the b eathungsystem The mtrogen meter samples about 20 ml of gas per
ra rute through the needie valve placed close to the mouth prece This allowed 1he registranion
of the mtrogen prrosntages both 1a wmspt od and exmeed ar It was thus passible to control
breath by breath the resp ratory state of the subject F g § 1 a schematicat drawing of the
expe smental arrangements

E permental prot dur

Th seated subjet not necessandy being basal was alfoy ed to come to a steady state by
resung about balfan hour Alier this tume the subject was connected to the breathing svstem and
started 1o breathe yoom a1 and the of the gases d above
started When the subgect had come méa a steady resp fatory state wich regard (o the compos o
of end t dal arr the first reb eattung started f om the ebreathung bag wht h was Slied from the
bequning w th about { hise of gas muture contarung 2 CO an O in nitrogen

The subject empt ed the bag with cach breash  \fter 11 breaths durmg  hich the CO and™ m
the bog had been recorded b eath by b eath the subject was shufted back ta b eath room aie
‘When a new steady resp ratory state was obta ned colleet on of expi e a r wan started dunng
which mspired and end hdal N and end tdal CQ were conunously measured Afcr 6 mn
when thus collection was finshed  the subject was agun sw iched over o breathe from the
rebreathung bag filled « th the ame gas m xrure as beface The rebreath ng rate thus tme was
differeat from the Grse un  The rates used were 30 and J0 b eaths per m aute The corre

sponding tota) ebresttmg tmes fo the eleven b raths egutered were 22 and 13 scc The
breathung rate wai go emed by a P ; w th the
slow o the 3 Ur b eathing rate On rach ubject 5 expts each w th two rebreath ng rates
were performed

Treatment [ dasa

The gerc acage of O curlly recorded w i th €O m rer are plowed w2 § nea coord mate
system with the first CO value on the bscssse ga nst the second valuc on the ord nate Thi
ket the first pomt the second po nt on the curve cons st of alues2—3 nd 3o on Through
21 the points ex ept the fimt 1wo ow g 15 icomplete m g of lung beg s ¢ 1t pass bl ta
Araw 2 sira ght bine and the wteriect on brtwern ths 1nc and # 1ac wath the same distance
from the ord nat | nd the tscine should sepresent th powt wh 0 the CQ prossure o
alveolsr 3.5 16 the tame a3 1 the ovvgenated mued  cnous blood (Jemérus Lund n snd
Thomson 1963

A e €

PR
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e aren P
/ vece 1 ~srzvny

7, el Lol ST zemmy Fig 2 Graphical dricrminan n
N of the mixed venous CO content
£ owvo 3 0 c LW E )y and without correction for
¢ ¢ s s volume changes Qe = Cardiac
outputfnun
; e
H T 7 T

The mtrogen percentage i the rebreathing bag was used to calculate s} e relatine solume
change 1n the { llowing way — After the first couple of breaths durning which mixing between
lung air and gas in the ag occurs there are 2 or 3 or more constant mitrogen percentaga. We
assumed that this means that no yolume changes tock place so far The correction factors from
the following volume decrease was calculzted by dividing the constant mutrogen per cent just
mentioned with @ ¢ f Nowing nitrogen values. The LO values were then multipl ed with th
corresponding cortection factors and the cofrected LO 1alues obtatned were then pl tted 1n
the above mentioned conrdinate system and & nrw line was drawn thraugh the printy The
intersect) n between this line and 1} ¢ equidistant line gave the corrected muxed 1enou €0,
The artenal PLo 1 assumed 1o be the same as the mean end tidal CO, values reg st red
duning the collecung period of 6 manutes and the el O 14l from (he expured
a1 collected 1n the Deuglas bag Tor determunauon of the CO ecntent 1n artersal and mied
senous bid standard values /from Handbork of Respiration 1938) are used ™o correct
was made for the small amount ¢f gas consumed by (1 mitrogen meter

Tasere 1

Frequencs 39 breaths min

Uncorrected valyes Corrected vaturs
Al xed emous Pegy, Cardiae Mued sen s Py, Cardac
output ourput

Subgect Mean  Rang Mean Mean  Range Mean
GL. 312 490 533 24 482 472-498 31
DT S0 § 47 339 39 489 449-530 4
we o S2 3 28 499 481 514 3
BR 4 4 44 31 483 47 7-516 34
HH 4 416 23 23 477 431-497 ar
HW 45 430 471 29 451 473454 30
DL 5t 48 1 4 474 4,0-495 41
ML " I 43 35 512 49 -.25 at
uP 527 02 556 44 500 492 510 57

Mean A3 3” 484
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Results

Fig 2 gnves the values from a typical expenment Table 1 presents the salues for miced
venous CO, pressure for the two breathing rates with both uncorrected and corrected
values Before correction the mean mixed venous Pgo  for the rebreathing rate 30,mun
was 50 3 mm and for the rate 50'mun 48 7 mm or a difference of 1 6 mm Analysis of
\anance showcd that this difference was highly significant The average cardiac output
calculated using the above values were 32 1 and 3 7 I respectinely Thus 2 difference of
05 hitre or 2 13° hugher value with the rate 5Ommn When the Pco  values were
corrected for the volume changes in hing bag system dunng rebreathing the Pcg  for
the rate 30/mun decreased on an average 1 9 mm to 48 4 mm whereas for the rate 50;min
the values decreased 0 3 mm also t0 484 mm The cardiac output for the rate 50,mn
was unaffected by the volume correcuion The cardiac output for rate 30 became after
correcuon 37 1 or the same as the output determned from the rate 50, mm both cor
rected and uncorrected

Discussion

By correcting the muxed senous Pog, values for volume changes of the lung bag system
n the rebreathmg method descntbed 1 e have found the same values with rebreathing
rates of 30 and o0 breaths per minute The drfference between the Poo, obtamed with
the two reb rates was p 1 after the for volume
changes which indscates that such changes explam the difference observed in the above
earlier investigation by Lundin and Thomson (1964} and that s>lubility of CO, 1
lung tissuc does not nfluence the mixed venous Poo  determined weth this method

Frequency 50 breathsfmwn

Uncorrected values Corrected values
Meed venous Peo, Cardiac M xed enous Pgo, Card 3¢
output output
Al an Range Mean Mean Ra ge Vean
180 466492 32 480 458492 32
495 463530 46 492 463530 47
496 480-571 32 494 480-510 32
494 427522 33 48 457509 34
476 433-573 76 473 433 509 76
48 N4-273 30 446 414473 36
492 485206 39 478 469485 43
s1 192-531 40 514 497531 40
500 490508 5 98 490505 53

57 37 2.4
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The fact that the corrected muxed venous Peo  and cardiac output beeame the same
with the two reb rates also ind that Jlation of CO, enriched blood in
these resting expertments does not occur to a degree high enough to influence the Peg
obtained during the rebreathing time of 23 seconds used in the carlier publication by
Jernérus et el (1963) Ttis howerer clear that salues in earlier expeniments include this

volume error and that the resting cardiac output values therefore were somewhat too
low

QOur findings indicate that a rebreathing rate of 50 breaths per munute ehimmnates
this volume error When the corrected values were compared with resting values for
cardtac output determuned with other methods we found that those obtamned with the
acetylene method came most close 10 our values whereas the values obtaned with the
direct Fick method were considerably higher and thatalso the dy ¢ dilution method gave
higher values The cardiac mndex was 2 01 for our subjects compared with 2 21 for the
acetylene method and 3 5 1 for the direct Fick and Dye dilution methods (Handbook of
Respiration 1959) It should however be pointed out that the values given above nere
obtamned on rechiming subjects whereas our measurements have been done on situng
subjects During work experiments the volume error should be more pronounced at
Jeast for hugher working rates This error should however be counteracted by the fact
that the end tidal Peg duning work 1s hugher than the artenal Peg, (Asmussen and
Niclsen 1956) When calculating the carchac output we have assumed that on the
healthy subjects used the end tidal Peo, equals the arterral Peo, The results from the
above mentioned measurements by Jernérus ef ol (1963) using a rebreathing rate of 30
at rest and 50 duning work showed a good agreement betwecn cardiac output during

worh when compared with results obtained by other authors using both the acetylene
and dye-dilution method (Asmussen and Nielsen 1953) Tius could mean that error 1n
the determunation of artenial and mxed venous Peo  dunng work in our carhier mea
surements werc of the same d 1t

using the dye-dilution and the described CO, method together with direct measure
ments of the artenal Pcg  should however be made 1o further eluaidate this question

The combination of a mitrogen and a CO, meter also made 1t possible to avoid the

error of the CO, method duc to a unsteady respiratory state The casc to apply these
methods even an unhimited number of times should give 1t a considerable advantate
over the direct Fick and Dye dilution methods
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Vagal Relaxation of the Stomach
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Rece ved 9 January 1963

Abstract

Martnson J Va al relas ton f the stoma h_Exper mental ve un esiigat o of the cancept of the
trapsmussien me hamsm Acta phys ol scand 1965 64 453—46” — The vagus nerves contamn
efferent fibres capable of relaxing the corpus and fundus of the stomach In expermments on
cata this atropine resistant effect has been sho 1 10 duff r 1n several respeets fran relaxation
ehicyted by sympathet stimulat on or infusion of catecholamunes The vagal responses are
more potent_their latency 15 shorter and maximum response 1 attamed at definuely Iower
frequenaies The sesponses to sympathet c stimulation wears off much mare rap dly after the
end of stmulatron than does vagally induced gastnc relaxat >n Fnally the sympathetic or
catecholami e gastric responses are more or less completely blocked by guanethidine or a tha
Ide which have hardly any effect on the vagal relaxaton of the stomach Hexamethonjum
imbibits vagal relasation and seems to be potentiated by atropine It s oncluded that the
rela<ation of the stomach on exc taton of high threshold efferent vagal nene fibres 15 me
diated £a preganghonic vagal f bres wh ch do not exert the 7 cffect by any adren smc mecha
rusm It 1s sull not possible t say what penpheral mechansm 15 ctually respons blc for th s
Iong lasting gastnic elixation

The time honoured obsenation that efferent vagus nene stmulation 1s capable of
\nhibiting gastne motshts (for references see NcSwney 1931) has recently been re
Insestigated by Greefl Rasperat and Osswald (1967) Paton and \ane (1963) and by
\artinson and \uren {1963) Working on wolated stomach preparations GreefT 22
ol and Paton and \ane independently presented obseniations suggestng that such
\agally induced mhibition 15 due to the presence of sympathetic nenve fibres in the
\agus nerves This posubility was discussed 1n 1936 by Harnson and McSwiney who
however at the same time expressed some doubt as to whether an adrenerzic mecha
nam  ally was fespanstble for the vagal relaxation of the stomach for they had found
the Istency and 1ype of the responses 10 differ 1 some respects from those mduced by
splanchnic nene stmulaton
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Martinson and Muren (1963) showed that contraction of the stomach 18 tmduced
by nerve fibres with a sumulation threshold differing clearly from that of the nene
fibres causing Jansson and M: {1969) who sub d the stomach
to fow continuous sntraluminal pressure have shown that the relaxting vagal fibres
possess powerful gastrie volume augmenting properties suggesting that they are m
volved jn the mechanism of receptive relaxation It has also been found (Martinson
1964) that the frequency response relanonship of the relaxing effect of the vagal fibres
13 such that their action can hardly be asenbed to any overflow of ¢ g an adrenergie
4 fibre a h whichseems to be involved when ¢ g ahigh
frequency stimulation of adsenergic fibres 1s employed (¢f Celander 1959 hack 1939)
Turthermore the latency of the gastric response to vagal simulation s so short that st
cannot he ascribed to any myvolvement of the adrenal medulla (\artunson and Muren
1963)

Prelinunany expenments revealed that the gastric relaxation induced by vagal stm
ulation 13 not affected by i gic agents such as reserpine guanctht
dine or ¢ and @ adrenergre blocking, drugs This together wath results obtained by
GreefT et al and by Paton and Vane on isolated stomachs prompted the present study
on the whole animal n which the effects of sympathetic and vagal stimulation and of
snfusion of catechalamines could be compared The results of these experiments wer®
followed up by investigation of the effect of atropine and ganghomic blocking agents

Methods

Lsperiments were made on 36 cats weightng between 15 and 4 1 kg The animals were anact
thetized with chioratose 6000 mefkg b w adrunered 3 v afier anducton with ether
After inseruion of a trachieal cannuly the cervical vagus nerves were dissected and dnid
The penipheral end of each nerve to be stumulated was pliced 1t an annular bipolar piver
electrode and connected to a square wave impulse generator (Grass Stimulitor §4)

The abdominal cavity was sprocd by a mid! ne inasion In most experiments th ¢ ntestned
were remosed this having been found to ymprove the reproducibility of the gastoc responsey
A1 gture was cautiously placed around the muscular coat of the abdomial part of the esopha
gus in such a wav 13 to leave the vagal aerve trunks intact In a couple of cases t e anter! 4
vagal nene trunk was dissected free an 1 divided 1n order to perm t direct sumulation at te
subd aphragmatic level

\ polyvinyl wi le bore catheter was antroduced ines ihe stomach cavity fram the dundenad
end and 1 el i postion Ly 1 bigature arrund the polyrus The citheter was connecsed t0 3
solum  reserv i1 flled with potomic saline kept at 38 ¢ Th s reservorr permitted continy Ut
secording of 1 tric v furie by a float recorder Ihe b ight of the resersor cout | be afusted
w keep th e Mraga tn pres ure ¢ nstant at any deurcd devel Only wintragmine frosica
(2.5—% cm of water; wer applied A Ferspex window ways temps ranly mserted in the ab-
dommal wall duning the ¢ urse [ some 10 experiments o perant vuusl n pecuon of Hest £
ach (¢f fansnand Miruny n 165) Blood presure w1 recorded with a m ercury man me
connected 1o one fem ral artery

The vagus nerves we  tiroul ted tn all expenments The stimult used were such a 1o 28
gvate most of 1 1 rve fibres © 1 ing reliat an of the stom chi 1 ¢ pulse duration was set 3t
2msecantintensin as v 1s £ Marunson and Muren 193 The impulse fr quen y #3%
wnedtacbngrafed g tre Apones \

A gecmntne grogress n Cimpabe froquen 1o 11 7 4 8 and 16 sec) wav used In matt
of th ¢ expenment th responses t nly tw s of f ese frequencies (¢ ¢ | and 4 imp w0 w08
st hied In mont cases the reaponses 1 increasng stinalat n frequencies were supenimy ;:
upon one annther dunng the paw fre overyasst wnmEg 1§ rfunterd Cilsse
sults

Afier eack stmulatin aer s th ntraga tr ¢ pressure wa set at zesn an § the amnach i r;:‘b:'
all wing to empty But tn 1} ar exper merts where the rate { recosery wan mtufied the
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Fig 1 Gastric volure dings from two

D general p of
the gastre ¢ laxation responses to vagal sttmulaton (Markings at signal bars denote nerve
[V = vagus] and pulse Frequency [ mpjsec]) Rhythmic alterattons i volume are due 10 res-
Ppiration

4 Cat 26 kg Differences 1n immed ate response duning suglst on but relaxation to about
same volume level at different rutial volumes. After black ng the exatatory response to vagal
sunulation with atropine the response develops rap dly and wath short latency A high dose of
atrop ne reduces response 1 some extent

B Cat 38 kg Recor ry phase aft r vagal sumulation Afier st lat on with 4 tmpfsec the
intragastric volume reaches 1} ¢ same level eather of 1¢ 15 started from basat resting tone or of 1t
15 superi nposed on relaxation after 1 smpjsec

of the aforemennioned reservo r was adjusted to kecp the intragastr « pressure constant Vagal
st mulation was performed for exactly I m nute at a tme Both cervical vagy were sumulated
simultaneously m most experiments

Sympathetic stimulatan In 10 expts the svmpatbenc nerve supply to the stomach was pre
pa edfor strmulation The mayor splanch ¢ nerve on the Jeft aide was drsided and 1ts peripherat
end was placed in a b polar electrode s milar to those used for the vagus nenes In 3 expts
the nerves around the coel a¢ artery v ere prepared for sumulstion The Jeft adrenal gland v as
1gated in all these expenments and i 2 expts the nght one also Sursulat on was perfocmed
s essentially the same way a5 vagal sumulation Asa rule a pulse duration of 5 macc was used
at a voltage of 5 1n order to act vate all the efferent nierve fib es For comparmson with vagal
stimutaticn wnost shrzulatons were performed for 1 mun

T fuston of drues In 12 expts the splemc artery was dissected Iree near the haus of the spleen
afier wh ch a thin polyethene catheter was passed down ta the coclac artery Intra artemal

fusions v ere give by means of a constant rate infus on pump Intratenous 1nfis ons were
Enen n the same way iz ope of the femoral ve ng

Dru 1 Adrenal ne (1 base} () base) and )] a were
diluted m 1otome sal vt 10 a concentration of 10 7 gfmt Other drugs used were Atropine
sulphate /Mrrek) hexamethomumchlo ide (M rck) guanethid ne (Ismebn® Ciba) naphtyl
sopropyl mumoctanolhydrochlor de {nethal de Alderbne® 1CI) prenoubenzarmne (D benzy
Ine® Smth Khne & F ench) Neost gm ne methylsulphate (\eost gmin® Leo)

Results

Vagal stumuletron The general appearance of the gastnic Tesponse to vagal st mulation
of the Jund nsed in the preseat cxpenments 15 thown n Fig 1 AR responses were ohe
taned dunng 3 constant low wtralymmal pressure The immedsate response during
vagal shmulation was a contraction when the nitia] yolume 1 as comparatiely large
t # when mmual tone was low Wh o tane was high (small tnuial volume) the volume
cesponse shos ed signs of rhythmuc activity but nevertheless the storach often relaxed
duning sumulation (see also Fig 2and 3) Yrrespechive of the imual response however

the stamach alv avs relaxed after the end of stimulaton and n most cases 1t attaned
several umes ats iput al nze Thu after relaxation was alh ays a very long lasung re
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Iig 2 Castric volume recordings
demonstrating differences inre
sponses to vagil and adrenergic
stimuh

1 Cat 38 kg Bilaterilcenvical
vagal (\) and left major
splanchie () stimulation \ote
slow tnutea) phase and rapid e
gan of volume after sympathetic
sumulation as compared with
response to vagal sumulation
Note also dussoctation of vagal
and sympathetic recovery phites
when proceeding simultancous-
ly B Cat 28 kg Biateral cer
vical vagal sumuhition and
fusion of adrenaline 1 2 Note that even ble ad, 15 small
as compred with vagal rel. but that adrenal ; less can be added
when stomach 1s almost mavimally relaxed by vagal stimulation

b1z 3 Filees of ant adrenerg ¢ drugs
1 Cat 25 kg Gastric an | blod pressure respe nises to sympathetic (leftsplanchi i) and a3l
(intra abdorminal ventral v1gus stimulstion bef s and after guynett 1fme ™ ste small bhod
pressure respamses o ths type £ yagad sumulation

B (17 9kg Castric respe nse to adrenal e infused 1 2 a0 4 vamal (! ihteral cencal
t1on bef re and after nethali i

1) stmuls

avauon which when maumal dusapperred gradually sathin 15 to 20 min g3311¢
\olume decreaning at an average rate (n 111 of 08 ml‘min (Lig 1and 7} N
until the stomach had rec nered 1ty oriinal size could relavation of the syme degree
agam be chiasted This means that a constant mmual volume was essential for the 1€
produesbility of responses It was honerver posible to supertmpose gradually increan®
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Tastr 1 Gaste relaxation responses 1o h L at fr 4 and
16 1mp/sc and maximal responses to adrenaline compared with the vagally elcited

relaxatson at stimulation [ equencics I and 4 1mp/sec in the same animal

Per cent of vagal response at frequency

1 mp/sec 4 mmp/see
SD n e SD n
Sympathetic 4{scc 81 8 2 35 23 5
Sympathetic 16{sec 130 114 a 79 2> 13

Mrenalincsa 2—4 Spglkgrm 130 49 6 57 20 &

sumulations upon each other as shown in Fig [ The final gastnic volume attained at
the last stimulation of such a senes was about the same as if this Jast sumulavion had
been performed alone from a  resting  1minal volume The responses to the tested
frequencies were very umtorm with a mean of 77 °, (Range 67—85) at 4 imp/sec and
949, (Range B3—100) at 8 mp/sec of the response to 16 tmp/sec found 1 a serves of
10 samulation senes The relaxation was not ;n any respect dependent on the presence
of a preceding contracuon for when atropine had been gnen to block the excitatory
nene fibre responses relaxation started after a latency of 2—5sec but otherwise showed
the same charactmmu {(Fg 1)
and nfusion compared urth vagal stimadaton Sym

Nlhenc nene shmulation caused essentially the same type and degree of relaxation
of the stomach as did a(cchohnunc mﬁman. The type and dtgn:c of the gastnic re
laxaton produced by norad and were also
largels the same On the other hand the relaxation mduced by svmpathenc stimula
ton and catecholamune infusion differed 1n many respects from that obtamed by vagal
sumulation The mam differences are shown in Fig 2 and described below

4 Whereas the gastric relaxation response seen on vagal sumulation especially
when atropine had been given (Fig 1A) developed rapidly wath a latency of enly
2~5 sec the response to sympatheuc sumulation dc\ elnpcd stowly with a latency of
1030 sec (Fiv 2 A) Even when T 2023 to allow
the gastnic volume (o reach a stable level dunng mmuuuon (k1g 3 \) the responses
to sympathetic sumulation were smaller than those to vagal sumulauon Fig 3 4
shows the by far most potent response to svmpathetic sumulation in the present series
In thes very case the response to sympathetic sumulauon 16 1mp sec for 4 mun amounted
%0 , of the responsc to straabdominal vagal strmulation with 16 1mp/sec for 1 min
The responses to catecholamunes infused 1 a were sull smaller than those 10 sym
pathetic st mulzation when compared with the vagal resporses Table § shows that the
steady state relavations induced by mawmal or supramaumal doses of adrenaline
' ere smaller than even the gmmc response to vagal sumulation 4 imp sec

7 Th sagal and response rel. v ere different Thus
difference 1s demonstrated n Fig 4 Table I shows that vaeal sumulation at | smp/
sec was about equi alent to sympathetic sumulation with 4 mp sec and vagal 4 imp/
sec equi alent to sympathenc 16 se¢ when stimulavon time + as the same (1 nun)
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Tig 4 Cat38 kg of gastric rel responses ta vagal an)

sympathetic :umuhtmn at dufferent impulsc frequencics n one experiment
Unbroken lines centrol

Broken I nes after gusnathud ne 5 mg kg

Dotted hines after addition of ncthalide 5 mefkg

3\ agnllv induced rclzuuon dxsappearcd only slowly (Ig 1} while that produced
by s infusion ceased much more Tapidly
(Fig 2) on the average (n = ll) 3 times as fast when caleulated as volume units per
unit time Furthermore (Tig 2) when a sympatheuc sumulation or catecholamine
nfusion was apphed during the recovery phase after vagal stumulation the rapd regam
of volume afier sympathetic stmulation procecded as it seems dissociated from the
stow recoverv after vagal sumulation

¥ l( was often scen that :xhhnugh the stomach way seemmgly maximally relaxed

or tnfusion (g 2 B) could cause further re
hxanon Since the vagal relaxation was known to act matnly on the corpus and fundus
(Jansson and Martinson 1965) 1t was assumed that the addional effect of catechol
amine was due to an effret on the supposedly nan relaxed pylonc anteum A zqual 1
spection of the stomach through an abdominal window revealed that catecholamines
and sympathetic sumulation not only relaxed the pylonc antrum but also substannially
itubted the peristalisc waves seen i the antrum dunng vagal sumulation Vhen the
storach was relaxed as much as was posble by catecholamme infusion or sympathene
umylaton ¢ further rel. could be superimposed by sagal smulation
Sometimes this relaxation was of the same marmitude ay the relaxation from norma
tasallael fFig 3R

5 The two tvpes of sespenses differed marked]y 1n sensitnaty 1o anua drenergic sl
stances (see below

1 ffects of antiadrenergic drugs Guanethidine was used bocause of ats abiliey to snhibit
the release of the adreneriic transmatter at sympathetic nerve endings § henoxben2
annne and nethalide were wsed to Hock ¢ and ff adrenergic receptors respecinehy
The drugs themsehes prduced shizht chianges 1n the basal conditions of th ame Ah
muscles of the stomach For mstan ¢ guancthudine produced a transient relaxauon
thr stomach within 15 L0 mm followed bn contraction 1o ts ongmal or frequenth
10 3 smaller volume %ig 3% Fhus transient relaxanion was n e correlated 10
the blond pressure ris~ produced tn guanethidine Nethalide on the other hand pro-
duced much langer relaxations without any secondary tomcizin~ effect rthahde somee
tames relaxed the stumach ¢ he vame degree ast a anfusion of catecholamines (which
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Tasie 11 Effect of antiadrenergic drugs on gastric relaxation response to vagal and adrener
gie sumuh Al values expressed as per cent of mean controf response 1n one and
the same ammaJ P values obtaned by t test on d flerence between control response
and response after admunstration of the drug

Per cent of control after

Guaneshidine ~> 1 mg/kg Nethalide 5 mg/kg
SD =n P 5D n P

Vagal { umpfsec 86 38 9 03 72 12 4 <002
Vagal 4 1mp/sec 90 18 9 >010 84 24 4 030
Sympathetic 4 imp/sec 0 0 4
Sympathetic 16 imp/sce 7 6 5 < D00t
Adremalines a [ 05~15 13 19 5 < 0001
1glkg 15—45 47 11 4 < 000>
was the case in the il n Fig 3B) Fh yb which was

used 1n 3 expts  had only an msignificant effect on the basal tone of the stomach

The effects of guanethidine and nethalide on vagally induced gastnc relaxation
on the sympathetic mhibitory responses and on the mhibitory responses to adrenaline
intusions are given i Fig 3 and 4 and 1n Table 1T Both guanethidine (average dose
45 my/kg) and nethahide (5 mg/kg) markedly reduced the response to sympathetic
stmulation and to A mfusion respectnnely As shown m Fig 3 A a dose
of 1 mg/kg of guancthidine was sufficzent to abolish the gastric relaxation response o
sympathetic stmulation although the vasoconstrictor response as scen 1o the blood
pressure nise was not completely abolished In some esperments the gastoc relaxation
response to sympathetic sumulation was reversed to a shghe contraction after adrenergic
blockade 1z 3 and 41 Table IT and Fig 3 and 4 shov that the vagal responses weie
on the average shghily reduced but not to a significant level by guanethtdine (Towest
dose 3 mgfkg) As regards the vagal responses after nethalide they were smficantly
weaker than m the controls at 1 implscc The total volume of the relaxed stans vl
t ¢ basal volume & mcrease by sagal simulation was however mncreased 1y wn
5~10° afi ra thalde suggesting that the main explanation for the reduced resp w1y
after nethahde was the imtially lowered tone When the mtninsic relaxiar eflit f
nethalide 1 as neutrahized to some extent by the tonus ncreasing cffect of gun thi Hie

281t was 1n 2 expts one of v hich 13 represented i Fig 4 the responses ta v o o atuy

ulation were if anything increased as compared ¢ ith control

Phenavybenzamine was adminsstered belore nethalide in three of the ¢xy s hnesnts
summanzed m Table 11 {dose 05 ©8 and 1 mafkg b w respectnely) Fhwgyer as
phenoxybenzamine affected neither the response to catecholamines (v o aytnp 1thetic

stunulaton) nor that to vagal sumulation the expenments were domy| il |y ad

musstration of nethalide
Atvopine and ganghon  blockade The effect of atropine n dufferent o o (01— 10 w2
k) was studied 1n 9 cats Vloderate doses of atropune (0 103 niyrhyey, wl foh }locked
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Fir 5 (Left) Ga132kg Sequence of gastric volume responses to vagal steenulation (¥ 1mplsec)
before and after hexamethonaum (C -— 5 ma'kg) and atropine {05 mefkg) Note rapdly
returmng responses afier C and potentiating effect of atropine on black tduced by C
(Reghe) Cat27 kg Simular sequence of gastic volume responses to vagal stumuiation {4 imp/
scc) but with atropine (0 1 myskg) administered before C

the vagally induced evaitatory responses were used m anather 9 exps Atrapine pro-
duced onlv small varying and mugnificant changes in basal volume of the stomach

The gasiric refaxation induced by svagal stmutation could be reduced by at most
<0 ¢ of controf valur by very large doses of atropine (1—i0mpfkg Fig 1} In2expus
tiawever a marked reduction was seen at the dose O 1 mo/kg and an one of these the
response to vagal sumulation was completely abolished by 0 35 mg/kg of atropine In
these experrments the responses were regained with neosugmine (0 1—0'5 me'ke)

The effect of hexammethomum (C,) was studied 1 ! oxpts In a dose of 5 me'ke
Cq reduced the vagally induced gastnse relaxation by some 50—80 °  [tus blocking
effect of Gy was rather transtent and the above mentianed reductton represents the
mean salues of the block v sthin 15 mun after mgection of G, Fig § A goes volume
responses (o vagal stimulation with 4 impisec at different times m one exprament
\Mropine was added winlc the offect of C was weanng off It can be scen that atrepine
patentiates the effect of (¢ A smilar marked effect was noted m 5 out of G exps
where Gy 15 mg kg! had been ginen before asropine (0 1—0 5 my/kg) On the other
hand st was nat possible to shaw clearly any corresponding synergusuc eflect when
atropine had been given before Cy for the immediate nhtbitory effect of €y on the
gastnc sesprnse § a3 exsenually the same whether atropine had beets gren previousy
ornot Fix 58

Discussion

The present findings mdicate that the sagally ehated velaxasion of the corpus and
fundus of thr stornacl s not medrared by any ad h T conclusion
13 based on the distnct differences fuund between the type of gastric respomse 1o vagal
suumulanon and € adr neruc sumuh and the sensitsany of |htrmwnmmanu:xdrm
ergic drucy

In agreement wah the 5 sults of Brown \McSwiney and Wadge (1330 the responses
ta splanchme sumalate n developed slowly after a relatiely lon,, latency dimappested
comparatvely rap iv and ere | firvt At suprap il ! fre
quencies A3 them an verflow of th adeenergic transmutter sabstance from ¢ g e
Vasoconstnetor nene if re-ending n known to 1ake place (Celander 19,0 hock 19,4
and ¢f Brown 140 1t ese 1ntabators responses may fargely be dur to such an umpeafic
mechanwat
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Vagal nhibitory fibres on the other hand seem to consutute a specificand power
ful relaxing nerve fibre supply to the stomach It might be argued that these fibres
<an stdl be ad the only d between splanchnic and vagal
fibres beng the type of effector they mnmnenate This possibiity however 1s not com
Patible with the gastric response to catecholamunes as even large amounts can not mumic
the vagal response charactenistics 1 intensity or duration

h the failure of drugs to affect the vagal responses while
lhc sympathetic responses are greatly suppressed a‘sn stron,ly suggests that the vagal
relaxation studied 1s not an adrenergic effect Recent studies by Abercrombie and
Davies (1963) and by Black and Stephenson (1962) are referred to for further detarls
concerming the general speafiaity and potency of the antiadrenergic drugs used

Greefl hasperat and Osswald (1962) and Paton and \ ane (1963) who used 1solated
stomach preparations showed that the relaxation of the stomach by vagal sumulauon
after previous admumstration of atropine was partly or completely inhibited by opilon
and by brethylium (Greeff ¢2 ol } or by TN 10 {used by Paton and \ anc)

It1s notenorthy how ever thatin some of Paton and \ anc s expenments penartenal
syrapathetic sumulation caused gastnc rtlaxzuon which was completely inhibited by
TM 10 while vagal and caused which
were only partially inhubited by the drug These latter observations seem to support
the present findings but certamn points possibly contnibuting to the discrepancies be
tween the results of the present expeniments and those of the authors referred 1o above
mught be mentioned. Greeflet al recorded only longitudinal movements of the stomach
and the results nught therefore not be strictly comparable with those obtained in the
present investigation Paton and Vane recorded gastric volume at low wtraluminal
pressures a method principally similar to that used in present cxpeniments and they
alio reported that vagal stimulation brought about gastric relaxation of the corpus
and fundus and contraction of the antrum It therefore seemns reasonable to conclude
that the relaxing effect of vagal stimulation on the stomach 1n their experniments was
the samc as that noted tn the present study It was nouced duning the present expen
meats that rather extensive mampulation of the stomach which was sometimes neces-
sary when prepanng the sympathetic nerve supply or even seemingly less disturbing
procedures as ¢ g admimstration of artificial respirat on sere | kely to considerably
reduce the subsequent responses of the organ to vagal sumulation The responses to

under such secmed to be affected less It there
fore possible that the extenainc preparauon necessary for removing the stomach from
an animal and phcmg 1t mnto an organ bath mught have resulted in a2 modsfication of
the d Sucha ds will also derably affect the normal
nutniuonal supply of the smooth muscles
The most important difference howerer between the preparation used by the above
mentroned authors and that in the present experuments mught be sought n the site of
nervous sumulauon It 13 knovn that about 5 of all vagal fibres sunmve when the
cervical vagus nerves arc cut (Exans and Murray 1954) Many of these fibres arc pre
sumably adrenergic enterng the vagus nerves withm the thorax or belo v the diaphragm
The svstemmic blood pressure rise often observed on intra abdomnal vagal sumulation
(Fig 3 A) suggests the precense of such fibres In the present expeniments however
with the stomach 11 st the mfluence of these fibres on gastnc volume must have been
neghgible as the vagally induced relaxation was not changed aficr guanethudie 1t can
be assumed however that the preparations used by Greeff etal and bv Paton and
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Vanewercina d; as to favour the infl exerted by the vagal sympathetic
fibres on account of thevagal relaxing fibre influence 1 his assumption 131 fine v ath
the above mentioned discrepant results on vagal and pentarternal stimulation before
and after TM 10 (Paton and Vane 1963 p 30 Fig 18}

‘Thus since observations made 1n the present expertments apparently rule out the
L of an ad; Fis h of vagal rel. of the stomach
another heral t might be dered Atropine was examined for any
blocking effect on the vagally induced relaxation in order to check whether the relaxa
tion might not after all be brought about by some cholinergic mechanism The effect
of hexamethomum suggested that the mechimsm of vagally induced relaxation in
voles a ganglon transmussion step The mconsstant effect of atropine alone 1n dif
ferent anumals together with the fact that atropine enhanced the blocking effect of
hexamethonium  suggests that atropine may here act on the ganglionic level rather
than mn the periphery

The heral h actually ble for the potent long lasting and
fairly specifie relaxation of the stomach muscles of the corpus and fundus s shll obscure
and requires further myestigation If these fibres exert their acton on the gastric smooth
muscles by a local release of some speaific transmutter agent 1t must be eliminated at
avery low rate and 1t must be more potent than the catechelamines
The rescarch reported n this document has been sponsored by AIR FORCE SCHOO! OF
AEROSPACE MEDICINE under Contract AF 61 (05?) 732 through the European Office
of \erospace Research (O AR) Untted States Awr Torce from U § Public Health Servce
{Grant HE ~ 05675—04) and from the Taculty of Medieine University of Goteborg
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T Abstract

Shen b and L Rubinsten Ef s of / lice stomal tin, hormome on amino acd teamsport and
Foten b osmthests n the 1solated rat orary Acta physiol scand 1965 64 463—i4 — Whole
@%nes from prepubertal rats were neubated in hrebs phosphate or bicarbonate buffer I v
gireon of follicle sttmulating hormone (FSH) 4 firs before removal of the o anes sumulated

¢ incorporation of glyeme H anto the ovaman proten and accelerated the mirac lular
2ccumulat on of rad eacts 2ty trom @ ammotsobutync acd C (AIB- C) glyane H and
valire 4C. Add von of FSH directly to the 11cubation medium did not ha e these effects The
tcarnulation of amuno acids was mo ¢ rapid when the ovaries were incubated in bicarbo ate
buffer than + hen phosphate buffer was used Addition of glacose (o the mcubation medsum
did motinfiuence the rate of accumatst on of amuna acds nof s 1 ftuence due effect of FSEU
‘}ddmon of puromyem to the med um inhsb ted and i higher con entrauon completely

focked the prote n synthes: w the 1solated ovanes FSH did however sumulate the accumula
pan of AR C glieine H and aline C even when the p of 1n synthewss was completely
blocked by puromycan It is therefo ¢ concluded that the effect of FSH on amino and transport
m the solated rap ovary 1 not secondary to a sumulanon of anuno acid incorporat on into
PTOtein and that this etfect m ght represent a primary act on of this gonadotrophun. Some
= sdence concerning the speatficity of the obserred flects of F§H s g1 en

Tt knownin a general way that growth devclopment and functon of the ovany are
controlled by gonadotrophic hormones from the antenor pttwitary gland  Present
knowledge concerming the speaific roles of the individual gonadotrophuns in the differ

€8t stages of ovanian deselopment and function is however sull very Imuted For the
ing hormone (FSH) onc of the most promuaent effects recogmized with
methods 1s the by this hormone of mutote proliferation of
the granulosa cells and hence of follicular growth and maturation (¢ ¢ Geeep 19%1)

foll cle sumulan
Morphol,

Fello v of the Consey> \acional de In wsugaciona {Argenanal
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\ ane were in a condition as to favour the influence exerted by the va,al sympathetic
fibres on account of the vagal relaxing fibre nfluence  Fhis assumpuon 1s i hine wath
the above mentioned discrepant sesults on sagal and penartenal stmulation before
and after 10 10 (Laton and Vane 1963 p 30 Fig 18)

Thus since obsennations made tn the present expeniments apparently rule out the

bility of an ad 1 of vagal rel. of the stomach

another peripheral mechamsm might be considered Atropine was examined for any
blocking effect on the vagally induced relaxation 1n order to check whether the relaxa
tion might not afier all be brought about by some cholinergic mechanism The effect
of hexamethonum suggested that the mechamsm of vagally induced relaxation 1n
solves 2 ganghon transmission step  [he inconsistant effect of atropine alonc 10 dif
ferent amimals together with the fact that atropme enhanced the blocking effect of
hexamethonium  su,gests that atropine may here act on the ganghomnic level rather
than in the periphery

The penpheral mechamism actually responsible for the potent long lasting and
fauly apecific relaxaton of the stomach muscles of the corpus and fundus 1s sull obscure
and requires further im estigation 17 these fibres exert their action on the gastne smooth
muscles by a local release of some speaific transmitter agent at must be elimunated at
a very low rate and st must be more potent than the catecholamines
The rese rch reported in thns d scument has been spe nsored by AT EORCT 5CHOOL OF
AFROSEACT MIDICINE under Contract AF 61 (0 2) 732 through the Furopean Office
of Artosy ce Research (OAR) United States Arr Jerce from U 5 Put lic Health Senvice
(Crant HE 0 75 0%) and fr m the Faculty of Mediame Univenity of Guteborg
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hlene gleol 6 napualene 94 o PPO (2 >diphensl-ovazole) and 002° POPOP
(14D 5 (3 methn|-5-phenvloxazoly)) benzenc! To the aliquots of the media the same
amdunt of TCA + 25 added as that present i the aliquots of the tusue extracts Th d gree of
auach ng \ 23 then found 10 be the same for the ussue extracts and their respectt € meubation
media { 2 First series of expenments this was tested by addion of known internal stan
and recounting of the samples) and it was therefore not necessary to correct these counting
R for g prior 1o the cal of spaces and dutribut on rat os (see

la

For determining the radioactvity of the protein fractions fsec below) the dred prote n was
disclved n 2 md hydroxide of hyam ne {Packard Instrument Coy and 10 m} toluene containing
05 PPOand 007 , POPOP was added to cach sample The samples were counted first
vithout standard and then aficr addon of & kniown wnternal standard From the recovered

tegrat ons per minure the amount of was cal and

b wssed as umale of the vahoe Cand glyen H respecu ely from wh ch st ongmated

M @wrements of total and ext ac 1 lar hsrue ua er
Total tssue water was determned by dryng the ovares to constant weight 1 an ¢ en The
\a} &5 are expressed as per cent of the wet tissu we ght (= mi water m 100 g tsue;
For determuing the extracellular watee the ovanes were mcubated with 0 08 Vl s serase

ke medium fier the incubation the osarses were homogerzed in 1 ml 10 trichloro-
2%t aad (TCA) and the percentage distribut on of ‘C 1n the o ames was determined by
founung the radoactvity of appropnate aliquots of the prote o free TCA extract and of the
rdia. The sucrose space of the ovanes s found fo be the same after mcubation Gmes varym=
b1 cen 30 and 240 mun indicanng that the sucrose € eawlibrated with the extracellular
bssue flu d with n 30 rmun and that td d not penctrate tnto the nra cllular water

V' ements of the wntraellular acumalatum of A1 C.

The concentration of this model amuno acid 10 the medium was 0 1 m\T After the 1 icubation

1he oaries were bomogemzed i 1 mi 10 o TCA and the radioact 1ty of the total wssu

‘\ter was determined by counting ahquots of the protem free TCA cxtra ts The amonnt of
MB- Cun the extracelfular water was  alculated  ass mng that th concentratton i the
xtracclular water was the same as i the mncubaton mediver and this amount was subtracted
from the total amount of AIB- C presen: tn the bssue presumably gr g a measure f the
Soncentration of this amino acd i the mtracellular eompartment It has alrcadv been shown
{Ahren and Rostyo 19+ 3} that this rad vacovies m the exract does represent AIB tnce this
2m no 2cid 1 not metabohized to any extent by the rat ovarv o citro The uptakeof \IE- Cas
S¥presed as the AIB- C dismibution ratio { — cpm mls tracelular wates cpm ml ncubation
medum) which ndicates the extent to wh ch this amino acd was concentrated by the cells

s ements fihe aecumtaton fgly ne H and calie €

F £ both these smuno aads the conceniration m the medrum was D 1 i After mcubavon,
the evanes were homogrmzed ¢ 10 TCA and the ad oacu ty determ ned 2s descbed
above for AIB. 2 These amino acds can p obably be netabrhzed w scm  ext-nt in the
ovaran cells and ¢ 1 ther fore hkely that so ne of th radioact 1y 1 the ussue exrracis d 1
B3t Fepresent the orginal amino acids but  arious metabobites £ om them This has not been
2nalyzed i the present expermments. [t1 ther for mmportant to pe ne out that th ds by on
TRUDS for these amuno acids 2 © the ratios beoween the wtal ntrac lula  adisactt 1y and th
h:id‘»arnnrv n the wmeubation med um ( — cpm ml g aeellular wate  cpm mi ncubat on
Mediym)

Maaemmts finc poratom felpa  Hand lne L intopr tan
The method for determming thein srporation of theseamt fio_aids nt th »anany ote nwas
v nsmla to that deertbed by \lanchesterand Y ung 1938 [ measu g ncnrporat n T

homogen zod 10 TCA The precp tate was pun down and washed oue 0 3 ml
10" 'll'(..\mTIh:‘:;r«pu(e was then heatrd (¥ 12 mn 2190 Cm 3ml 10 TCA
The tnsaluble ma enal was ext 3 ted with 30 ml £ 0+ normal NaOIf and th inu ! ble
T die way r jected Th dusol ed protan way cprenp fated by the addien of  mi 10

TCA The precip tar was washed 3 ¢ mes with 7 ml f aba lute acreon and ance with 2 er
and th n dryed 'n a -ac um des cat  The dryed prote n we gh ng 2—3 mg Fr the poeledt

O ESIN £ e abe s e & 3ol EF
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6 ovanes was weighed on an anatvnical balance and the radioctnany of this fraco n v as
determuned as deseribed above

The method f £ preparing the protein from the ovarses was tested 10 7 expts {7 groups of
oana; by determining the mrogen content (Kyeldahfs method;} f the proten fractons Tt
u:‘; f',und that the per cent nurogen m these dryed protein fractions varted only et een 122
and 178
Mearu eme ts of concentration of 4183 € in the follicular fnd

Atternpts were first made 1o determune the toncentration of AIL- C 1n the £ Nicular flud
of ¢ vanics from prepuberial rats These attempts were hmaver not successful Measurements
of the concentraton of AlB- C m follicular fu d were therefore made in vshic rat o anes
produced by feed ng the anumals a diet contarung 05 thiouraal and injecting them wath
chononic gonadotraphm (HUG) as described by Yatia (1963) Afier 1n ects ns of HOC (12
1U exery second day) yr 43 ceks these rats had ovarses with large follicular cysts These vanes
s ere incubated for 2 bours n heebs brcarbonate bidler contaiung 0 1 mM AIB' C The
evanes were then placed under a microscope and Toll cular it nd was collrcted 1n small glase
cap llaries which were weighed on an analytcal balance befyre and after the puncture «f the
Follicles The filled capitlary was crust od 1n a santillaton bottle containing 1 ml by I vide of
bvamine The bottley s ere feat d t9 5> € for 2—3 hours 10 m! toluene contatning 170 an i
POPOP was addett as described above and the radinactinity was drtermmed befure and afier
addition of a klnown  Cestandard The radiacunty of the incubation mediwm was abn d ter
funed and the concentraton of * L i tl e follicular flind was eompared with thar e f ¢ app-
ropriate medim

Results

V) Fffect of FSH on accumulation of 41B 1'C
Intravenous injection of FSH 500 ug 100 g L w ) 4 hrs befure removal of the ovancs
sncreased siymficanth the it 0 accumulation of AIB-HL (Table ' This was found
when the o anes were incubated in phosphate or bicarbonate buffer The distnbution
ratios were however both for control and FSH-sumulated ovanies much higher when
the 0saries were incubated in bicarbonate buffer Table I The effect of FSH v as n
additton more marked i the cxperiments with bicarbonate buffer In all the fullowm™
cxperiments which will be reported in this paper the bicarbonate buffer was used

Addiion of FSH 1 1tro 1n doses varvn~ between 50 and 500 st mb medium didn ¢
mfluence the accumulation of AIB-3C

6 expts were performed with the eyshic mvanes from the thiouraal and H(C n
gected rats The concentration of \IB-MC in the follicutar flurd of these os arres at the
end of the imncubation period saried bety een 77 and 81 of that found in the 3} pro-
} nate mediurm

20 Efiect of #5H an incorporation of glycene I an raline 'C
Jn tro admurustrane 5 of FSH 000 417 100 g b v 4 hrs before removal ef the aries)
stmulated sromficant!  the i 11t 0 ancerporats noof ghyane 21 anto the TCA reop
tatlegrotem of thrmaries Table 1] In the same 1y pe of experiments with vakne "Cn
the medium ESILhad asl Jf thut ~ with the suraber of expertments performed — pot
staustically sigruficant effret Table If

3y Efect of FAUE on a wrulecm { mom TC A ¢ ¢, table vatoachunty from ghee e I esd
raline WO

It 30 seens from Table HI that o1 11 0 admnntration of FSH A0 = 100 g b
bef o trrmal of 12 ane significantds nereased the m aitr 3ccumulat

hw 11
refde
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Tante 1 Efectof 1y mjection of FSH on aceu nulaton of AIE G b 1 olated rat ovanes
wcubated for 2 hirs tn hrebs. rhosptate or bicarbonate buffer contanieg § 5 m\Mf
glucose and 0 e\ AIB C

AIL ¢ C D stribution rato

% s of
L Bufler Control FSH FSH off o1
SCD Phosphate 63404 {3, 855007 (3 p U0

sR Phusphare 582039 (/0 80020 (71 e 006>

o B carbonate 414129 (5) D203 () p 000>

* SD ~Sprague Dawles stramn CP =Charles Ruver stram
, 3“0 of cpm/ml sntraceflular + Ater cpm /ml medium
12205 S B \umber of experiments in parenthests
P values based an ¢ tesc the procedure of pawed data anafvsis ha been used
These data are from Ah en and Rostyo {196 )

TALE I Bffect of s v agect on of FSH on mcorporation of glyeme H and valn  Cuate
Protemn of isolated rat avarwes mecubated for 2 hrs in hrebs biarbonate buffer ron
@ mung 5 § mAf ghaese

Incorporation into protein (umale g protew}
e & gauficance of

Am 00 2613 1 medium Cantrol FSH FSH cffect
Sim\ghene 1 0724011 (81 0931015 (9 P 005
‘Hm\ivﬂmc‘(, 625+044 (6) 742063 (6} p 012

P MeanL5 P Aumber of expe 1 nents n 3 srenthest
P Value- based on t test the procedurc of pa ed & ta nalysis has been used

"0 TCA precyutable radioact v 1v boih from ghanc >H and valac? G FSH did
Ok show thys effect + hea the For none v as vdded i witro

4 Effct of £SH on the @ amilatt 19 1B C and glscne H un the absen e [ glucose i the
el
ments the ava 1es 3 o1c incubsted th both AIB € 01 mM)

1 i the medurn The dats in Tuble IV show that the effect
tion of these tho ammo acuds was the same whether

I this serses of expers
and ghyeine 34 10 1 m\ "
OTFSH on the n ctr accumula
Rlucose wa present m the nediun oraot
9 Infi 1 on pr 1 yaihe 1
viBeceof e 9160 abaton meum smhubied the corporation of abeling
abon o; B otesn of €< 1 clated manics As shown 1n F 1 jurom
acds o
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Tare I Flect of 11 mjection of FSH on accumulation of ghycine H andvafine iy
wsolated rat ovanies neubated for ® hrs m Kerebs bicabonate buffer contanng
55 m\ glucose

Dustribution ritio

S gmificance of
Amino acd m medwm  Control® FSH* FSH cffeet
01 m\! glyce *H 482017 (9) 681097 (9) p<H 00t
01 m\M vahnc-t'C 18.£004 (6) 242007 (6) pDONI

? Ratio of cpm/mi intracellular water ¢pm/m] medium
* Mean S E \umber of expersments in parenthesis
* I salues based on t test the procedure of parred data analysis has been wied

Tanie IV Effect of 1 v 1njection of FSH on accumulatton of ATB G and ghvomes 18 by o
hted it ovartes mcubated for 2 hrs in presence or absence of 55 mM glucose i

medum®
Dustribution rauet *
Number of  Glucose in ——————e e
Orarres esperiments  medium AB G Chone
Contrel E) 1252048 431021
FSH v 1754057 594049
Control 4 1372006 481073
FsH + - 1924077 68066

1 Orvanes incubated n hrebs bicarbonate buffer conta ning 0 1 mM Al € and 81 mM
ghemne H
Rauo ot cpm m! intracelful ¢ v ater epr ml med um
Mean SE ANl e effects of FSH re statistcally significant (P 002) P valurs based €0
ttest the procedure of pu ed data analyss 1as been used Differences between ¢ repond
ang values with an § with ut gluc xe 10 ned un are not atat sucally s grof cant

dibydrochlonde 1n a concentration of 5 gt ml medium sinifieantly decreased the
mncorporation of ghane H When puromnan was added i a concentsation <[ 50
pre'ml medium the ¢ o riton was almost completely blocked (hig 1) It war
therefore decided to use this Lot mentioned concentrytion of puromycn i ogder 10
analyse further whether 1511 an (o sumulate the transport of amme aads wa the
abwence of an effect on the pr ¢ m vathesns

6) I flect of FSIL on acaurmalats n | mno a uls v the absense of prolevt sy ke 11
Fiz 2and Iy, 3 woeisH ted tn crze 4 hry belore rrmm.-nl"nf
the ovanes) alen stimulated the nulanon of \IIMC, g} cine *H and valine G
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Fig 1 Effects of various concentrations of puro
mvan dihyd ochlonde on the ncorporation of
ghyeine *H ‘nto the protein of rsolated ovaries from
Prepubertal rats The ovanies s ere mcubated for 2
hatirs 1n krebs bicarbonate buffer contaiming O 1

mM ghyane Hand 35 mA glucose

Fig ° Influence of puromycm on the

Iacorporation of ghene H inta prote n

ccumulanen of glye ne- H and
C by solated 5 ar esf om prepuber
tal rats The o ares w re incubated fo 2
ot s 1n hrebs bica bonate buffer contamn
ng O1m\ AIB- C 0 m\Mgheane H
and 55 m\ gly ose Puromy in d hydro-
chlonde was added to the medum in a
con entration of 500 ug/ml O ne FSH
{(Imgml n sfghuy alkaine 09  NaCl)
wasinjected int 2 nously n a dose of 500
#1100 g body weight 4 hours bef re re
moval of the o~ res Controls were myected
wihd ghtly alkaline 09 NaCl dtandard
€rTor of th mean nd cated on th top of
cach cotumn
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VALIKE 14C INCORPORATION
INTO PROTEIN

e ® [ conrroL

w FSH

S &

i

I -

w

§ 2

* ol Fig 3 Influence of puromycn on themn

PUROMYCIN corporation nto_protein and accumulation
o n the mtracellular water of valine C by
2 VALINE 14¢  ACCUMULATION 1solated ovaries frum prepubertal rats The
= IN INTRACELLULAR H,0 ovartes were incubated for 2 hours in hrehs
2 e trcarbonate buffer contaimng 0 1 m\f1a
32 kne? C and 55 mM glucoss Furomyan
28 dihydrochlonde was added to the medium
QF ¢ 1 a concentratin of 500 pgfm! Owne
£l FSH (I mg/mi 1n shghdy alkaline 09
=z, N\aCl) was injected ntravenusly i a dose
HE of 500 pgf100 g body weight 4 hours be
s fore removal of the ovancs Controls were
=[S 24 snyected with shightly alkatine 09 N\aCl
2 Standard error of the mean indicated on
3 ol the top of each cotumn
PUROMYCIN

when the protein svnthesis was blocked by puromycn and when thercfore there was
no effect of F'SH on the proten svnthesis In the presence of puromycm the distnbu
uon rauos of gheine 3H and valine G were higher both 1n control ovaries and 1n
ovancs from FSH imyreted rats than in the absence of thus anubiotic (Tig 2 and 3)
The effect of FSH on the accumulation of these ts 0 utihzable ammo acids was 0
addition more pronounced when puromycin was present 1n the medium

The distnbutton rato of AIB-MC was lower when the avanes were incubated with
puromyvan 1n the medum (Fig 2} It can however be seen from Fig 2 that the effect
of FSH on the tatian of this non utilizable amino acid was more pronounced
when puromycin was present than + hen it was absent

Specfictty of the I SHeeffect on the acaun ulation of ALB V¢ by the orary
In one senes of wntact rat diaph prepared di to hapnis
and Con 1957 were mcubated for 2 hry 1n Krebs bicarbonate buffer contaiome 01
m\{ AIB-"C and 55 m\M glucose There + as no difference 1n distnibuyon rahos of
this non wtslizable amino atid between diaphragms (rom control rats and diaphragms
from rats injected with FSH 4 hrs before remonal of the daphragms

in other senes of expeniments bovine growth hormone (STH) was mjected intra
senousty sn doses of 200 =300 42 100 g b w4 hrs before remosal of the oranrs The
avanes were then inc thated for 2 hrs in hrebs bucarbonate buffer contmun~ 0 1 msf
AIBUC and 55 m\M chic me No dufference was seen in the AIB-HC dustnbution ratios
between ovanes from th STH 0y cied rats and ovanes from simultaneously incubsted
ovanes from contrel rats
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Fi 4 Companson between the effects of FSH Oesn
and LH on the accumulation of AIB- G by . D
solated ovaries { om prepubertal rats The rats
were myected with bo me FSH or ovine LH
{00 ;27100 g body wesght) 1 one mtrasenous
lose 4 hour before removal of the ovanes The
ovanes \ ere mcubated m horebs bicarbonate bul
fer contamng 0 1 m\LAB- G 0 1 mM ghcine
and 53 ™ glucose Standard ervor of the mean
windscated on the top of cach ¢ lumn P < 0 001
for the eflect of FSH P <. 005 for the cffect of
LH (P values based on t test the procedure of
Pareed data 2 1alyss has been used )

anlt pisTRIBUTION RATIO

Insulin was added to the incubation medium in doses varying bets cen 0001 and
01 1U/ml and the ovanes were mcubated for 2 hrs in Krebs biearbonate buffer con
fanng 0 1 mM AIBMC and 5 5 mM glucose None of these doses of msubin however
mftuenced the AIB-1C distnbution ratios of the ovanes

‘The eflect of intravenous mjection of LH v as studied in 5 expts The hormone was
given in a dose of 500 g/100 g b w 4 hrs before removal of the ovartes The osanes
were ibated m hrebs bicarb: buffer 01 m\ AIBMC 01 mM
gheme and 55 mM glucose and the \IB-YC distnbution rato was determned atter
2 hours of incubation As seen in Fig 4 the ovanes from the LH mn(ected rats had
s hily higher AIB MC distibution ratios than those of the controls This effect 1
statistically sigmficant {002 > P> 002) This figure also sho vs hov ever that the
wnerease in AIB HC distnbuuon rato produced by LH was only about 30 ¢, of that
produced by the same dose of FSH under sdenuical experimentat conditions

Discussion

The pronounced abihity of the 1solated rar ovary to accumulate the non utiizable
amino aod AIB v as pomnted out previously (3hrén and hostyo 1963) In that study
the evaries were incubated tn Rrebs phosphate buffer In the present study it v as
foun. that ovarnies from prepubertal rais shoy ed an even more pronounced accurmula
uon of AIB 'C 1 hen thev were ipcubated in Krebs bicarbonate buffer It was also
found that tlus concentratine uptake of AIB-MC was not dependent upon the presence
of glucose 1n the mncubation medium and that the cffect of FSH was also the same v ben
the oranies were incubated without ghucose

In the expertments of Akrén and Rostyo 1903 two posuble sites of AIB-! Caccumu
lation 1n the o an were discussed the intracellufar compartment and the follicular
flud Ir the present study the concentration of MIB-MC was determined 1n the follicular
flurd from eystic ovartes  \fter incubation of these ovanes the concentration of AIB-
1 C in the follicutar Aud + as alwavs found to be less than the concentration in the in
cubation medium  These expenments with csstic ovanes of coarse can not prove that
the same s true for the norma) prepubertal osartes + huch ha e verv small follicles
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but they do support the that the p d 1 of \IB-HC
1n the prepubertal ovary 1s localized to the intracellular compartment and not (o the
follicular flurd

Some of the present results bear on the problem of specifieity of the observed effecis
of FSH This hormone did not :mnfluence the AIB transport in the 1solated rat diaphmem
and insulin which stimulates strongly the AIB transport in the rat diaphragm (kipnis
and Noall 1908 Manchester and Young 1960) did not mfluence the AIB transpart in
the ovary Furthermore the hypophyseal growth hormone did not sumulate the AIB-
transportin theovary However injection of bovine LH produced a shight but significant
stimulation of the AIB transport In the previous expentments of Ahrén and Rostyo
(1963) inyecuions of ovine or bovine LH had no sigmficant effect on the ovanan AB-
transport It might be that a slight sumulation 1s more easily revealed when the ovanies
are sneubated 1 bicarbonate buffer as in the present study than when they are 1n
cubated 1 phosphate buffer as m the experiments of Ahrén and Rostyo

The shight effect of LH on the ammo acid transport in the ovanes needs further
expenimental analysis before a final mnterpretation can be made In this analyns the
following possitilities have to be kept in mund Tisstly there mught be a contamemation
of I'SH n the LH preparation The 1 H preparation used 18 stated to hue neghmble
T'SH acusaty when tested with the augmentation test of Steelman and Pohley (Rexchert
1962) but a small contamimation of FSH can not yet be excluded Secondly thepres-
ent experiments were performed on rats with intact pitwitary glands 1t 1s therefore
possible that the injection of LH produced a refease of endogenous FSH and that this
endogenously released I SH was the dircct cause of the stimulation of the ammno 361d
transport i the ovary Thirdly 1t 1s possible that LH enhanced the accumulation of
atmno acrds in ovanan eclls other than those sumulated by FSH Finally there mi ht
be only quantitatne differences berneen the effects of FSH and TH and thwe 3 real
orerlap n actions of these two gonadotrophins

The fact that FSH accelerated the rate of sncorporation of glycme 1H into orarian
protein showa that one of the very carly effects of I'SH s to accelerate the protint
biosynthesis in at least some of the ovanan cells

In all the expermments with salime MC slightly higher incorporation o |
occurred m ovaries from FSH treated rats than in ovanes from control rats Th effect
was with the hmited number of expeniments performed not staustical sis, mficant The
result however does not eaclude the possibihity that an effect of TSH can he demen
strated under shighth modificd experimental conditions It mught be that the con
centration of alinc ' € 01 mM 0 the incubation medium was too high toall + 3
more marked effect of FSH 111s known from other systems ¢ g from expenments with
Ehrlich mouse ascites tumor cells Riggs and Walker 1963; that the rate of incorpor
nion of a certain amino into protein of 1solated cells 1s dependent upon the concente
t1on of this amine acid in the incubation medium and that the incorporatin s safer3t
when the fevel of the added amine acid becomes great enough  [his point of saturatc?
13 also knov 1 to be different for cach amino acid 10 addition different 1ypes of cells
sary conuderably tn thewr ability to incorporate a given amino acd

In the expenzments with ghvane *H and vabne 1 the accumulaton of aon 16N
precipitable radisactn ity 1n the ovanes at the end of the incubation period was REL
increased by the F9H treatment Thn resalt sllustrates that FSH can sumalate e
uptake not onlv of th n n utiizabl ammo acsd AIB but also of normal und rabl®
amine aads

rotrin
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Onc important question in the mnterpretation of these results 18 whether the effect
of FSH on ammno aad transpert in the rat ovary 1s a pnmary  direct one or the
mereased uptake of amino acids 1s secondanly mduced by the cffect of FSH on sumulat
mg the rate of intracellular protemn synthesis Puromvein which 1s known to be a
specific inhibitor of protern biosynthesis at the nbosomal level (Yarmohinsky and de la
Haba 1929 Rabmowitz and Fisher 1962) was used in an attempt to analyse this
question This antibiotic 2dded to the medium inhibited and when used in higher
concentration completely blocked the proten synthesis i the ovanan cell Tt was
found that FSH stumulated the accurnulation of AIB-#C and the accumulation of TC.A
soluble radioactunty from glycmne *H and valine #G even when the protemn synthesis
was completely blocked This result demonstrates clearly that the effect of FSH on the
anuno acid transport in the rat ovary 1s not secondary to the sumulation of ammo aad
incorporation into protem Thus result cannot of course be taken as evidence that
FSH mereases protein synthesis in the ovaran cells solely by this sfluence on ammo
acid accumutation

In this connection a companson with obsen ations on the isolated rat diaphragm 1s
of mterest In that tssue 1t has been found that imsulin and under certam condiuons
grawth hormone enhances the ccllular accumulation of aming aaids  this effect on the
amino aad transport has recently been observed also when protein synthesis was
blocked by puromycin (Fritz and Rnobil 1963 Carlin and Hechter 1964 Castles and
Vool 1964) It has however also becn reported that msuhn and growth hormone
stimulate the rate of protein synthesis in the 1solated d aphragm under conditions + hen
effects on membrane amino acid transport can be excluded (Wool and Krahl 1929
\fanchester and Krahl 1959 Rostyo 1964) It might thercfore be that mnsulin growth
hormone T'SH and possibly also other hormones which sumdate anabolie processes
within their speaific target organs have separate primary actions on the membrane
teansport system(s) for amino acids on the one hand and on some step(s) of the ntra
cellular proten synthess on the other hand Another possibility 1s ho ever that the
primary action of the hormone m question 15 localtzed to one type of receptor v hich
then controls some aspect of cell metabolism essential for both amino ac:d transport
and intracellular protein synthesis

We wish to thank the Endocrinalogy Study Sect on of the NIH for the generous gifts of \TH
FSHS1 NIH LH B-} and NJH GH B-6 We also wish to thank Dr Bengt Johansson,
Institute of \ed cal B ochemistry Ln vessity of Goteborg for making the Rieldah] anal ses
Tnsuln was k ndly supp! ed by Dr Schlichtkrull “ovo Rescarch Institute Copenhag n and
Pregnyl by Pharmacia Ltd Uppsala This unvestigat on was uppo ted by Grant RF 3 from
US Publc Health Service Grants W 172 and Y 179 fron the Swedish Medical Research
Council and Gra 1t 62 91 from the Swed h (anc rSo ety Valuable techn cal assistance
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Lipid Mobilization 1n Essenual Fatty Acid Deficient Rats
A prelinm ary note

Prostaglandin and related factors 39
B

St~e Berostros and Lars A Caruson

Prostaolandin E, (PGE,) whibuts catecholamine stmulated mobilization of free fatty
aads (FFA) from adipose tissue 1n ancsthet zed do>s (Bergstrom Carlson and Oro
1964 Stemnberg etal 1964) In witro PGE, mhubnts the catecholamune sumufated as
well as the basal release of glycerol and FFA from rat (Stemberg ¢t af 1964) and human
{Bergstrom and Carbson 1965 Carlson 1963) adipose nssue PGE, may thus hase a
physiotogic role 1n the regulation of the rate of Lipid mobilizauon from adipose trssue
The recent finding that prostaglandins are synthesized from essential fatty rcrds (Berg
strom  Danielsson and Samuelsson 1963 tan Dorp efal 1964) prompted thus pre
Lrunary study on lipid mobilization m essential faty acud (EFA) deficient rats

EFA defictent rats and age matched controls were obtaned from the Hormel In
sutute! 1 \ovember 1964 Thev were kept on the proper EFA deficrent and contiol
diets 1 our laboratonies for 1 to 3 1 ceks before use Two studics were done 1n the
mornings with non fasting ammals In the first epiidymal adipose tissue from two
control rats (mean werght 330 gt and two deficient rats ymean v aght 170 g1\ ¢re
used In the second epididymal adipose ussue from 4 control rats (mean s erght 430 g)
and 4 defictent rats (mean weight 760 g » ere used The adpose bissue v as cut mro
Pieces which 1 ere randomuzed between the mcubation flashs comtamne hrebs Ringer
bicarbonate buffer with 2 per cent human album:n and 0 1 per cent glucose and pre
incubated for about 30 min at room temperature Carlson 1965) Release of gheerol
and FFA during incubauan for 1 hr 2t 37 Cras determumed as desctibed eather wigh
n2ymatc and utrmetric methods respectnely (Carlson 1962)

Table T shows that adspose tissue of the deficient rats 1 as rather unrespomsie to
the inhibitory actions of PGE, and micot: 1c aad (Carlson 19632 on thes preparation.
The sccond study (Table If} also shovs thar PGE, had less nhibitory eflect on the
Ebcerol release in deficient than in control rats The deficient fats v ere at feast ag
fesponsive to the sumulatony effect of noradrenaline on FF\ and ghcerol release a5
the controls (Table I} Both studies indicate that the rate of hipid mobihzauon way
Rreater per gram adipose tissue meubated w ziry m the detcient rats. The phsiofose
sgmificance of this finding ss unclear as these rats are leaner and thus preumabh hae
A lesser amount of total adipose tissue Hos ever the alue for the concentration of
FF 10 pooled plasma 1n the first studs was 030 and | 27 meq 1 for controls and g,
ficent rats respectivel  and in the sccond study the FF A lesel for the 4 controls way
027 097 032 and 040 and f r deficient rats 656 0 71 and 07/ meq 1 (sample frany
V arcgreatl ndebted to Drs W [ undbergand R Holman of tt H rmel Inst wte vy gy,

V
Man LS\ frg ne ously suppl g th deficeent ats u
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Fig | Comprnson between totat blood 4 salurs
for the ferearm and hand determmed simultan push
b venows pechuion pletinsmograpty andh i
non techmnue N aryng armounts ¢f bradskmm were
infused with the dye solution i exder 1o incre se the
Blood fow The regress on line (Lrokenhin =1 HY

veoos occt soh ;] SN =48 r=097 * ) dot n i let
£l thesmiog aphy Iy from the hne of idenuny (p 01
70 400 0 70
i fru

artery 3 rest and duTing hght exercsse 1t Decame important w determne the relavon
ship bety er the infused dye solution and the imtial blood flow Ovygen suuration
values for senous blood obtamed before and during 1nfusion of dye at thus rate were
found to be equal Moreover the decrease 1 hemorlobm concentration intheated 2
sumple addstion of the mftrscd solition to the 1mitial blood flow withn the range tested
o mdication of ac ne sasodilatauon wasfound The added ifusion mn have beent
accomodated by reduction of bioe t viscosty due to hemadilution (Rand and Lacombe
1961

The dye began to reapprar an the brachual arteny alter 20— sec The concentranon
then rore hnearhy durng the wnlusion and for 1530 scc afiernards It then fell off
eapidhy  Ihe amount of rearculatm, dye could be accurately nterpatated from 1he
éhe romeemaraton i radial arerv blood samples obtained smmrdisey i ve wn
1520 «ec after the snfusion | xart correction far recirculating dye w8 prrncult?
blood sample requires that an emcunt e hteacted from the total dye roncentrata?d
corresponding to the sreenisl bickircund al one mean arculatian ume befort 97
sample « oy obtaned The mean cireutanuon tmes for the different samy sy sites vl
determined from dye dilutton curves seeosded with 2 demmtonterer followin. a sl
due smyection mie the brachial arteny The average values for each sam; oy, ste wer®
wied for the caloatatian of artenal backround concentravon

A compariwn » a3 made betw e blood flow atues determtned Lop the f cear®
includmz the hand smultancoush, with vent occhusion plerinsmograg b ind i
indicatce ditutsion methxd b | Varung amounts of Pradykin a patent vase
diatornman Sox 7ol 1HL srrenfued s ubthe dy sotunon in order 4 ancreas”
the blaod 3 \n acorprat be avivement s 2y found betseen the two metl n 1

Afull o oot Fabas method v alt be g ublished elewh e
T nowgrors Pretted £y 53t who | oase gratefully 2 knowh $g 8 £ L
Surdit Natrnal Sw roa g tH re 1 e B seases and far limka ALEE
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A preliminary note
Prostaglandin and related factors 39
By
Stk Bergstron and Lars 4 Carrson

Prortaotandin B, (PGE,) mhibns catechok i © of free famn
acds (FFA) from adipose nssue in anesthenzed dogs (Bergstrom Carlson and Oro
%% Stesnberg etal 1964) In vitro PGE, mhibuts the catecholamine stimulated as
well ay the basal releasr of glycerol and FF A\ from rat (Stemberg et al 1964) and human
(Bergstrom and Carlson 1965 Carl on 1965) adipose tssue PGE, may thus have a
Phsiologic rote m the requlation of the rate of lipid mobilizatton from adipos ssue
The recent finding that prostaclandins are synthesized fiom essentsal fatty acid {Berg
strom Damelsson and Samuehson 1964 van Dorp etal 1964) prompted pre
bvinary study on Ipid mobilization 1 essential fatty acid (EFA) deficient rats

EFA deficient rats and age matched controls were obtamed from the Hormel [n
Situte! an November 1964 They u ere kept on the proper EF A deficient and control
diets 1n our faboratortes for 1 to 3 weeks before use Two studtes were done i the
mornngs with non fasting ammals In the first epididyral adipese nissue from t o
ontrol rats (mean weioht 330 g) and two deficrent rats (mean wesght 170 g) + ere
used In the second epdidymal adipose ussue from 4 control rats (mean weight 430 gy
20 4 deficient rats (mean weight 260 g) were used The adipose tssuc was cut mio
P < whuch v erc rand d betwecn the meub: ftasks hrebs Ringer
bicarbenate buffer with 2 per ceat human albumua and 0 | per cent glicose and pre
"neubated for about 40 mun at room temperature (Carlson 1963) Release of elyceral
30d ¥F dunno meubation for 1 hr at 37 € was determned as descnbed earl er v yth
M2YMatic and ttnmetric methods respectively (Carlson 19621

Table 1 shoy 5 hat adiposc ussue of the deficient rats was rather unresponsue to
e inhubitory acuons of PGE, and nicotnic acid 1Carlson 1963 a) on this preparation
The second study (Table II) also shovs that PGE, had less mhibitory effect on the
Blycerol relrage 10 deficient than w control rats The deficient rats s ere at least as
ISPonsise to the sumulatory effect of noradrenaline on FF A and ghycerol release as
1 cortrols (Table 11) Both studies indicate that the rate of ipid mobit zation + a¢
BT€Rr per gram adipose ussue incubated i £i70 1n the deficient rats The phvs of e
Sswficance of this finding 15 unclear as these rats arc leaner and thus presumably haye
2 kesser amo it of total adipose tssae Hon ever the salue for the concentration of
FFA n paoled plasma in the first study was 0 50 and 1 22 meq 1 for controls and de
M a1 respectinely and i the second study the FI % Ic cf for the 4 controls s a5
827 027 032 and 0 40 and for dcficient rats 056 071 and 077 me | sample frar
e teg caty indebred to Drs 1 Lundbergaid R Holma fth Hom el In tiut  Ausi

21 LSS fo generou by supphang the defi w t rats uw
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big 1 Comparion between total blood f w values
for the foreatm and hand determined symultaneously
v ath senous occlusion plethysmography and dye dilu
tion techmique  \ arying amounts « [ bra i aun were
tnfused with the dye soluti n m order 10 increase the
blood flow The regression line (broked hine =1 147
e oct on  ——5] SD =48 r=097** ) does nt doute
b tysmesr pry from the hme of sentty {p 01

20 I3 )

X

&0
mifm

artery at rest and duning hight exercise 1t hecame important to deternune the relanon
ship between the infused dye solutton and the imnial blood flow Osygen saturation
values for venous blood obtained before and duniny infusion of dye at this rate were
found 1o be equal Moreover the decrease 1m hemoglobim concentration ndicated 2
s mple addition of the 1nfused solutson to the imual blood flow withm the ringe tested
o indicaion of active vasodilatation wasfound The added infusion may have been
accomodated by reduction of blood viscosity duc to hemoditution {Rand and Lacombe
1964

The dye bran to reappear in the brachial arters after 20—40sec The concentration
then ros linearly dunng the mfusion and for 15—30 sec afterwards 1t then Kl off
rapidly The amount of recirculating dhe could be accurately interpolated from the
dye concentration 1n radial artery blood samples obtancd immeduately before and
19—20 sec after the infuion Fxact correction for rearculating dye in & partcular
blood sample requires that an amount be subtracted from the total dye concrntration
correspanding to the artenal background ar one mean arculation tune before th
sample v as obtained The mean arculation umes for the different sampliny, sites were
determined from dye ditution curcs recorded with 4 densitometer followin, a st !
de myection into the brachial arter The average salues for cach sampling site were
wsed for the calculanion of artenal background concentration

4 comparnson was made bewren blood flow values determined fir the forcarm
includme the hand ssmultancoush with senous orclusion plethvsmosraphy and this
wndicator dilution method Fig | Vaning amounts of bradykimin a potent v3%
dilator tn man foxefal 1961  weye mfused s sth the dye solution 1n order to INCIERs
thr Hond flow  An acceptable arrcement + as found betwern the two mettols

\ full arcount of thus method will be published elsewhere

Thy mestgali n wa  apprried by grart  wheh are gratefully ackn wled 1 f ¢ e
Swedit Natonel Ass 00 za st He 1t 13 Cest Diseases and Rarclin ka n vt
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Fig | Compartson b tween total blood fl values
for the forcarm and hand determined simultan oush
with venous occluston pl thysmograrhy and dye dilu
uen technique Varying amounts of brids ki were
nfused wuh the dve solution m order 1o 1ncre se the
bloodd fin  The repression line (brob nhine v=1 14x
Veous ocel son 57 SD =48 r =097 #%) docs nnt deviate
P tnysmog phy i from the line of ety (p~ 0 1
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artery at rest and dunng licht exeraise 1t became important to determune the iclanon
ship between the infused dye solution and the mnal blood flow Oxvgen saturation
values for venous blood obtaned before and during nfusion of dye at thus rate y ere
found to be equal Morcoser the decrease 1 hemoglobin concentration indicated 2
simple addition of the nfused solution to the imual blood flow within the range tested
o indication of active vasodilatation was found The added nfusion may have been
accomodated by reduction of blood siscosity due to humedilution (Rand and Larombe
1964)

The dye began to reappear in the brachial arters after 20—40 sec The concentration
then vose hnearly during the nfusion and for 15—30 sec afterwards [t then fell off
rapidhy The amount of reairculatng dve could be accurately mterpolated from the
dve concentranon . radial artery blood samples obtaned immediately before and
15—10 sec after the infusion Fxact correction for rectreulating dye in 1 parncufar
blood sample requires that an amount be subtracted from the total dye concentration
enrresponding 1o the artenal background at one mean cireulation time befire the
sample was obtained The mean circulauon umes for the different samphing sites » ere
determined from dye dilution curses recorded 1 ith a densitomrter followin,, a single
dye injection into the brachial artery The averare satues for each sampliny, site s e1¢
used for the caleulation of arterial backsround concentration

\ comparson was made hetween blood flow valucs determuned for the furcarm
including the hand smultancously v tth venous occlusion plethysmography nd this
wdicater diluton method Tig 1) Varing amounts of bradykinin 2 petent vas-
dilator in man fox et al 1961, v ereinfused v ath the dye solution in erder o increase
the blood flow  An acceptable agreement was found brtween the two methe I

A full sccount of dus method will be published elsewhere
Thyimemgzat o 2 upprred by grant  which are gratefully acknos fedh, 4 fr i3 tle
Swel t Naun s noeag 1ot Hean v 1d et Diseases and Rarod ndkvy niwtet
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bpid Mobihzatioy n Essential Fatty Acsd Deficient Rats
A prehiminary note
Prostagland,n and related factors 39
By
Ste Besestrin and Lagrs A Cireson

0 Y 19
Ty ﬁ&‘a&i‘;’iﬁ:sl‘:ﬂthohmme stmulated mobilization of tree Gt
w daberg of gf 14 1 anstheiized dogs (Bergstram Carlion an i Qro
Atebng e oty 7 Mo PGE, mbibres the catecholsmine stim ilated s
§ 201 Capgean lggéwd""’ ELA from rat (Steinberg ef al 1964 and human
3 oo gy o 15 Carlson 1965) adipose assue 1 GE, may thus have &
T i gy o0 OF the rate of hpat mobilizanion from a.dipor frssue
B D, grmughndnm e synthesized from essential faty 1cid  Perg
aMuelsson 1964 van Dorp eral 1961 prompecd this pre
iy T g ;,:om““hon W essential fatry aced  FF A deficient rats
gy \OTber fogy 22¢ matchrd controly \ ere obtained from the Hormel In
O o, % They 1 ese kept on the proper EF A deficent and ntrol
it g 07 L €0 3 ek before use Two studies « cre done 1 the
g e g, ,;lg stumals In the first epididymal adipose ussae fe @ two
AL I S 30 £) and two deficient rars mean wewht 100 ¢ s ere
b Sy ;‘" dymal adipose tissue from 4 contro) rats mean wesght 450 1)
by Mhogry, SO0 Wetght 760 ) | ore used The adipose tssuc 3 @5 € 5t ito
byt POmized betyeen the smeabation flasks contain 1z hreb Ringer
ey, shogy 3. 2 PP €ent huuman albumrn and 0 1 per cent glucose and pre
o gy 30 1 8¢ to0 temperatore. Carlson 1965 Relesse of alscernt
Taang, UPRON for { be ar 37 ¢, was determined as described eachiee v w
by Moy gt methods. re-pectively Carlson 1965
T gy o";d‘r»sr ssue of the deficrent rats + 3s rather unIesponsive (o
© o g o OB and nucotmic actd (Ga lson 19632 on thi prepacation
1 88 Ty kg shos s that PGE, had less mhibutors cffect on the
S Mo S0 than s control rat The defic ent rats  ere 1t leat a
o BTy st ony effect of noradrenatine an 1\ and ghee ol celeic a
v T g 0 Both studies ndicate that the rate of by id m;:u saton 5s
u,:“onL‘ﬁ B¢ fissue snubated i ¢ tm th defi 1ent vats “:";:‘lbk }";16
By g o 2diNg a5 unclear a5 thes rats are L anet and thus pr ve
gy o t90 adipose ssue Hn e 1 the v lue £ the concentration of
Frgy o Plam 115 canttols and de
2y, 37 the first study v s 00 and P e
RS 03,0 and in the se nd s by the [ ATyl £ the # contruls wag
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