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Active State Durations of Rat Gastrocnemus Muscle
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B WiwaNper
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Abstract

WiLaxper B dctive state durations of rat gastrocnemuus muscle Acta physiol scand 1966
68 1—17

For rat gastrocnem us muscle 1t has been found that 1 The shorten ng veloaty of an isoton ©
afterloaded contract on increases w th the stimulat on frequency up to a fr:qucncy of 473 mp s sec.

sumulatwn with frequenc es somewhat below that necessary for lus on 1t has been lound that the
mechameal latency s as short as after the first impulse (D 6 msec) The max mal rate of tens on

rse afier an mpulse 15 however cons derably delayed and the mplicat ons of this finding are
discussed n terms of the act ve state concept

During an nvestigation of the properties of rat gastrocnemius muscle I found
that the optimal strmulation frequency for an sotomc contraction agamst a small
load was considerably higher than the lowest frequency giving mavimal plateau
tens on during an isometnic tetanus A research program was then started to 1nvests
gate the fundamental cause of this difference 1n response to stimulation frequency
Such a study 15 thought to be of some importance for research mn muscle physiology
as1t1s apparent that formerly the situation was often thought to be under expenmen
tal.ean w) when v fnedir mra e Sy wisued P rowghou e ant Tkt
Durning the course of this imvestigation a paper by Buller and Lewis appeared 1n
which a similar difference 1n opumal

was bed for rate
of tension development and for peak tension durmg adtrect sumulaton of cat
muscle (Buller and Lewss 1965)

\ccord ng 1o Hill there exists for 2 peniod of ime afier an 1mpulse a constant
level of maximal intensity of the acuve state which 1s abruptly developed at the
end of the latent period (Hhll 1949 1923) In the present paper a disunction will be

863003 A 4 phynol  and $ol 68 1



2 B WILANDER

drawn between an active state for shortening, which 1s indicated by the capacny
of the muscle to reduce its length and an actve state for tension mantenance,
which 1s indicated by the capaaty of the muscle to resist stretch, as suggested by
Sandow (1960)

Sensitive determunations of the active state plateau duration have been made by
superimposing contraction curves for one and two mmpulses on each other (Mac-
pherson and Willie 1954) According to Ritchie, the duration of the active state
plateau may also be determined from the time from the last impulse of a tetanic
train to the begmning of relaxation after a correction for mechanmical latency (Ritee
1954 5) A method related to the latter 1s the determination of the fusion {requency
{Maunello and Sandow 1953, Rutclue 1954 5)

In several papers the duration of the active state plateau aflter a single tmpulse
15 reported to be of the same order of size as the duration of the active state plateau
during a fully developed 1sometric tetanus (Ritchie 1954 a, Macpherson and Wilkie
1954, Bleckmann et ol 1963, Martenson and Skoglund 1964) The I d
authors, however, express some doubt about the relrability of determinations of the
duration of the active state plateau after a single impulse

The present work will show that there 1s a considerable difference between a
well marked active state plateau for shortening after the first tmpulse and what 15
generally considered as an active state plateau for tension mamtenance when peak
1sometnc tetanic tension has developed, the first active state plateau being very short
The validity of the active state concept will be discussed 1n relation to the present
findings

Methods

- ' . R ram . P .

were covered with vaseline care betng taken not to disturb the contractions with any extra damping
The femur was nigidly clamped in a horizontal position in a screw vice One of the clamps passed
gt a4 I A A - Rt



ACTIVE STATE OF MUSCLE 3

ed sevzra) tmes through the remaimg soft tssues of the heel as 2 cathode and the bone clampr as a
ground lead, the pulse duration being D 23 of 0 30 wate

Tsometne contracuons were tecorded by means of a REA 5734 mechano-electne transducer,
the anode pur of which was mounted oa the muddle of a shorc braxs har fixed at both ends The
smscle was congected with thas bar by means of a thain and a Light caleaneus clamp The bor was
aka pravided with & Jight dampmg pot with a fived vage The wtatc response of the sysiem was
found to be Linear, even for very small tensions The natural rrgqu:nn‘of x‘he sustem, wath chan
o Jewe e TTRTUNT AL Iy o~

shift and amphtude distorgor due to resstances 2nd stvay capacsances of the eleceric system were
Faund to be nrgligible, compared with those of the meckasucal, she nse time for 2 step change being
003 msec The stanonan) state phase fag of the system for periodic ainusardal dnving fiunctons was
zateulrted 10 be 1o mare that O 12 msce up to the natural undamped frequency the apparent
latency of a trannicay response bemg much less The output of the isomerrse Yecording systern wag
I:|d toa Tetronis 361 osarllosenpe with a 72 dual trace amplifier, enber dicectly or throvgh hugh pass

. . s K
12 g and the stiffness of the lever corresponded to 60 kp o at the muscle ead

For the recording of action potentizls 2 Tefronx 122 preamplifier was used and the bipolar
eetrode consisted of § 2 ram twisted copper wire, which was wnulated estept ac the ups which
were antroduced into the distal cod of the muscle

Resnlts

4 comp beturen the deendences upon lalion frequensy of wometric peak tensien ard
wotonse shortening relocely

The sometric contracuans were recorded ar the muncle length at swinch resting
tension yust disappears At this length the tetamic tension soon reached a constant
mean value, even at rather low sumulanen frequencies The tension was measured
at 130 msec of sumulanon For unfused tetam: the tension was measured fo the
peak of the esalivions Apparent fuvion seemetd 10 occur at about 200225 tnp sec
at the amphfication used 1 the tension deter The stome

wese afierloaded and started at the optimum length for twatch peak tension agarmst
3 Joad of 100 pond 1A companson on the actve state platean durations at different
lengthe s presented o the thard secthion of the results 1 he shorterung s elocities were
measured after about 10 msec of stmulaton, when the selocits became farh con
sant A the Jowest fren y shight omesld occurred the celoann
Wwas then measured over the peaks of these osaillannn  The sumujauon intensty
was supramauumal, cven for bugh frequeney sumulaunn For a discussion of the
Pproper condstions for direct sumulaun, see the next wroen  The recordings were
fmade 11 an ascending or descending order of frequen ter Eaers tnrd contraction
a3 a reference contracnon a1 1490 imp see for semetrn and 40 g sec for wotante
contrapons  Interpolated correcinis were pertormed to compensate for slight
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‘Tante 1 A Isometric tetamc tension at 150 msec at different sumulauon frequencees

Sumulation frequeney ympscc 130 160 180 200
Direct shmulapon  Relative tension 961 982 1000 1009
SE 061 055 031 026
P 0012 0015 0022 0028
Indirect sumulation Relative tension 963 990 1000 101t
057 017 027 023
P 0006 0002 001 07

Tensions and yelocities are presented in relatsion to the reference contractions at 180 and 400/sec
the velocitses for 1ndirect stimulation being presented 1 relation to the velocity for direct stimulation
at 400/sec 8 E s=standard error of the mean of the relative differences m ammals between the

adjacent P lated risk of making a wrong decision when rejecting the

Tante I B Isotonic shoriemng veloaity at dufferent stimulation frequencres

Sumulation frequency mpscc 180 300 375
¥
Direct sumulaton  Relatine selacity %98 907 968
SE 126 017 136
P o g0t 0000 0032
Indirect simulation  Relative velocity 731 821 850

progressive changes n response The largest total correction varied from 1% to
6 9%, between the different preparations

The depence of isometric tension and of 1sotonic shortening velocity upon stimula
tion frequency were nvestigated both for direct and for indirect sumulation The
results are shown i Table I Statstical calculations according to the common
t test were performcd on the relative dufferences of responses 1n animals between
adjacent I Some calculations for larger frequency intervals
are also shown The dcvmcs for the frequency intervals between 250 and 180 wmp/
sec, 1sometric registraton were pooled and found to be approvimately normally
distributed, as small differences 1n stmilar ammals often are The tests were one
tatled, as the possible dircction of change 1s well known

Tor 1sometric contraction the results are quite 1n agreement with the often-quoted
conclusion of Cooper and Eccles (1930), that above the apparent fusion frequency
no substantial increase in tension occurs In this case the tenston increases sigmifi
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225 250 275 300 400
300223
1ot 4 05 1015 1018 898
032 068 043 €53 033
03 - 017 008 03
275200
02 jUTS: w7 w3 998
024 049 039 086 042
07 05 62 008 02

aulj hyporhess that no difference exsts 1n favour of the hypotheus that z dhfference exists 1 an ex-
pected. direction In the bast column ta the tight analyses o larger frequency tntersals are prosented
Number of animals 1 A direct strmulation, data pooled from 7 rats, 5 differences for each freguency

enterval I A indect stmulatin, 6 vats § B, 5 rats an which records for mdirect as well as direce
stmulation were obtained

400 425 450 500
425375
1000 1027 1006 1016
o83 136 08} 149
o0y 02 02 0008
859 874 878 83

cantly up to abaut 200 unpsec for tdirect and for dicect sumulation and thea seeras
to remam on a plateau within the himuts of accuracy of a small number of expen-
ments At 400 impfsec a dechne due ta some refractonness 1s evident [n isotonic
contractions during dicect strmulation, however, the response increases signuficantly
up to about 425 mpfsec, a frequency about twice as hugh as the corresponding

frequency for 1sometric tension at 150 msec
No statistical

are 3 for the sndirect sotonie data, the course
of the velocityfrequency curves being rather irregular  The hughest maximum 1s
ofien not obtained unul 300 smpisec (cf Buller and Lewss 1965 The velociues by
wdireet sumulation were always lower than those by direct sumulation and 1t 1s
obvious that mavimal shorterung velocity 19 not attamed by indirect stmulauon

Suth a difference was not evident for 1sometnc contracuons, mawmal response
being obtamed at lower frequeneies
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Tanre II A Results obtained from isometric contraction records for one and two impulses

Indirect
Direct sumulation stimulation
Columnl2 3 14 5 6 7 8
v b v ~
: Er F e
[ = Kl o ]
. F £ L R start to separation g £ El Z
5 £ - Stmulation intervals g K H g
£ i B o5 &
z % 5E 2 s ¢
g 2 - t 3 g 3
g g mE 5 & 5 &
g ] E 08 09 10 11 12 a2 & g i
< ~ ~ E 7] [} @ @
1 065 033 185 44 142 148 — 142 10 166 10
2 065 030 166 136 136 141 147 13 0910 171 10
3 054 049 178 159 155 166 171 155 10 172 11
4 060 049 737 136 139 152 166 13 09 169 10
5 054 060 158 158 171 185 -~ 158 0809 16 10
6 065 036 183 745 145 149 16l 145 0910 170 10
Meant 061+ 145+ 169
SE 002 004 0014
S

§homst time from tension muntmum during lateacy relaxation to sepacation 1 0340 04
Difference between shortest separation time at indirect shimulation and at direct stimulation
023+00>

All ume values in mul 1seconds

Explanations

The ammals are the samc as those in table I1 B

‘The latency 1s measured from the start of the sumulating pulse to the ecarhest sign of latency

o o—

relaxation

The time 18 measured from the earliest s gn of latency relaxation to the lowest pount of the cune
‘The times are measured from the earhiest sign of latency relaxation to the pomt where the con
traction curves for ane impulse and for two smpulses at the indicated intervals separate

‘The italics show alues for each ammal which do not differ by more than €03 msec 1 ¢ tfe
aceuracy of scparate readings the represented valucs besng means of one run of iacrenng and one
run of decreasing stmulation wntersals

POy

An analysts of the actue state plateau duration after a single impulse

According to the method of Macpherson and Wilkie, the duration of the active
state plateau after a single impulse can be determined by superimposing a contrae
uon curve, 1 which the active state 1s prolonged at maximal level by a second
impulse gren early enough on a twitch contracuon curve (Machpherson and
Wilkie 1954, Norns 1961) The pomnt where the contraction curves separaic then
indrcates the end of the first acuve state plateau According to Hill (1949), the con
tractle elements shorten against the senies elastic elements during the ascent of an
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ssometric contraction, and 1t will be considered here that the earliest obtamable
separation pomnt tndicates the end of the acuve state plateau for shortemng

The 1sometric contractions were recorded at high sensiivaty, about 3/1000 of
the peak tetanic tension per em of the oscilloscope screen To keep a fived base line
and to mmprove the )| of the sep the Iloscope was connected
via an RC high pass filter with a tme constant of 1 msec  The contractions were
recorded at the optimum muscle length for twitch peak tension

As shown by Macpherson and Witkie, the estimate 1s dependent upon the syn
chromsm of activation To get a synchronous a~tivation, th= starts of the twitches
were ded at the same ampl sweep speed and filter time constants as
was used for separation stundies The stmulation intensity was increased wn steps
and the start of the twitches were recorded for several steps on the same film (Fig
1) The rate of tension development first sncreased for each step and the latency
relaxation and the special form of the early phase of the contraction curve to be
described later appeared more distinctly After a certamn stumulanon intenstsy, deter-
mined for each preparation, the starts of the twitches became perfectly superimposed
This sumulation intensity was apprectably higher than that just supramaximal for
twitch peak tenston The stmulation mtensity used was somewhat higher than that
Just supramavimal for rate of tenston rise

In order to obtain a rehable measure of the actwe state plateau duration 1t 1s
Tnecessary 10 avoud repctitive finng for the first pulse The absence of repetitive firing
15 tndscated not only by the short plateau duration obtamned but also by the constancy
of twatch peak tenstons (cf Ritchie 1954 g) for stimulation 1ntenstties from 20 to 30
V below to 20—30 V aboy e the stmulation mtensity used for synchronous activaton
(Range 150—170 V over the electrodes, & ammals) To avord repetitive finng, the

Pulse duranon must be short (Gyone 1955) It 15 also necessary to prevent the hugh
field intenssty 1 the ht

hood of a wire el de 1n a volume cond from
reaching the muscle by placing the electrodes at some distance from 1t
TableI1 A col 4, gives for the separate ammals the tme 1ntervals between the
g of latency rel and the seg pomnt of the contraction curves
for direct single pulses and two pulses at different sumulation meervals The values
Tepresent the means of one run of increasing and one run of decreasing stimulation
mtenals A representatne run is shown m Fig 2 The stalics n Table IT A
Tepresent the time values which do not differ by more than the accuracy of 0 03 msec
with which the readings were performed If there 1s a plateau of active state imtated
by the first impulse and of the second wmpulse when 1t comes carlv enough only
prolongs the duration of this plateau, then there 15 a possibility that the ime between
the beginning of the Jatency relaxation and the separauon point 1s constant for a
range of sumulation mtervals As 1s evident from the results 1t has been possible
{0 obtain such constancy 1n the experiments 1 spite of the difficulty of obtaming a
Tull response for a second pulse at such short intenvals An interesing effect 1salways
obtained at stimulation intervals shorter than 0 8 msec, where the contraction curve
for paired stimult first goes below the curve of the single sumulus, as shown in Fig 3

It
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Whatever the cause of this intubtung effect on the first active state of an earh second
pulse, the effect shows that 1t 1s not possible to obtamn shorter estimates of the plateau
duration by this method A stmular effect was obtamed by Brady, Abbott and Mom
maerts (1961) s cardiac muscle for a tramn of pulses during the absolutely refractory
penod

It may be further questioned whether there 1s a sufficiently Jong plateau of the
actwe state, if any, or if the shortest tune obtanable beiween the start of the first
pulse and the separation point 1s limited by the sum of the trresponsive peniod and
a mechanical latency for the second action potental (¢f \Mirtenson and Shoglund
1964) As shown m Fig 2 and 4, the second impulse causes a profongauon of the
mmtial course of the contractions if the separation occurs early erough It 1s the
contraction curve of a single impulse which deviates from the wunal course after
the separatton The same effect 15 also shown without filter distortion, with the
oscilloscope DC-coupled, 1n Fig 5 Here also contraction curves for two and three
impulses 1s shown, where the same effect occurs once more, although 1t 15 less marked
Inspite of a stowly declining active state, the later positive acceleration mas possibly
be fargely ascnibed to an increasing stffness of the series elastic elements (cf Sandow
1960) At no tension after the separation 1s the rate of tension development of the
twitch as high as that of the contraction induced by two stimuls This 15 not 1n accord
ance with the results of Clase (1962)

One cannot escape the impression that the form of the contraction cures for one,
two and three direct pulses shown here are consistent with the view that soon after a
stimulaung pulse there 15 a penod of high and possibly approumately level actvits
which dechines long before the twatch peak tension s reached, and that repeated
stimulation can do no more than cause a prolongation of the tital ugh level of
actwity Tt cannot be said, however, that this activity 1s exactly as high as that
dunng a fully developed tetanus This result has been obtarned without any mmposed
disturbance of the muscle, as in Hill s expenments (1949, 1953) the nterpretanon
of which has been criticized on this account by several authors (Goodall 1957 Pringle
1960 Walker 1960, cf also Sandow 1960)

The obtained form of the contraction curs es 1s probably not only due to the fidefity
of the 1sometnic recording system and the synchronous activation but also to smail
‘anations in properties in a dominant group of fibres

The interpretation of the recorded form of the early phase of an ssometric twitch
presented here has to be compared with that of Sandow (1928 1960 who suggests
that the actve state hump on his diffe d records ind| the ter
of the development of the actine state

‘f;go SdDhren sumulation Supenmposed sometnic contract on curves for ane mpu.c and for

and three impulses at intervals of 0 9 mece Tume | msec dn Ord pate aboat 1 ° of maximal
- . Oscillascope DC-caupled

somerr  contract on curves for s ngle and paired

[ - 09 and 08 miec_The lowest curve shows the start

- - he sumulat on arufacts there are triggenng art faces

o
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So much may be said about the end of the first active state plateau for shortening
Lut when does 1t begin® In Fig 2 and 4 the start of an 1sometric twitch 1s shown at
about 25 X greater amplificatton than that used for separation studies The time
after an impulse at which the latency relaxation begins 1s not influenced by the
muscle length, as long as there 15 some resting tenston, 5o that a drop 1n tension 18
evident (Sandow 1944 Abbott and Ritchie 1951) Hill (1951) has shown that an
ncrease n the resistance to stretch occurs in the sumulated muscle, evidently at
about the same moment as that at which the Iatency relaxation begins, and before
these 15 any evidency of shortening The ume from the start of the stmulating
pulse to the first evidence of relaxation will be arbrtranily described herc as a period
of mechanical latency, a period during which there 18 no sign of activity in the
records The values shown in Table 11 A, cal 2, are the shartest hitherto reported

The valuesreported in Table II A, col 5, for the time interval between the be
ginming of relaxation and the earliest obtamnable separation cannot be regarded as
reliable measurements of the plateau duration but they represent the largest
possible values of the plateau duration alter a single 1mpulse about 1 5 msec As1s
evident from recordings ke Iig 5 where also the duraton of the second active
state plateau may be estimated, the earliest active state plateaus are probably not
much longer than about 1 msec

The longest possible value for the duration of the actne state plateau after a
single impulse about 15 msee 1s considerably shorter than carlier estimates, even
or mammahan muscles The value reported by Nornis (1961) for rat peroncus
digtts quinti 15 about twice as long

With indirect sumulation as ts evident from the results in Table 11 A col 7
the shortest obtamnable times from the beginming of latency relaxation to the separa
tion point are somewhat longer than those with direct sumulation There are also
no clear indications of any active state plateau in the rccords A representative run
15 shown in T1g 6 The asynchronous activation and the duranon of the irresponsive
period obviously interferes with the active state determinations in this case these
effects however hemng shght for this muscle

An analysis of the duration of the actire state plateau duning a fully deceloped 1sometric tetanus
According to the method of Ritchie (1934 4) the duration of the activ e state pliteau
may be csumated by determining the tme between the last impulse duning a Just
fused tension plateau and the beginming of relaxation after a correction for the period
of mechanical Jatency A simular estimate would be obtained from the stimulation
internal just necessary for fusion 1f ths could be determined exactly enough
Determinations of this kind were made with the oscilloscope sweep tnggered by
one of the last impulses ¢1 a 150 msec pulse tratn of vanous frequencies The oscillo
scope was coupled through an RG high pass filter with a ime constant of 10 msec
which permtted records ¢ with a sensivaty of about 1/1 000 of maximal 1sometric
tetanuc tension (about 5 kp per em of the osalloscope screen without distortion
of the rapid events studied The sweep speed was 1 or 2 msec/div As the stimulation
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Tante 11 B Results obtamed from msometric contraction records at 150 msec of direct tetanic sum-

ulation
Column1 2 3 3 5
2 g
2E_ zo=
= 2k5 E&&
£ S v,Z v, &
2 H 2237 2538
S Time from the start of the last sumulating pulse to = oS S
£ kR S=E 5®&
= relaxation at stimulation frequency g H Ege Sy
E Z % e3 5% 238
H B Eg EEEF EEC
Z 170 200 250 27> 300 325 350 400 fg S EL S ES
1 54 59 39 37 40 37 — — 300 40 63
2 58 48 39 41 35 37 36 30 32 37 61
3 47 - — — 33 34 34 34 35 34 69
4 44 46 46 41 41 42 41 44 300 41 70
6 48 48 44 42 42 40 42 24 300 42 64
Meant 39+ 65%
SE 015 017
Column 6 7 8 9 10 11
Time from an
smpulsc to Difference Calculated
max rate of between ol ¢ Col 9 dnaded  fusion
tensionrise at  Difference and imital by theshortest  frequency
Anmal 175 impfsecc  betweencol 7 mech latency sep ume according
number and col 4 (Table I1A)  (TableIIA)  tocol 9
v 27 13 33 23 300
2 25 12 30 22 330
3 30 04 29 20 340
+ 30 " 35 26 290
5 26 16 35 25 290
Meanx
SE 28010 112020 322012 234012 310410

Tume values 1n milliseconds Frequencics in impulses see

artifact proved to gne a convenient and exact measure of the ume of the start of a
pulse without chopping, 1t was not reduced Measurements were performed at the
length at which resung tension Just disappears and a few determunanons at the
optimum muscle length for twitch peak tension a differcnce of about » mm  are also
reported

The measurements performed are indicated 1n Fig 8 the results are ginen 1n
Table IEB and a representatve record of some of the measurements in Fig 7 The
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g 7 Direct sumulauon Below Isometric or
allations obtained at 175 impfsec for 150 msec
The sweep s triggered via a relay by the last pulse
1n one case and by the Jast but one in the other
case Latency 1s measured from the stumulation
artfact to the ime when the forms of the curves

MR M o e e
I ficat 5y Asth
'!’#a'.ﬁ!"! w"y: a magmi n:' 1on of , s the L'urvs.x‘ats
A" UL .
NRRERERNNEN . ... ... o0 000
The fusionisalmost complete Islter ume constant

10 msec Time 1 msec/div Ordmate /1000 of
ssom max tenston (about 5 kp )/dw

/\Fd..
\\/ !

X
g 8

Above The ryents aftes the last smpulse of a train at fusion frequency
Below Osallauons during a not fully fused tsometric tetanus with a relaxation curve afier the last
smpulse supersmposed
The following measurements have been performed
(a) The tme from the start of an smpulsc to the beginning of relaxauon
{8) The ume from the start of the last impulse to 1/1000 fall of tension
{¢} The time from the start of an rmpulse to the maximal raic of tenson fise
(d} Determinarion of the latent period
(g} Oscllavon ampltude
{¢) and (f) bave been calcutated from the above determinations

sumulation was direct The ttme mterals measured did not vary by more than 2
very small percentage n the course of an experyment and were also approwmately
constant for an interval of sumulation intensity between the intensity which was
used (180 to 200 V} and an intensity 30 V less

Around the fusion frequency determinanons were made 1n steps of 25 mp/sec
The frequency abore that at which faint sscillations were stll visible was arbitranly
deserbed as the empirteal fusion frequency (col 3) The time between the start of
an mmpulsc and the followng peak or for frequencies abovc fusion frequency, to the
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pownt where the curve began to deviate from the preceding level course, did not
vary much around the empinical fusion frequency (col 2) Accordmg to Hill (1949),
the recorded tension at the peaks, as well as during the level course, 15 just equal
10 the tension, P, the contrachle elements are able to bear when neither
shortening nor lengthemung For frequencies below fusion, P, 15 dechming at
the peaks and the times i col 2 are generally lonécr the lower the frequency
A shght shortening of the tunes from pulse to peak 15 sometimes apparent at inter-
medate frequencies This effect, also described by Cooper and Eccles (1930),
1s more marked at frequencies around 100 imp/sec, where a transient deeperung
of the osallations occurs These effects will be further described and analysed 1n a
later paper For frequencies above fusion, the last impulse might sometimes occur
too early to cause a prolongation of the plateau for as long a tme as that for lower
frequencies For frequencies higher than that for empinical fusion, a short and shght
mhibiting effect after each pulse may be seen, an effect resembling that described
i the preceding section In order to obtan 2 good estimate of the duration of the
aclive state plateau by Rutchie’s method, 1t 1s necessary to select the nght frequency

In four expenments the muscle was stretched about 5 mm to the twitch optimum
length The determination of the time between the last pulse and the beginmng
of relaxation at the empirical fusion frequency then gave, m relation to that obtamed
at the shorter length, no change 1n one experiment and a prolongation of 0 1 msec
1 three expenments This shght effect on the tume to the estimated termmation of
the acuve state plateau may be an apparent one, caused by a retarding effect of
the parallel elastic elements No effects were evident on the form of the oscillations at
lower frequencies

The values for the ime intervaly from the last wmpulse at fusion frequency to
relaxation (col 4) need a correction for mechanical latency to give an esumate of
the durauon of the actve state plateau In three special experiments a careful com
Panson was made between the form of the relaxation curve after the last impulse
and carlier oseillations at a sumulation of 175 impjsec (Fig 7) The mechantcal
fatency from the start of an pulse to detectable positin ¢ deviation was found to be 0 1
msee longer than the tune from the start of the first pulse to the begmning of latency
relaxation This difference 1s equal to the combined stationary state phase shift of
the transducer and the high pass filter 10 the actual frequency range of sme waie
components determined from the phase shifts mtroduced by filters with different
ume constants There 15 thus no detectable difference between the mnital mechanical
latency and the latency after a 150 msec tram at 175 mmpfsec The mechamcal
latency duning a fused tetanus cannot, of course, be determined directly The
correctness of using the mmtial mechameal latency for the actual correction may,
however, be estimated by subtracung the il latency from the time wmternal
between the start of the last impulse and the t g of rel at the emp
fusion frequency The tmes caleulated 1n this manner should correspond to the
stimulation mnterval Just gvang fusion The fusion frequencies calculated in this way
show good agreement with the empurical fusion frequencies (cols 11 and 3 respec-

-



14 B WILANDER

tinely) determined with frequency steps of 25 inp/sec The values shown 1n col 9
with a mean (4 the standard error of the mean, SE) of 32 4: 01 (5 amtmals)
are then to be regarded as estimates of the duration of the plateau of the active state
for tension maintenance according to Ritchie The interpretation of these determina
tions will, however, be reconsidered in the discussion
Two more kinds of measurement were perlormed on the records, the results of
which will be further analysed in the discussion The times from the last impubse at
fusion frequency te 1/1,000 fall of tension are shown in col 5 The times from an
mpulse at 175 impjsec to the attamnment of the maximal rate of tension nise, meas
ured 1n the way shown in g 8 ¢, are given 1 col 7 A sumlar delay in the max
mal rate of tension rise 1s evident for frequencies from 200 impjsec up to the fusion
frequency, although the oscillanons cannot be analysed with the same accuracy
The tume intervals between the attainment of the maximal rate of tension rise at
175 ymp/sec and the start of relaxauon at fuston frequency are shown 1n col 8
As the expeniments were performed on the same animals, a2 comparison mn an-
mals of the largest possible duration of the plateau of the actrve state for shortening
after a single impulse and the duration of the plateau of the active state for tenston
at 150 msec stmul. at fusion freq; y can be made The ratios
are shown 1 col 10
No determmations of the kind described in this section were performed dunng
mdirect sumulation on these amimals In prelimunary experiments the osaillations
vere of Jower amplitude and more sine-wave shaped than those with direct simula-
tion and the records showed signs of repeutive fining after the lastimpulse A larger
hump after the preceding regular oscillations at frequencies below fusion generally
occurred

Discusston

The calculated fusion frequency of 310 4 10 (S E ) mmp/sec m Table I B, col 11,
15 appreciably igher than the frequency of about 200 impulses/sec above which no
substantial increase i ssometric tension occurs The values for the ume mtennal
between the last unpulse at fuston frequency to 171 000 tension fall (Table 11 B,
col 5) correspond, after a correcuon for mechameal latency, to a stmulion
frequency of about 170 smpjsec 1t has to be rcalized however, that according 1o
Hull (1919), the contracule elements are bemg strecched by the series elastic elements
during the relaxation of an isometric contraction and that, according to Katz (1939),
a muscle 15 able to resist considerable tensions with only a very slow lengthenng
Presumably 1t 1s largely this great abtlity of muscle to maintain achieved tension even
dunng the carly phase of decline of the active state that enables the muscle to
« cumb” up to almost maximal tension at 200 impjsec, in spite of the sumulatton
\nterval being nearly 2 msec longer than the fuston interval that can be determmned
by a ighly sensine method Qwing to the steeper course of the force velocity cune
for shortening (Katz 1939), we must then expect the shortening velocity te be more
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dependent upon stimulation frequency up to fusion frequency than isometnc peak
tension But the 1sotome shortening veloesty after 10 msec of sumulation increases
wuh the frequency up to about 422 1mp/sec, a frequency appreciably higher than the
d fusion freqs for the tension plateau after 150 msec of
sumulation In line with this high optimal frequency 1s the very brief duraton of the
plateau of the active state for shortening determined for the twitch no longer than
about 1 5 msec The frequency of 425 1mp/sec corresponds, however, toa
interval of 2 35 msec There may be some prolongation of the duraton of the actne
state plateau, as shown by Rutchie and Wilkie (1935) for the later stages of the acuve
slalc alter previous sumulation although the effect may be overestumated, owing toa
m of methods and a possible influence of refractoriness
The esumated duration of the plateau of the active state for tension maintenance at
150 msec of sumulation at fusion frequency {Table11B, col 9) of 32 £ 01 msec1s
considerable longer than the duration of the plateau of the active state for shortening
after a single impulse The maximal rate of tension nise after an 1mpulse at a sumula
tion frequency somewhat below fusion, however, 15 not reached unul near the end
of the active state plateau as estimated by the method of Ritchie The differences
are shownin Table 11 B, col 8 In the tension region in which the osaillations occur,
the fully activated muscle has a tension time curve which 1s conv ex upwards, as i the
ordinary myogram As long as the tension time curve 1s concave upwards, the
muscle 1s not fully activated The mawimal rate of tension nse after an rmpulse
indicates thus the begimning of the active state platean for shorteing (¢f Sandow
1960) It 15 evident that this actve state 1s delayed n relation to that for shortening
of a twitch In the further analysis of these results (wo possible hypotheses that are
independent, but do not exclude each other will he adianced
Hypothests I The actne states for shorteming and for tension mamtenance do not
run 1n parallel This explamns why there 1s such a discrepancy between the duration
of the active state plateau estmated by Rutchie s method and the difference between
the beginming of the active state plateau for shorterung and the end of the actne
state platcau according to Ritchies method Further evidence 1s given by Hills
finding (191) of a very early increase m resistance to stretch dunng the latent period
which may be compared with the latency cstimation at 175 smpulsesfsec described
wn the third section of the results Support for this hypothes:s 1s also ginen by the
results of Jewell and Wilkie (1960) which show that duning the relaxaton of a
twitch the teasion at which the contractile elements neither shorten nor lengthen
declines relatn ely more rapidly than the maximal sclocity of shortening
hpothenis IT The mtensity of the active state cannot be increased above that
evisung duning the platean but the acuvity caused by one impulse may summate
with the activity caused by another tmpulse up to the lmit set by the actnviey durning
a platean The maumal actnty caused by one impulse 15 pot developed abruptly
and the activity during this rising phase may summate with the dechning acuvity
after the preceding impulse When the impubse interval 1s short enough, fusion may
occur, although the duraton of the acine state pl-teau for fregquencies below fusten,

o 7
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18 still shorter than this snterval The duration of the active state plateau may even
be as short as that o a twitch and the active state plateaus for shortening and for
tension ¢ may de, although these ph are not necessary
of the secand hypott Ifthe pl of the two active states comncde,
howesver, Table II B, col 8, gives an esumate of the duration of the active state
plateau of 1 1 msec, about as short as that of a twitch, but the plateau 1s morc delayed
1n relation to the impulse Summation up to a certain lmt, of the kind described
above, may occur if a plateau of maximal activity 13 caused by a saturation of the
«contractile elements with an activating agent, the concentration of which 1s increased
above that for saturation by each impulse and then decreases
A well known explanation of the potentiation of a twitch 13 a prolongation of the
active state From the present work 1t appears that the rate of development of the
active state 1s vanable and this d a possible expl of
effects 1n which there 15 an increase in rate of tension nise and a shorter time 1o peak,
as described, for example, for heart muscle (Brady ef af 1961) although the mecha
misms of vanation are not yet known The results presented, however, also stress the
importance of using a sumulus that 15 supramaximal for the event studied, eg
rate of tension nse, and this must be especially important when the potentiating
agent has an effect upon the excitabihity
A smaller response for indirect simulation than for direct, as obtained for isotonic
shorterung veloaity, 1s classically aunbuted to a partial neuromuscular block
t1s suggested here that another cause may also be the extinguishing of nerve impulses
by collision, as synchronous muscle act:on potentials may re-excite the intramuscular
nerve fibres (Lloyd 1942, Leksell 1945, Brown and Matthews 1960) If the ime inter-
sals involved are considered, it appears that possibilities of collisson exist at high
stimulation frequencies The high opumal frequencies observed for indirect stimula
tion, which are not with a pred g effect of Wedensky inhibison,
may then be explained by more impulses reaching the muscle without collision when
the i} frequency 15 It should be noted here that with indirect
it there 15 a diffe bewween a short 1 interval and the first
2ction potental interval in muscle (Eccles and O'Connor 1939) The records showed,
howeser, that later action p I intenvals followed the 1 frequency
not to nf] the intery of the resf to indirect I
Even if 1t 1s impossible for the nervous system to generate smpulses at such short 1n
tervals as the duration of the plateau of the active state for shortening after a single
impulse, the very short plateau duration may be of functional sigmificance for
bnef corrections of movements when they tend to deviate from thetr sntended

course
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Urinary Catechol Amines in Rats during Restraint
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Abstract

GRranaM, Linosay A Effect of phenosxybenzamne and Hydergine on unnary calechol amnes
in rats during restraint Acta physiol scand 1966 68 18—22

outpus of A in urine during restramt

Physical restraint has been used for many years by Selye (1958) to produce stress in
ammals It would be expected that the stress of muscular restraint would be ascociat-
ed with both increased neurogenic sympathetic and adrenomedullary activity.
This paper reports an imtial investigation in which urinary adrenaline (A) ard
noradrenaline (NA) were measured 1n restrained rats 1 urthermore, the sympathetic
Ipha-blocking agents p} ybenzamine (PBA) and Hydergine were admimstered
and the effect on unmary catechol amine exeretion observed

Materials and Methods

Male Sprague Dawley rats of about 150 g were used Contral (frec) rats were kept in mdidus!
metaboluam cages without food or water_concurrently with restrained rats Experimental rats wert
ol e ! ) e

. .
- s

.
. .

t
m free rats were paired those lrom restratned rafs analyzed individually s o

Samples fro paired o T IOV 2D AT e
. . 1a an miual
- I + sfound tobe
rorc sunavie
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Tastr 1 Effect of PBA and atropinc on the unnary catechol amine excretion rates (vg/kg/hr) of
free and restramed rats Numbers of samples 1n ¢ack group are 1 parentheses

PBA Atropine
Saline 10 mgfkg 15 mgfkg
Free NA o 075
A oos 017 (®
Rewamed DA 031 101 028
A o8 (10 os1 8 023 (1
Testy of differences between means for restramed rats
PBA vs Saline NA p<00l
A p<005
Atropune v Saline NA NS
A NS

palkglhe

Fig 1 Lftect of PBA and Hydergine on free and re-
stramed (16 B) ras § E of mean s ndicated for
€ach group Mintmum n ~ 6 maumum n — 10

Hydergine (Sandoz § A Baste Switzerl

d) and ph b as DibenzyLine (South

fine & French) in injectable solution were gmven m single intramuscular myections in the leg

'mmediately prior to restraint Control antmals were imjected with eguivalent volumes of saline

‘a‘?d :me restraiaed animals were given atropine sulphate The order of drug injecuons was rando-
2

Results
Effect of PBA ard atropne on rats restrawned for 12 krs
Rats restrained for 12 hrs were imyected with PBA 10mg kg Auopsne sulphate (15

mg/kg} was ghen to restran~d rats to compate the effect of PBA with a vagal

blocking agent The effects of th=se drugs on urman tatechol amme cxerelion rates
are shown an Table §
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Tante 1T Effect of NA loading (100 ug/kg) on the urmary excretion of NA (ug/hg/hr) 1n PBA and
Hydergine treated rats Number of rats per group=6 Unine collection time 16 hrs

Saline PBA 10 mg/kg Hydergine 1 mgfkg
A NA A NA A NA
Control 003 006 009 017 005 004
NA loading 003 015 012 060 00t 020
Recovery (%) 142, 690, 26°

There was an increased excretion of both A and NA during restraint, and a marked
mcrease n NA 1n both free and restrained PBA-treated rats Adrenaline excretion
was also greater un these ammals There was no difference in excretion of eyther
amne between control and atropine-treated groups However, because of some
difficulty with 12 hrs urine collections, the effect of PBA was repeated 1n rats re-

N stramned for 16 hrs

Efffect of PBA and Hydergine on rats restramed for 16 hrs
Free and restrained rats were given PBA 10 mg/kg or Hydergine 1 mg/kg The effect
of these drugs on the catechol amine excretion rates ss shown in Fg 1

Restraint caused a sigmificant mcrease 1n excretion of both amines Furthermore,
PBA caused an imcreased excretion of both amines, particularly NA, m free rats,
while Hydergine-treated frec rats were no different from controls In restramed rats
PBA caused a marked and significant increase n the excretion of both amines com-
pared to restraned controls The effect of Hydergine was to cause an increased A
excretion with no change tn NA excretion rate

Effect of MA loading on PBA and Hydergine treated rats
The difference 1n NA excretion between PBA and Hydergine-treated rats could be
due to greater release of NA at the nerve endings by PBA, or to inhibited destruc
tion of releaszd NA, perhaps due to blockage of “metabolic™ as well as “effector”
receptors To test the latter hypothests, a loading dose of NA (100 ug/hg) was given
to rats pre-treated by 1 hr with both drugs Urine was collected for 16 hrs, with the
amumals m the free state Recovery values were calculated on the basis of control
values obtamned from the same rats treated 1denucally on the previous day, but
without NA mjections {Table 11)

The recovery of 2 6 ©, of the imjected NA 1n Hydergine-treated ammals compares
with that of 1 4 % [or control ammals However, the 6 9 % recovery found for PBA-
treated rats suggests an interference 1n the nactivation of circulating NA by this

drug
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Discussion

The increased A and NA excretion rates m restrained rats indicated that the stress
of physical restraint caused marhed increases in both adrenomedullary and neurogen
1c sympathetic actiity Thus the tech of rats app dto be a
simple and effectrve way to study catechol amne metabolism dunmg stress

Phenoxybenzamine caused an increased excretion of both amnes n free rats,
compared to controls Schapiro (1958) has also found 1ncreased NA excretion with
this drug, in sumilar dosages but found no change 1n A levels It 1s possible that the
difference 13 due to the chronic nature of Schapiro’s study, compared to the acute
values reported here

‘With restraint the mcrease 1n the excretion of both amines observed 1n rats treated
with PBA was still further accentuated In the experiment with Hydergne, only the
A excretion was increased It seems hikely that the effect of restraint compounded
with the effect of these drugs caused a large ad: dullary release of adrenal,
One reason for this may have been the general physical state of the ammals since

some, especially those treated with PBA, appeared to have lower body temperature
and metabohe rates

The mcreased NA excretion 1n restramned, PBA treated amimals was possibly
due to an nterference with the re uptake of NA or mactivation of NA, either at
metabokc sites near the nerve endings or i the Iiner, as suggested by Schapiro
(1958) That such was, in part, the case was suggested by the greater excreuon
of an mjected dose of NA 1n PBA treated amimals Such an effect did not accur
with Hydergine The possibihity that PBA also caused a greater release of \A from
the nerve endings cannot be excluded

Both PBA and Hydergine have been shown by Brown and Gullespie (1957) to
ncrease the output of NA from the spleen of the cat, when the splenic nenves are
stmulated These authors suggest that the blocking agent prevents the uptalke by
the splemc tissue of the ht d Exp by Blakeley, Brown and
Ferry (1963) suggest that a proposed alternatise hypothesis 1s unlikely namely
that these adrenergic blocking agents act on a cholinergic link 1n the post gangliome
pathway (Boyd, Chang and Rand 1960) Furthermore at low frequencies of sumula
tion (less than 10/sec) the removal of liberated transmutter appeared to be complete
(Brown and Gillespie 1957) Also Gillespie and hurpekar 1963) have shown that
when the eat spleen 15 perfused with NA PBA has a consistently greater capacity
“ro'prevent uptdke of the infused \A mto the spleen than doces Hydergime

Itas Likely, therefore that in rats pre wreated with PBA recoven of infused \ A was
greater because of block by the drug of uptake at the nerve endings The expen:
ments of Gillespte and Rarpekar suggested that Hydergine would be less effective
tn this respeet than PBA That Hydergine appeared to have no effect at all may have
been due to the dosage used On the other hand since the animals were at rest
the rate of spontaneous ner e sumulation may have been sufficiently low to allow
simular uptake of both the endogenous and exogenous N\ A in the Hydergine tr
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and control groups Alternatnely, different metabolic processes of NA mught oceur
under the influence of the two drugs, with PBA being more cffictive in inhibiting
the breakdown of NA in the liver, as suggested by Schapiro (1958)

This study was supported i part by funds provided by Special Fellawship 5 F3 MH 22 48) 02
of the Natienal Institute of Mental Health The technical assistance of Mrs Anita Jorgensen was
greatly apprecinted
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Abstract

Apaws, F H and G ExsorRstNG Surface properties of lung extracts 1 A dyramuc olve
olar model Acta physiol scand 1966 68 2327

The umportance of surface properties 1n the layer hning the alveok 15 now well established For
measuring these properties a dynamic model of the alveolus has been constructed 1t has the fol
lowing advantages over previous techniques used to study the surface tension of bological fluids
mcludmg lung extracts

1 It more closely s mulates the physiolomc changes m rate and area that oecur m the lungs
duning resp rauon.

Only a small volume of fluid (02 ml) 15 requured

3 The surface tension can be determined 1 30 min or lest

Tt 1 suggested that the visco-elastic properties of the alveolar surface fim mav be important ax
welt as the surface tension i determentng the response to compression and expansion

Onrer the past 10 years, there has been an mcreasing mterest i the role of surface
forces in the function of the lung i health and disease Surface tension 15 a potential
hindrance to lung expansion after birth and 1t tends to cause expanded aheoh to
coltapse again

von \eergaard 1n 1929 suggested that the surface teasion of alveoh might be
lower than that of other body Awds due to accumulauon of surface actne materal
He used the Lenard method for measuring surface tenston which 1s similar to that
of du Nouy (1926} These methods as well as the stalagnometne (Agostom et al
1938) are suntable for evaluanng how surface tenston resists lung expansion after
birth when hermsphencal awr haqud nterfs

move down the airwavs Recently
this problem has also been studied with a modification of the maximal bubble pres
sure m=thod which simulates the movcment of an air hquid interface through an
arway (Enhorning 1964, Enhorning and Kirschbaum 1964

Puc to sutface tension expanded alveoh tend to collapse but are protected by a
linung layer The significance of the abulity of the lung hnung laver to form stable

! Present addrexs  Department of Obstetrics and G ! Hospral
Sweden
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Glass Capitlary
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Tie H timat ustle ¢ 1 recorded. surface tension can
M rimol bubie 3 26 be calculated Bubble stze 15 ad
bt Yaes Justed with micrometer syring®

am was neglected until Pattle (1955) became interested m antifoam agents He
dund that small bubbles expressed from cut lungs and observed through a micro
a’copc remained stable over 20 min He thus concluded that the surface tension hining
the bubble was very low, less than 006 dynjcm The method described by Pattle
has been used successfully 1n an important climcal study (Pattle et al 1962) How
ever, 1t does not allow re expansion of the film outhning the bubble and 1t 1s * difficult
to get reproducible results for the rate of contraction of bubbles” (Pattle 1965)

Many investigators studying the surface tension of the lung himing layer use the
modified Wilhelmy balance (Clements, Brown and Johnson 1958) This mstrument,
however, requires a large volume of flwid, 50—70 ml, and the flat surface film de
veloped 1n its trough cannot be compressed and expanded at the same rate as the
alveofar film durning respirauon

Since the importance of surface properties sn the layer iming the alveol 1s now
well established, there 1s a need for a method which permuts a fast evaluation of the
surface properties and requtres only a small sample volume Turthermore the method
should ssmulate the surface changes taking place 1n the alveolus durmg breathing
These points were taken into account when constructing a dynamic alveolar model
for studymg surface properties Somce experiences with this instrument have already
been reported (Enhorning Tupwara and Adams 1964, Cohorning and Ad2ms 1965)
but a detaled description of the method 15 given 1n this paper

Description of the apparatus
Fig 1 presents the principal for studving surface propertics with a mo il of an alveolus a bubble
which commuaicates with atmosphere and which can be made to change in s ze eychicalh A test
chamber, with a volume of 02 ml the sample with the phere vid
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2 500

Fig 2 (Above) Tracng obtain- “é,:q 8 a0

ed when bubble was pulsating &% 3 3

m water (Below) Swnce there Sy kS

was a constant surface tension Eu a @ 300

of 72 dynjem, bubble radis > & o .
could be caloulated with La 3~ g 028290
place formula $ — M 3

1z 345 &R

a vertical glass capillary The chamber 1s also connected with a micrometer syringe, a pulsator untt,
and a pressure transducer (Sanborn Model 268 A) The system s first completely filled with bquid

moved 1n and out of the system a1 a frequency that can be varted from 10 to 180 cvelesfmin The
oy opt o T sysiem ar A equen gy Bt A A YL D RN

= 2yfr the surface tension of the sample (4 can be calculated smee AP and the radis (1) are
known In the formula AP 55 in dynjem?, and conscquently the value read from the record 1 cm
of water 1s multiplied by 980 Since the radius is measured tn p but 15 1n cm m the formula atis
mutuphed by 10 ¢

Surface properties as reflected by pressure recording

Fig 1 and 2 show pressure tracings obtawned when a bubble is made to pulsate w water The stroke

10 pulsate i water or m saline sotution susface tension at the air hquid mterface remarns at a cont
stant value of approuimately 72 dynfcm which 15 the surface tension of water at 20° G Swmce sur
face tension of water 1s constant the pressure tracing makes 1t possible 1o calculate how the bubble
radius changes contmuously dunng the pulsator cvele (Fig 2)

When the water in the test chamber 15 replaced with an extract from normal adult lung {(Clements
1962} there 15 a reduced tension 1n the surface of the air bubble This concluston s drawn from the
fact that the pressure gradient across the bubble surface 1 less even when the bubble 1s first ex-
panded During the follewing munutes while the bubble 1s marntained at a fixed radius the surface
tension becomes further reduced This latter obs implies that 1n with Gibhs
law surface acuve matenal s moving to the surface and thereby reduces the surface tension With
2 hulible radiss of 500 # the pressuse grathiem 3P finaffv reaches a value of shghdy tess than 2 em
of water From these figures surface tension can be calculated to be approxmmately 40 dvn em
When the bubble 15 made to disappear and 1s replaced with a new one of equal size the pressure
gradient across the surface of this new bubble 1s again reduced according to the same pattern and
feaches the final value of shghtly less than 2 em of water ¥ hen the pulsator umit u started causing
the bubble volume 1o oscillste the pressure tracing 1s immediately conspcuousls different from
that abtamned with water or saline solution and changes further with ume (Fig | WEereas in water

!:m prm‘iucl ?f the pressurc gradient (3P and the radms r remains constant indicanng 2 con
PSR e s R o .
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chronously the product of these two entinies which 15 proportional to surface tension y oscillates
greatly By inserting corresponding values of AP and r into the formula of Laplace the maximal
value of ¥ at maumal bubble size can be calculated as can the minimat value of y which appears
at mummal bubble size

Discussion

The alveolar model described above confirms the observation made with the modified
Wilhelmy balance (Clements ¢ af 1958) that area compression of a lung extract
film results 1 a reduction of surface tension A lesser reduction of surface tension
can be correfated with cond 1 1zed by 2 tend; to develop atel
(Avery and Mead 1959, Gruenwald et a/ 1962) an observation which may be given
the followmg explanation
At the end of expiration alieolar surface area 1s maximally compressed, since
alveolar raduus {r) 1s mirumal at that ime From the formula of Laplace, AP = 2y/r
1t 1s clear that if there 1s a substantially decreased surface tension (p) when r 1s mnt
mal the pressure gradient across the alveolar surface (4P), which 1s necessary for
alveolar expansion, may also be mimmal However, with a lesser reduction of y
there may be noreduction but an increase of AP 1o maimntain alveolar expansionin
case of an increased 1P, intrathoracic pressure has to be more negative At the end
*of expiration 1t 1s least negative and may not be sufficiently reduced to yreld the neces
sary 1alue of AP As a result many alveoh particularly the smallest, would tend to
shrink and collapse whereas the remaining large alveoh would become even larger
This explamns the typreal histologreal picture of lungs from newborns dyng of idio-
pathic resprratory distress areas of atelectasis alternating with areas of emphysema
(Gruenwald 1956 1958) However, if y decreases extenstvely during expiration, the
AP required to alveolar e would also d and would cor
respond to the existing negatve intrathoracic pressure Recording of pressure with
the alveolar model demonstrates that as the alveolus becomes smaller the pres
sure gradient required to keep 1t expanded less Thisall the stabil
ability of the surface film
It 15 of mterest to note that the calculated surface tension at the mterface of the
bubble pulsating n lung extract oscillates arcund the value of surface tension at the
interface of a non pulsating bubble It would seem that the surface active matertal
which becomes concentrated m the air hquid interface not only reduces surface ten
sion, butst also forms a film with visco-clastic properties This film offers resistance
to any change 1n bubble size and when the pulsator unit moves hquid nto the test
chamber thereby forcing the bubble to become smaller, the surface film offers re
sistance to such a change As a result there 15 an increase in pressure of the hqud
surrounding the bubble When the pulsator umt withdraws hiquid from the test
chamber, this 1s also resisted by the surface film Consequently the negative pressure
around the bubble becomes more negauve than would be required to counteract
the bubble shrinking action of surfae tension alone This interpretation ymplies that
not only a reduced surface tension 1s required to maintain the alveolar stability but
also other properties of the alveolar film may be of importance To prevent collapse
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of the recently expanded alveoh of the newborn nfant, 1t mught be of importance
notonly that surface tension 1s reduced quickly but also that other physical properties,
such as \cosity and elasticity, develop rapidly

Supparted 1 pat by grants fram the Uaited Cercbral Palsy Research and Educational Foundation
(Dwight D Fisenhower Fund) and the United States Public Health Senvice
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Abstract

Apams, F H, G EntHorRnING and A NorMan Surface properties of lung extracts
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—36

compressed the tension decreased and when the sutface area was expanded the tension increased
The difference between the mean value and the mrmmal or the maximal value was a function of
change n surface area as well as ime The change 1n surface area and the rate with which 1t occurs
1n the lungs 1s more closely simulated with the dynamic alveolar model than with the modified
Wilhelmy balance The munimal value of surface tension was recorded at mimimal surface area
It ancreased 1f surface area was maintained at minimal size This demonstrates viscosity of the
surface film For alveolar stabulity the outlining film should probably have high viscosity as well as
low surface tension In the newborn these propertics have to develop rapidly to prevent alscolar
collapse

The properties of the lung lining layer obtamed by various methods appear to be
important 1n health and disease (Pattle 1965, Avery and Said 1965) Pulmonary
surfactant has been reported to appear during fetal ife after 18 days m the mouse
(Pattle 1961, Buckingham and Avery 1962) and 120 days in the sheep (Adams
and Fupwara 1963) In human fetuses 1t has only been found in those weighmg
more than 1000 g (Avery and Mead 1959) Gruenwald on the other hand, has
shown that the lungs of some very young human fetuses possess high surface actvity
and display normal pressure volume curves (Gruenwald 1963)

The question remains howeve , are the surface properties of lung extracts of
term fetal ammals 1dentical with those obtained from normal adult amimals? The
results of the investigations to be reported indicate that the surface tension of lung
s Present address Department of Obsterncs and Gynecology Sabbatsberg Heosp tat Stockh Im

weden
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Tasie 1 Sueface tension (dynfem, meanzS D) in nonpulsating bubble as a functon of time

n iy Tun 1 2 min 30 min
Fetal lung extract
(3 g ussue/50 ml) [ 5744 3543 532 4913
Adult lung extract
(3 g ussuc {50 ml) 8 4826 47:6 4527 4145
Differencet S 9427 8128 8L26 8E22
$D =Standard deviation  SE =$ d error

extracts obisined from fetal rabbts at 1erm s higher than that obtained from adult
rabbuts and that other properties of the lung hmng layer may also be of importance

Material and Pracedure

Eleven rabibits were used for this study Sty were pregnant and were wathun three days from term
AN anumals were sacrificed by intracisternal wnjection of 3—5 ml of 2 °, Nslocame The lungs
were carelully removed for preparation of extracts which were then studied with the dynamuc alveolar
model previously described {Adams and Enbormng 1963) and with the modified Wilhelmy balance
(Brown Johnson and Clements 1959, Clements 1962} Of the extract the dvnamic ah colar model
required 02 ml and the trough of the modificd Wilhelmy balance 50 ml To obtain sufficient
matenal the lungs from all fetuses of one litter were poaled This gave 5 samples of feral lung ex
tract each large enough to be studied by both methods However one rabbit had only two fetuses
and the e:mu‘m 1his case was sufficient only for a study with the dynamc atveotar model

e rXtrante fonm all bofur A1 mm 4 ot L WP o Lat oo EA 3 AL, e

wacing indicated a clcan chamber !

ter calibration at — 1 and — 3 cm of water the saline solution was replaced with the unknown
sample which was withdrawn with the micrometer syringe unnl 2 bubble with a radws of 200 &
veas formed While the bubble was maintamed at this size _the chamber pressure slowly betame
1S3 DERAL v Tr o ham o b hmme b S B AN
¢ .
v

T . . * .
Suppeav a new bublle vas formed Its vadius was then changed cyclically from a maximum of

#t0 2 mimmum of 423 y as the pulsator unit moved 0 2 mm? of Lquid 1 and out of the bubble
chamber For at least 30 mun the pressure was recorded contnuously while the pulsator was
maimtained at the same frequency and solume displacement Cyching rates up 1o 180 min were also
!(c:;:d 1(;:: whlsh :he Pressure was recorded while the bubble radius was maintained siationarv at
< .

{ '

#tudy the minimal value of surface tens on for a gwven sample was actned as the lowest value

-::m‘ned duning 2 16 hour recording and the maximal vatue a3 ihe fughest value nnted dunng
s time

Ten extracts of adult lungs (B of normal concentration 2 of higher concentraton and > ex
1racts of fetal tungs were studied by b 1h methods The extract of the lungs from the eleventh
7abbut was examined in a different manner usng the Withelmy balance) The surface area was
not only compressed to 20 ¥, of its max mal size but als t0 approvnately 40, 60 °, and 80 0,
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Fig 1 Pressure tracig obtained when bubble was pulssting m fetal lung extract
Fig 2 \Mean surface tensions ar maximal and at mimmal bubble size showing progressive decyease
with ume

Results

Table I contams the results of the surface tension measurement as a function of
time in a nonpulsating bubble from fetal and adult lung extracts The mean fetal
values obtained at 1 2, 1 and 2 mn after formauon of the bubble and after 30 min
pulsation were sigmficantly higher (P < 0 01, than the corresponding extracts from
adult lung,

When the pulsator unit was turned on, a very charactensue pressure tracing was
obtained with saline solution 1n the sample chamber The pressurc was most nega-
e (AP,,,) at the tme when the bubble was smallest

As soon as the saline solution had been replaced with lung extract the pattern
of the pressurc tracing was different Fig 1) The most negatine pressure no Jonger
coincided with mimumal bubble size Instead, 1t occurred while the bubble was
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Tamx I Surface tension (dyn/em meand:S D) 1 pulsating bubble as a funct on of tme

Lawn 5 mn 10 men
o max min max mn max mn
Fetal lung extract
(3 £ tissue/50 ml) 6 58423 47£17 5538 442414 53124 42420
Adult lung extract
{3 & vsome J50 mi) & 50442 47429 48447 4044 47243 742
Difference+$ E 8418 5412 7427 4417 6£20 5417

8D «=Standard deviation S E  Stardard error

ey s St g = S e
——
Fig 3 Tracings obtamed when pulsa

tor was stopped at maximal and mia
mal bubble nze showny

change 1n pressure toward the mean

PRESSURE IN ¢m OF WATER

MINIMAL BUSELE SIZE  foo—
5 sEC

becoming larger The tracing of a newly formed bubble, pulsating n lung extract
was shghtdy skewed, but with continued recording 1t became more symmetnical,
and the pattern finally became almost the mverse of that of saline 1€ the mast
negause pressure (AP, ) preceded and almost comcided with maximal bubble
size Thus, the apparent value of surface tension was mimmal when the bubble was
smallest and maximal when the bubble was largest These extreme surface tension
salues fora pulsating bubble were above and beow that obtamed with a nonpulsating
bubble The maxmal and parycularly, the mmmal apparent surface tension
decreased as a function of tume as seen 1 Table IT and Fig 1 and 2 The fetal
values remamed Ingher than those of the adult, and the difference between them
after 30 mun of pulsaung was hghly significant (P < 00))

When the speed of the pulsator umt was mcreased there was no change in max
mal or mintmal pressure with salme soluuon mn the sample chamber but with a
lung estract there was an increase in pressure amplitude With an extract of fetal
ongm and with a {requency change from 17 to 180 cycles/mn the amplitude m
Creased by 69 & 23 o, (mean+£SD  Wich an extract of adult lungs the increase
was 4645 ©, (mean+S D} with the same frequeny change The difierence be
tween the two lung extracts was 23 ©, with a standgrd crror of 10 %y The amplitude
nerease affected maomal and mymmal pressure values equally When the pulsator

-
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15 mua 20 min 25 min 30min

max mun max mn max min max e
532> 42118 52424 41=23 5227 41-24 52125 40132
46143 36140 35£35 45132 35438 43133 33142
71> 6215 615 7316 6217 716 7419

Tasz 11T Surface tension (dynjcm, mean+S D ) a5t appears when surface area 15 compressed
and expanded 1 trough of Cap Wilhelmy balance and an pulsating bubble

Fetal lung extract Adult lung extract

(3 g tssue/50 ml) {3 g tusue/50 ml)

max mn max mm
Vilhelw balance 69=314 243> 47474 12115

n 5 n=5 n=8 n 8
Bubble chamber 5225 40232 45233 33242

n—-6 n6 n=8 n=§

SD Standard deviation.

unit was turned off, either at maximal or at mmumal bubble size, the apparent
surface tension tended to approach the mean value as shown 1n Fig 3

‘The results thus far gnen were obtained with the extracts prepared with 3 g
lung nissue per 50 ml of sahne solution With the more concentrated extracts (6 g
ussue 50 ml, prepared from the lungs of 2 adult rabbits the tracings showed the
same pattern but the values for apparent surface tension at munmmal bubble size
decreased faster and were lower After 30 min of pulsation, these values for the
two rabbits were 29 dvn cm, and 28 dyn/cm respectnely

With the Wilhelmy balance the mummal value of surface tension 1n fetal lung
extract was 24 — 35 dvncm mean — S D) whereas 1n adult lung extract the
value came down t0 12 = 1 5 dvn cm mean + $D) The difference 12 dyn em
has a standard error of less than 2 dyn‘cm and 1s highly sigmificant (P < 001)

As seen 1n Table 111 the minimal values recorded with the modified Wilhelm
balance were Jower and the maximal values higher than those obtained with the
dvnamic aheolar model However, when there was less reduction of the surface area
1n the trough of the Wilhelmy balance, the minimal value increased and the maxt
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mmal value decreased so that the result became more sumlar to that obtamned with
the dynamic alveolar model (Fig 4}

Discussion

Dufference between adult and fetal lungs With both methods used in this study 1t was
found that the extracts showed more surface actwvity when they ongmated from
adult than from fetal rabbut lungs This probably reflects a duffe n

tan of surface acuve matenal since more concenirated extracts prepared rom 6 g
mstead of 3 g ussue per 50 ml yielded lower values of surface tension at mnumal
surface area However 1n view of the demonstration by Levine and Johnson {1964)
that surface active matenal 1s more readily extracted from aerated than from atclec
tate lungs 1t would seem unsafe to conclude thar also n lungs of adult rabbrs 1s
there a hugher concentration of surface active materal \evertheless there 1s reason
to belewe that aeration of the lungs after birth will promote a concentration of
surfactants 1n all the air hquid interfaces produced in the alveol Such a mos ement
of surfactants to the surface would be in accordance with G bb s law and 1s demon
strated to occur in the dynamuc alveolar model by the increase pressure amplitude
dunng the 30 run of recordmg Fig 1 Thus as the surfactants are being produced
by alveolar cells or as they arrve to the lungs by way of the blood stream they will
have a tendency 10 remain 1n the air hiquid interface and their concentratton if
msuffictent gt birth may finally become adequate This might explain why

AESIVT 4 aphyiot and Vol 63 1

wt
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many cases of respiratory distress in the newborn there 1s a spontaneous regress of
the symptoms

Influence of surface compression on mmmal ralue of surface tension The vers low value
of surface tension charactenste for a normal lung extract 1s recorded with the
modified Wilhelmy balance when the surface film 1s compressed to approximateh
20 °, of 1ts maximal size With less compression the value 1s lngher (g 4) If ths
1s analogous to i 1o conditions the very low value of surface tension 1s reached
only 1f the air hiquid mterface of the ahveolus 1s compressed to 20 °, of 1ts maximal
size Yet according to Pattle 1t 1s concewvable that respiration causes no surface arca
reduction He visualizes the alveolus as a wrinlled paper bag which may be blown
up without any change of its mnner surface area (Pattle 1963) Usually however, the
alveolus 1s thought of as a sphencal bubble blown at the end of a narrow tubing

Assuming the aheolus has a sphencal shape 1t can be calculated how breathing
changes 1ts surface In a young healthy man the tidal volume s about 600 ml and
the functional residual capaaty 2400 ml (Comroe ¢ al 1962) The volume at
the end of normal expiration 1s therefore 4/5 of that at the end of normal ispiranon
Since the volume of a sphere 15 proportional to the third power of 1ts radius the
alveolar radius at the end of expiration will be what 1t 15 at the end of inspiration

3__
multiphed by /4/5 The surface of a sphere 1s proportional to the square of its
radius and therefore the aheolar surface at the end of expiration will be what it s

s __

I\ln the end of mspiration multiphed by {,/4/5]* Thus at the end of expiration
the surface area has been reduced to 86 °, of what 1t was at the end of a normal
spiration With deeper breathing the reduction 1n surface area may be greater
but even at maximal expirauon 1n young healthy men the surface area 1s compressed
only to 34 °, of 1ts maximal size This figure 1s derved by assurming that the resrdual
solume 1s 20 °, of the total lung capacity Howerer in men 50 to 60 svears old
residual volume 1s 40 °, of total lung capacity (Comroe e af 1962) and under those
circumstances the maximal surface area reduction will be 54 ©, These calculations
are 1n agreement with those of Storey and Staub (1962) They measured diameters
of alveol: 1n rapid frozen cat lungs and ealculated that the surface area could be
ncreased 70 °, which means that the mimimal area 1s 60 °, of the maximal In
v1ew of these estimations of how the alveolar surface area changes during breathing
the surface of the aheolus 1n the dynamic model at end of exprration was
chosen to be approximately 70 ©, of its mavumal size

With normal breathing the changes 1n alveolar surface area are hence quite
small and the true values of surface tension are probably not as high as the maumal
and not as low as the mimmal \alues recorded with the Wilhelmy balance The
true values oscillate around a mean obtained when there 1s no change in surfice
area The film outhining the aheolus lowers surface tension but 1t also seems to
resist any change 1 size To heep the alveolus expanded in the lung extract a
negatne pressure had to be exerted But when the alveolus was made smaller
{expiration) the required negative pressure decreased as 1f the surface film opposed
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the change and to a certamn extent neutralized the effect of surface tension VWhen
on the other hand the “alveofus” was made larger (nspiration) the surface film
seemed to resist this change too Therefore a greater negative pressure had to be
exerted than would be needed to overcome the effect of surface tension alone
Influence of ¢yeling frequency on mimmal talue of surface tension The mummal value
of surface tension, recorded during maximal reduction of surface area, 1s a function
not only of this area but akso of tme Tius obseryation confirms what has previously
been reported (Sutmch and Soloff 1963) If the area 1s mantained at mimumal

size the recorded value of y will mcrease, and 1f d at 1 size 1t
will decrease When a lung extract was examined with the alveolar model the
pressure amplitude became greater with rate of pul As ongnally

pointed out by Avery and Mead {1959) 1t 1s as if visco-elastic properties had been
formed 1n a surface film

A biological visco elasticity may be illustrated with a Maxwell clement which
consists of a spring, representing the elastic component, 1n senes with a dashpot,

P the iscous p {Stacy et al 1955) (Fig 5) A dashpot consists
of a contamer with o1l 1n which a disc moves in a direction which 1s perpendicular
10 1ts surface If there 1s a sudden mcrease 1n length of the \Maxwell element, this
will be taken up entirely by the spring, since the dashpot requires time to move
According 10 Hooke’s law the mcrease 1n tension 15 proportional to the increase
m Jength of any element which 1s elastic However, with time, the dashpot wilt
start moving, and this will dimumish the stretching of the spring and thus its tension
The dashpot will move more slowly, the decrease i tension being exponential

The higher the viscosity of the viscous component, the longer 1t tahes for the spnng
action to be reduced

When  alveolar’ pul were suddk

ly stopped at mal or mimmal
*alveolar™ size or when the barrier of the modified Withelmy balance was stopped
at mavimal or at mimimal surface area, there was an apparent exponental decrease
mn stretching of the elastic surface film component (Fig 3 of this article and Tig 6
of paper by Sutmch and Soloff 1963) This decrease stretching would go faster
with low viscosty n the surface film The increase in pressure amplitude with in

creased eycling frequency of the alveolar model suggested that at the low frequency
of 17 cpm there was time to allow a reduced stretching and compression of the
clastic surface film component as the bubble approached maximal and minimal
size, respectively Thus, the mncrease m pressure amplitude observed particularly
with the extracts of fetal ongm would seem to reflect low viscosity of the film out

g the bubble At low frequency the viscous component, “the dashpot had

tme to move and the stretching of * the spring  was reduced
Breath holding at

! exp could jcopardize ahcolar exp: i
viscassty of the alveolar film 15 low This would allow rapid disappearance of the
SPTIng action, 1 ¢ a fast increase of surface tension Thus 1t would seem concenable
that for aheolar stabihity the film outhning the aleolus should have not onh
low surface tension but also high viscosity In the mature fetus these properties
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may not be fully developed but they have to develop rapidly in the newborn in
order to protect the just expanded lungs from collapsing again

Supported in part by grants from the United Cerebral Palsy Research and Educational 1 ounds
tion (Dwight D Eisenhower Fund) and the United States Public Health Service
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Surface Properties of Lung Extracts
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after Surface Formation
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Abstract

Apsus, F H, G Enoramc and M Reove KarussoN Surface properties of lung
extracts, II1 Changes appeaning dunng first ten munules after sutface formaton Acta
physiol scand 1966 68 37-—42

Surface properties of wash
dynyare 2uaat «
var s . . .
ra . . .
3 . .
::‘r:r A:'lltr < mun the mean values were sigmficantly higher m lung extracts from fetuses werehing
mote ! :(n60 g than in Jung extracts from fetuses weighmg less — Thus after ontv 2 nun of mea-
w 3“ e and with 2 small sample (0 2 ml) the method makes 1t possible to differentate immature
from more mature lung surface properuis The method mght also make it possibl to differentiace
Tormal anfamus from those who subscquentlv develop idiopathur respirators distzess by cxamining
< fluid obramed bv aspiration of the upper atrwass

g5 and extracts from fetal guinea pig fungs were anvestgated with the

Tdwpathic respiratory distress of the newborn s sull a major cause of neonatal
mortality (Ahwenamen 1959, Arey 1960, Avery and Oppenhenmer 1960) A prom
mcx'\l- .fcalur: of the condinion 15 collapse of many alveol Gruenwald 1956, Bnggs
and’ Flogg 1938) For alveolar stabihty, surface tension has to decrease extensiely
dufmg expiration and increase during inspiration {Brown Johnson and Clements
1959), and according to Avers and Mead (1959 and Patde ¢tal 1962) this im-
portant surface property s deficient m most infants dving from idiopathic respiratory
distress To present alveolar collapse the surface properties must develop rapidhy
Probably within the first few minutes after imtial acration

'S:’::::\ address Department of Qbstetrica and Gvnecology Sabbatsberg Hospral Syockhotm,

* Prevent address School of Medicine Lnnvernits of Umed Lmed Sweden -
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Taste 1 Surface tension {dyn/cm) in a nonpulsating bubble 1n lung extract as a funcuon of time

{mean18 D)
Group no Weight n of subjects 1 mn 2 min 10 min
1 <60g 17 492440 474440 334440
2 >60g 21 46842 418442 331440
142 34—135g 38 479129 2352231 333429
Difference between groups 1 and 2 (D4 SE) 24426 56426 03426
SD dard dessatoon  § & =Standard error

This paper concerns the surface properties of washings and extracts from fetal
gumea pig lungs determimed with the dynamic alveolar model previously described
(Adams and Enhorning 1966) Special attention has been given to the early changes
1 the air-liquid interface and to the correlation of these changes with fetal weight

Materials and Methods

L T N

fetuses were lost due to techmeal difficylties

The pregnant guinca pigs were sacrificed b intracisternal injection of 2—5 ml of 2 ©, Xylocaine
1 d was perf d and before the fetuses ther necks were hgated to
prevent aspiration of ammionic fluid Fetal weight was recorded in each case

For this study the pulsator of the dynamic alveolar model was adjusted 1o alter the “alyeolar
o | AN

lormed  11€ LULUIC WAS MAMLANSU dl 18 8IZ€ 10T £—3 1IN L WAS LIEN eXIIUULS dliu 1y ¢ »
with a new bubble which pulsated at 17 cpm for at least 10 nun_Finally the pulsator was stopped
and the bubble was made o remam stationary at a radrus of 500 p for an additronal 2—3 |

1966) )
As a way of expressing th e stab lizing abrhity of the surface film the stabifity mdex S was eal
culated usng the formula
. 2 max— mm)
§ = ey (Cleventseral 196)
' sure comaded with the mark
" . sample the most negative pressure
¢ which reflects viscosity #as €
+ was 360 degrees
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Results

With a nonpulsating bubble in lung washings, surface tension (mean £ 8 D)
after 1, 2 and more than 10 min was 614 4+ 26, 599 4+ 22, and 562 £ 35 dyn/
cm respectively The values for lung washings were high for both mature and im
mature fetuses but for lung extracts they were lower (Table I} The surface tension
decreased faster when the extract was denived from fetuses weighing more than 60 g

With a pulsating bubble in lung washing or Jung extract, the most negatne
chamber pressure, thus the maximal value of AP, no longer comnaided with mimmal
bubble size as 1t did when there was saline in the test chamber (Fig 1) Instead
4P, occurred while the bubble was beconmng larger The phase difference was
apparent already at beg of bubble pu! but d with o of
cycling and finally approached 180° Thus after 10 min surface tension decreased
as the bubble became smaller, and increased as the bubble became larger Since
Ppressure amphtude as well as phase difference increased with ume, the difference
between the maximal and the mimmal value of surface tension also increased as a
function of time After 10 mun the maxamal and mummal value of surface tension
(mean £ S D) was 610 & 26 and 464 + 29 dyn/em n washings and 464 +
+35and 279437 dynjem in extracts

The decrease of the maximal and particularly the mimimal value of surface ten
sion dunng the 10 mm of recording 1s reflected 1n an increase of stability index
ABer 2 min the mean value for lung washings was 0 24 — 002 and after 10 mmn
027 400> The 2 mm salue of lung washings did not change with fetal weight
as did the value of lung extracts Two minutes after bubble formation the stability
ndex was sull below 0 30 1n each of the extracts from fetuses weighing less than 60 g
butwas above this value i exiracts from 13 of the 21 fetuses weighing more than 60 g
(Fig 2) Table If shows the increase in the 2 mn value of stabibty index with in
crease in fetal weight The differences between the values of group 2 and 3 of this
table (0 22) has a standard error of 007 and 1s signuficant P << 0 0%
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Tig 2 Change of stability andex with time
Mean salues for fetuses 1n diferent weight
groups Already after 2 mun the index was
significantly higher for fetuses weighing more
than 60 g than for those weighing less

Stability Index

00 +——— T ]
o 2 a 6 8 10
Minutes

Taste 11 Stabibity index and phase difference two minutes after bubble formation i lung extracts

Phase dufference

Feta} nof 5 10 degrees
Group no weight subjects (mcan+ 5 D) (meantS D)
1 <40g 8 021008 1254 46
2 4060 ¢ 9 018+007 120 62
N3 60—80g 9 0404015 1504165
L3 >80g 12 045£015 150£132
_/Difference between groups 2 and 3 (D£SE) 0221007 3048

$ D —Standard deviation S E —Standard error & Stabibity index

Phase diffesence increased slowly in lung washings but rapidly in Jung extracts
Two minutes after bubble formation, 1t had the same svalue 1n lung washings from
fetuses weighing less than 60 g as from those weighing more In lung extracts from
12 of 21 fetuses weighing more than 60 g, the 2 min value of phase difference had
become greater than 140°, but 1n none of the extracts from fetuses waghing less
than 60 g had the phase difference reached this value Table IT demonstrates how
the phase difference after 2 min was greater in lung extracts from the heaster fetuses
The difference between groups 2 and 3 (30°) has a standard error of 8° and 1s sigmf
1cant (P < 001)

Discussion

The results obtamed 1n this study indicate that lung extracts contamn more surface
active matenal than do airway washings In view of previous studies (Levine and
Johnson 1964, Enhérmung Fupwara and Adams 1964, Adams et al 1965} 11 13 Iikely
that the higher mmmal value of surface tenston, observed mn the washings, 15 due t0
alow co of actine phospholipids rather than to a change in their composi-
won With the technique used for washing the arways, there might have been an
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incomplete removal of surface active matertal from the alveol In the fetal lamb
there 15 2 continuous flow of fluid out through the trachea (Adams Moss and Fagan
1963) and when this flnd was studied with the dynamic alveolar model 1t was found
to have high surface actvity (Enhorming and Adams 1965) A study of the un
diluted airway hquid would have been preferable but with the present design of
the apparatus 1t does not permit examnations of the small volumes of hquid ob
tainable from the atrways of fetal gumea pigs
The observation that the lungs from more mature fetuses yrelded a film with
greater stabihizing ability 1s 1n agreement with previous studies mn other species
(Avery and Mead 1959, Buclingham and Avery 1962) The close relationship be-
tween stability index and phase difference (Table II) should be noted It 1s concen
able that the increase in both these entities during the J0 min recording 1s due to an
wncrease in viscosity of the bubble’s surface layer Langmuir observed the exstence
of viscosity 1n a surface film and described 2 method for 1ts determination (Langmuir
1917) Tt was suggested by Avery and Mead (1959) that the surface film of a lung
extract has both viscous and elastic entiues Adams, Enhorning and Norman (1966)
have discussed these propertes further and have come to the concluston that ah ealar
stability may be jeopardized 1f viscosity of the outlung film s low Recording of
the pressure gradient across the surface of a pulsating bubble indicates that, due to
visco elastic properties of the outhmng film, 1t resists any change in bubble size
When the radius 1s maintamed at a fixed value, the Liquid must have a certain nega-
e pressure to overcome the effect of surface tension If the bubble 15 made larger
by withdrawing some of the hquid surrounding 1t, the pressure in the hquid becomes
more negative since the tension 1n the film increases with stretchung When the
bubble 1s made smaller, the surface film resists this change also and the pressure m
the hquid surrounding the bubble becomes less negatve If the viscosity of the sur
face film 1s tugh, the film will yield very slowly to the stress 1t 15 subjected to dunng
pulsation The most negative pressure will then comncide with the largest size of the
bubble and the least negative pressure with the smallest bubble size However, the
lower the viscosity of the surface film, the faster 1t will yield to a stress The change
of bubble size duning pulsation 15 sinusordal Thus as the bubble approaches a max
mum or a minumum, the rate of change 1n surface area becomes slower With low
‘iscosity there will then be time for the surface film to relax prior to maamal stretch
g or compression Howeser, the higher the viscosity of the surface film the greater
1 Eh: difference in phase and also the pressure amplitude and thus the stability
tndex will ‘be greater Hence the important property of the film hining the alseolus
1s not limited to s ability to reduce surface tension It may be of equal importance
to aleolar stability that the film has the correct visco-elasticrts which develops
rapidly after 1mitial aerauon
The present findings indicate that extracts of immature and mature fetuses can
be differentiated by a 2 min pressurc recording Wath the airway washings which
were greatly diluted, thus was not possible However, the undiluted upper amrway
fluid of normal newborns may be different from that of infants who subsequentlsy
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Fig 2 Change of stability sndex with ume
Mean salues for fetuses n different weight
groups Already after 2 min the tndex wat
significantly higher for fetuses weighing more
than 60 g than for those weighing less
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Taste I Stability index and phase difference two minutes after bubble formation 1n tung extracts

Phase; difference

Fetal nof 5 1n degrees
Group no weight subjects (mean+SD) (mean+5 D)
1 <40g 8 0214004 1254 46
2 40—60 g 9 0181007 1204 62
3 60—80 g 9 0401015 1504165
4 >80g 12 0454015 1504132

/)lefer:nez between groups 2 and 3 (D ST) 0224007 3048

sD dard deviation  SE error  §=Stability index

Phase difference wncreased slowly i lung washings but rapidly in lung extracts
Two mnutes after bubble formation, 1t had the same value 1n lung washings from
fetuses weighing less than 60 g as from those weighung more In lung extracts from
12 of 21 fetuses weighing more than 60 g, the 2 min value of phase difference had
become greater than 140°, but 1n none of the extracts from fetuses weighing Jess
than 60 g had the phase difference reached this value Table IT demonstrates how
the phase difference after 2 min was greater 1n lung extracts from the heaser fetuses
The difference between groups 2 and 3 (30°) has a standard error of 8% and 15 signif’
1cant (P < 001)

Discussion

The results obtamed 1n this study 1ndicate that lung extracts contain more surface
active maternal than do airway washings In view of previous studies (Levine and
Johnson 1964, Enhorning Fupmara and Adams 1964, Adams et af 1965) it 1s likely
that the ligher mimmal value of surface tension, obseried n the washings, 1s due to
alow ¢ of actine phospholipids rather than to a change in their compost
uon With the techmque used for washing the awrways, there might have heen an
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Abstract

Larsson, S Body protein and fat, blood glucose and fiee fatty actds in ranous strawns of mice
Acta physiol scand 1966 68 43—17

Carcass compositson was determned in the \MRI, CBA Swissc and DBA strains and in NVMRI
Swisse made obese by myection of goldthioglucose Fasting for 24 hrs resulted in different degrees
of weight loss depending on the stram At the same time snalyss of carcass composthon revealed
stram differences wath regard to protern and fat The changes of glucose and FFA in plasma after
2% brs without food also vaned among the strams

Food intake 15 considered to be regulated by the central nervous system, rez the
diencephalon By lesions 1n the dial parts of the hypothal the sauety
part of the feeding centre 1s destroyed which leads to an increase 1n food ntake,
eventually resulting 1n obesity (Brobeck 1955) For the normal regulation of food
intake these parts of the diencephalon need to be ntact On the other hand, spon-
taneous obesity can occur without any detectable damage of the central nenous
system (cf Mayer 1963) The etiology of some of these types of obesity has been -
tensively studied and partly elucidated In certain tvpes of adipositas, overweight 1s
not found but a relative merease of body fat with age Such data have been given
for animals (Moulton 1923) and men (Brozek 1952, Fenton and Dowling (1953
have studied this problem 1n muce and found that the excessis e carcass fat deposition
was accelerated by giung the mice a diet high n fat In Pprevious studies 1 pigs
(Larsson, Nilsson and Olsson 1965 and m rats (Larsson 1963} the biologrcal value
of the protein of the dict was found to be of great umportance for the fat deposition
of the body and suggested to exert some influence with regard te obesstv The present
cxperiments were undertaken to study the problems related to obesitv 1n muce

relation to different strains of mice viz the carcass composiion blood glucose and
free fatny acids (FTA)
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Taeie I The effect of 24 brs fasung on body weight 1 different swrains of mice
2~18 except for N\MRI ¥ Swisc where n=5

Stran Decrease in waght % of prestarving wt
“AMRI 122 (101—142)

CcBA 137 (122-126)

Swasse 213 (179-241)

DBA 166 (143~187)

\MRI> Swisse (obese) I1a1 (13.2-183)

Exvertmee.al

Male muce of the \NMRI CBA, Swasse, and DBA stramns were used They were all fod ad Iih tim
01 3 foruficd Laboratory diet used for breedmg (AR Teknesan, Sweden) which contained larze
amounts of amimal proteins and about 3 ° fat. The protan content was 22.6°, All ammals bad
frec 2ccess to tap water

Experiment 1
Esghteen mice of cach strain were gren the dict for 90 days At this ume they were afl starsed for
23 brs and the chanre of bods weight during the starvation period measured

At the same ume 18 other muce of the dufferemt stra ns were kept under the same cond t ons except
that they were not starsed on the 90th day

All mice were sacnficed on the 915t day and the bodies of each mouse subjected to ind vidual
carcass analvss a5 has beed described carlier (Larsson 1963) Thus values for total bods protein
2nd fat were obtamed.

Exterimers 2
“Ten obese mice were obtamed v 1o ecung (12 mg g) Germany mto

"0 smece \NMRI > Swisse afier 74 brs stanving At the time of anjection the animals were 63—80
davs old. The 2mmals were not used unt 1 thes had reached a constant weight level on the parucular
e - ER PR P
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Experizent 1
Experimert 3
On 20 ammals of eack of the different strains. blood samples were taken at 8> davs of age From
here on sar-ples were taken once a week exther in the fed or stanied state The blood was analvzed
as described 2bon e with regard to glucose and FF A. In order to obta n enough blood for the FFA
derermunanons, mmp e from 4 ammals were pooled.
Results

Expereeont 1
As mav be scen from Table 1 the weight loss after 24 hrs without food was different
drpending on the strain of mce

The Swisse muce hewed the most marked weight Jo s Table 11 gives the carcass
contents of protemn and fat of the mice from the different stramns The total proten
yznes comparatnels hitle in the fed state while the staned ammals show defimte
stram differences Thus the NMRI strain show no relatnve deercase 1n body protam
afier 24 hrs without food The Swisse mice hasve a pronounced decrease 1n this
respect. Stana~g decreases (2t content i all straim but to different degrees Table
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Tasce IT The cfect of 24 hrs fastng on carcass contents of protem and fat an different strams of
mice

F=fed muce S=standard muce  n =18 except for MMRI X Swisse, where n=3
Differences calculated according to Student s t test

Protem % of Fat % of dry
Stram body wt body wt Prat/Fat
NVIRI ¥ 1914046 3231098 18
s 2014043 2610731 13
cBa F 173082 3694082 12
H 1524125 2292091 19
Swisse F 1884072 230=110 27
H 13120020 1274083 34
DBA F 1931121 296£088 27
H 1664133 1561090 24
NMRI x Swisse {obese) F 1341078 6856163 03
s 1331126 611113 05

P P<000l, * P<0Ol, * P00

Tasss HE The effect of 24 brs fasting on plasma content of ghucose and FFA m different strasas of
mice

Glucose n=20 (obesc=10) FFA n~35 repeated at 4 occasions {obese =10 repeated at
4 occastons) Dnferences calculated as 1n Table I

Decrease in FFA 1n plasma peq/m}
blood glucose
Strain o, Fed Starved
NAIRY 57 30015 35010
By 58 31014 2004320
Swuse 7 220524 400433¢
bBy 30 460543 430426
NMRIX Swasee fobese) 51 280+ 3> 330433

1 also shows the rauo of total body protein and total body fat indicating marhed
strain differences

Fperiment 2

As shown by Table T the obese mice hase a 15 per cent decrease 1n weight after 24
brs without food The carcass contents of protein and fat in the obese mice as well
as the protein — fat ratio may be seen 12 Table I

Table 11T grves the values of glucose and FF\ 1n the bloo
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Experiment 3

Table 11T shows that the strains of nuce respond dufferently to the starving period as
judged by blood glucose and FY'A values

Discussion

The present results indicate that the type of strain of mice plays an important role
when studying nutntional problems The response of the amimals to a given diet with
regard to carcass composition thus varies from strain to stramn It has previously
been shown that strain dafferences 1n mice exist concerning fat mobilization, cardiac
glycogen and other metabohc parameters (¢f Fenton 1960) Certain types of obesity
15 known to be hereditary n mice (¢f Mayer 1963) and in dogs (Mayer 1963 and
Krook, Larsson and Rooney 1960) Two types of obesity have been recogmzed
namely regulatory due to dysfuncuon of the hunger-satiety mechanism and metabohc
due to a peripheral disorder 1n metabolism (¢f Mayer 1963)

The present results indicate that on a grven diet the stramns of mice studied differed
with regard to carcass composition {Table II) Thus, tn the fed state the CBA stran
deposited more fat than the other stratns When fasted for 24 hours, which in reality
means a starvation 1n this species due to high basal metabolic rate, all stramns de
creased 1t weight The amount of carcass fat that disappeared dunng the 24 hrs
vaned, however The resulss indicate that the Swisse muce, 1n the fed state rather
“shm”, lost more fat relauvely durtng these 24 hrs than did the CBA and NMRI
strains This suggests a higher fat mobilizing capacity of the Swisse mice as compared
to the other strans studied In the Swisse mice the epididymal fat pad disappeared
almost entirely after 24 hrs of fasting  As may be seen in Table III the blood sugar
at the same time went down to a hypoglycemuc value It was also found that 24 hrs
without food was entical with regard to the I FA values of the blood A fasting period
longer than 24 hours significantly Jowered the blood FFA in the Swisse mice whereas
16—24 hrs without food gave elevated values compared to those 1n the fed state

1In contrast to the Swisse mice the NMR1 and UBA strains did not seem to mobihize
fat so readtly after starving for 24 hrs This 1s supported by the finding that these
strans showed less elevation of FI A when fasted and a relanvely smaller weight
loss The obese mice behaved more simular to the NMRI and CBA strarns than to the
Swisse mice The obese mice used were NMRI x Swisse to combine the two strains
The CBA and partly the NMRI muce can be regarded as fat ammals At least the
CBA strain has been found to be very sensine 10 vanauon of the protemn vaiue of
the diet, with regard to fat deposstion (Munck 1964) Thus, a diet with low inlogeal
value will produce obese ammals not Judged by the weight but by the carcass con«
gent of fat The diet used m the present study had a hugh value of protein both
q Iy and qual, Iy Sull hugh of carcass fat was found mn the

CBA and NMRI mice

Inmany respects the DBA mice did not fit in with the results from the other strains
In spxlcofanapprccxzblcdccreascmfal content of the body when starved for 24 hrs,
the FFA level of the blood rather decreased The level of ETA in the fed state was




PROTEIN AND FAT IN MICE 47

sigmficantly hugher 1 this group than m any of the others High levels of FFA have
been related to thyrotoucosss (¢f Wertheimer, Hamosh and Shafnr 1960) Further
st seems as 1f the DBA mice are very sensiave to rapid changes in the environmental
temperature Thus 1t 15 possible that thus strain posesses a hereditary disorder of the
thyroid gland or of the antenor utuitary The Jack of response 1n the fasted state
with regard to ncrease of the FFA level mught partly be due to a higher capanity

of the hver to take up FFA 1n this strain Normally the clearance of FFA by thelner
15 constderable (Steinberg 1964)
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central h

imolved normally and elimmating the
hazards of adaptation This paper describes an attempt to perform such a study,
where some of the results have earher been briefly reported (Folkow and Rubinsten
1964)

Material and Methods

fixating them to the skull

deute experiments A group of 20 rats (Sprague Dawley strain) of both sexes ranging m waght
from 200 10 300 g were used 1n acute under for the
of the hypothalamtc area which 1n the rat the pattern of the
defence reaction The amimals were placed in a stereotaxic anstrument designed for using de
Groot s stereotaxic atlas of the rat s bramn Artenal blood pressur: was measured from a cannulated
carotid artery with a Statham P23Db from a side tube on
the tracheal cannula with a Statham P23AC transducer R:nnl m(cstmal and muscle blood flows
were measured by cannutation of the renal mesentenic and femoral (skinned leg) vemns respectisely
conducting the venous outflow through sificon otl filled lucite drop chambers and then returning
the blood to the ammal via the jugular sein The drops were counted by a photoelectric cell
activating an ordinate writer of one of the channels of a Grass Polygraph where all the above
mentioned vanables were recorded

Chrone experments Another 40 rats were selected at random for the chronic expeniments with
repeated hypothatamic stumulations A single stainless steel electrode (0 5 mm bare t1p) was stereo-

« taxically implanted m each animal 1n the area which i the acute evperiments nduced the typ cal

autonomic defence reaction The occurrence of a blood pressure rise (tal method) and heart rate
acceleration during stmulation was checked a!lcr the tmplantation while the rais wtrc sull astecp
After full recovery from the nduced
bchavmur were ;xudxed on the freely movmg mu (anached to the snmul:nor by long lgluucughl

e s L] . ' - e
. \ . . [ -
- - PRCIEY [ n -
e el m <= - . [ ] s

' eyt « '
All the rats both sumulated and controls were placed in individual cages and their electrodes
N

(17000 0500 hrs) The stimulus intensty was dehberately set below the level needed for evoking

. P . dations
- . srotrud

' he tal

. . relaxed

sz wete

. . coupled
4 asducer
the'distl cull — Ina nut expe ments on anestf enzed rats where 8¢

e v
cr sure was stmultaneoushy < seans of a Statham P23Db rans-
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Fig 1 Anesthenzed rat Topical Fré Lmsz Mot @ 4 2 3 cansg

hypothalamic stsmulation at fron 200

tal 6 latcral 12 and at diferent

dorsoventral heights, coordinates FRESSURE 100

according to de Groots atlas As ™ M

seen from the blood pressure and o

muscle blood flow recordings a w b

,blood pressure nise and 2 muscle

blood Bow ancrease are induced at S5 0w

heights —2 and —3 Atropine 03

mgfkg 15 gien between the two

panels — Shroulation at the same /M /008 3403845 30 44 et

coordinates ehaitsin the awake an:  PRU 20 A % 26 27

mal increased alertness and wluma  ggna,

tely an escape reaction e e

A abats a4 s G et s
. .

mean® arterial blood pressure 10 the rat's tail all the were through

formed by the same person and the procedure was standardized as far as was possible

Each week mean blood pressure cstmations were performed in every animal from both groups
unt threc consecutive comparable readings were obtained for each rat These three recordings
from each anmal were plotted together with the other data from the ammals of the same group
:h:re uln’r:la(ely only six entirely intact rats were left in cach group The mean and standard
«

voyu Led 1 1938)
Fo

and water intake of alt the ammals was measured daily for one week at regular itervals
during the course of stimulation All animals were given the same rat food and were kept 1n idents
cal 1solation cages through d

5o that the in the
€roup should consttute the only difference from the control group
When the

Results

1 deute expersments Topical stimulanions were performed in anestheuzed rats at
9 5mmsteps along the coordinates frontal 6 5 to 5 0 and lateral 0 2 to | o correspond
ing to different locattons 1n th~ hypothalamic area Stumulation with 100 mmp sec,
U'msec durauon and 1 1o 3 V at coordinates frontal 6.0 lateral 12 and dorsoventral
height —2 5 elicited hypervenul and a ch suc pattern of s
actvation — tachycardsa, acute hvpertension, renzl and intesuinal vasoconstriction
where blood flow decreased despite the rassed perfusian pressure, and an increase

h
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Fiz 2 A { rat Recordmes of blood pressure and intestnal blood flow

Topical hypothalamic stmulation at frontal 6 the lateral 1.2 and dorsoy entral height —2.5 before
and after ganghon blockade with Arfonad (Roche) Note the increased respiration blood pressure
rise and greatly 1ncreased intestinal blood flow resisiance where the latter tno changes are climinat
od by Arfonad.

mmim‘/“\_._,———*—/

PR ————— e
iy

R
s Losad Fig 3 A rat Effects on resp
Low
— — —_ ration blood pressure and renal blood
it 1z 2 ) Fow of topical hypothalamse sumulation
PRy E- s » at the same siteas i Fig 2 Note the con

siderable increase of renal blood flow re-
SR e ———————— ustance the blood pressure risc and the in
TME ssec creased resprration,

muscle blood flow Fig 1 2and 3 Ths response pattern 1s quate sumilar to the one
observed e g 1n the cat duning defence area sumulation (Folkow and Rubinstem
1962), except for th= apparent absence of a cholinergically mediated actne saso-
dilatanon n th= muscle vaseular bed of the rat Thus atropine injection did not
affect the vasrula- response 1n the sheletal muscles of the rat Other studies may,
howerer, windicate that oaly som= mammals mainlv carnnorous anymals hke dogs
cats, etc, have a realh sigmficant supply of sympathetic cholmergic vasodilator
fibres (Lvnas 196>

1l Chrorse expenerts Wath the electrodes placed at the coordinates mentioned
above a group of animals was hept under a schedule of repeated hypothalamic
stimulations as desenibed 1n Methods The sportaneous behaviour of these anmals
when not actually exposed to 2 hypothalamic sumulaton which always alerted them
was app:rcm]\ 1n other respects unchanged and similar to that of the control ani-
mals, and they kept their normal rhvihm of activity

The mamn techmeal difficults was to heep the wires and electrodes from breaking,
and such events graduallh reduced the pumber of intact ammals 1n both groups
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g STMLKTES RATS
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Fig 4 Adugram Alstratng the grasus! change of th resunn mesn blood pressare in 6 rats which
for a prolonged period wes the defence area As 2

10 be agasn sapidly rassed when the stmulations are restarted

However a group of 6 sumulated ammals and a corresponding number of controls
were kept in excelient condition, tolerating well the 1solatron and restraint The

! could here be d for about four months excepr for a penogd
of “vest* of two weeks (berween the 11th apd 13th) The ulumate results will cor
tespond then to those 6 rats that could be kept under the desired stunutation schedule,
campared with the other § control ammals living under exactly the same cordutians,
re wolanon restraint, with one mmplanted electrode in the hypothalamus but no
stimulanon The combined effect of the restramed ftving condstions plus the elecine
hypothatanme ! caused no ng fi 1 the food and water
wtake of the sumulated ammals as compared with the controls Also thesr bods
weight increased 1n a simudar fashion as in the controfs These ﬁndmgs seem 1o exclude
the bility of pross acaid \ or weg the
close by feeding center of the vat which 1s known to induce a significant increase
the food ntake (Smith 1961,

The mam findings are summarnzed n Fig 4 and Table I In [y 415 depicted
the eourse of the « rapnR, mewn Wond, e ses dnrng, the weels, of inievestens
Typothalamic stmulatons 1n the group of 6 sumulated rats and m the control
35 As 15 seen from the figure the snmufated rats were throughout hept on the
schrdule of daily sumulations cxeept for an mtenal between the 111h and the 13th
weeh The diagram shows & vers moderate but gradual crease w resung blnod
pressure as recorded wn the awake rats at least 6 brs after the end of the perod
of sumulsuon of the day The difference in the blood pressure Tevels started to be
significant after the Bth weeh of datly sumulauons The nterruption of the schedule
far two weehs on the tlth and 13th weeh caused a signsficant decrease of the blood
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Tasix I The table shows the mean blood pressure lesels Lstandard error (SE) in the sumulated
rats and the non-stimulated control rats duning the entire penod of experiment

Stumulated group Non stimulated
mean+tSE group mean+S E Sigmficance
Weeks 6 rats 6 rats {p less than)
) 107+18 11DL16 NS
2 105219 110420 NS
Stumulauon on
3 106423 108425 S
+ 11422 109519 NS
5 11124 110422 NS
6 116423 k22 NS
7 11825 114224 NS
8 119124 112£23 NS
a 122422 114223 003
10 126425 11323 oot
1 128426 15+£20 [
Suamulatten interrupted
12 12042 4 116222 NS
3 120220 117423 NS
Sumulation restarted
14 131424 18120 001
\15 136423 116121 001
416 128422 118222 002
17 128121 117119 002

pressure level in the sumulated rats, so that they approached the pressure levels of
the controls When the sumulation was resumed, the level of ‘resting blood pressure
rose rapidly to the values seen 1n the stmulated rats just before the wnterruption,
rather than showing the slow pressure increase that occurred when the stumulations
were started Thus new pressure nise was maintamed at a sigmficantly higher value
as compared with the controls up to the end of the experiment

The gross anatormcal studies <howed that the organs of the sumulated anmals
and therr body weights were not significanthy different from those of the controls
Tmoorky T of Ua £ hemparanene sws RETe ws % moderaie bk bandl, wpmioant
increase 1n heart weight N\o gross vascular changes were observed It should here
be stressed, howerer that the sumulations had dehberately been kept faurly weak
so as to create only a moderate miermttent mmpact on the cardiovascular svstem

Discussion

“The main requirement for this experimental approach was to find a h)pmha]amxc
area, from where 1t would be possible to ehiait an acti ation corresy
to the defence reaction 1n other expernmental animals and man
enidently 15 normafls actiated 1 most alarm situations and n

which
of
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1 ched d

mental stress This was 7 as was mn Results, by the senes
of acute experiments However, there was no evidence of a choknergic vasodilata-
tion in the muscle vascular bed of the rat As the engagement of these specific sympa-
thetic fibres wn the cat, at least, 1s considered an almost sine qua ron component of the
defence reaction (Abrahams, Hilton and Zbrozyna 1960), the Jack of 1ts finding n the
rat may at first sight be somewhat surprismg However, as mentioned earher, 1t right
be so that i Is a really supply of chol hetic vaso-

ymp

ddlator fibres to the skeletal muscles 15 present only 1n carmvorous animals (Uvnas
1965) In ail other respects the autonomic compenent of the defence reaction, and

1ts somatomotor counterpart, was closely similar 1n the rat as compared with the
cat

Since the exp with chronic I met with great technical duffi-
culties they should, with respect to the results based on only the small number of
animals ulumately left, be considered as prelimmary ones, studies on a larger scale
are needed In any case, this type of approach 1n ammal experiments, hnked to
long term chinical studies in man {¢f Charvat, Dell and Folkow 1964), both scem
to be necessary for a reliable evaluation of the importance of mental stress for the
gradual development of a chronic hypertensine state, as triggered by the centrally

mduced intermuttent autonorme nervous and hormonal discharge which accompanies
such situations

Tlus small series of pilot experiments on chronic rats 15 pronusing 1nsofar as the
results suggest that a gradual shift of the resting blood pressure level really takes
place in the sumulated ammals This, despite the fact that the toprcal hypothalamic
stimulations 1n the present experiments were throughout very mld and did not -
volve any drastic, acute disturbances of either bel or the card 1
equbibrium The gradually developed, significant shuft 1n the resung blood pressure
was, howeser, not sustained 1 the rats for long periods of ime but approached the
pressure level of the controls if the sumulations were interrupted for two weeks
When, the sumulations started again, the resting pressure level was soon raed to
the level seen Just before the two week interruption, rather than showing the gradual
Tise, scen at the imbiation of the stimulation period These findings are of interest
for two reasons First, they render more confidence to the differences n pressure
levels observed and male it far less likely that thus difference was only due to chance
Sccu.nd they suggest that, in rats at least, the resting blood pressure equilibrrum wall
tend’to return towards normal once the trigger factor 1s ehminated at least as long as
1t1s a matter only of a fairly mild degree of induced hypertension The gradual
Tise in resting blood pressure 1s certamly not a consequence of some sort of perpetuat
ed hypothalamic after-discharge, induced by the brief periods of 1opical sumulations,
because regularly the acutely induced card lar ad d
within a minute after ended sumulation

Whether there 15 any direct correlation between the average peah increase in
pressure duning the intermittent sumulations and the rate and extent of the gradual
wncrease of resting blood pressure level 1s not known at present Hoy = == =+t ==t

well
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being equal, 1t seems Jikely that the more the average blood pressure load 15 increased
during a prolonged period, the more extensive secondary cardiosascular changes
will become {cf Folhow 1960} It shovld, on the other hand, be realized that also
other factors, besides the neurogemcally snduced Joad on the cardtovascular syster,
are mnolved n the defence reaction For tnstance, topical actvations of the defence
area have been shown to 1ngger a profound release of ACTH, corucads (Folhow,
Hedner, Lisander and Rubimstemn 1965), and also catechol amines, mamly adrenas
hne {Grant e2al 1938) Itis,naddition fikely that an increased aldosterone secretion
s smvolved Thas means that the impact of mental stress on the cardiovascular system
shonid not only he conndered as mediated via the autonomu¢ nervous system
per 52, acting on the cardiovascular effectors directly It will quite likely also nsole
m 4 most nmportant way some more indrectly acting hormonal mfluences, which
affect the car lar system by changmg aspects hbe the water-salt balance,
thus affecting the blood volume, or the 1ome equilibrium across the membranes of
cardiovascular effectors, et¢, which may considerably affect therr ‘reacuvity”
{Charvat, Delf and Yolhow 1964) Thus, what may at first sight appear to constitute
a purely neurogenic trigger factor, ehcited from higher nervous centers s a2 way
that mumicks the events taking place duning mental stress, ts far from purely neuro-
genic but rather should be considered as a complex of centrally ehested neuro hor
monal factors which in beth direct and sndirect ways affect the cardiovascular system
1t 15 not surprising that no gross morphologreal changes could be observed tn the
Lumulated ammals After all, they had delitberately been exposed to only farly
weak excitations of the defence area and the gradual, sccondary rise m restng
bloed pressure was so moderate that st ¢an hardly be expected to have led to more
obrvsous morphologrcal changes in vessels or heart It 1s possible that the situationt
would, in this respect have been different tn case mose intense stimulations had been
performed This would on the other hand, have greatly increased the nsks of
if g the 4 wires and el des Turther, ather hypothalamic areas,
controlling ¢ g food and water mtake, vemperature regulation etc  mmght then also
have been affected, causing gross disturbances of the animals general homeostasss,
a sithanon to be avorded 1n a project of this nature
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Gramt Rj0033 from Aw Force School of Aerotpace Medicme under Contract AL 61 0121 73°
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A Method for Intracardiac Recording of
Monophasic Action Potentials in the Dog Heart in Situ
By
ULF SjosTRAND

Recaved 20 January 1966

Abstract

SjostrAND, U A method for wntracardiac recording of monophaste action potentials 1n the
dog heart 1 situ Acta physiol scand 1966 68 58-—63

- a PR « vt 4 A

and duration of the action potential

3 |

“An und ding of electrocard 3 T will be achieved when the
potenual at a gnen body surface pornt can be predicted from a knowledge of ventnic
ular depolanization and repolanzation pathways To do this for QRS we must
hase exact information on three factors First, we must know the ime course and
magmtude of potential changes across the membranes of the ventricular syncytium
as depolanzation tahes place Second we must know the pathway of ventricular
depolanization Third we must understand the bastc pninciples of current flow

solume d and the 1 of these princples necessitated by the
ressive inhomogeneits of the ussues and the irregular shape of the body

This citauon 15 taken from a paper of Scher and Young published in the Annals
of the New York Academy of Sciences 1957 and reflects what from a theoretical
ding of the electr

aspect 1s required for under

Regarded from a pracucal clinical aspect the man importance of electrocardiog
raphy hes in the fact that 1t gives in a relatively simple way essential snformation
on the excitation rhythmiaity and impulse propagauonal conditions i the heart
By intestigations on ammals the appearance of the action potential in different
regons of the heart has been studied 1n vitro and the impulse propagation has been
studied 1n vno The informauon concerning cxcitation and propagation which 18
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obtarnable from the potential changes recorded on the body surface, 1 ¢ the electro
cardiogram (ECG), applies to large and as a rule not absolutely definable sections
of the conducting system and the atnial or ventricular muscle For technical reasons
(volume conductor recording) 1t 1s not possible with electrodes apphed to the body
surface to record the activity of the SA node or the electrical acuvity m other parts
of the conducting system (e g the AV node or the bundle of His) for each individual
cardiac cycle, analogically nesther 15 1t possible with external electrodes to record
and locahze the electrophysiological actiity duning the ndividual cardiac cycle i
small anatormcally defined regions of the atrial and ventcular muscle Area Display
Electrocardiography (Schuler and Roy 1965) appears, however, to gie a spatial
picture of the electrophysiological mean activity in relation to the ECG m relatively
hmted regions of the myocardium

‘The size and course of the action potential in the human heart 1s only parually
known Only two studies of the transmembrane action potenual in human atnum
muscle (1n vitro) have been published {Trautwein et al 1962, Sleator and de Gubareff’
1964), whereas the action potential in the different cardrac regions in both warm-
and cold blooded ammals has been relatively well mvestigated {for review see
Werdmann 1956 a, Weidmann 1957) The path by which the impulse 1s propagated
has been studied experimentally i the dog (for review, see Durrer ef af 1965,
Scher 1962), 1n different ty pes of monkeys {Scher 1965) and i man {Durrer et al
1965) With regard to the distribution of the electncal activity of the heart out to the
body surface, there 1s a good review by Gelernter, Swihart and Angell (1963

A techmque for i ding of action p Is m the intact marnmal
heart (including the human heart) should make 1t possible to study the subendo-
cardially situated conducting system 1n both the atrium and the ventncle, and also

to record the action p 110 subend dial atrial and + muscle The
form and durauon of the diall ded phaste action p and
also 1ts tume rel. hip to the ously recorded ECG, should prowvide
wformation of the el physial \ d at the ding pont, thereby

enabling a detailed analysis to be made i demarcated sections of the cardiac
chambers By roentgenological localizauon of the position of the recording point
(recording of wntracavitary ECG provides further possibilities for locahizaton —
especially as regards pacemaker regions) 1t should be possible with such a methed
to determine the normal d of impulse prop both in man and lower
anumals and also the impulse formation and propagation in cases with a pathological
ECG Principal prerequisttes for arhythmia which have been established on the basts
of expenimental action potential studies 1n animals could by this means also be evalua~
ted directly 1n the ntact human heart It should further be possible to study the
eficct of intracardiac pressure changes Teorell 1965 drugs for review see Traut

wem 1963), electrolytes and blood gas composiuon on mmpulse formation and
mpulse propagation in the heart Furthermore by this method 1t should be possible
dunng open cardiac surgens to localize conducting structurcs 50 as to avowd delcta

Tious traumatic damage dunng the surgical procedure
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Fig la (left) The intracardiac end of the suction electrode cquipment Iy ing agaunst the endocardiac
surface (sermi schemanc) 1 = polyethylene tube 2 = stamnless steel wires one central and adyust
able the other attached to the stamless steel tube at the up 3 = stainless steel coil sprng 4 =
X ray opaque catheter 5 = stainless steel tube 6 — indication of adjustment possibilitres relauve
to X ray opaque catheter 7 = endocardiac surface By means of the switch shown i Fig 1b
alternation can be made between electrogram — monphasic AP (position a) and intracavitary

ECG (position b, AC-ampl — onc of the alternating current amplifiers in the ECG writer}
Fig 1b (right) Block diagram of the amplificrs and regisiration systems G/ legend of Fig Ia
Method

The sntracardiac electrical activity (clectrogram and manophasic action potential respectively)
was recorded by means of a suction clectrode techmque (sce ¢ g Siostrand 1964) The suction elec
trode was of such dimensions and form that 1t could be passed through conventional heart
catheters for chntcal use Fig la shows the part of the suction electrode equipment that
was applied mtracardially The sucuon electrade consisted m this case of 2 polyethylenc tube
(Fig la 1) 800 mm long and with an inner diameter of 08 mm A stainless steel wirc
(Fig la 2) with a diameter of 0 25 mm ran through the centre of the polycthylene tube The poly

hylenc tube with the central stainless steel wire was then mtroduced mto a coul spring of stainless

¢elwire (Fig la 3 diameter of wire 0 3 mm mner diameter of coil spring 1 mm) Ihe stanless
atke] corl spring with 1ts contents can be passed into an ordinary X ray opaque plastic catheter
Ahig 1a ¢ Odman Ledin type grey Rafa Stockholm Sweden inner diameter 1 8 mm) intended
for cardac cathetenzation 1In order to obtain better recording conditions a stainless steel tube
(Fig 1a 5) was introduced mto the end of the polyethylene tube and to this statnless steel tube was
attached a 0 | mm stainless steel wire (Fig 1a 2) which ran through the centre of the polycthylenc
catheter s may be seen i Fig la the murual positions of the central stainless stecl wire the
polyethylenc tube the stasnless steel coil sprng and the X ray opaque cardiac catheter could be
regulated

1964) conditions are creared at the sie of suction for good contact between the clectrode and il e
protoplasma of the underlying cells (1n order that any KCJ leaking out shall not reach a high ¢on
centration outside the central suction cathefer this 15 washed out with a solution wh a normat hCl
concentranon

aloninatt e vame. L A 2 - A

N 3

Sjostrand 1966) recording 1s made with a Tektrontx oscalloscope {typr 361 Tektromix Inc Portland
USA)andabo paralled with ths m one channel {direct current ampl fication) of a four channel
Elema Mingograph {type 42 B Elema AB Sweden) 1n exper on
the dog the remaining three channels record the standard leads (subcutaneous electrodes) The
frequency charactertsucs of the Mingograph do not permit a true recording of the form of the action
potential, the recorder was accepted however since the ume relation of the action potential Wit
ofnterest — Asshownin Fig 1b miracavitary ELG c1n also te recorded in the usunl way wit
the co 1 spring as the detectng and a central terminal (Wilson 15 the other clectrode ;

The suction which 1s appl ed 1s about 600 mm Hg The central suction electrode 1s flied w th
ssotomie electrolyte solution in which part of the NaCl has been seplaced with KU 3o that the b
concentration 15 + mA 0o

Experiments were perfrmed both on toads (Aufo bufo) which had been decap taed and ond &5
whieh, had been anaesthetized with a combination «f chloralose and Nembutal® In frogy
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Toad heartin vivo &g card al surface +20C

No swet on —————w Sucton —————»  Sucton —————n

"“t""‘f""f-“ —L——L—L—-—L l 0 my

4 5 sec

Unpo ar etecirogram —»  Monophasc acton potent al

Vente cle Arum

Tig 2 Three recordings from the same toad heart (in viva) where the tp of the suction electrode
equpment (¢f Fig la] 1s placed against the epicardiac surface (Elema Mingograph 42 B)

Toad ventrcle +20°C

TN
g 3 Recording from toad heart (cpicardiac surface ventricle) I
with the suction electrode equipment mentioned on p 5 (expent ——a I
ments on man) 6 2 & 6 8 sec

suction electrode equipment was apphed to the exposed epicardiac atnal or ventneular surface —
these expeniments were performed 1n order to ascertain by an inexpensive and easy method some
of the princ pal charactersstics of the recording electrode equipment In the dog the equpment was
wntroduced via the right femoral vein and the tip of the catheter was placed 1 posiion by direct
inirathoracic manual means via a right sided intercostal (about 8 em long) thoracotomy {for this
the dog was ventilated at excess pressure)

Results

Tig 2 shows an expersment on the toad On placing the electrode aganst the
ventricular surface a ventricular electrogram 1s recorded, which on suction and
slight penctration of the central stainless steel wire 1s transformed to a monophastc
action potential A simmlar but somewhat smaller action potential 1salso obtained, from
theelectrode when applied in the same way n the atnum Fig 3 shows a recording
from the ventncular surface 1n another toad, m which a better plateau was obtained
(with regard to suction electrode recordings from the stnus venosus and atrum 1n the
toad reference may be made to Sjostrand 1964)

Fig 4 shows ECG (standard leads) and action potential recordings n dogs In
thss case (a) the suction electrode was applied 1n or 1n the vicinity of the sinus node
Tegion, and as may be seen 1n the figure the recorded action potential has a depolar
1zation phase appearing before the P wave in the electrocardiogram on recording
with the four channel writer (same tme scale for all recordings) The figure also
shows a recording (b) with the suction electrode appled 1n the apical part of the
1Zht ventualy predue miy e sear dha dhe apalamaniar phate @f ahe masamlad
action potential coincides wath the QRS complex which 1s 1n complete agreement
with what 15 known of the impulse propagation in the dog heart and what has also
been accepted for the human heart {¢f Goldman 1964) Tig 5 shows an oscilloscopic
recording of the same secuon as Fig 4 by

Discussion

Wit regard to the relationship between the action potential recorded by the micro-
electrode techruque and that recarded by the suction electrod = +=-lmemwn wafamanos
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NA
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Fig | Pecfusion of 1solated heare of Lampetra fluctalilis

A Effect of noradrenaline (NA) 05 pg
B Effect of tyramune (T) 10 sig

A B c
NA 1MIN NET NA NA
059 10pg O5pg 054y

Fig 2 Perfusion of rsolated heart of Lampetra flattatilis

A Effect of noradrenaline (NA) 05 pg

B Effect of noradrenaline (NA) 05 pg I mm after imection of Nethalide (NFT) 10 ug
C  Effect of noradrenaline (NA) 05 g 25 mun after the injection of Nethahde 10 pg

A

N - F
) L ~
" AcH To:
Fr 10 s£C
Fig 3 Porfusion of solsted heart of Lampetra fluvtatihs
A Effect of acetylchohne (AGH) 0 0» g
B Effect of acerylcholine (ACH) 01 rg

ACH
07 pg

of Augustinsson ef al (1956) Isoprenaline also produced positive motropie and
chronotropic effects of the same nature as that of adrenaline and noradrenaline
The effect of the different agents was in the order 1soprenaline > adrenahine > norad-
renahne Lowest effectine dosc of adrenaline was 005 pug In hearts sensstive (0
adrenaline and noradrenaline, tyramune 1n doses of 10—25 ug caused posine
motropic and chronotropic effects umilar to those of adrenaline and noradreniline
(g 1)

The positive pic and ch pic effects of ad 1 noradrenaline
and 1soprenaline were readily blocked by Nethalide (I'g 2), a f-receptor blocking
agent (Black and Stephensson 1962)

Acetylcholine and mcoune were reported by Augusunsson ¢f al (1956) to pro-
duce a negative thotropic and a positrve chronotropic effect 1n the isolated lamprey
heart These authors also reported an nhibiion of the effect of acetyicholtne by
curare These ohservations were sentfied 1n the present investigation In some hearts
acetylcholine was effectve 1 doses of 0053—0 1 ug thig 3) and in thesc more
sensitive hearts 10 pg of nicotine produced an acctylchohne-like effect The response
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iy & Prrfuwon of nolated heart of Lo apeira flu tahlts
Effect of nrcottie (N} 50 4%
B Efesof meotme EN) 50 pg after pretreatment with curare (C) 10 yg

A d e m et et it
H Vo gb e st o b 1
.
ACH
0250g MmN 5018

™
W0 g 10ug

Fig 5 Pecfusion of isolated heart of Lomprira fluviat lis
A Effect of aceyyicholine TATH) D25 s

Effece of d) muscarine (M) 100 g

Effect of plocarpne (P} 50 pg

Effect of sucemvicholne (S) 10 sg

TOw

to acetylcholine was not influenced by atropune nos was the effecr of nicaune w-
futnted by hexamethomum bt the effects of both acetylchohine and nicotine could,
however, be blocked by curare (Fig 4) Further succinylcholine in doses of 10 g
produced an tffect npudar 1o that of acetylchobne and micotne (Fig 5} The effect
af succinylchohne was also nhubited by curare but not by atropine dl Muscanne
and pilocarpme were tested 1n doses up to 100 g withour altening the rate and
contracule force of the lamprey Three our of the 20 hearts were wnsensitne to

cetylcholine One of these belonged 10 the group which was msepsige to the
catecholamnes and wrame

B Pleuronectes platessa

\drenalite noradrenalme and isoprenaline produced postise notropic and chrong
wwopie effects on the wolated heart of the plasee The effect of these agents was i th
order isoprepahine > ad hine > norad, Iine, 1s0p bewg effery :
dows of 600~0'§ pg The responses to adrenaline, norad and soprenninn
were blocked by \erhahde epreaziine

Turamine injected in dases up 10 and including 9 mg was mefy
Tigher doses were not tested
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Fig 6 Perfusion of ssolated heart of Pleuronectes platessa
A Eflect of noradrenaline (NA) 1 pg

B Efect of tyrarne (T) 100 pug

€ Effect of acctylcholine (ACH) 100 g after pretreatment with atropine (ATR) 50 g

c
A
I | ‘j ’J{VLWHWWM o
b aaierto' o el (ks e e e e
AcH - s’
029 10 sec 100pg
s o
| \
M
~ Ty
. /Fxg 7 Perfusion of isolated heart of Pleuronectes platersa
A" Effect of acerylcholine (YCH) 02 ug
B Effect of di muscarne M) 1 ug
€ Fffece of sucaimlcholine (S 100 g
D Efect of aconne N 10 ng
. c
.
) n I f -
h«i.q{,‘-—Lw,bwmmﬁ M#*.ﬁ}»«mwdwwj MMW\WW
ach o am o acu acH
02,, e Qg 0249

Fizg & Perfusion of ssolated heart of P eurnnectes pletessa

A Effect of acetylcholine ACH 62 4

B Effect of acennlcholine ACH 02 pg after pretreatment with vropme VTR 1 pg
€ Effect of acenlcboline ACH 02 pg 15 mm after the injection of atropine 1 pg

Acetylcholine 1n doses of 01 02 ug and dl muscanne 1n a dase of 05 pg Pro-
duced negatine wmotropic and chronotroprc effects Ttg 7 which could be Blocked
by atropme (Fig 8) Sucamlcholine 1n doses up to 01 mg was without cffect
(Fig 7, Nicotine in a dosc of 10 ug produced negatn e tnotropic and chronotropic
effects of the same nature as that of acetylcholine and muscarine (Fig 7, and the
effect of nicotine was blocked by hexamethonium Iig 9 When two ingectsons of
mcotine were gnen i rapid succession the heart became insensitve to this second
dose Afier 16—15 min rest the response te mcotine returned to normal agan

A suney of the different agents tested and thetr effects on the 1solated hearts of
the two species 15 given 1n Table Eand 11
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Fig 9 Perfusion of 1solated heart of Plearonectes platessa

A Effect of nicotme (N) 10 pg

B Effect of nicotine (N) 10 ;g ater pretreatment with hecamethomum (HJ 20 uig
€ Effect of mcotine (N) 10 g 13 mia after the myection of hexamethonium 20 pg

Taste 1 Perfusion of solated heart of Lap tra fleceatiis Suriey of the effect of d flerent agonste
and corresponding antagomsts

Agent tested Effect inhibited
{Agon sts} Effect by {Antagonists)
Acctylcholine eg womr and pos chronotr d tubocuranine
W Muscarne ]

Pulocarpine Py

Succimylehohne Neg 1notr and pos chronotr d tubocurarine
Nicotine Neg wnotr and pos chrorotr d tubocurarine
Adsenabine Pos notr and chronotr Nethahde
Neoradrenaline Pos motr and chronotr Nethalide
Isoprenaline Pos o and chronotr Nethal de
Tyramine Pos wnotr and chronotr Nethalide

Taste IT Perfusion of ssolated heart of Pleronectes platessa Survey of the effect of different agonists
and corresponding antagonsts

Agent tested Effect inhibited
(Agonusts) Effect by (Antagonists)
Acetylcholine Neg oty and chronotr Atropine
dl Muscarine Neg inotr and chronotr Atropine
Pdocarp ne “eg inotr and chronotr Atropine
Succimchofine
Nicotine Neg 1nmir and chronotr Hexamethomum
Adrenaline Pos wnctr and chronotr “ethahde
Notadrenati s Pos natr and chronotr Nethatide
Isoprenatine Pos snotr and chronotr Nethal de
Tycrmine

Discussion

The vanaton in sensitiaty of the lamprey hearts to the test agents 1s not under-
stood It could nesther be correlated 1o sex or age or the period of ume the antmals
had been stored before use nor to any tistochemically detectable changes in the
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cateholamine stores Hearts which were sensitive to adrenaline and noradrenaline
could be insensitine to acetylchohne and vice versa but most hearts, however,

ponded to ad \! d Iine and acetylcholine Nevertheless there was
one heart which was unresponsive to all these agents

As stated previously, hearts of the lamprey, which were insensttiy e to noradrenahine
and ad line were also to tyrammne Otherwise tyramine caused post
tive motropic and chronotropic effects On the other hand, hearts of the plaice were
insensitive to tyramine, nor did large doses of acetylcholine produce any sympa
h effect after P!

It 1s well known that in organs where catecholamines have been depleted by
reserpine treatment, tyraming 15 waithout effect but on treatment with noradrenaline
or one of 1ts precursors the effect of tyramine 1s restored (for references see Andén
et al 196%) While the effect of tyramme on the isolated lamprey heart may be
cxplamed by the release of ewstent stores of catecholamines (Dahl et af 1966), its
lack of effect on the plaice heart may be duc to the absence of stores of that hind
(von Mechlenburg 1966) Since no adrenergic fibres exist 1n any of these hearts
the catecholamines released by tyramune 1 the lamprey heart must come from the
catecholamine contaiming cells Also, on the ssolated hearts of both the lampre
and the place adrenaline noradrenaline and 1soprenaline produced posiine

« 1c and chronotropic effects which are readtly blocked by a # reccptorblockmg
v/a&cnl (\ethalide) It would thus appear that the adrenergic receptors mn these
~hearts are of the same nature as those tn the mammalian heart e of the £ type

according to Ahlquist s defimtion (Ahlquist 1948 1962)

In the 1solated mammahan heart nicotine produces a biphasic response, wutially
negat e wnatropic and chronatrapic effects followed by positne matropic and chro
notropic effects Both responses are blocked by ganglionic blocking agents (hotte
goda 1923} Only the inutial response is blocked by atropince indicating that this
part of the mecotine effect 15 due to the ) of cholinerg ptors The
second response of this drug 1s blocked by f receptor blocking agents and shoutd
thus represent the sumulaton of adrenergic receptors Accordsng to Burn and
Rand (1958) the posiis e motroprc and chronotropic responses are due to the release
of catecholamines from storage sites sn the heart

In the 1solated lamprey and plaice hearts mcotne does not produce any brphasic

T

response In the former micotine causes a posttive chronotropic and a negatise
wotropic effect which are unaflected by hexamethonium Acetylcholine and suc
cinylcholine produce effects stmilar to that of micotne which are not amagnmzed
by atropine The effects of all three micotine acety lcholine and succiny leholne arc,
however, blocked by curare Since pilocarpine and muscanne are also effectine
1n this preparation, the only existing cholinergic receptor n ths heart seems to be
of the curare sensitne ype After atrop of the 1 heart larger
doscs of acetIcholine produce positive tnotropic and chronotrope effects duc te

amines (for references sce Burn and Rand 1965) In the famp
fects

the release of catechol,
rey heart, larger doses of acetylchaline do nat produce amy sympathomimetic €
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after pretreatment with curare (Fig 6) Thus the catecholamunes m the heart of
the lamprey are not released by nicotine ar acetylcholine

In the isolated plaice heart nicotme produces negativ€ motropic and chronatropic
effects of the same nature as that of acetylcholine and which are readily blocked
by hexamethomum and atropme A negatne mnotropic and chrenotropic effect 15
also produced by muscarnine and the effect of this agent 1s hikewise blocked by
atropine

The cholinergic receptors m the plaice heart thus appear to be similar to those
n the mammalian heart 1 e of the he h and the s tive tvpe

The research reported n this papes has been sponsored by the Air Force Office of Scienufic Re
scarch under grant AF EDAR 66—14 throwugh the European Office of Acrospace Rescarch {O\R)
United States Air Foree and by the Swedish Natural Science Rescarch Council (89—32)
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Abstract

AxpERSEN, P8 A Anperssos and 8 LAnDGREN Some properties of the thalamuc relay
eells 1n the spino-cervica lemmscal path Acta physiol scand 1966 68 72—83

Cells 1n nucleus rentrales posterolateralis thalemi lateral to the relay cells of the fundhmb component of
e dorsal column pathway have been studied with extrs and intraccllufar recordmgs an cats
tzed with pentobasbstal sodism The cells m this part of thalamus are characterized by 3

s
be atehiuromicany Mvauey HUID U € IPSUAIELA LOLIIAL AFE4S B 1 ANU D 11 A NUMUCE Ul Leus Wit
antdromicathy invaded from both S 1 and 8 11 mdtcaung thar these cells progect (@ cartex with
a divided axon Many cells showed an inhibitian of the recurrent type

The thalamic relay of the spino cervico lemniscal tract (SCLT) s located i a border
zone laterally in the n tentralts posterolateralis (VPL) In this region, convergence 15
observed between tius path the dorsal columa lemmscal path (DC) from the hund-
hLimb, and skin afferents from the forehmb (cf Land; Nordwall and W
1965) The response evoked from the SCLT has a shorter {atency and 15 usually
farger i amphitude than the response evoked from the dorsal column path (o)
or from the forchmb §n order to explain the great efficiency of excitation via the
SCLT 1t was considered desirable to study the exertatory events in 1ts thalamue rela)
station by mracellular recording

“The SCLT 1s known to have & cortical projection to § 1 and § 11 (Monin 1955,
Notrsell and Veorhoeve 1962, Andersson 1962) Therelore, the cortcal conncction®
of the cells 1n the border zone were studied by antdromic actnvation from dilferent
cortical pownts Such a study s of particular importance for cells with convergence
from different peripheral sources stnce in the posterolateral part af the s entral nucleus

+ Present address Anatomusk Institatt Unnemiteret Oslo
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(VPL) such cells have been assumed to be mterneurones {Andersen, Eccles and
Sears 1964 b)

In this report evidence will be presented indicating a thalamo-cortical projection
from thalamc cells activated from SCLT only, as well as from cells recening af-
ferent excitation from several peripheral sources It will also be shown that cells in
this thal

region have axons praj g to two diffe cortrcal re-
gions, located m S I and S ¥I respectnely Evidence concerming mhibitory mter-
action between the afferent paths to the cells i the border zone will also be pre
sented These findings indicate that these eells are subject to a sumilar type of recur
rent inhib as d ated for 1n the main part of the VPL by Ander-
sen, Brooks, Eccles and Sears (1964 a)

Methods

T s oo 4 . FR

overlying fimbria and hippocampus
¢ head of the animal was fixed 1n a Horsley Clarke holder and the microelectrode was iserted

#nto the thalamus according to Horsley Clarhe co-ordinates
he brain was cosered with a pool of parafiin ol at 37° C. The cartical potentials cvoked by clec-

teeala o 1

{Grass 4 S) and the sumulating current measured by a current probe (Hewlett Packard 463 A)
The contralateral superficial radial median and ulnar nerves were dissected for electnical stum-~
ulation with bipolar electrodes The spinal cord was exposed i the low thoracic region The dorsat
columns and the contralateral dorsolaterat fiimculus were cut and disseeted for stimulation m an
ascending direction by bipolar electrodes The forehmb nerves and the spinal fascicles were covered
by warm paraffin 1n pools made from the skm flaps
N g;hc tecording clectrodes were glass mucro-pipeties flled with solutions of euther 4\ NaCl 3\
1oher 2\ potassium citrate having resistances of 2—10 MO The signals obtained from the mucro
Ghectrade were fod 1ato a cathode follower circait which was able to neutralize the capacury between
e Sltetrode and ground To wablock the microcleetrode the neutrabzing amphfier could be
rousht into oscillation. The cathode follower also delivered a square wave pulse that ndicated
the resistance Sr the microelectrode The neural activity was displayed both on an osailloscope via

an AC couple 3 i b
o emied presmpler and on 3 second with a DC coupled tnput 1n order 10 1e

The localt ation of the spino-cerrico-lemniscal border Lone 1n § PL

;n\e spno-cervico-lemmiscal border zone 1s located dorsally laterally and sentrally to the somato-
opically organized part of \ PL where the dorsal column lemnscal pach from the hindlimb evokes
a focal potential of myimal amphitude {¢f Landgren etal 1965 I the bryinming of each cxpert
Tent 3 grnd of exploning tracks was made using a low resistance NaCl flled mcroclectrode The
e l;(fu'ud: was directed according to Horsley Clarke co-ordinates and the fandmarks on the dorsal
furface of the thalamus were poted \fier completion of the gnd the transvenal area of \PL was
#OWA 1 (erms of manipulator-co-ordinates The microefectrode was then replaced by a high
Tenstance microelectrode for recording from single neurones The vertical co rdinates f the new
electrode were Telated to those of the expl g one by means of the haircrow of ar opucal device
Ina fived position on the stand carrying the Add tonal
the location of the recording sites was obtamed durng each subsequent track by obsening the pat
fern of canvergence between the differcat afferent inputs.

7’
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SCLT 11 SCLT 13 I SCLT 13 SR supramax
A B c [} ]
| ~“~LJL-M—~ AL-M%

Iyt —_
JE DG LI IM F J 0C19 6 pC 1o lOmsec |imv
v,

the resistence of the microclectrode

Results

Pattern of conergence

Intracellular recording from cells in the spino cervico lemmscal border zone of #

enlralts postero lateralis thalam (VPL) 1s dufficult because the cells in this region are

small 1n size (mean diameter 19 4 SD 5u) Nevertheless, 1t was possible to 1n

estgate a number of neurones ntracellularly under stable cond

/)md with resting potentials in the order of 20—60 mV Additional informatton was

obtained {rom records of extracellular giant spikes Altogether 52 cells in the zone

of convergence were wnvestigated 21 cells were excited only from SCLT and the

remaiming 31 cells were in addition excited from DC and/or forelimb nerves

Tig 1 shows extracellular records from a border zone cell that was exaited by
clectrical sumulauon of the SCLT and of the DC at the level of L I, and of the
superfiaal radsal nernve (SR) At a sumulus strength of 1 1 umes threshold of the
thalamic response (T) the SCLT gave an Yy postsynaptic p t (EPSP)
n most of the trials The cell discharged on the summut of the EPSP with the excep
tion of a few action potentials which appeared with a latency that was about twice
aslong (F1g 1 A} When the sumulus strength was mereased to 1 3 T (I3) the EPSP
appesrod it evevy sweep and the actan potesials all had & rather content Jatensy

Sumulation of the DG at a strength of 1 1 T (E) gave an EPSP with a longer
latency The action potentials appeared asynchronously on the falling phase of the
extracellularly recorded EPSP With a stumulus strength of 19 7T (I the action
potential appeared carher on the FPSP and the response was divided imto two
peaks The duration of the EPSP cvoked from the SCLT was much shorter than that
produced by the DC as can be seen by comparing records A and I The single
records 1n C and G show the difference in the rising phasc of the FPSP cvohed from
stimulation of the SCLT and the DC The SCLT gase a steep rising phase and the
action potential was elicited on the erest with very little delay I he DC gave aslower
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Fig 2 Intracellular records from a

cell exated only from SCLT -~
Record A obtained at threshold

strength and B at a shghty higher A B i

intens ty of the stumulus show the

umtary character of the synaptic

actson of the SCLT volley Inre

cord C the threshold strength stim s

ulus to the SCLT was preceded by i

an electneal sumulus to the cory

<al area § 11 g ving antidromic in |

yason ‘3’8 ;1:: cell Membrane po- oo i vt

and irregular nstng phase of the EPSP and the action potential appeared on the
falling phase with a considerable delay The small hump that appears after the
action potennal 1n record G probably corresponds to the second group of action
potentials in record T The cell was also discharged by stimulation of SR but witha
longer latency (D) and sometimes with multiple spikes The EPSP 15 obviously poly-
synaptically produced The unitary EPSP with shorter latency that appears oc-
casionally indicates involvement of polysynaptic chains with a relatinely low safety
factor of propagation

The pattern of exaitatory convergence illustrated in Fig 1 was typrcal of many
cells in the border zone Other cells were discharged from the spinal fascicles only,
or from one of the spinal fascicles and from one or several forelimb nerves Neurones
were also found that received excitation only from one source, either the SCLT,
the DC or one of the forchmb nerves, although focal potentials and activatton of
cells close by were obtamed following stmulation of the SCLT, DC and forelimb
nerves, which indicated that these cells were located m the border zone and not in
the somatotopically organized part of the nucleus

When the synapuc action of a stmulus to the SCLT was studied ntracellularly,
it was repeatedly observed that the EPSP appeared with a constant size or not at
all at sumulaton mtensittes close to the threshold Fig 2 illustrates umtary EPSPs
from a cell excited from the SCLT only With stumulus strength at the threshold
value of the thalamic respanse (A) 1t gave exther no response, an EPSP of a constant
amphitude or a somewhat larger EPSP that fired the neurone At a slightly higher
stmulus intensity the same two EPSP levels were seen (B) The all or nothing
character of the EPSPs indicates that these are unttany 1 ¢ due to the exatatory
Synaplic acion of the terminals of one single afferent fibre The records in Fig 2

show that in thus cell the summation of only two unitary LPSPs was required 1n order
todischargea p

P d acton p 1 Therefore of only two neurones
in the SCLT seerns necessary for 1 propagated discharge Since there was not vistble
break 1n the summated EPSP the fibres exciung the cell apparently had nearly
the same conducuon seloawty The fibres in the SCLT seem to constutute a rather
homogencous group as 15 alsa esident from the small nse in the stimulus intensity
necessary to obtamn a 1 response as compared with the threshold

respanse



76 P ANDERSEN ET AL

(Landgren #t al 1963) The constancy of the latency and amplitude of the excitatory
action from the SCLT s further illustrated 1n Fig 2, C Here the cell was also any
dromically discharged from the cortex (S IT) A following stmulus to SCLT guves
a umtary EPSP or no response at all

Although unitary EPSPs were most commonly obtaned in response to sumula
tion of the SCLT, such EPSPs werc also observed 1n response to stimulation of the
forelumb nerves or the DC One cell, excited from the DC only, seemed to be fired
by one unitary EPSP When the cell was studied intracellularly, the action potential
was found to be fired on the crest of the EPSP, or there was no response at all It
should, however be noted that sumulation of the DC or the forelimb nerves in most
cells gave an EPSP that grew continuously as the stimulus strength was increased
above the threshold value untl 1t reached the firing level

In summary, our findings ndicate that there are cells tn the border zone which
can gne a propagated discharge by the excitatory action of one or two aflerent
fibres most often belonging to the SCLT

Cortrcal connections
In order to 1nvestigate the cortical connections of the cells in the border zone briel
electrical shocks were applied to the somatosensory areas S I and S IT as well as to
the surrounding cortex by means of a set of bipolar electrodes the poles of which
were equally spaced The effects on the thalamic cells were analyzed with regard to
anssynaptic and antidromic activation The cnitena used for this classification
« latency of discharge the configuration of the spike and the ability to follow high
frequency stimulation
It was often observed that a cell in the border zone could be exaited from two
distinctly different cortical points Such a cell 1s allustrated i Fig 3 Ths cell was
exated from SCLT (latency 59 msec) and from DC (latency 6 6 msec) The cell
was tested for excitatory effects from the cortical points shown by the drawing in
Fig 3, and with the current intensities 1n mA as indicated for each pont The cell
could be discharged only from the three pomts indicated with filled crrcles The
records obtained 1n response to stimulation of these pomnts are shown i Ig 3,
A—C The cell was fired with the lowest sumulus intensity (1 2 mA) from pont &
in the medial part of S I The latency was 3 2 msec (g 3 A) When the sumula
was apphed 10 pont B laterally and caudally to point A the cell discharged it
regularly and only 1if the stumulus intensity was mcreased to 16 5 mA 1 ¢ 14 mes
but the latency was not signsficantly changed (I1g 3 B) The cell was also discharged
from an area 1 S IT (cortical point C) separated from the focus in § I by anncs
atable zone The sumulus strength required 1n S 11 was 5 mA and the latency ol
the spike was 14 msec The anudromic nature of the response 1s suggested by the
configuration of the spihe which sises from the baseline without any visible prepoten
nal There 13, however a high break in the nsing phase of the spikes due to change
1n nsetme between the il segment (IS) and the soma dendniuc (SD) spibes
A soma-dendrine blockage 15 seen in [ig 3D
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Fig 3 Intracellular records from a celt antidromically wvaded from the cortical areas S 1and § 11
The diagram to the right shows the location of the stimulated points and the snmulus strength in
™3 Noshort latency responscs were obtamed from pomts indicated with open circles Records A
Band Cwere obtained from the points marked A Band C (filled circles) wish thresholds as indicated
Record D shows SD blockage 10 the second sumulus when paired shocks (nterval 4 msee) were
2pphed 10 point C. Record E shows simultancous sumulation of the SCLT and the cortical pomt G

The difference sn the confi

between d and tr: puc actna-
ton of this cell 13 tllustrated n Fig 3 L—H In E the SCLT and the cortical posnt ¢
were Jated 1 with a 1 rate of | per second Agam, the

first spike, elicited by the corncal sumulation arose from the baseline without any
prepotential and there was a pronounced break between the IS and SD spikes of
the rising phase The second spihe evoked by sumulation of the SCLT, was post-
synaptic It arose from a prepotential, indicated with an arrow and had a vens
small breal on sts nsing phase In hig 3 T are records showing sumulanonat .
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old 1ntensity of the corucal point C at a repeution rate of 3 per second In one out
of 10 trals a full spike was elicsted, 1n the other the spike showed either a SD blockage
or there was no spihe discharges at all and no signs of an EPSP In Fig 3 G the cor
tical point C was stmulated at Jugher intensity together with the SCLT and at a
repetition rate of 8 per second In every sweep the cortical sumulation gave an IS
spihe The SCLT response consisted of an EPSP upon which the action potential
occasionally appeared When the cortical point B was stmulated with hugh intensity,
the cell sometimes discharged two action potenuals (Fig 3 H) The first spthe arose
from the baseline without any prepotental but with a disunct break 1n the nising
phase The later spike had 2 prepotenual indicated with an arrow, of stmilar am
plhitude as the EPSP eliated from the SCLT but no clear IS—SD break Although
the latency of the spike response ehated from the ponts A and B in S I was long
the records in Fig 3 strongly indicate that this cell was fired anudromically from
these points as well as from point Cn 8 11

The cell was also tested for 1ts abihty to follow high frequencies given as double
pulses sith different mtervals This parucular cell followed pared sumulaton of
pont C with anintenal of 4 msec between the pulses but the SD component of the
response to the second sumulus was then blocked (Fig 3 D) An abshry to follow
cortical sumulation at frequencies as hugh as 600—800 per second was observed 1n
some antidromically acusated cells Others were however blocked at frequencies
above 10 per second An mabihty to follow high frequency stmulanon 1s to be ex

ected because of the efficient and longlasting inhibitory action induced 1n thalamic
cells by cortical sumulation (Andersen ef al 1964 a) Since some cells followed trans
svnaptic activauon at frequencies of several hundred simuli per second frequency
following 15 not a good test for the differ between d and trans
synaptic actnnations

Throughout the experiments 27 out of 39 svstematically tested cells were invaded

d, Ih from the v areas 14 of these cells were invaded from

both S T and S 11 8 cells only from S I and 5 cells only from S 11 Thus the results
of our experiments have shown that a large number of cells 1n the spino-cervico-
lemnuscal border zone are discharged from two distinct focr in the hindlimb areas
of § I and S 1T at 2 low samulus intensity whyle other cells are anudromcally 11
vaded from onlv one of these areas When the cells were discharged from both $ 1
and S IT the foa were separated by a cortical region sumulation of which caused
the thalamie cells 1o respond only occasionally when very lugh stumulus intensitics
were used The threshold for an anudromic actn ation of the SCLT cells was generally
2—3 mA although in several cells values befow | mA were effectine The shortest
latency was usually found when S I was sumulated In many cells the threshold
for the transsynaptic actisanon was lower than that of the antidromc response

Inhibition
The somatosensory relas cells 1o the main part of the ventro-basal complex of the

thalamus are subject to a powerful recurrent inhibition  Andersen f o 19612}
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Fig 4+ Plotted curves showing
the degree and tme course of
snhibstion of the test response
when preceded by a condition
ing sumulus to SCLT, DC or
the hindlmb area of S I The o,
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DG but not from cortex

NUMBER OF SPIKES
3

omm—
200 250msec
LS

A

3 sciT-co P -+SCU
e

[ 20msec 20msec J g 20msec
e 4l

20msee

SOmsec

Fig 5 Extra (A~G) and intracellular (H—J) records of a cell showing excitatory as well as in
Bibytory actions from SCLT and the hindhmb arca of § 1 In records A—C a stimulus to SCLT
Precedes the corucal sumulation 1n records D—G the conditioming stmulus 15 given to cortex

Record H shows the intracellatar response to a SCLT volley records T'and J the response to stimula
tion of S T Membranc potennal 50 m\

The cells i the border zone seem to constitute a less homogeneous group with re-
gard to infhibion  Many cells with excitatory convergence or actvated from onhy
one peripheral source showed the same type of recurrent inhubition as the cells 1n
the mamn part of the nucleus m being inhibited for 100—200 msec after sumulation
of the afferent pathways as well as of the somatosensory cortex In other cells, no
signs of inhubition were found, either from the cortex or from peripheral sources
The most common pattern of inhibition was, however, that the mhibiuon ehated
by stmulation of the SCLT was much weaker than that produced by the DC, the
forehmb nenves or the cortex The plotted curves m Fig ¢ illustrate the nhibition
observed 1n a ¢ell which was exaited by the SCLT and the DC pathway The inhibi-
lon 13 given as a reduchon 1n the number of spihes discharged by the test volley

When the SCLT solley preceded the sumulus to the DC the inhibition was weak
and lasted less than 50 msec A conditiorung sumulus to DC however mhubited
the response from SCLT letely for 150 msee Although \t of the cortex
did not discharge this cell, a conditioning stmulus to the lundhimb area of § 1 also
wnhibited the respoise from SCLT for about 150 msec The recovers from the an-
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hibinion after a condiioning sumulus 10 the cortex was followed by a penod of
hyperexeitabulity with inereased test disch bil d

Thus hyper pp n
many cells as a late discharge to the conditioning stimulus and with a latency of
100—200 msec (Fig 5]) (cf Andersen etal 1964 a)

S a more 1 d between the cortical effect and the
effect of a peripheral stimulus was obserned Fig 5 sllustrates a cell activated by the
SCLT and cortex The cell was first studied extracellularly (records A—G) and
later sntracellularly (records H—]) Duning the extracellular recordings the cell
was invaded anudromicalls from the hindhmb area of § I only when preceded by
a stumulus to the SCLT at certan intenvals {(Fig 5 A—C) The facilitation of the any
dromuc response was due to an afterdepolarization followmg the discharge of the ac-
tion potentral by SCLT and preceding the hyperpolarization (H) \When the cortical
stumulation precedes the simulus to SCLT a similar phenomenon was obsened
and there was a delay in the onset of inhintion of the SCLT response (D) As seen
1 the ntracellular records {I and J) the cortical stimulus gave first an antidromic
spihe followed by a later transsynaptic action which occastonally discharged a second
action patenttal Thus, there 1s evidence of a short lasung mutual facihtanon from
the periphery and the cortex on relay cells in the border zone This faclitation was

. followed by a hyperpolanization which was short lasting and weak when 1 duced by
the SCLT (H) The hyperpolanizauon elicited from cortex was more promment and
inlubited the SCLT response for 50 msec (Ig 5 D—G) The duration of the mhibt

“uon of the SCLT response was much shorter than the duration of the hyperpolariza
tion (J) and the SCLT response 1s depressed only during the peniod of maximum
hiperpolarization  Thus 15 an indication of the strong synaptic hinhage in the ex
ciatory path which can break through a moderate degree of mhibwon Fig 5
also shows that the cortical sumulus induces a post tnhibstory rebound exeation of
a border zone cell

Driscusston

"The present in\ estigation 1s concerned with properties of cells i a part of VPL laerat
to the region which recen es a somatotopically orgamzed projection from the dorsal
columns The cells are charactenzed by a considerable convergence with regard &0
their exortation by strmulaton of afferent pathwavs Thus, cells are actnated from
the 1 1 sp 1 10-| 1 and dorsal column pathways as well a8
from contralateral forehmb nerves either by one of these or by two or several
different combmations Landgren ef af 1965) In the present expeniments only cells
exerted by sumulaton of SCLT alone or 1n combination with other penpheral i
puts have been imvestigated

Many thalamic cells excited by the SCLT were also exeited from restricted foat
1n the cortrical areas S I and S 11 at fow stumulus mtensities The short latenoy achont
potenual arose from the basehne sithout any prepotential i an all or nothinz
fashion and often showed a clear 1S—SD break These are charactersucs of ant
dromuc smaston of the cells urthermore, the response cheited by cortical symuls
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tion was pared with the resp evoked transsynaptically by penipheral sumu-
lation The latter gave an action potential with a prepotential or onls an EPSP
at threshold mtensities of the simulus Such a comparison supports the assump
non of an antidromic 1maston of cells 1n the lateral VPL following cortical smula
tion
The cortical response evoked by . of the 1 1 dorsol 1 fu-
miculus 15 mediated by the pathway of Monn (1955, ¢f Andersson 1962} The first
neurone of this pathway relays in the dorsal horn of the spinal cord of the same side
from which 1t enters the cord (Lundberg 1964), the second neurone ascends m the
lateral fumculus and relays 1n the lateral cervical nucleus The third order neurone
crosses the midline at C,—C, and ascends 1n the medial lemnscus to the VPL of
the thalamus (Morin and Thomas 1955 Busch 1961) The present results show
that the thalamic relay of this pathway 15 located in the border zone 1n the lateral
part of VPL Although some fibres ascending in the dorsal column medial lemniscus
also terminate n this region, the bulk of these fibres termnate somewhat more
medially n VPL So far, cells d from the hindhmb p of the SCLT
and antidromicatly mvaded from cortex have been found only 1n ths border zone of
VPL
According to the criterta given above, a number of cells n the lateral part of VPL
were excited d ally by it at low of restricted focr 1n
both S Tand S II This can be explamed on the assumption that the thalamc cells
project upon the cortex with a divided axon, one branch reaching S I and the other
S Since the distance from VPL to S I and S IT 1s appro-amatcly the same, the dif
ference 1n latency between the 1nvasion from the two cortical areas suggests that the
branches have different conduction velocities and thus different diameters Stmula
tron of § 11 usually gave an mnvasion of the cell with sharter latency than did stimula
ton of § 1 Therefore 1t seems possible that some thalamuc eells project to S 11 wath
their main avon while an axon collateral projects to § 1 Evidence for drided axons
was also found by Andersson, Landgren and Wolsh (1966) in their study of the
cortical connections of the thalamic cells relaying group I mput from the forehmb
and 1 nucleus 1entralts posteromedialis Dartan Smrth (1964) found some cells which
could be antidromically invaded rom the face areas of both S 1 and S I
Rose and Woolsey (198) studied the degenerauons in thalamus after cortical
ablatons They frequently obsersed small focal degenerations i the posteror part
of the ventro basal complex when S II was remored If m addition the auditory
€ortex was ablated, the degeneratne changes i this part of thalamus were most
severe, although ablation of the auditors cortex atself only gave mnor changes
The possibality ewsts that this tvpe of facultauve deg: named d

degeneration by Rosc and Woolsev 15 duc to a cortical projection with divided
axons

The cortical response evoked by impulses m the SCLT ansing from the lower
part of the spinal cord has a latency about 3 msec shorter than the response elicited
by impulses 1n the DC pathway  Mark and Steiner 1958 Norrsell =~ 2 7

E—4FWT Acta pAy 1ol scamd | ol 635¢
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1962, Andersson 1962) This latency difference may partially be due to a difference
1n the synaptic transmssion  The efficiency of a synapse does not only depend on
the magnitude of the depolanzation produced by the incomng olley, but also on
the rate at which depolanzation occurs (Sasaki and Otant 1961) The recordings
from the cells actnated by the SCLT showed that this pathway gave an EPSP with
a much steeper nising phase than the EPSP elicited by the DC pathway Thus, the
SCLT usually creates an EPSP that produces less accommodation of the membrane
than does the DC pathway The postsynaptic depolznization obtamned from SCLT
often oceurred 1n unitary steps which most likely are due to the release of transmit
ter substance from a single SCLT axon Summation of two or three unitary LPSPs
ehcited an action potential ansing from the crest of the EPSP Simularly large unttary
EPSPs have also been observed 1n the lateral gemiculate nucleus (Bishop, Burke and
Davies 1962) No obvious ime dispersion was found between the individual EPSP
vruts This 1s probably due to similar conduction velociues in the different SCLT
fibres (Landgren etal 1965) The amphiude of the PSP obtaned from the DC
or the foreftmb nerves usually grew gradually with increasing sumulus strength, and
1ts rate of nse was slower than the SCLT-anduced EPSP In these circumstances
d. of the b becomes an 1mportant factor, the safety factor of
the synaptic transmussion decreases with a concomutant wncreased synaptic delay
Thelonglasung postexatatory inhibition with repetitive afterdischarges of thalamic
cells described by Andersen et a/ (1964 a) was also found 1n the Jateral border zone
of VPL Howeser, the mhibitory action elicited from the SCLT was usually weaker
han that obtained from the DC pathway or from the forehmb nerves This dif
ference was particularly obvious i cells with excrtatory convergence Cortical sm
ulation chaited a strong inhibitory action of short latency 1n most of the cells in the
border zone suggesting that the inhibition 1s effected by recurrent hyperpolarization
Since a large number of 1halamic cells are mvaded by an anudromic volley, the
cortical stmulation 1s expected to give strong recurrent mhibition The difference
between the inhibitory acuon obtained from different peripheral sources may be
due to differences i theyr exaitatory connections Thus, if the SCLT axons excite
only a few thalamo-cortical neurones compared with those excited by the DC path
way only a small number of recurrent collaterals will excite interneurones with in
hibstory action on the relay cells C ly the hil will he more
restricted than would 8¢ the case 1 Ul afferent voifey excited a drge b af
thalamo-cortical fibres fcf Andersen ef al 1964 a; An alternative explanation may
be sought n a duffe number of inhibitory nter tn vartous parts of the
VPL, and also 1n a vanang degree of thesr axonal ramificauons
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of Adrenaline in Man
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Abstract
SVEDMYR, N Studies on the mech Jor the cal effect of adrenalne 1n man Acta
physiol scand 1966 68 84--95
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the calorsgenic effect such as the heart and hy 4 effects of 13 also
constder

The calongenic effect of catecholamines (CA) 1 animals and man have long been
studied (reviews Lundholm 1949, Guffith 1951 Elhs 1956, Lundholm and Mohme-
Lundholm 1960, Lundholm, Moh: Lundholm and Svedmyr 1966) These studies
indicate that the calongenic effect of CA 15 probably not ascribable to onc speafic
mechanism but constitutes the sum of several different effects, the relatn € tmportance
ofwhich may vary with the expertmental condtions, animal species and € A dersate

The way wm which adrenahine (4 I the oxygen ¢ p n man 8
of wnterest Notable among the mechanisms which @ prionr may be of importauce for
this action are the ghycogenolhvtic and lipolytic effects of A

In expenments on the rablat, Lundholm (1919) found that increased lacuc
aad productron and metabolism could to a large part explam the calonigenie effect
of adreraline wn this species In later expennments in man Bearn, Bulling and Sherlock
(1951) found that the blood lactatc concentration and the oxygen consumpion
wcreased during adrenahne mfusion The oxygen consumption of the liver wav
doubled, whle at the same tume ws extraction of lacuc acid increased Agradrenabine
had a weaker effect on the hver oxygen consumption
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Cobbold and Gmnsburg (1960) found, however, that both noradrenaline (NA)
and soprenalime stimulated the oxygen consumption tn man without imncreasing
the blood lactate concentration appreciably They therefore doubted the fi
of mcreased lactic actd metabohsm for the CA calongenc effect

Steinberg (1963), Steinberg et al (1964) demonstrated a parallehsm between the
calongemic effect of NA and its capacity to increase the plasma free fatty acid (FFA)
concentration, and also showed that NA mncreased the oxidation of CM labelled
palmitic aad Pronethalol blocked both the cal and the FFA-mobil
effect They suggested that the calongemc effect of NA was induced by increased
metabolism of FFA

Nicotmic acid (me ac ) has been shown to mhibit the FFA-mobilizing effect of
CA but not 1ts circulatory actions (Carlson and Oro 1962) Havel o ol (1964)
selecuvely blocked the FFA-increasing effect of NA with meotinic acid and found
that the calonigemic effect of NA was thereby approsimately halved

The expeniments described indicate that both mcreased lactic acid metabohsm
and FFA metabolism may be of importance for the calongenic effect of CA i man

In connection with studies on the influence of thyrotd hormones on the calongenic
effect of adrenaling 1n rabbit and man (Svedmyr 1966 a, b, ¢, d) 1t seemed of interest
to determune the relatne importance of the mechanisms discussed abave for the
calorigenuc effect of A 1n man

In the present study, therefore, attempt was made to determine how great a role
an increase 1n lactic acd bol and in FFA bol; respecirvely, played
n the calorigemc eflect of A i man The contribution of the lactic acid metabolism
was caleulated by means of a regression equation which correlated the increase 1n
oy gen consumption and tncrease in blood lactate concentrattion These values were
obtaned on infusion of L(+)lactate n a quantits which gave about the same increase
1n blood lactate concentration as during A infusion The FFA increase could not be

reproduced by FEA infusion since free fatty acids are too towc to admnister 1 v

The FT A mobihizing effect of A was therefore selecunels blocked with micotnic

aad and the conscquent reduction 1n the calongemic effect of \ was determined

Method
The experiments were performed on a total of 6 healthy subjects of ages 2230 vears Srudies were
v

&

thun statically controlled at 24 0 = 035 € A\ plastc catheter was inserted o a cubital vein
Gachafm One of the catheters was used for the w thdrawal of blnad samples 113 4 threeway tap
::, mfm:;-n of nicac and the other for infusion of % 7 lactate  When the catheters were not
beng use rrur these purpases 09 ®, \aClsobut nwithoutadd 1 en t heparin was infused mto each
oM Meer nsertion of the catheters and con nencen entaf Natl fu 1 he subject rested for
0 min after which the basal metabolsm + s measured durng w147 n perods during each
. an salues o hese basal san pies wrre taken as
then chinged o e Brstsenics 1 4 which was
. solied 09 Natlslunnt whechQ19o,
The meabel s as subsequently deterrmned

e At ) 8 ant 11 17 n n afier the anart
e Vinfusion Blood samples 7 nl for anals s of blood lactate bl gluccse and plasma [
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4% 251 acid combined with A
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¥ 4 tion €O, elimimatton and ver-
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' ke/mun between 0 and 30 mn
M Nicotmrc acid 1n a dose of 5 mg!

2 min between —30 and 120 min
:i Lvery pomt 1s the mean of 5
ol expty

x T CH

were taken 10, 20 30 45 €0 90 and 120 mun after the start of the A infusron In the second and
thurd serics nic ac was infused 1 v 1n a dose of 5 mg/run The infusion was commenced after the
/w0 basal samples had been taken and continued for 150 min when the experiment ended Ten
min after the start of the nic ac 1nfusion a blood sample was taken and between about 15 and 23
min after the start the metabolism was measured after which a further blood sample was taken
After 30 min of the nic ac infusion (ume = 0 in figures and tables) the experiment was identical
with scries | above apart from the fact that the ntc ac infuston continued to the end of the expeti-
ment and that in series 2 only the 09 °, N\aCl infusion was given In senes 3 on the other han
from time O A 1nfusion was staried and nic ac infusion was continued The mean difference 1n the
A effect with and without mic ac was calculated in the same subjects Prior to the nic ac exper
ments the subgects were gven 0 5 g nic ac orally three imes daly for three davs so that they would
become accustomed 10 the flushing which occurred duning the nic ac nfusion
e B B, GFes 4= te e 5 bsal samples
f . oo . « This last senes
. .
[ . . 10 min sntersals
e Q, CO, <l and 1 were measured with a Hartman and Brauns
metabolic recorder This records the d between the O and LO;
contents i the inspieed and cxpired ac fram variations iy heat canductioa capactty The serlanon
was measured with a low fricton gasometer All these parameters were recorded with a Gras
" pad o e il Do fyentlas
. and 760 mm

1D DIOKL LILLIL LU dUUI twbul Liss re s w oy s i undhotm and
Vamos (1963), the blnod glucose concentration according (o Brrgmeser and Bernt 1962 and the
plasma FFA concentration according to Trour Estes and Fricdberg 1961

Results

Effect of 0 10 pug Afkg run infused for 30 mun The effect of this A infusion on different
physiological saniables 13 shown in Fig 1 and 2 and also Table I and [T On mfusion
nf;\ the oxygen consumption rose conuderably as quickly as within § min and then
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continued to wnerease reaching tts maxsmum at the end of the infusion It then
decreased and regamed the basal value 60 min afier the end of the infusion The CO,
production did not run paralle] with the O, consurnpnion but reached 113 maimum
s quichly as after 5 mun decreasing then relamely more rapedhy than the O,
cansumption The \cautation wncrease ran parallel with the wcrease in CO, pro-
dutt on The pulse frequency nereased 1015 beats min the svstol ¢ blood pressure
105c and the diastolie blood pressure felf dunng the mfusien g 2
The plasma FF \ concentration rose conbnuoushy during the nfus on the maximal
nerease being 750 peqt The blood lactate concentrat on rose almost i nearh with
the infusion tme and showed a maximal increase of 8 mg  at the end of the i
fuson 60 mun tater regasned the basal level The blond glucose concentration
shoned & maxumal increase of 34 mg  at the end of the wnfus on and then decreased ="
slowtt but the basaf feved was sull nc to T )
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Tasie I The nfluence of adrenahine (Adr) mecotinic acid (Nic ac } and Mic ac and Adr 1n com

binatton on O,

€O,

and

atory minute volume Mean values
£SE in 5 fasted subjects Adr 010 ug/kg/min lnfuszd for 30 min Mic ac 5 mgfmm
anfused for 150 mun Time 1n relation to the start of Adr infusion P=probabul ty that the
effect was due to chanre

Adr+Nic ac
Adr (T) (m
0, mljkg/mm
Basal values 320400823  347:0084
Change from basal values
after —10—0 mn 00110020
0-10 04840039 03240045
P <0001 P <0005
2>--35 07520072 0470065
P <0001 P <0005
43—48 04820084 03010051
P -000> P <0005
5562 02240114 0140066
859> 000£0098 00310052
CO; ml/kg/min
Basal values 276£0083 27340087
hange from basal values
afier —10—0 min 0020044
010 083£0039 09140123
P 0001 P 0005
25—3» 0630061 0780086
I oom r o001l
4348 00940049 0090037
55--62 006-00(0  011:0085
8>—9> 00> 0036 016002
P 00>
Respiration solume 1 min
Basal values 277 0167 25540197
Change from basal safues
after —10--0 muy 051 0118
r ool
0—10 18020 111 2240300
P~ 0001 r 000>
253 1464018 253 0279
P <0005 P 000>
1348 028x012¢ 086 0099
P oool
23—65 02930124 0712025
P 005
03820120  082_0127
Bt P<00> P 0005

Mean difference
1n Adr effects
with and wathout

N ac Mee ac
(n 1y
34140128

00020066

—002£0040  O11£007>
000£00¢1 02910126
~006:0080 0110072
—003£0030  009+010”
—0024003 —0€6--012)
27240151

~003:+0069

00040014 —003£0078
01140053 —00£x0121
00340025 00,2000
002£0081 —0OI+008}
02140000 010 0072
P 002

56410244

G1+0120

02440140 ~020+0268
a4l 0107 01640108
rooal

04520082 —013£015”
P ool

038_0166 -003£013
00 0114 01610136
r oo
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Taste IT Thenfluence of adrenaline (ADR}, nicotinic aesd (\ic ac ) and Nac ac and ADR 1 com-
bination on the FFA glucose and lactic acid content of the blood. Symbols as in table T

Mean difference
in ADR effects

ADR + with and without
Nic ac Nic ac Aic.a
ADR (1) an qun 1 (1 1)
FFA peq 1
Basal valucs 686756 6382106 3 3832620
\ean change from basal
salucs after —3 mun —226-681  —2:8=38.3
P<0D> P<000>
~10 3171206 —278.989  —33:41>  267-1877
P<00> P <0005
30 76821629 —336-929 396479 081924
P <001 P<00> P <000> P <002
4 66121875 —360=976 3790420 64221838
P<00> P<00> P <000 P<00>
60 M211286 —4341118  —367=4>1 274+ 1418
P <002 P <0005
% ~192-936  —430+1191 —406+>36  —168=1188
P <005 P <0005
Glucose mg/100 ml
Basal values =18 8113 g1=25
Mean change from basal
salues after —3 min 860 3213
+10 17227 2[+106 5215 1=109
P <0005 P00y P<00>
30 54269 075 4=19 F=72
P<000> P <0003
" 5343 27129 3=17 —1296
P <0001 P 00?
60 1629 20477 028 1783
P <000 P<00
% 2645 i-87 0=21 19=97
P
Lactic acd mg 100 m1 90%
Bual values 68117 RSN 332 031
Mean change from basal
salues after —> mim 03043
-lo 17-051 36_150 nx: 037 ~17—1t3
» P <005
80104 vi-00 o 049 21090
P <0003 P N0
+ 55-058 Sus048 0 ool 0 _uves
7y P o001 P 000>
25-033 312007 204 —~04-068
P01 P oni
90 0420 1 014098 01 03 ~04£073
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Effect of mcotime acrd nfusion Infusion of mc ac n a dose of 5 mg/mn for 120
mun provohed an mitial flush which gradually disappeared No definite change i
the oxsgen consumption was noted (Fig 1, Table I) The CO, elimmnation, on the
other hand, began to increasc about 30 mn after commencement of the nmic ac
infusion The respiratory quotient thereby increased from a mean basal salue of
076 t0 2 maumum of 082 The difference 0 06 = 0 019 was sigmficant (P < 0 03)
The venulation and CO, production ncrease ran parallet

Nicac reduced the plasma FFA concentraton considerably, and after about 60
run this concentration reached a new level which lav approumately 350 peqll
below the inntal salue The blood glucose concentration increased very shightly,
while the blood lactate showed no fi change (Fig 2, TableII)
The pulse frequency tcreased wmualls by 10—~15 beatsfoun but there was no
alteration 1n blood pressure (Fig 2)

Infusion of meotiir acid + adrenaline: When the subject was gnen micac before
and dunng the A infusion the adrenahne effect on the oxygen consumption was
reduced (Fig [, Table ), and this reduction was most pronounced at the end of
the A mfusion peniod, when m the subjects treated with A alone the plasma FFA

reached 1ts In the nuicac treated subjects the elesatng
effect of A on FFA was completely inhibited (Fig 2, Table 11)

The mean differcnce in A effect (0—45 min) on the O,consumption 1 tests on
the same person without and with nic ac was 0 15 - 0 038 mlfkg/mn (P < 002,
8= 5)

# In Table I and II the sum of the separate effects of mic ac and A are also com
pared with the cffect of these drugs in combination A reducuon of the Oy cor+
sumption (015 = 0048 ml O, kg min P < 005) was shown when the summed
fnean salues during the pertod 0—60 min were compared On the other hand
nic ac caused no reduction of the A induced 1ncrease in CO, production The RQ
were higher 1n the iicac - A expeniments than in the A experiments (mean val
ues 09% and 087 after 10mn respectnely; During A snfusion, however the R Q
must be exaluated with some caution part of the increased CO, production 1s prob-
abh due to the fact that CO41s drnen out from the bicarbonate of the blood and us
sues owng to the mncrease in different acids lactic acid and FFA) induced by the
4 infusion This relationship has been studied 1n more detail by Lundholm and Sved
mvr (1966 a; In the muc ac — A expeniments the plasma FFA increase was nhibrted,
however It seems probably, therefore that the R Q increase in these expeniments
as compared with the A expeniments was a truc one In that case this should indicate
an increase of the carbohydrate metabolist in the mcac ~ A experiments Some
support for this assumption 1s also provided by the course of the blood glucos
concentration, which decreased considerably more rapidhy 1n the nic ac Ay

ments after disconunuation of the A infusion than in the \ expenments Fig 2,
Table 11} The effect of \ infusion on the blood lactate concentration was not in°
fluenced by the nec 2c treatment

‘The resprraton solume in the mic ac

~ A expeniments showed approumateh
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Fig 3 Tentue prescntation of the
relatve mportance of FFA and lacuc
acd (L A} metabolism for the calon
gemc effect of An man. FFA Partol
the calongenic effect of A wich was
tlacked by meote scd and atire
buted ta mcreased FFA metaboham
LA Increase of oxygen consumption
caleulated from the relanonshsp be
fween the mcrease of lactic acd con
tent an the blood and the sumulation
of oxsgen conswmption as found by
Svedmyr (1966 b) The hyperghy comic
effect of A and yts snmulanon of the
hrart wark may contnbute to the
Rest  effect
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the same course as the CO, production, which substantiates presious findings
{Lundholm and Sued: 1966 a) of a tup between the resprranon-suraulat~
mg effect of A and uts fluence on CO, production The effects of the adrenalne
on pulse and systohe blood pressure were not mfiuenced by mic ac , but the reducton
of the diastohe pressure was smaller after meac (Fig 2)

Effect of L{+Yactate on oxygen consumption and blood lactate concentration ta man Pre-
bmnary experiments inducated that en mfusion of 23 mg L+ )Factate/kg/oun the
blood lactate d to approamately the same degree as with
adrenaline mfuson Tt 1s of mgerest that this lactate quantity agrees with the maxmal
Iactic ac1d ehmnation from the forearm ussues which was mdueed by an adrenahne
tfusion n the same dose (Luadholm and Svedmyr 1966 b} On mfusion of this
quantity of L{4-Ylactare the blood lactate tnereased Iy by
94 mg %, (8 Oaficr A) and the oxygen concentration by 10 °, (21 °, afier A) Thess
€xpertments are reported sn more detal n another paper (Sedmr 1966 ¢) When
the ancrease m blood Jactate concentratton was cosvelated with the inerease m
oxagen o 1n these expeniments the foll g regm g was ob-
tamed ¥ = 0026X + 0032 Y = increase of O, consumption ta mi g min oves
the basal fevel and X == werease of blood lactate concentration fn mg °, over
the basal value) On calcutaung by means of this equation the smcrease in oxygen
consumption that could be expected to be mduced on the bass of increased blood
lactare concentratian on mnfusion of A, the curve i Fig 3 was obtamed The area
beiow this cunve i the penod 090 min ater the start of the mfusion was 35 ©, of
fhat below tha corresponding A cune

Discussion
FF \ metabatism  Afier treatment with mic ¢ the calorigeruc cffect of A 1n man was
reduced and at the same tme ws FE A mobihaing effect was selectinely snhibited
The resubis agree with the findings >t Havel ezal ¢1964; with regard to the calongeme
e

»
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e of SAmaman In$iy 3she proporuon of the calongenic effect of A whicdiwas
Ulorked b sue g liay bren masked gut by 1EA “Thes propartion tonstitutes 209,
of the 10121 effect tn these tests An anpartant question s whether the blackade of the
1A metabolion had caused the selaine mhibation of the calosdzeme effect This
serms prohable since suicac did not inluint any otier effects of A, but there s 5o ton
cdusse evdence Hed i Yeen feauble by nfuvon of free faty atds o rane the
plasma fnef o dhe same degree as ofter she A infusion st mipght have been posssble
to study this question further, but free £a1ty aods are tog wxie 4o b sdmmstrred
m the wan (O and Wrethnd 1991, and of they had been gnen together with
albuznn the flud solurne afused would hase been very lasge
Asurmng that there 5 a cawseine relauondup betwern J{A mofnlication and
calorzeme effect, the stnmylauon of the oudaint processes mght perhaps b mtty-
preted a3 a result of inceeased georss t substegte Stessbers (1963 fuund 1o expen
tnents 1o extre thas the oxsdauon of 11 A ncseased with an creass of the 11 A eon-
centration n the mediwm [hn way not accomnpamed by any amerease i ovygrn
comumption, howeser and thas effect was shesefure prabalily assx tated with seduced
utilization of other subntrates 38 5 wel] known that there 55 an ms ey relaumstop
beoveen, ¢ g, the L1A and glucre uudiauon of cardiae muscle {Oppe, Luans and
Stup 1961 Randlr 1994 In sov expenmenns, for example, mic ac redlerd the
. Ple ma $} A concenratson connderably undes basa! condtiony without sfluencny
ne hawal (2 comumptinn Phe R () rosw, honeser ndiating that the oxidason
4 carboin drate and ot protesn had mcreased  Challoner and Steaberg 1965
J'a\r bneves gecently found thet an mueaed TFA (oncentranon i the pre
fuate anaraswd the £, comsamption of polated rat heart
Iv hay abw bees demomnsicated thet NA conuderabiy ancreases the tusmmer
sate of plama §EA Havel 1904, Stemberg of af 1963 The nereased efflux o
$3A from platne o b comianed with an suesease sn the meorparation of 1A
10 wlyerndes Adrenahne ranes she Blood glucose <oncentratson, and ¢ s well
Fnomn that tnetease 1w e cone nration inceeases the sesntheas of ) herndes
1Stenberg 1953 € Arbould thetelone vsmulate an 1A cvede with an crease 1t
Loth Indrobvens and re vntheas of s, vrendes Fhn oacle i rnrr,,')-wmuymngﬂld
1t has hren sugseted Us Ball and Juneas 1961, Hasel 195% and Mawrn $907)
10 be parthy repusmbile for the clongomse offet of CA Bt bas bren repasted that
NA, mn ta oo expessments anrreaws the aizveende concentranon o the Sver,
beart and snuscle Carbon Lipedahl aod Warsen 1967
§ urther sudies of ttus prablem ase honmer tequied 1o ordet (o detesmne SC
quamxmxwh e selome impatanc e of diret EEA oxidaton and or the rennthess
S FEA wmangyrendes for the cal smirens eflrey of (A

Jacta's rectabolim

An gmportant guetion o whethies a lactatr mnfuwson csn cnmpletely et
HTert pyrr1d In A on the Lirtate meathem Thiy question s dowly conned? .
yosth that of whether Lictate produtin and lactatr avsdass n tabe plare i differer

date shr
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tissues and how an increase 1n lactate metabohism induces stmulation of the oxygen
consumption According to the ‘lactate cycle” theory of Cors (1931) A induces
glycogenolysis 1n skeletal muscle after which the lactic acid produced s transported
via the blood to the Iiver where 1t 18 to the greater part resynthesized to glycogen
“The 1 of oxygen ) by the lactate would thus be due to energy
losses on resynthesis of the lactate to glycogen Adrenaline would thus stimulate
both a “lactate cycle > and 2 * FF'A cycle” The doubling of the oxygen. )
of the liver and the increase of its uptake of lactate which has been demonstrated 1n
man by Bearn, Billing and Sherlock (1951} during an A nfusion could be explasmed,
at least in part, by an d lactate bol DA also Jated the oxygen
-consumption of the hiver, — the effect was about one third as great as that of A —
and therefore an increased FFA metabolism may have contributed to these effects
If Con s ‘lactate cycle™ theory 1s correct the effect of a lactate infusion should
emulate farly well that of A, on the lactate metabolism More recent studtes appear
10 indicate, however, that the lactate ol 13 mmore compl d
outlined above
In expeniments on the rabbit Drury and Wick (1965) found that the major part
(65 °,) of infused C* labelled L(+)lactate 1s oxidized to CO. and that only a few
per cent were found 1 the lner and muscle glycogen In eviscerated amimals the
‘ turnover rate ' of radioactively labelled lactate was about 8 umes slower than m
ammal with an mtact hver The ammals were still able to ondize lactate, however,
though with greatly increased lactate concentrations n the blood Even if the hner
15 the most important organ for lactate oxidation, 1t can also be metabolized to some
extent by other organs such as heart, kidney and bramn (Brin 1965, Levy 1965, Sacks
1965) It has not been shown, however, that lactate sumulates the oxygen con-
sumption 1n these organs However, 1n adipose tissue CA sumulates both the oxygen
<consumption, lactic actd production and FFA release, and lactate also shmulates the
‘©¥ygen consumption of adipose tissuc (Lynn McLeod and Brown 1960 Hasvel 1964)
It1s therefore possible that both lactate production and lactate oxidation may take
Place mn comb with 1 of the O, p 1n adipose tissue I
this 15 so then the lactate concentration in the tisues should not be completely
reflected, by the blood lactate concentration Lactate diffuses relatinely slowh and
considerably concentrauon difference 1n lactate concentratton between blood and
ussues have been shown (Sachs 1937, Lundholm 1956) It s thercfore possible that
tie factate concentration 1n adipose and possibly other ussues was higher on infuston
of A than of lactate Such a possibility might have given rise to some undervalu
ation of the role of lactate 1n the calongente effect of adrenahne
Schimassek (1963) has found that A and glucagon sumulated lactate uptake and
0, <onsumption of the kner to a considerable extent Laton and Park 1965) re-
ported that phosphoenolprrusate earboxyhinase had a rate hmsting effeet on the
transformation of lactate to glucose by the rat hner The acunats of this enzvme was
sumulated by glucagon, A and ¢ychic 3 —5 AMP 1t1s therefore probable that A
a stimulating effect on the lactate uptake and resymthesss by the liner 8

than s
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effect could partly explain the differences 1n the results of Cont (1931) and Druny
and Wick (1965) with regard to lactate metabolism
Other mechamsms As may be seen in Iig 3 the total calongenic effect of A was
somewhat greater than the sum of the calongenic effects that could be assumed to
be due to smulation of the I'TA and Jactate metabohsm It 1s possible that the role
of the lactate metabolism was undervaluated and that the magmtude of thus * residual
effect” 15 not so great as 1s indicated 1n Fig 3 It 1s probable, however, that other
) than those d d above may have been of contributory importance
Adrenalin increased the heart frequency by about 10 beatsfmin (11g 2) and has
also been found to increase the cardiac output by 50—100 9, (Goldenberg ¢t al
1948) The resprratory volume also increased It s tughly probable that these
increased muscular effects may be associated with sumulation of the oxy gen consump
ton, but with the data avarlable at present 11 1s difficult to exactly caleulute thar
part in the calornigenic effect The hyperglycemic effect of A 1s probably of some
importance for its calorigenic action, too (Boothby and Sandiford 1923) and this
will be evaluated in a further study Adrenaline also increased the oxygen consump-
tion of the forearm lature 1n man (Lundholm and Svedmyr 1966 b} and 1t has
not as yet been established whether this effect was due to an increase n the lactate
or FFA metabolism or induced by a more direct stmulayon of the muscle metab-
olism

shie work was supported by the Swedish Mcdical Research Counail and the Ficulty of Mc! ane
University of Goteborg 1 am grateful for the techmical assistance of Muss Inga Johansson and Ve

! Theodor Decdin
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Abstract
Honeo, T and R W& Rvarr Electrophysiol: ! and lectroph Studses on
gmpathetic pregangliontc neutones i the sptnal cord Acta physiol scand 1966
68 96—104
Preganelionuc sympathetic neurones in the thoracie cord of the sprmal cat were located by record
Jing 1 Is m response to of fibres 1 the
supenor splanchnic nenve A s were only recorded m the region of ihic intermedia-
lateral cell column Few umits were finng spontaneously or could be orthodromscally activated
e veloeities in the axons of units from which recordings were obtain

ranged from 15 10 9 miscc Local microsclectrophoretic apphcations of DLshomocysteic aeut
fired the cells but noradrenaline had no excittory effect and did not inbibit spontancous $ynapt ¢
or anudromic finng or the firtng to the excuant amimo acid  Acetylcholine had no effect on the
few cells tested

Noradrenaltne NA 15 a potent immhibitons substance when applied micro-electro-
phoreucally to some interneurones in the lumbar region of the spmal cord of the
cat (Engberg and Ruall 1965, 1966 and there was some correspondence between
the distribution of sensitn € interneurones and the relative denstties of NA contaimng
termunals tn this region of the cord This and other evidence led to the suggestion
that NA 15 an inhubitors transmitter hberated from the termnals of descenchag fibres
{Engberg and Ryall 1965 1966, There 1s a hugh density of NA containing termnals
1n the ntermediolateral column of the spinal cord Dablstrom and I uxe 1965) and
the preganghomic sympathetic fibres are known to anse from cell bodies located w
this region (see Mitchell 1953 It was therefore of interest to determnc the senét

tuvaty of the preganglionic sympathetc neurones to N3 When this invesugaton
was carned out there was no published account of the electrophy siological pr:’f’"""‘
of these neurones However Ternandez de Mohna huno and Perl (1965) have

B e D TYYEh T o o T T
1 Suppﬂned by grants from ani
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Fig 1 Types of anudromic potentials recorded 1n the thoracic cord to antdromuc stmulation
of fibres 1n the supenor splanchmic nerve A umitary negative potential B postive negauve poten-
tal probably wntarv C unitary negative positive potential (sumulus straddlng threshold)
1" compound potentals produced from several umits at different tensittes of sumulanon
ranging from 1 to 3 times threshold for the first short latency potential (1) Note expanded sweep
m E—1 In A—D the stimulus artfact occurs near the beginming of cach sweep

recently reported on the properties of neurones antidromcally activated from the
white rami Many of the present results with anud \ of the splanch
nene confirm ther findings Thus the present results will be presented 1n comparison
with those of Fernandez de Molina et ol (1965), with special attention being paid
1o those observations which are complementary to those of the latter authors a
prebminany account has been published {Hongo and Ryall 1966)

Methods
Sas were operated upon under ether anesthesia The spinal cord was expased from the upper
dn"dtr of the fifth thoracic segment down 1o the lower part of the minth thoracie segment and the
o vsal roots were cutipsilaterally to the recording side Recondings were usually made at the sexenth
m:':ﬂ_c;;xmzm and occationally the central stump of the dorsal root of the same scgment wa,
. . . .

otherumuscular blockade was maintained by 1 v njections of gallamine methiodide A pnew
bt foutnely employed  The majonty of the experimenss were cammied out with
Cleesinoped m cro-lectrodes which had overall up diameters of 4—6 u The record ng and
Ruall Jogss Sarchniques were the same a3 those used n a previous mvestigation (Engberg and
eia’®) However some of the rerordings were made with sngle barrelled electrodes (up
isee dueepprosimately 1 4 filled with 3M sodium chionde Square wave pulses of 0305
< durauon were used for of the 1 fibres Recordings of volleys m
ey apseral stumps of the dorsal and ventral roots were usually made at the end of the exprn
Celocind the length of the splanchme nerve was measured i order to determine the conduttion

Al extracellularly recorded potentials are shown with negatwiy upwards
Results

Antidromucally generaled potentrals
[twas sometimes difficult to locate extracellular potenuals which could be attributed
19 potenuials generated 1n sympatheuc neurones by anudromic volleys i the 1pst
f2teral splanchme nerve “Thus was probably due to the small size of the cells and
thewr dendrites {Fernandez de M hina of of 1965 and therefore of the poten
T6AINI Acte phy sot

Vol 6
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and to the vanation in the size of the cell groups at different levels of the cord and
sn different cats
Potenuals were only considered to be antidromically generated 1f they satusfied
the following criteria, 1) the latency from the sumulus artifact was snvanable at 2
freq y of 1 and was with the speed of antrdromic
propagation of volleys in the preganghome nerve 2) umits followed a reasonably
Ingh frequency of sumulation (at least 100/scc) compatible with unimparred conduc
tion of the antidrormic volleys
Focal potenuals recorded from groups of cells were small and probably
generated maiwly by only a few cells These potentials were always arregular
outhne (Ig 1 D) and were composed of several negative waves These waves
could be differentiated by adjusting the strmulus intensty, the units wath the longest
latency firing with the largest stimulus and 21z 1ersa An example of such a focal
potenttal 1s shown in ig 1 D—1 1In I, the sumulus was just threshold for 1 unnt
responding with the shortest latency (17 msec) mn the group The first wave 18
probably due manly to thus umt since the size of the potential did not increase
markedly when the sumulus intensity was increased At 18 times threshold a
sccond potennal (latency 195 msec) became evident This sccond potentsal 19
creased stepwise with increase in stmulus mntensity up to 2 1 tumes threshold Or the
st unit At 20 times threshold a thurd small potenual (latency 22 msec) may be
etn, but this did not increase when the stimulus was increased and at 3 0 times
threshold the third potenual 1s partially masked by 2 fourth (latency 23 2 mscc)
sinch like the potential with the shortest Jatency appeared to be generated mainly
by a single umt Also of interest in these records 1s the small postuvity preceding cack
negative potential but these were not always present
The unitary sprkes were often recorded in the absence of potentnils from other
cells (Iig 1 \—C) They were usually predominantly negatne and were for
smaller »0—200 pV cxceptionally 300 £V} than those reported by Fernandez de
Molina et at 1965 The recording conditions were relatinely stable the same
unitary spthes could be observed for more than 30 min An amnal positinity was
frequently obscrved as seenin big 1 B D—I winch however appeared to have 2
gradual onset and was uswally much smaller than the following negataaty Occasion
ally unitary sprhes with 2 late posttnaty were also encountered (fsg | ¢) The
nse ime and the duration of the unitary spihes as measured from the sturt of the
negatnity was08 02 standard deviauon 61 determinations) mscc and23 + 06
(58 determinations msec respectively  The small late positinity (not alw 1ys pres
ent) was 100 small i relati 1t o the nose level 1o allow measurement

1

Many other newrones mere o ¢dr n cally act sated from (€ ypa lteral splanchn ¢ ene bit
could be orttodromicall & ed b st mulaton of ol o contralateral splanchn £ nerve dors
. ta Y nre Iad w 12 lateney
f . thte
. P
- ' mal
. can
¥ maee)
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and varable Jateneres + ere encountered occasionally This was especrally the casc when the ipst
1ateral splanchnic nerve was stmulated 1n preparat ons o which the cord was nof transected at
bath To and T2 These d scharges of presumably synaptic orig n probably represent an afferent
inflo  from lower segments of the cord but the possibil ty of acusation va axon, collaterals of the
peoome R v B O v

r

a

B

Latency of antidromc potentrals
The antidrorme axonal conduction velocities for sixty seven umits are plotted as a
frequency histogram 1n Fig 2 Also shown in Fig 2 15 a record of the small volley
recorded 1n the peripheral stump of the ventral root when the splanchnic nerve was
sumulated at the end of an expenment

The range of velocities was from 15 to 9 misec (Fig 2 which was smilar to the
distrrbution of conduction velocities of the antidromic volleys recorded m the ven
tralroot (F1g 2, inset record) The range 1s similar to that reported by Fernandez
de Molina ef af (1965) who sumulated the white rami Faster conducting vallevs
cquivalent to the P1 subgroup (11—15 m sec as defined by thesc authors were not
clearly found 1 the compound ventral root potentals m the present study

Spontaneous finng and synaptse acti ation of preganghonic meurones
The majonity of antidromucally actnated umits did not fire spontancously and

could not be fired by sumulation of either the central end of the ipsilateral dorsal
root or by 1 of the ¢

(contralateral dorsal roots mntact
Fernandez de \Mohna et of (1965

al splanchnic nerve with single shocks
However in contrast with the experiments of
a tew were found which could be fired svnapt

€ally or were spontancously acme w th a low frequency of fining (less than 10 sec)
Such spike discharges could be © 7 ° t -

aedrmenall e
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A ] orthode + antidr

A

8
o
4
\
c , Fig 3 Extracellular spike potentials from & preganghic
. o™ onic neurone showmg the collion between evoked or-
thodromee potenuals 2ad an incoming antidromic vol

ley In all secords the splanchntc nerve was sumulaied
near the beginmng of eack sweep (indicated as artilct)
The neuronc fired anudromucally at 26 5 msce Jatency

1] ¢ (A B) and was somctimes fired orthodromically by a
dorsal root solley (C D) Jn B, the dorsal rom soliey
:J did not el a spike and the antsdromc potental was

s, [290 seen it thesand sty as i & T G and D orth-

dromic potentials were generated and no antidr ymse po-

— tenttals were observed The axonal conduction velnoty
10msec of this neurone was 3 B misec

\ :alcd uan by the similar sizes and shapes of the action potentials evoked spontane-

*. ously, orthodromicalhy and anudromically, and, more conclusnely, by the colliston

bet the orthod Ily and d lly evohed spikes Ths colhsion is

lustrated in Tig 3 for one neuronc, which was actinated with a varable latency

by dorsal root sumulauon In records A—D the ipsilateral splanchnic nene was

stimulated antd) Hy near the b g of each sweep An antidromic poten-

tial wath a latency of 26 5 msec (conduction velocity 3 B misec, (A) was only ob-

served when dorsal root sumulation failed to chicit a spike (B, Sumilarly, a collision

between orthod: Ily proy but sg Iy d potentals and

ls was d d on y finng units

I;

The location of the antidromic potentials

The records in F1g 4 were obtained n one of two cats 1n which the area over winch
antdromic potenuals could be recorded was relauveh large compared with other
expenments, although 1t was sull small 1n abrolute terms iapproximately 300 g 18
diameter) The area i which single umtary spikes were recorded was even smatier
Howcver, antdromuc potentials could somettmes be recorded over a distance of
200 ¢ In cvens expenment the lozauon of the electrode m the cord was determuned
by fixzuon and scctoming of the cord with the electrode tip o Invasiably,
the antidromuc potentials were onhy recorded from a small area in the ntermedin-
lateral region of the grey matter, as shown n lig # In this duagram the depth

from the cord dorsum 15 only approvumate since the degree of shnnkage \\)uii;

occurred when the cord was ficed and embedded was not known but was aseum

rr
¥ s
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Fig $ Extracellular antidromie focat potentials recorded at different depths from the cord dorsum
10 tracks with the tseruon spat kept conwant but at differemt refauve angles The antdromae
porenuals were onfv observed withun the area wndicated by she square The area of dus squar~
18 sndicated by the shaded area e the diagram to the right of the figure The depth of the micro-
electrode tp from the cord dorsurs 1 1ad cated w mm and she relatve tracking angles of th=
micta-clectrode are shown below the figuse

to be about fifieen per cent I of stawmed jogical sections showed
that the mze of the intermedio-lateral horn vaned markedly at different Jeveb
along the ass of the cord and even ar the same level on opponte sides of the spinal
cord This vananon probably explains the difficulty in locatng the preganghomc
nevrones, and the low cell denmty may fo some estent explam the small focal
potentials Turthermore most of the cells i the mtermedso-lateral column were
very small (less than 20 v diameter)

The acton of noradvenaline on sympathetec preganghome newrones

NA was adi 3 3! ph Hy with currents up to B0 10 %3
through a 1 M solupen of the bitartrate salt whle recording anudromuc umtary
potenuals from twelve neurones In no smstance was there any effect on the ann
dramuc finng Thus shows that \ A s not a parucularly peient mhbitony substance
on these cells Furthermore excitation was never observed  Anudromme firing may

701 be a very sensitine test for a shight mhibitony acuon because of 2 hgh safets
factor for d

mvasion  Sp finng should be a2 more semsitive
ndex but was rarely obsersed However N A was tested on three occasims n delete
alls which were finng spontancoushy and had sprhes sutficenth large 100300
#% o allow discrimination from the background amse  Agaim no effect was ob
served with noradrenatine On owa cells actnanon of the preganghonic
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NAO
A
[t
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T T T ]
[ 7 8 9min
Fig 5 A effect of NA on the finng to DLH of a sympathetic preganghionse neurone DI 13 was
ejected from the micro-clectrode for 30 scc at cach dot NA (30 , 10 *A) was apphed during
~the per1od sndicated by the horicontal bar B cflect of N A on the synapuc firing of an sther umt
o of lateral splanchnic nerve (contral dorsal ront antact) Ths unit was
w1 a preganglonic neurone The ¢ nerve way 1 t 3 fr of 4 sec and
each stimulus produced 2 or 3 spikes The numbers of spikes 1n cach second (averaged over 12
Losrc are plotted s ordmates in the fizure

neurone from the dorsal root was also unaffected Quiescent preganghonic neurones
could be fired by the micro-clectrophoreuc applicaton of an exatant ammno aad,
DL-homocysteic acid Tig 5 A shows the effcer produced by repeated bruf ejec
tions of this substance on the finng of a neurone which was invaded antidromically
from the splanchnic nerve Dunng the period indicated by the horszonal bar,
NA was also gjected with a current of 30 10 A but u nuther exented the cell
nor did 1t reduce the finng to the amino acid  However, st was only possible 10
carn out such an examination on three cells unce 1t was usually difficult to matain
the size of the extracellular potentials constant for a suflicrently long pertod  [his
snability to mamtain the spike s1ze constant was partly due to the fact that stall
movements of the spinal cord sn relation to the micro electrode had a marked
effect on the spike amplitude  such mmements were ofien troublesome, desptic
the routine use of a pneumathorax, particularly towards the end of a long exper
iment when pulsating movements of the eord beeame more promunent Anather
difficulty was that the exeiant amino acid often caused a rapid decrease 1n spike
size 1n the concentrations required to fire the cells
In comrast, many other types of neurone may be snhibied by NA apphed mlc:'”
electrophoreucally  Fogberg and Ryall, 1965, 1966) The nearone i hg 58

of the ¢ ral s 1 nerve at a frequenc

was actwvated by
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of 4/sec, but was not wmvaded 4 Iy from the ipsl ! nerve and fay
darsal to the antermedio laterat region Each stumulus produced a discharge of one
10 three spites and the total number of spes i one second {averaged over §2 sec)
ace plotted 28 ardinates w the figure Dunng the appheauan of NA with a current
of only 10 x 10 %A che synapuc discharge was virtually abolished, and when the
applicanon ceased tnere was A slow recovery
Acetylchohne was tested by ks ph d: on on four pregan

glionic neurones, but was mactne

Discussion

The electrophysiotogical studies reported in this paper confirm. and extend those of
Fernandez de \folma et @f (1965) In the present imesugation the exeracellularh
recorded potennals were uwmally small and predommantly negamve They were
usvally stable enough to allow ohservations for a consderable ume In contrast,
Fernandez de Mohma of af {1965) obtamned large {op to 13 mV) and mnalls poss
tive extraceliutar potentials, or wgiant extracellular potentialsn (Granst and Phal
1ips 1936, Freygang 1938, Freygang and Frank 1959) The duranon of the upitan,
sphes obtamed n the present study (23 2 06 msec) was conaderably shorter
than that reparted by these awthors This 1s not unexpected since the recordmng
conditions ave clearly different at 15 very Ikels that the up of the micro-clecirode
was poationed 1n close provimity 10 and probabhy imagumattag the cell membrane
1 thewr study However, 1t should be noted that the duration of the eutracellular
négative parenual of the sympathenc preganglionic neurones w suft long The
duration of the equnalent ex i) 1 other neurones 1 ahant |1
wsee (a spinal motaneurones (Fatt 1957 Nelsor and Frank 1964 and 048 = 016
fstandard desation, 18 d msee 10 of the spui weat
wact (Hongo and Lundberg unpublished

Swce anudrome potential were ouh recorded from the smyermetho-lateral
region of the gres matter thore was no evideste 10 suppart the suggestion that there
wat be another group of preganghonic neurones located more medialhy  see Mae
chell 1933) There was a vanation 1n the size of the area from which antdromic
pienuals were recorded along the axs of the card but no attempt was made 0
correlate this obsersauon wWith vanatons i she size of the wtermedio-latesal cell
column, which were seen hisiologicath

ternandes de \ohoa o7 o! 1965 found no unit which could be orthnadromicatly
attnated and in the present imesugaton onh 2 few preganghionic peurones
could be acmnated orthodromcalle bn stumulation of dorsal root fbres These

I recorded orthod, petenpals were posttinels adenbficd as be

lonfing to the preganghone newro tes by colhdine  rthodecmic and antidromic
vollews The conducuon sefocits ot avons an thuse units did ot belong to the P,
subgroup (1115 msec as we  taested by Fernandes de Molina o of 1965
Since 50 few units were orthodrom i actvated 18 eoms hhels that onls a small
proportion of the preganghome

e G Letpats ate
s can pact Ctpate . segmental aulomomueg,
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reflexes in this preparation 1 1s posstble that 1n the spinal preparation the segments
reflen pathways to the § 1 are parually inhibited

The faiture of NA to affect d finng of the pregang! s
evidence that st was not a powerful inhibitory substance There was, 1n adduson,
no evidence for an excrtatory action Unfortunately, spomancous or synaphc
firing, which shonld be mare sensiive tests for inhibition, was rarely obsenved in
these prep , hut was Mlected by NA on the {ew occastons when tesls
were posyble Ssmilarly, finng by an excutant amuno acid was also unaflected by
NA With the techniques used 1 this snvestigauion st was possible to show that M4
has marked iniubutory actions on many lumbar wterncurones (Ryall 1963, kng
berg and Ryall 1965, 1966) and on mterneurones n the thoracic cord which were
fired by afferents in the splanchmic nerves Thus the fadure to affect the finng of the
preganghonic neurones with NA s unbkely to be due to techmical difficultres i
agmmstration

These studies bave shown that NA bas no action on at least some of the cells
guang nise to preganghonic fibres in the splanchme nerve Thus the results sugyest
that the NA termmals in the intermedio lateral column of the sthoracic cord (Dahl
strum and Fuxe 1963) are ending on neurones which are not those gising rise to the
preganghome fibres in the splanchoic nerve The possibility sult remains that the
noradrencrgic nnenaton occurs on pregang neurones synapung 1 the
"svmpatheuc trunk gangha

1} 1 a pleasure 10 acknowledge the helpfsl advice and enticsm gnen by Prof A 1 undberg i
the preparation of the manuscript
This work was supported by the Swedish \edical Research Council (Project So 145 98 O2Y
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. Abstract

Crove, C Glucose uptake n potassium-depolarized mammahian muscle Acta physiol
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Expertments waes nearfaemad = oot o4 PUSEE BT 4 tite. o

The strated musele cell displays a clear selectivity to the entry of non-electroly tes
Some molecules enter the cell nterior faster than others of comparable «ze and
physical properties — probably due 1o interaction with components 1 the cell
m-mbrane Glucose 15 an example of a hydrophilic substance which enters faster
than do other hexoses The nature of the interaction between cell membrane and
permeant molecule 1s completely unhnown and therefore, 1t has 5o far been almost
tmpossible to elucidate the mechantsm by which insubm enhances the rate of passage
of glucose m1o striated muscle

In order to throw some light on the nature of the facihiated passage of glucose
€xpertments were performed 1n which the effect on the muscular glucose uptahe of
inereasing the extracellular potassium concentration was studied Ihe idea behind the
worhwasonginally that the depolanzauon as such mght increase the permeabihty
of the membrane to glucose, but the work later focussed on the possible connecuon
between the glucose uptake and the processes in the cell membrane responsuble for
sodwm extrusion and potassium uptahe
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Fig 1 Diagram of experimental set up
Blood diluted with cat Ringer 1 erre
culated by a pump Materal s
from the extracellular spacc into the
intracellular space (IC1) Glucosc 1
continually added by means of a mo-
tordriven syringe

The general plan for the experiments was to determine both the uptake of glucose
and the oxygen consumption 1n an ssolated perfused cat hind hmb before and afier
addition of potassium and i other csperiments 1o see whether interference with ron
transport by addition of strophanthin affected the glucose uptahe

Methods
Expermental technique and caleulations 61 expis were performed on cats starved for 18 brs Usually
A, PRC R 2l p H e

a bubble ovygenator with a gas mixture (saturated with water vapour) contarmg 56 € Gy and
oxygen The blood was circulated with a Sigma motor pump The compositton of the Ringet )l
~ tion added to the bload m the control pertod was (meg/lh Na 150 h #1 Mg 26 Ca 1B
130 HCO, 24 H,PO, 15 SO, 26 When potassum rich solution was ued sodium
chloride was substituted with potassum chlonde
In the ealier experiments Rheomacrodex®* was added 1o provide the necessary calloid nsniotic
.~ pressure but as u was foun that s substance greatly increased the inulin blank safuc it wat given
up and the potasstum rich perfusate did not thereafter cantain high molecular materl Geseralh
one therd of the arigmal perfusate was subsuitutcd with potissium fich pefusate so tht the profen
concentration in the mixed blood el fell by 30 ®  The imitral potassum concentraiin after the
substitution was about 35 45 mAf
Fig | shows schematically the exprrimental set up Glucose was mfused contrmualhy n amounts
corresponding to the uptake so that the concentranion i the extricellular fluid rem uned aliest
constant during the control period  The uptake was cateulated from the contnually mfused amount
of glucose When the concentraon fell or rase the product of the difference in glucase « acengration
nimes the cxsracellular spice was added to or subtracted from this valur
The vvvgen consumpuan w1s calculited as the arterig-venous difference trmes the blvod o
It was determuncd once tn the control period and tatce or three umes i the potiss um  pern s
The R, was determuried as the ratio between the GO, content and O, conient i the b o

.

sample drawn n the control period  The extraceullulsr space was determined with tnukn afief
1172 hrs cquilibration
. "q - - = e~ o Arad o, [N R v emd ol e e ap disolied
oo
. . wd
e

1100 ml The siraphanttun doscs were between 5 10 mig escept 1n a few experments i » uch
cuther doses of 23 mg or of 3 mg were tried with 1o ubsious difference 1n cffect "

The membranc potential of singfe muscfe fibres was measured in some of ihe exprrmeai b
aeans of 3 micropipette lled with 3 SUACL Prpertes with o tp porennal above 3 md wele 2

t
wed The pipeties wete flled according to thr desuliatt n procedure described by ::;):::‘.i:y::l

. he [ ipetirs weTe

. dee
o nand the deep

e wan amserted

4 H Horgdrd, Pharmacia §1d kindly supphed the Rheom.ce sdex
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Glucose
4y Hmol 1100g 1
.
h .
2 o - .
AT
Fig 2 Glucose uptake and oxygen o oo
consumption. Open_creles  Control ¥ o %
peniods Filled circles  Experments
with increased plastaa potassium con o
centranon. Every point represents aver it 1108g e
age values from one
v € iz ] 7

wwoite Muuel A1) Iutim was determined by Me3ns 01 BOJEEN S COLIELIL PLULEUUIL 1wy
lfé'" actd was amalyzed enzymatically as described by Lundholm Mohme-Lundholm and \ amos
(1953)

Results
1 Exp

wth potassium depol
a Control perod The hund hmb was perfused for 1—1 1 2 hrs before potassium-rich
biood was substituted The results from 24 expts m which both the glucose uptake
and the oxy gen consumption was determined are shown in [ig 2 The glucose uptake
15 plotted as a fanction of the oxygen consumption

The average glucose uptahe was 1 4 gmole/100 g min (SD 025, n =24 The
OXygen consumption was § 1 gmoles/100 gimin tSD 16, n =24) The RQ was
075(SD 015, n=24) The low R Q shows comncingly that substrates other
than glucose were used

The glucose uptake in muscle depends among other factors on the plasma con-
<cntration of glucose as shown by Lundsgaard “ielsen and Orskoy 11939 This point
was reim estigated and 1t was found that when the glucose concentration went up
from about 100 mg/100 ml to 300 mg 100 ml the uptake rose from 1 4 10 1 7 pmoles/
100 g/min As the glucose concentration often rose immedaateh afier the subsutution
with potassum 1t 15 of importance to know that a 1is¢ 1 concentranon of about
20--30 mg/100 ml has only a very hmited cffect on the uptake

The plasma concentration of patasium staved almast constant 1 the control
Tetiod, a small loss of potassium led 10 an merease of about 1 mM duning one hours
Perfusion ‘The lactic acid concentr 3t n was also constant dunng Uns period, being”
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€ap 57 - »

tration of glucose { @ &) potas-
. sium (Qe———0)) and 1nulin

< . N 2 (+ +) dufing a continuous
[ T, fusion of 4 mg glucose per mmuse be-

\\ » T1g 3 Varatons in plasma concen

fore and after potassium substitutim
The sertical hoe Jabelled K shows
16 ume of substitution with patassum
rich blood 12nd G muhin and glucose
" = concentration 1n potasum rich bined
- 14] used for substitution Glucrse mg 100
- ml loubn  mg/i00 mi Poawwn
—a megfl The vertical bars show the
oxygen comsumption The oxygen con
H 4 sumpuon tn the control perod was 6 6
Lons] pmol/I00 gfmun Abscissa | ours

F

betwneen 20and 30mg 100m!} 1f anythuing there was a shght tendeney toafall 1g3
shows the concentraton of glucose and potassium 1n an expeniment whach is repre-
semainge
~ b Posasnum depolanrzation. When part of the perfusion flurd was substnuted with
potasstum-nch blood the potasqum concentrauon rose within 2—3 mun to an il
J,!ncl of 35—45 m\{ During the subseq 1—2 hrs the g concentration
fell and Ievelled a1 2023 mM 1ig 3 shows the ume course of the potassrum concens
traton after substiutson
The substitution with potassium-rich blood was accompanied by an mcreace m
glucose uptake The uptake rose from an average of } 5 umoles/100 g min 10 30
(SD 100, a — 20, an aserage ancrease of 100 °, Ihe steads [a]] in gluco ¢ con-
centration in the potassium-peniod compared with the shghily nsing corcentrauon
i the control pertod 1s clearly scen on Tig 3 which also shows an mat sharp n<e
1n ghicose concentrauon which often follow od subsutution with potassium rich blood
This carhy peniod lasted for 1015 min and was succeded by a period of § {1 2hrs
with increased glucose uptake There was no apparent connection betwern the 1
creased glucose uptake and the potassium concentration at the rather lugh potassum
cone which were established in thase expenments The earhy pise 10 glucoe
concentration was undoubtedly due to a rapid shrinkage of the extracetlular space
as sevealed by a simultancouy rise 10 inubn copcentranon muln was added to the
substituting potasstum nich blood so that the concentratinn was elose to that ar the
end of the control period A nise i mulin concentranon after the sulsutution,
therefore, signufied shrinkage of the extracellular space The shrinkage was moe of
less complete afier 26- 30 min During ths perind the muscle 15 gaming AU ontil
the internal [K] [C)] product equals the external value Fhe typical vanston in
1nulin concentratinn 18 shown on Fig 4 The average nsc in intlin concentraton
10 10 expte 1n whsch there was a gond correspord-

after the substitution was 18 8
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180
tap a2 A
160
e A 140
Fig 4 \anations in plasma concentra . . N .
ton of glucose ( nubin 42 120

{(+ ———+) and lactic acd

(A A) before and after potas
$um subsutation The vertical hine fa
belled K shows time of potassium sub-
stwnon I G and L Inuhn, ghicose
and Tactic acid concentration m potas-
sum rich blood used for substitution

was continually infused (4 4 mg/mun}
Abscissa hours

ence between the tnulin concentration in the two portions of blood which were mrced
As the relative nise 1n glucose concentration n the carly period was of the same

magnitude as the nse 1n inulin babl

1t 15 most p that there was no
reduction 1 glucose uptake 1n the verv early phase In many experiments the
glucose concentration already began to fall during the early period of shrinkage of
the estraceilular space

The increased glucose uptake occurred together with an 1ncreased oxygen con
sumpuion which was 165 gmoles/100 g/min (SD 44, n =8) The results are
shown in Fig 2 The increase was thus of the same order (about 100 °,) as the m
crease in glucose uptake although the values scatter much more In one expennment
{which 15 not included in the calculation of the average) the oxygen consumption
rose to 39 8 ymoles/100 gfmin — more than 200 °, of the restrg consumption [t

was regularly observed that the oxygen consumption fell 1n the first 10 munutes after
cl~vauon of the p The red

was about 32 °,

The icreased oxygen consumpuion lasted for the whole penod of observation
{12 hrs) which makes 1t unlikely that the rise was caused by contracture due to the
Potassium-aepolarization  The muscle tension was not measured so that it 15 not
possible to decide definttely whether there was actually a shight contracture It s
howevcr, improbable that the increased owy gen p was due to e
Pilat, Kraupp, Giebisch and Stormann  1958) who perfused 1solated cat hind imbs
&id not find any changes 1n the T
when the p

al tension of the gastr muscle
was inereased to 20 meq | A reason for a lack of
contracture in potassium depolanzaton under these circumstances was possibhy
that the potassium concentration outside the fibres onl rose slowh  as reflected m
the ume-course of the depolanzanon Hill and Howarth 1957 observed twitching
11 the frog sartorius when the 7 was suddenly increcased to
18 meq1 The twitching came to an end within 2 mun Vvhen the potassium cor

ceatrauon was altered more gradnallc nn deterrable narchirg occurred The rat
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. Fig 3 Time course of change of membrane petental i a
- "5y muscle cell when pirt of the perfusate was substetuted with poe
tasaum rich blood at 0-nme The microelectrode was hept i
e p—r—,  Poution dunng the Whole period of mersurement

of depolarization was measured in several of the present expeniments and at took
about 2 minutes to bld up a new potassium concentration outade the cells iz 5
shows the temporal course of the rate of change of membrane potental in one experi-
ment The fact that the intracellulir micropipette remained i plice during the
penod of potassium substiilion speaks also agmnst des elopment of contracture i the
muscle fibres
Filnd skifls pam g f . As already menuoned shrinkage of
)xhc estracellular space took place chately afier p L s judied
" from the nsc i muhn concemranion (Fig #) the extracellulir space was reduced
by 20 °, The extraccllular space averaged 300—350 ml <o thet a volume of 60—70
! moved into the cells he intracellular space was not measured, but Hunvcke and
Kruhoffer 195%) who used a simular preparation found a total water <pace of 90—
1400, the miracellutar volume would thus be of the order of 600—1000 mt The
degree of cellular swelling could therefore not be abore 10 °, In arder to sec whether
thus swelling was responsible for the increased uptahe of clucose, expertments were
performed 1 wlich SO,* was the domenant anion, but the effect on glucose uptake
and on oxsgen consumption was unchanged

2 TPe effect of strophanthun porsoning

‘The expeniments reparted so far only prose that potasanm depolminten 1
mammahian muscle leads to an ncrease in glucose uptake which runs more or ke
m p:lr::"cl with an mncrease m ovigen consumption  The rise i ghuoose uprale
could be sccondars to the increase m oudatine metabolism  Anather puosabilits 3
that the transfer of glucose to the mtrcellulir phase could somchow be conpled 0
he sodwm extrusion mechanism  at s hnown that patassum depoling wwn leads
to an increased effIux of sodium 1ons Horowicz and Gerber 1965 aand b Ard
possibabity is that the extry influs of glucose could be a consequence of an crersed
membrane permeabihits in the depolanzed state

To tifferentiate between these posabilities expenmenss sere carreed aut i which
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Fig 6 Expenment with stro- 210
phanthn porsonlng 8 mg stro- P
phanthin was added ac S | - »
®—® pluma glucose ¢ /

concentration (mg/100 ml)

O——0O phsma potassium 170

concentration (mEq)

concentration of

facue aaid (mg/100 mi) The |*°

V.
2 4
verncal bars show the oxygen L / ¥
consumption The oxygen con 10 : .
sumption 1n the contral period I~
was 78 pmolfl00 gfmin Ab- Ly . & .
200

scssa hours

—
2
)

the sodium extrusion h was infubited with hanth

As usual the per-
fusion started with a control period lasung 1—1 1/2 hrs Then stropharthin was
added to give a final concentration of 10 * M in the total water phase After a2 ime
Jag of 10—20 mun a pronounced inhibiton of the glucose uptake took place as re~
fiected 1n a sharp nse 1n the extracellular concentration of glucose Fig 6 shows the
results from an experiment of this type

The aserage uptake of glucose after strophantiun fell to 03 gmole/100 g min
(SD 020, n = 13) Theoxygen consumption was shightls depressed, being 6 9 gmoles
100 gfmin (SD 265, n = 12) compared with an average uptake m the control
period of 73 yimoles/100 gimm Fig 7 (open circles) shows the relation between
glucose uptake and oxygen consumption 1n the strophanthun experiments It 15 seen
that the glucose uptake was inhibited to a much larger extent than the oxygen con-
sumption

The muscles began to lose potassium within 10 mun after the addition of strophan
thin (1ig 6) The average loss of potasstum from the cells 1n 13 strophanthin expts
was 42 ueq!100 g/min (SD 080, n = 13) as calculated from the nise mn potasaum
concentration and the known value of the e llular space The § loss.
occurred together with a gatn of sodium of the same magnitude indicating that the
a¥ygen uptake fell by 0 4 gemole under circumstances in which the sodium pump was
blocked to the extent that about 4 2 peq \a were gained per 100 g per min Thus m
mammalian muscle 5 \a tons are pumped for each oxygen equivalent and only a
small fraction of the oxygen uptake 1n mammahan muscle scems to be needed for
Processes concerned with sodium pumping

3 Potassium depolarization after strophanthin

When potassium depolanization was induced 1n the usual way gffer straphanthun
d the strong i

of the glucose uptake was chminated Ihe
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Glucoss
oy MmOl 71009 Imin

o
»maI1100g im o
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Fig 7 Glucose uptake and oxygen consump-
ton Open circles after addion of stro-
phanthen Filled circles experiments with po-
tassum depolanzaton after a period with
strophanthin

Taste ] Glucose uptake and oxygen consumption m perfused cat muscles under sarying errcum

stances
Glucose uptake O,-consumption
pmoles/ 100 g fran weoles{ 100 g frmun
Control 14 81
(8D 025 n 24) (SD 160 n-24)
hdepolarization 30 165
(SD 100, n 20) (SD 430 n 8
‘) Strophanthin 10 % AL 03 69 .
(SD 020, n 13) (D 265 a 12)
K-depolarization after 21 85
Stroph (8D 0S¢ n 7y SD 206 a-7)

glucose uptake went up to an average value of 21 gmoles/100 g/min (SD 050,
n = 7; This s somewhat higher than the value in the control series (1 5§ moles/100

g/min; The oxygen uptake under these

was only modk ly increased

{Mig 7), the average being 85 pmoles 100

gmm (SD 206, n=7) Generally,

potassium acts as sf it overcomes the effect of strophanthin, but the usual high glucose

uptakeand oxygen c ption found afier

depotarization in preparatsons

which had not recerved strophanthin were not seen
Table 1 summarizes the results of the various types of experiments described 10

this and presious sections

Inereased vascular resistance Hind mb perfusions can under normal circumstances
continue for 4—3 hrs without any change in perfusion resistance When the potassim
concentration was elevated the perfusion resistance alwavs went up, as an mmedate
resporse After a few munutes the resistance began to fall again reaching the cantrol

level within 1/2—1 hr The perfusion pressure gose from the norma) level of €0

—100

mm Hg to about 200—250 mm Hg Addwon of strophanthun also had this effect
on the vascular resistance though the nise tenaed o be smaller Again the reastnee
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felt slowhy, but 1n contrast to the potassiurn experiments it never returned 1o normal
vafues When potassum depolanization was mpduced m strophanthin possoned
muscles a secondary ise in perfusion pressure woh place: The fall was now very stow
and the vascular resistance always ended at a much higher level than w simple
F or phanth P!

The potassium dependent rise in perfusion pressure was preceded by a very small
and rapid fall 1o pressure smmediately after she addion of potassmm {lasting for
12 mm) This “relaxation® was never seen preceding the * strophanthin™ rise

Lact aced Both potassium depolanzaton and strophanthin admunistraton led to
ansncrease n lactic acid production Lactic acd production was a constant feature
w the strophanthin. expenments where the rate of factic acud production {as judged
from the accumutation in the extracelular flurd) was 1 89 pwmoles/100 gimn {2t erage
of 10 expts) The Jacuc acid production started with a ime lag of 2030 mun {11z 6)
which wonld imply that the lagtic and production was not a result of the arienolar
concendtration {which was most pr d diately after the add of stro
phanthin) The same argument apphes 10 the lacuc and producton observed
dunng potassum-depolarzation where the lactic acd production went on more
or less unaffecied by the fall in perfunon pressure which occurred after the maual
rise In some of the expeniments the artenolar contraction ondy lasted for 10--13
mn and yet the lactic acid production seemed to cortinue The lacte acid produc-
non 1n 9 potasium expts averaged 2 2 gmoles/100 gjmin The production of lactic

acsd was not seen m all expenuments and 1t never became posaible completely to
contral this parameter

Discussion

The results reporicd 10 the previous section showed that 1t was possible to alier the
fate with which glucose passes wio muscle cells i vanous ways The main observa
tons were that the glucose uptake rose parallel with a nise in oxygen corsumption:
when the externat was d, and that hanth
redduced the glucase uptake considerably without leading to a corresponding fall in
oXygen consumption

Any mirrpretation of these results may place the cause sither i the cell miener
or wt the cel) mombrane 1f the d cellular bolism was responssbie for the
obsened saragons in the glucose flux then the mechamism nught be that increased
glucose metabolsm in the potassium expertments led 1o a fall 1n the rencentrasan of
Blucose-G-phosphate This substance nhibits hesokinase and therefore phosphor
fation would werease An d i phasphon (31101 conld d I the
concentration of free glucose inside the cell and (! us increase the transfer rate

The stwophanthin expeniments suggest another mterpretauon of the potassium
effect on ghicose uptake Strophantiun inhibsts the actne sodium transport as re
flected m the steady Joss of potasssurm from and increased net uptale of sodiam n the
cells The marked difference n the strophanihsn effect on glucose uptabe and ouda
We metbolism makes 1t clear that glucose upiake 15 not necessarth a ssmple funcuon

B BINT e phpnol scand dal 68}
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of the cellular metabolism and 1t 1s tempting to look at the nhibition of glucose
uptake as being fundamentally related to the inlubition of the active transport of
sodium {or active uptahe of potassium) The rate of accumulation of potassium in
the extracellular flud averaged 4 2 4eqf100 g/min As the volume of flud outside
the cells did not change the potassium loss corresponds to the net gain of sodim 1f
strophanthin leads to no change in the passive fluxes of sodium or potassium (and
this 1s probable as the membrane potental does not change under the mfluence of
strophanthin) the rate of sodium accumulation represents the inhibited part of the
pumped sodium efffux In the same period the glucose uptake fell by 1 2 g#moles/100
g/mn so1f there 1s a storchwometric relationship between 1on transport and glucose
uptake the results may suggest that 1 molecule of glucose 1s taken up wiilst 3—4\a
sons are pumped out (or alternatively, 3—4 potassium 1ons are pumped 1nwards)

The possibihity that the influx of a metabolically impostant ron electrolyte s
coupled to the jonic transport tn the membrane 1s interesting because i this way the
influx of glucose could autornaucally be geared to the needs of the ccll N\amely
when muscle 1s actinated the pumped sodium efflux increases in the recovesy phase
following an action potenual (when the extra amount of sodium gamned during the
spihe 1s pumped out) If the proposed mecharism 1s correct glucose mnflux would
thus be coupled 10 the action potental which in uself 15 responsible for ctnvatton
of the contractile energy requiring system an the cellantertor This mecham m would
adjust glucose influx to the cellular energy req urder inces wlere
the need for glucose suddenly rises considerably In this connection it 13 relevant to
mention that Holloszy and Naraharz (1965) found an ummediate rise m the uptake
of a carrier transported nor metabolizable sugar 3 methylglucose m electrcally
sumulated frog sartorius

The idea that there 15 a conrection between ton transport and glucose transport
has recened considerable attention since the report of Rikhis and Quastel (1958)
1t which 1t was shown that the pre ence of Na tons 1s recessary for tle ntest nal
absorption of glucose Crane (1962) proposed that glucose penetrates into the i
testinal eprthelial cell as 1 Na glucose compiex Na s then pumped out in the Jumen
again and thus the sodium pump drives the glucose transport Schultz and Zalusky
(1961) advanced a similar hypothests Czaky (1963) showed that strophantl i
hibited glucose absorption sn intestinal eprhelium but he expluns the Na sugar
nteraction in a diffcrens way  regarding N1 as being essential for that part oftte
transport system which converts chemical energy into  pump  actisity Because it
necessary for the possible ATPase system sodium could be imvolied in up Ll tran
sport of glucose Socium transport may be necessary for the tramsport « fetbersihe
stances than glucose thus Berndt and Beechwood (1965) found that the renal
sorption of urate was strophanthin sensitine and Vogel Lauterbich and hrdzer

d o f sodium for the renal transport of glucast
(1965} demonstrated the smportance of sodium for e
15 of an

ab-

and of para amne-luppuric acrd In one respect the situation m musele 1
fcom the abore mentioned tssues as the glucose transport in this tssue
equilibrating type whilstin intestine and kidney 3t 13 of an up hill type
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Claussen (1965) Sotningen stel lyde Clausen (1965) did not find ans infubition
effect any miubitory effect on solated rat diaphragms with strophanthun o concen
trations bevween 10 *-—10 © N He fonnd on the other hand a correlation between
sodiam concentration in the incubating medmm and glucose uptahe i wsolated rat
diaph Hsis k weas, therefore that glucose entry ma)y be a functon of
the passive mfiux of sodium This mechamsm, however canrat explain the increa
sed glucose uptake sn potassim depolarized muscle as the \a influx 1s not altered
under these circum tances (Horowicz and Gerber 1963a)

The anterpretation gnen above 15 only one of weral posnble Another 1 that the
membrane potential as such controls the glucose uptake as 1t does with sodwm efffux
{Horowicz and Gerber 1965 2 and b} The results of the strophanthin expeniments

do not eastly fit such a coneept becawse the membrane pownnal does rot change
mmediately as a result of the strophanth Indirect!

hawever the
membrane potential may — by 115 control of sodium efflux — affect the glucose up-
ke

In the thud type of experyments described 3n the previous ection potassiums ad
after strophanthun p led to a sigmuficant inerease m glucose up
take 35 1f the strophanthin effecs had thus been ehiminated The glucose uptake m
creased to Jevels somew hat ngher than the resting uptake with only a small wncrease
i axygen consumption {(another situation 1 which these tho parameters do not
follow one anather) Glynn (1957) found that in red cells potassium could oscscome
the straphanthin effect, Page Goerke and Storm (1964) demonstrated competrtion
brtwees strophanthmn and potassiam in cas heart musele and the same appears o
take place 1n musele cetls leading to the restorauan of the abiliny o wansport glucose
Dunng the strophanthin period the muscle cells gam sodium so that the actisaty of
the sudiem purptag system may be greater once the straphanthin effect 15 overcome
by potasswm — this may explain that the glu ose uptake was hughee than w the
control perods A more detailed anajysis of this type of expenment 1 howerer nor
possible ag forg as the 1on fuxes are unhnown
Two other obserations made duning the evpenments requr o< mmesnts
1) Strophanthin alwaus caused artenolar constrictton soon alter admumstration
(despute the fany thas the bahe effect of strophanthin abways reqp some pme
1o develop) \ason (1963} found that strophanttin reduced forcarm blocd flow due
o an nereased vascular reastance and Waldhausen and Herendeen 1963 showed
£hat the reral ot Aawy, o g bm n thadialien e gred el  stropie 1t
because of an wncreased sascular sesistance 1t has thus been proved in several cases
1 a4 swephianthin can lead to contraction of smooth muscle presumabh due 10 an
#ncteased spike acun i, (Casteels 1963
2 The pbseration that patassium depolarwatior cnharces ¢he produrtion of
facte acg was ongmnally made by Hegrarer Ternard{ bb 1934 inisolated frog
muscle ard later confismed ba Hifl and Howarth 195 and by \uller ard Sumen
(1960} swho also used i retre syteir wnancreased pr duct on of lactre acsd was found
11 the mayoriy of the exper v v repeited anans arhicle Tt cannat be staed with
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certanty whether this lactic acid productson was due o the vasoconstriction which
followed the potassium depolanization or whether 15 was duc to other causes Among
these a reduction of llulay ATP could be the essential mecha-
nism (due to uncouphing of oudatne phosphorylation) Briner, Simon, Frater and
Tasker (1959) found a reduced ATP content 1n muscle soahed in Ringer soluttons
with 20 mM potassium A lowered ATT concentration can lead to mcreased glycoly-
sts because 1t 1s 1tself an inhibitor of ph fructo-k

1I the theory of a coupling between glucose transport and son transport 1s correct
then the old theory of phosphorylation as an intermediary step 1 glucose transport
gamns a new significance 1t has been argued that phosphorylation - dephosphoryla
tron cannot be 2 necessary step n the transport because the hydroxy l-group specific-
ity active sugar port 15 patible with the phosphorylation capacity of
known kmases If, however, 1t 1s the sodium{potassium transport system which re-
quires phosphorylation dephosphonylation (Skou 1964) then glucose transport 1s
connected with phosphorylation in a way which docs not imply phosphory lation of
the sugar molecule

It 15 generally accepted that there are three known causes of increased glucose
uptake 1n muscle cells 1nsulin, muscular work and hypoxia To tus hist high external
potassium concentration must now be added [uture work will show whether the
relation between 1on transport and glucose transport will lead to a deeper under
standing of the way m which glucose enters the musle cell Thus, the effect of insulin
on glucose uptake might be secondary to an effect on pumped ton transport

1
T
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Abstract

Laursen, A M and M Wiesenoancer AMotor deficsts after transsection of a bulbar
pyramid in the cal Acta physiol scand 1966 68 118—126

on the operated and unoperated side Tlacing reactions were defaved or absent in contraluteral

~hmbs struggling was dimimshed and there was a tendency for the paws to remam i awkward
positions After one month operated cats could be distinguished from unoperated caty only by
diminshed flexor reflexes 1 contralateral legs and by a shight delay in contact placing Damige of
the medsal lemniscus produced the tendency to place contralteral piws in awkward pasttions 1t
ing for one week Lnhke pyramidal section lemmscal dam-ge did not produce defictent flexor re
fexes

There 15 agreement that pyramudotomy m cats produces motor dysfunction 1 the
contralateral limbs which can be described roughly as abnormabtics in gait and pos
ture, in placing and hopping reactions, and as a tendency to cxtension of the himbs
most clearly demonstrated when the ammal 15 suspended i a shing with the legs
hanging freely The signs are described fully and the bitcrature reviewed by Marshall
{1934), Tower 1935 and Liddell and Plullips (1944) There 1s disagreement s 10
the extent, duration and cause of the motor signs In Towcer’s animals the impar-
ment was evtdent tn such simple acts as struggling, clawng, scratching and wathing
and seemed 10 be purmanent with no sign of further recovery after about one month
Marshall’s animais sunived up to § weeks the degree of recovery in the various
symptoms was different in each ammal, but no constant set of symptoms w38 Jeft
at the end of the obsersation peniod

Liddcll and Philhps ammals suriined up to one year and showed persistent in®
creased resistance to pressure to the pad of the contralaterat fimbys, measured ““hl:
dynamometer, as we Il as inability to walk on a ladder or pipe, the alfeeted hm
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Taste I Mar deficuts s faterat to w13
Flexor

Surenal posture of Awkward

persd  pendant pasions N oat Contact
Cat w wecks bmbs Strugglng  of pans  Gan phacmg placing
At 4 Reduced  Reduced® o Narwal, Delayed®  Delnyed
A2 & Reduced  Keduced®  Yes* Slppmg*  Mormal Delaverd
Al 1 Reduced Redueed® o Nermat Delayeds Delared
A4 b4 Reducod  Reduced®  Yes® Stpping*  Delayed®  Absemt
w3 5 Reduced  Reduced®  tes®  Drasgog®  Delayed®  Delayed
B2 0 Reduced  Reduced®  Ves®  Dosmal Detaged®  Delaved
B3 2 Redaced  Heduced®  Yes® Sippng*  Defayeds  Delaved
B4 7 Redueed  Weducrd®  Yes®  Dragmeg®  Delopeds Delayed
<3 4 Reduced  Reduced® Do ormat Delaved*  Delaved
oz 2 Reduerd  Redueed® Do Normat Delayed®  felnyed
3 14 Reduced  Reduced® o Stppumg*  “ormat Delayed
<4 5 Normal Narmal “o “ormal Noramal Normal
©35 4 Reduced  Reduced? Normat Narmal Detayed

* Rewrning 4 mormal sfter one week

slipping off and g helplessly protruded d rds Tower deved the
fundamentat loss of function ta be a loss of phauc actsaty, chuefly flexor whereas

Ranson (1932) and Liddell and Phullips (1943} aseribed thew findings to extensor
hypertonus

Tower atinbuted the greater seversty and the permanence of the motor defect
n her anmals 10 the fact that the pyramidotones 1n her seres were complete
whereas some of Marhall s wese mcomplere Imolvemens of the medial lemniseus
a3 a feature of the lesion m both sertes and was described a5 massine 1 Tower s
series Laddell and Prullips 11944) thought absence of hypertoma could be due w0
damage or oedema ol wng the inferior olive ar the medsal fillet

We have iy esugared cats with camplete and incomplete section of ene bulbar

pvramd and eats wath combined lesons of one pyramud and of the medial femniscus
0 the medutla obl

gata, anmmals with tesians of the medial lemmnscus
mr the mesencephiaton sered as controls Slow motion cmematography and recorting
of muscle actian potentials were used to analyze movements and posture

Matersal and Methods

Surtual proedoes Expenments were made on 16 cats 18 2 kg operated wnder pentobarbutal
o Prprouhena 15 13 can the pyramid was exposed b1 ventral approach Schalf 1359 Luddell
ofihe W ps 1044 was viewed rovgh an eperating muctoscope and <ut w th 2 knde ot the Jevel
bk ;:::ﬂmd bady Inciston of the dura often produrerd hleed g from tns durat versrls which was
I o "“"“Ptmmg 1he vessel weeh a fince £ 1eeps for 2 mun o other blewd ng was encountered
clertTals were treated with terramnen unt] ey nere afebrle for 37 days In 3 cass an

TG leaon 125 mA DG 20 sec was placed w th a the n esencephab postion of the 1)

£



Fag 1 Stereotactic lesion n the mes
dial lemmiscus Correct placement
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of the electrode 1n the mesen
cepnalon was ascertained by re

A
w W ]5u,,v
'
|
'
cording the response evoked by

‘1'~L1 ]5°}IV electrical sumulatron of the skin

(T N e of the contrahteral paw (A)
1 “The response was reduced (D)
Lt after the lesion indicated by the
10msec black area (C)

lemniscus as shown in the arlas of Jasper and Aymone-Marsan (1960) A needle with a | inm bared
up was imnserted 1o coordinates 4 mm frontal 5 mm lateral and 3 mm verucal In one anmal the
vertical coordmate was ascertained by recording the gross response evoked by electrical stimult
delivered to the contralateral forepaw (Tarnecks 1962) The response had a latency of 6 msec and
followed the stimuh at 10 sec The amplitude of the response was 150 4V (Fig 1 A} before and about
50 u\" (Fig 1 B) after the lesion was made The sitc and extent of the lesions were venifiod histo-
Togically
Testing Posture and moyvements of the freely moving cats were studiexd by photography and slow
motion cinemitography soon after recovery from anesthesta and once a week for one to 20 weeks
afier the operation (Table I) Flexor reflexes were clicited by strong stemuli pinching the pad,
~ or by weak sumul gentle stroking or by directing a jet of air on the paw The scratch reflex was
ehicited esther as an unconditioned response to scratching of the skin around the car or a3 an mstru
+ mcotal response to obtain food (Jankowska 1959)
¢, Torecord muscle action patentials the cats were suspended 1n a sling with the extremities hanging

freely
Initeally the shing position w more disturbing to 2 cat than the position preferred by Lidelt and
Phillips {19+ with the rump in the obscrver s ap the hind limbs unsupported and the spinie verfi=
cal This posiuon however eheins tonuc extenston of bath hind legs 1o normal cats Tomc extens an
of the legs atrugghng or signs of anxiety were absent in cat trained 1n the shng for an hour ead
day for about @ week The recordings were taken without and often with hight sedation 10 mig k¢
pentobarbial sodum  Tratns of electrical sumuli were applicd through needle electrodes to the &

bral nerve at the ankle at intervals of 5 sec (5 pulses of 01 msec duration at 250 src The'mnm
. AR v T - s enen o on feusr

10000 and 30 cveles sre’ The activity was recorded contrnuously on film moving .t 2 3 mm ¥¢
from the facc of a two beam oscilloscope the sumufating current was recorded on onr beam 3525¢
soltage over a 100 ohm resistor 1n series with the aumulating electrodes

Hustologs The 315 werr perdused undes pentobarbina) sodiwm asesthessa witly 10 0 formahin i
Ringer's soluts i Serial sections 204 from the region of the lesion were stamed by the Sprelmeved
or Weil techmque Sections from above and below the lestors in one ammal (B big 2 were sraincd
by the March techmque

Results

Neurological examination

1 Cats with unilateral prramidotomy  Motor deficits imvoh ed the contralateral fsmby
were not svstematically different when the lesion destroved one bulbar prramid
cleanly (A, I 2) or was incomplete i one pyramid (C, Fig 1) Fhe signs graduathy
diminished and after one month the onh abnormahties were weak flexor refiexes
in contralateral legs and a shight defay in contact placing Cats with lesions imolung

and
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58 2 Lalaterel psramudot Ie
5o n medila oblongata Ab.
sent or destrayed tissue 33 n
dicated sn black In four cats
1) the lestens were complete
without damage 1o they
Hructures In 4 cats (B) the
leuons were tao large am
Yohung 1 addinon the me

Prramadal fesions were i
complete

the medyal lemnsseus and reticular formanon as welt a5 oue pyramad (B, Fie 1)
differed only with respect to the Posstion of the paws at rest and duning walking
(scep 6)

Motements W\ hen strugghing the cats used the affected fimbs less often ang fess
foreshly than the normal kumbs W hen dropped from 1able height the car usuatly

the affecied side for no more than the first few postoperatie days When groomung
clawing, play g feedimg and fighung, however they used the affected ang normal
Paws ahike Ope €A1 was ramed for anather PUrpose to b food by pressing a
leser and ehoge 1 do st with the night paw hefore as well as after left pvramidatoms

Gaut Steppmg RO ements nere althe on the two sidesans=ven cats Si cats showed
shight abrarmatityey m gast the affected paws were not hited from the foor during
the flevion phase of the step and th~y sometimes shpped sideways Shpping was
speatly frequent when the cat walked along a narrow ledge or a ladder Marshall
1934) and e hmb was then not replaced quickhy or accurareh Tiis sign fasted one
week after the aperation

Posture “The PUsture was usualls normat both 1 the sntmg and standing postions
When the lesion msolved the medial temmseus ehe resting positton of the affected
itnhs way ametimes awkward (lusirated Wi Fig 3 This uign fasted one weeh
after the Operaton

Plocing reactyons Visual placing was defectne for the first PoStaperative davs the
P contratateral 0 pyramidotomy was not Plactd ar was placed fater than the
formal paw, even when the cat could see the edge of the tahle shustrated 2 and 6
18 3) Befectyre contact placmg was sull present as tong as the ammals were foltowed
SUNal me Benan Table I whe chor eves were shuelded the cars placed the
afected paves vyt a delay

Fxtensor tony o7 flexor acticahi When che Fatwas suspendid in a shing with the fegs
Pendan the affecred iy Bns i the extended prosuttan wherens dhe normal
b were fexe Oltustrated (o 4 b 3 and i big 4 e difference between the
#des being evideny a5 long ay the cats survned Fable 1 They
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Wiz 3 Catwith pyramidotomy on the Ieft side atso entolting the mecial lemmseus (group 13 £ 1y 2) plotographed

4 davs postoperatucely | Awkward posttion « f the right forepaw 2 A flexson reflex i the pght hin i
limb was ot cliaited by touch 3 Normal flexion seflex in the Ieft hindlimb  Cat | fred off the
ground  note extended positim of right handhimb 5an 16 Absence of visual placing rract ms in
fight extreautics

mn resistance 1o passse streich of the imbs on the two sides Supporting a pav
viclded about the same resistance on both sides execpt that the normal feg was more
often withdrawn when the eat struggled A diffcrence in resistance to passine flevion
was someumes felt when the cat was apprehensive  the diffirence disappered
howerer, when the cat was further accustomed 1o the shng postion to the obserser,
and to pressure applied to the pad |lexor reflexes whether chented In strong or
weak stimul; were weaker on the side contraliteral to pyramedotomy  or thes were
absent The difference between the two sides was most pronounced when the samult
werenerk Gllustratedin 2and 3 Iig 3 st dimenished gradu lly but bisted hrough
out the survinal period

Scratch reflex s refiex could be ehated with about the same threshe ld on both
sudes after pyramsdotoms  The insual mosement of the scratch reflex remntorced by
fod after condinoming p 119 was performed equatly well before and three weeks
after pyramudotomy 3 cats of group A

Desertpition of the lestons f13 2 Group A Tour cars had complete ambater 1t Jeaons
of th ¢ pyramids without damage to lemnpscal or seucular fibres
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A B
SPONTANEOUS ACTIVITY

nght

Fig 4 Estended Lft hmbs 1 an lert
ha caf {43 7 da,,{ﬂ” prramida EXTENSORS ( CALF MUSCLES) Jeoow
tomy {Bj on the nght nde (Tedf
o) Sevon potentislenereat- rignt JNIRAROUANIRTAIESNRNO R
301 I eqesur muscles The

afiecied limbs hang low because

reor wonus normally ehated  papp

e (bt sde) s FLEXORS(ANTERIOR TIBIAL MUSCLES)

PRS-
Ssec

Gioup B 1In five cats the unslateral lesons were toolarge, i olving part of the
medsal filler and pare of the reticular formanon 1 addition to pyramudal fibres
Ascending degeneration 1n the medtal lemmscus was evident 1 the \Marchs starnec
sections of cat B 2

Group € 1n four cats the lesionswere toosmall, msolting ondy a partof one pysam
tdal tract, other structures were not damaged Cat 1 had a smalt lesians of the
contralateral pyrammd
H Cate wry umlateral medial femntscotomy  The lesions snterrupted at least haif of che
fibres an cach of the three caw {hg 1 €1 Complete interruption of the medal
lermmuseus was not attempted because 1t would imolie a large part of the rencular
Tormaon Meurolagical deficuts were swatt and fasted 60 mare than one weeh Anh
ward posttions of the extremmes contralateral 1o the lesion were observed w all
a8 duning stepping the affected hmbs sometames stipped on the floor There was
2 shght delay 1n the contact placing reaction When the cat was kfted from the
Braund the exwremities of both sides struggled equalls and had the same tendency
toend i a flegeq ponuon The flexion reflex was the same on the wo sides with bath
Hrong and weak stimuh

Vuscle action patentyats

1 Cats wath umlaterat pramdatern, \When the cat wa< suspended in o shing with the
fexs hanging frecky, actavans 1n extensos museles was absent on both sides and activity
W3 present in ihe flexars an the n 1mal ade Fig 4 That the imbs contraint
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EVOKED ACTIVITY

1 ght

STRETCH OF

caLF HUSCLES | _—.__W
et

EXTENSORS (CALF MUSCLES) J200w
a
. [T
night
LIGHT STROKING ’ ' -
OF THE PAWS |
ten vt
FLEXORS (M FIBIALIS ANTERIOR) Gare
rng
ELECTRICAL STIMULATION
OF THE Paws Jioop
et e
)
200msec

FLEJORS
(M TIBIALIS ANTERIOR)
Fig 5 fction fotentials vecorded from flexors and ¢xtensors of the hind limbs 7 days after section of the nght
fyeamd Ligme 4nd o Fow & Aien . . N . r

noeos v - . ’

P . . .
b . .
Huerai o pyramidotomy

to pyrardotomy hung Jower than the normal legs was therefore due to decreased
toruc flexor actnaty (f1g 4) Electrical actinty nduced by stretch was about the
same tn the calf muscles on both sides Light stroking of the dorsum of the paw or
air Jets directed at the paw cheited more muscle activity 1n the anterior tbial muscle
of the ipsilateral than of the contralateral imb S1mularh, trains of clectrical strmuh
of two tymes threshold strength apphied close to the ankle nerves of the two sides
elicited briefer and smaller bursts of action potentials on the contralateral than en
the normal ipsilateral side The difference in response on the two sides was most
pronounced dunng hight sedation (Fig 5)

N Cats uith unilateral medral lemnescotomy

When the cat was suspended 10 a shng with the legs pendant, flexor actrity was
equalon the o sides and extensor activity was absent Air jets directed at the paws
eliasted the same amount of act ity In the antenor ubial muscles of the two sides

Discussion

ded
1 1 py d 1 our cats corresy 4

The motor defirsts produced by
clocely 10 Marshalls 1934 desernipuon though the degree of involvement scems o
have been Jess and recoven even faster in our ammals than in hus, and all the motor
Sgns were contralateral Imually the gat could be abnormal the legs not beng
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hited normally or shipping sideways Awkward posittons of the paws could be
uncorrected, the anmals could fall to the affected side when pushed from a wble
and the hind leg could thenshp sideways By fi Iesions 1o th drall
we were able to show that these motor deficits were due to the lemnsscal damage
which often accompames pyramudal section at the bulbar level and not to the
pyramndotomy as such These signs lasted a few days to a week

Of the signs due to pyramudotomy, less use of the affected hmbs n struggling
difficulty in walking on a ladder and absent or defayed visual placing recovered
within a weeh In agreement with Liddelt and Phlhps (194), delayed contact
placing and the extended posihon of the pendant legs were persistent for the survival
peried 1 our ansmals up to 5 months and in thess to 12 months

At no time did we see the inertta s imtiating phasic movements such as clawing
or scratehung which was hike the other motor uigns permanent 1n Tower s (1933}
ammals Indeed m our anunals the seratch reflex to conditened and unconditioned
stmuh was ehicated and executed normally on the twa sides e are at a loss to ex
plan the discrepancy between our Marshalls {1934) and Laddell and Phulhps
194} findings on the one hand and those of Tower (193) on the other The onls
explanation we can offer 15 that her lesions were larger Some of our sections, though
dnading the pyramd completely, were confined to 1t and our lesons placed i the
medial lemniscus destrayed no more than half the ibres She describes her pyramidal
lesions as beng complete and as involving  massse homolateral degeneration  of
the mediat termmscus

We cannot agree with Liddell and Phillips (1944 that extensor hvperfoma ac
counts for the extended position of the pendant kmbs They measured the pressure
which had tabe applied to the pad to cause the leg to flex since 12 was conustenthy
higher lateral to p d 3 exceeding the bods weight of the
ammal), they concluded that extensor tone was inercased by pyramidotorm We
sniterpres the diflerence they found as due to a normal flecion reflex on the spulateral
side elicied on the bachground of tonuc extension of both hundlegs normally present
i catsheld as desenbed by Liddeliand Phallips (1944) (p 120; By recording the muscle
acuon potentals from flexors and extensors of the leg we were able to confirm
IZ:': s conclusion based on her obsen ation of the motor deficats that the primar

er afier pyranudotomy 1vohes fleon \We found that the extended position

of the pendant feg 15 duc 1o mactiuty of the fexors and that the flexors actnated
clectncally tewugh the spinat refex pathwan responded less buskh on the affecied
thanon the normal side The acununy recarded n the extensors m response 10 stretch
was the same on the two sides Thu eflect of pyrarmdatoms s 1n agreement with
mulation experments pramidst sofles eheed flevion men ements and whibiied

extensor acunity (hate Takamura and Fopmon 1964 Laursen and Wiesen
danger 1965,

The work was su
z pporied by the Swiss \
X3 a0d the Danck Scave Research §

a1l Founds s 7 r Soienafic Restarch (Grant No
n

nla ——
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From the Insutute of Anatomy and Histology, Unanersity of Lund Sweden

Adrenergic Nerves in Spinal Ganglia of the Cat
By
CrrisTeR Owieay, and Mavrizio Savrive

Adrencrpe nerve fibres are present in the fehne Gassentan, ganghion in which thet
are refated o both the ganglon cells and blood-y essels {Santini 1966) These findings
prompted similar studies on other sensory gangha, on which M estigations are n
Progress The present report gives prehmunary data showing that adrenergie nenves
OCCUT i spinal gangha of the cat

Tue cats were Lilled, and spinal ganglia from the cervieal, thoracse, lumbar, and

allevels were dissected outbdlaterally They were treated according to the method

of Talek and Hillarp for the # e P of adrer ergic
Denes (sce Faleh and Quwnan }9€5) Under the cond, used the catechol:
e tansformed 1o g phore: ung an angense green hight

Neme cells vk o specific amine Buorescence were nat found sn the gangha The
<l varied dh y tn size, and d a varyng amount of yellow-brow
autofluoresceny Branules in the cytoplasm {(Fig 1

Imm:dm:); outside the ganglion, bundies of green fluarescent anons of both the
300th and varioge 1ype were seen n the fasticles of myelmated nemes At the gan
Bl0n border the fluorescent bundles SPUt up ito smaller branches Dehcare sancose
termnals, having the fluorescence characterstes of primary catecholamines, conrsed
1solated 1 v apigys diections among the myelnated nerves Manv, af not aff of these
adrencrgic fibres conlg be dicectly related 10 blood s essels

Inthe thaeagse gangha a moderate number of, asicose nerve termenals, often single,
SOULd among the ganghon cells (Feg 1) Some fibres ran centiguons to and e

PENE ermimals wath non ff
Tevels stydyeq

The ongan of the adreaergic fibres in these gangla s as yot unknown 1hes man
a

tise from the sympathetic chamn cervicat svmpathectom causes a severe reduction

“L’}.!‘l ‘F\;l"ow a0 keave of absence fron the Depariment af Pharmacnlony Lhnerun of \ifan
¥y
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hig 1 Fluorescence micrograph of spmal ganghon from the thoracic devel All fluorescence within

perikarya 13 autofluorescence Left Survey picture Green fluorescent nerve termemals run between

ganglion cells and in bundles of myelnated axons 70 > Right \ aricose adrenergic nerve termi-
/jul encircling farge ganghon cell tn a synaptic manner 400

1n the amount of green-fluorescent fibres within the Gasserian ganghon of the cat
(Kégstrom, Owman and Sanuni, unpublished obsenauons) The possibihty of a
central origin should also be considered (¢f Muchell 1953, Dahlsirdm and Fuxe
1965, Lxperiments are in progress to obtain information on this problem

Supported by the Swedish Medical Research Council (graots No 12X 71201 and M) 732-01)
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The Effect of Cold Exposure on the Catecholamine
Excretion of Rats Treated with Decaborane
By
D G Jouxsont

Recened 25 November 1962

Abstract

Jousson, D G The effect of cold exposure on the catecholamne exeretion of rats lreated
with decaborane Acta physiol scand 1966 68 129—133

Rats treated with decaboranc exhibited a marked reduction in the noradrenaline (NA) content
of heart lner and spleen but no £ fall in adrenal h Decabx tre:
ammals excreted less NA but mote adrensline (A) than control ammals When exposed to 3° C
control amimals survived and showed iacreased NA excretion in contrast to decaborane treated
u—‘l! W"llch however responded with increased excretion of A until death after 4—6 days Unhke

N ctomz controls ad) 1 d rats treated with decaborane failed to increase therr
appe = . . "

mec - - . -
supp '

Studses of urinary excretion of catecholamunes 1n man and ammals exposed to cold
{Arnett and Watts 1960, Cottle 1960, LeBlanc and Nadeau 1961, Leduc 1961)
have drawn attention to the important role of both the adrenergic nervous system
and the adrenal glands i cold adaptation and survinal It has also been shown
that catecholamine-depleung drugs such as reserpine prevent the normal physiologt

cal response to cold, leading to poor adaptation and death (Dandiya, Johnson and
Sellers 1960, Hoffman 1959, Zilberstern 1960, Taylor 1961) The faikng NA exere-
o on exposure to cold also suggests inhibinion of NA synthesis by reserpmne (Leduc
1961, Johnson 1963)

BDecaborane has been found to deplete both the bram t Merntt, Schultzand Wykes
1964) and penpheral organs (Euler and Lishajko 1965, of NA The purpose of this
5tudy was to determine whether an increased adrencrgic activty can be chated when
tissue catecholamines are depleted by decaborane In addition 1t was thought that
further evidence mught be obtained for the role of the adrencrgic nenous system
and the adrenal medulla i cold adaptanon

B
‘;éed.cal Research Fellow of the Medical Student Research Traming Program L 5 \ Present

Tt Hanard \fedical School Boston Mass

188203 tcta phyusol peand L at 6
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Taste I Catecholanune content of organs of control rats and rats treated with decaborane Mean

L SEML

Control rats Decaborane treated
Organs NA A NA A
Heart ng'g 350 28 82438  477x 31 75 19
Spleen ng'g 331 x22 98 40 362+ 141 36z 36
Linerngg 3311+ 26 10403 614 15 16 08
Adrenals pglkg BW 260 65 102 xg 241+ 90 893 £ 186

Methods

Afl experiments were carned out on male rats (300330 g) of the Sprague-Dawley strain The
palbilt it Poni/ Y ittt - oLt S b M i

. N PR
P . . -
. .. '
. . . L} L} . . L} - o
- P B e
B . . ' 12 mg m)
e o . . succeeding

alternate 02y LOMIO) AUNAs Tectved S MYELUULS U} Ju U dicenms sdnne 1Jrgan deter
menaniens were made alter 6 davs of this treatment

Results

The doses of decaborane used 1 these expersments resulted 1n occasional mortality
among rats kept at 20 € (15 ©, of the rats were dead at the end of | week of treat-
ment) A ! y did not ficantly affect the mortality after decaborant
treatment  All of the rats recening decaborane became lethargic and sedated, but
could easils be aroused by handling Rats treated with decaborane [ appetite
and showed an average waght loss of 15 g per week

Organ catecholamnes: Decaborane caused a marked reduction in the N A content of
heart, spleen, and liner Table 1 After 6 days of treatment with decaborane 3
injections) the NA content of the heart and spleen was less than 14 ¢ «f contrel
Tevels, winle the Iver contasned less than 19 °y of control levely The A
appeared ta be Itle changed, cxcept for an wmugmificant decrease in the -r:lrf::l
The adrenal glands showed o decrease i NA eontent and onh a shight anugnib

content

cant decrease in A
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barkglin s
S 20°C

ugihg 26nes
L

NAIC)  me NAICY

2 N NA(DB)
S v Ay ', - NADE
" A (DB}
ALl) A
L. 7§ i & § bders . H T 5 Gap
0 s 5 ma kg 10 5 5 mg fxg
Fig 1 Fig 2

T

CA EXCRETION IN URINE IN
ADRENALECTOMIZED RATS (6 PER GROUP)

NA controL 20°
Fig 3 Effect of decaborane (10 mg/kg) on NA
the uninary excrevon of b A CONTROL 3*
from adrenalectormized rats exposed 10 3 [N
6 rats per group The decaborane treat
ed amimals died within 20 hrs

HA pECABORANE 3°

[
s palkg Zehrs

Unnary catecholamne excretion The urmary excretion of NA in rats treated with deca-
borane and placed at 20° C decreased over the cousse of 3 davs to about one half
of normal values (Fig 1) In the same tume penod the A excreuon wncreased to
approumately twice normal levels The unnan levels of NA and A for control
and decaborane-treated rats placed at 3 C are shown in big 2 The control rats
ncreased their \A excretion 1n the firsst 24 hrs and maintained ths for the duraton
of the experiment The control A values increased to twice the value oltatned at 20°
The decabarane treated rats did not increase thewr N\ excretion The \A levels
rose shghtly the first day, followed by a decrease to levels below that which was
vormally exercted at room temperature The A levels of decaborane treated ammals
tose markedly over the course of 4 davs, whereafter the decaborane reated Tats
became morbund, and the urine volumes as well as the \ excretion tended to fall
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All of the control ansmals survived the exposure to 3° C, whereas nane of the de-
caborane-treated antmals In ed more than 6 days

Adrenalectomy In the experiment with adrenalectormized rats at 3° G the control
ammals responded with a marked increase i N Ievels simular to those of non-
adrenalectormuzed rats {hig 3) The A excretton of the adrenalectommzed controls
rose to a level stmilar to that exercted by non-adrenalectonuzed rats at room tem
perature  Decaborane-ireated ammals faled 1o ncrease thar NA exerenon when
placed at 3 C Their excretion of A also farted to ise, and they died in less than
20 hrs No adrenalectomszed control animals died at 3°C

Discussion
The decrease in tssue NA content alter decaborane treatment agrees with the results
obtamned by other workers {Merritt e2al 1964, Euler and Lishajho 1965) “Thedecrease
1o jevels below 20 95 n the liver, spleen, and heart compared to the decrease to
40 9 obsersed 1n the bramns of rats ginen simdar doses of decaborane by Mermt
et al {1964) suggests some barner to decaborane absorpuion m the bramn or that
the brawn catecholamine-containing neurons are less sensitive to decaborane The
shght effect on the adrenat glands 1s also conspreuous
The finding that NA excretton m urtne only decreases ta 50 ©, of control levels
when the organ content of NA s decreased to much lower levels could be due 10
jclmnqcs in the per cent of released NA which 1s excreted i the utine, or 1t could
wndicate that desmite severe depletion the NA remmning in the adrencrgte neurons
15 sull avalable for a certam miimal jeved of actinvity This observation agrees with
the evidence olratned from simultancous studies of urinary excretion and tssue
content of catecholamunes after reserpine (Leduc 1961) The risc in A excrchion of
rats tecated with decaborane may reflect a direct releasing effeet of decaborance on
the adrenal gland
The faslure of the decaborane-treated rats to increase \A excretion in respome
10 the cold stress suggests a diminishied supply of transmitter, presumably owng 0
deficient bionnthesis of “VAY
It 1s known that A 1 released (n animals subjected to severe cold exposure {Hart-
man et al 1923, Cannon et al 1927, Sano 1928 Wadh Seoand Abe $1935) However,
as shown by later workers (Heroux 1955, Desmarais 1957, 1 educ 1961, adrenal-
ectomy docy not prevent ammals from adaphng and survnang ool exposiee
On the other hand Hofman /19539, noted a complete {oss of thermoregulation
adrenalectomized anmmals after treatment with reserpine and exposure 10 cold,
with 2 cerian degree of correction with A However Sellers et af (1951} were unable
1o astifictally acclimate clipped rats 10 cold with A Because of the npp“tm‘) shight
effect of decaborane on the adr 4 v stores of catecho) found 1n this
study, the use of decaborane scemed to provide an anusial opportunity to study ‘:‘:
sesponse of fhius organ to cold wiale at the symr time selectinely suppresung :};
adrercrgic nervous system The comparaunely Jarge increxse in A excrchion i

(o8
v gif ner ta proef Mernitt and Schubtz (1806 ) hase recently pr ducedesudener £)sh wihatdreafs
cane wlegtinely whubuts the drearbemyian n of dopa
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unne of decaborane treated rats placed at 3° G and the rapidly occurring death
of adrenalectomized animals treated with decaborane and exposed to cold seem to
support the 1dea of A release as a fi Ily important physiol 1 response to
cold rather than just a commaident alteration 1n an ammal unable to adapt Assuming
a recovery 1n the urine of 4 % of the A secreted by the adrenal glands (see Leduc
1961) the decaborane treated rats exposed to 3° C increased their daily secretion
of A to amounts equialent to the entire A content of the adrenal glands This ugh
release rate implies a derabl d rate of syntk which can be talen
as further evidence of the relatively shght effect of decaborane on the adrenal
gland The death of the decaborane treated rats exposed to cold after approumately
4—6 days suggests that A release provides only parual or temporary protection

The research reported in this document has been sponsored by the 4/R FORCE OFFICE OF
SCIENTIFIC RESE 4RCH under grant AF EOAR 66-7 shrough the European Office of Aerospace
(OAR) United States Arr Force
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Neurotransmitter Deficiency and Reloading in
Noradrenaline Depleted Rabbits
B
S Bvygpesas and U S von LuLer 0

Recened 7 March 1966

Abstract

Byopeuan, S and U § von LLLsr Aewotransmulter deficrency and reloading tn nor-
adrenaline depleted rabbits Acta physiol scand 1966 68 134—140

The tor effect of | lumbar sympath of the hindleg of the rabis

pretreated with noradrenaline (NA) depleting doses of decaborane or prenylamme rapidly subs

sides 1n contrast 1o untreated controls VWhen the interval between the trains of sumuls 18 increased

a partial recon ery af the sumulation response 1s observed an acc 1. of

probably as a result of conttnuous resynthesis Injection of NA (1—5 pg/kg) or dopamne (30--100
J#g k21 alio causes an enbanced stimulus respanse suggesting uptake of N'A and ncresed rate «f
" synthess respectively An increase m stimulation response was observed after admimstraton of

\

dopa 1n ed but not 1n d depleted ammals

Under physiological d replenish of the ad, g ter
at the site of release occurs at such a high rate that no functional deficiency can be
obscrved even duning prolonged actuvty In ag with this no net loss of

noradrenaline NA in the spleen of the cat was observed after sumulauon of the
splenic nenves for 10—15 mun except i one amimal in bad condion Tuler and
Hellner Bjorkman 1953, More recenth Dearnaley and Geffen (1966, have shown
that on electric stmulation of the splense nerve in cats for 1/2—5 mun the neurotrans
mutter content in the sumulated part of the spleen decreased only by 7 7 per ¢cent
tn comparison to an unsumulated pars calculated on the DNA content of the ussue
However, after prolonged and mtensine electrical sumulation of the ssmpathenc
cham of the cat hernell and Sedsall 1963 succeeded 1n causng a conuderable
deerease of the \A stores in the gastrocnemic muscle

After depletion of the \ A stores in the cat with reserpine to such 1n extent that
electrical sumulation of the tumbar sympathetic did not longer evoke vasagonstrics
tion 0 the perfused leg st has been powble to restitute a vascular response by
adminmstration of NA or 3 Burn and Rand 1938, Rosell and Sedvall 1961, Thn
effect was of relatnely short duratinn, indicaung that the amount of \ A taken up
and available for tranymitter purposes rapdhy dimimshed dunng stymuolaton

TS
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RABBIT CONTROL
sogn '

preEcsuRe | MV

mm Hg
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3
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Fig 1 Control rabbit nembural mt/mn 10|
Above svsterme blood pressure be
low blood flow 1a lund leg Arrows P
indicate start of 30 sec sumulation
periods 20 sec followed by 2 min " o
FEuE) ha

h h
wtervals Time scale 1 s 1025 £

1t thercfore seemed of snterest to study of after

depletion of NA by decaborane (Mermntt, Schultz and Wykes 1964) and preny lamine
(Segonun®) (Schone and Lindner 1962)
Tt has recently been d 1 that after depl

of the NA stores m the
rabbit with prenylamune or decaborane, administration of NA or A 15 followed
by an uptake imto the stores to normal values (Mackenna 1965, Euler and Lishajho
19652) \foreover, 1t was found that refilling of the heart after depletion wath prenyl-
anune could be effected also by some NA precursors (tyrosine, dopa and dopamune)
or to some extent even by the action of other amunes (phenylethy lamene, tyramine
and octopamine) (Euler and Lishajko 1965 b) After decaborane depletion, dopamme
but not dopa caused refiling of the heart (Euler and Lishajko, unpubl obs)
Tt therefore seemed of interest to find out whether various precursors could restore
transmission 1n a NA depleted system

Methods
Rablits 93 8 ko vrare =aa0 + o woar . - .
W .
perk
amu . . .
anfu

EYU o1 wuss oz mgkg at 112 he ineervals

The animals were anesthetized with nembutal 2030 mgfkg 1 v of i some cases with urcthane
13 g per kg 1y The hland flaw then wh 2 b od v a -
femoral ar

artery by . .

The lumbar sympathetc chain was tied off at the lexel of the renal hilus, and bipolar plannum
hectrodes app! ed at the nearest d stal nterganglionary segment Supramax mal sumul; of 10 ms
duration 20 per sec were delnered for 30 or 60 sec with mtervals of 1 or 2 min by means of an
vk matic desice (Perman and Persson 1962) Untreated controls were prepared and sumulated
e same way

Results
Untreated amumals

In 3 apimals the lumbar sympathene was sumalated for 30 sec with 2 oy mtenal

for several hours As shown 1n g [ the response 1s not perceptably changed 1n the
4 sumulaton penods between 137 and 16% hours
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RABBIT DECABORANE & mg/kq
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Fig 3 Rabbit decaborane 4 + 2 mgfkg 48 and 24 hrs previowsly Inercated response aficr exclu
s:0n of 1 (A} and 5 (B} sumulanion periods of 60 sec 20/sec Intervals 2 min Time | min

]
/" Decaborane depleted ammals

The decaboranc-treated ammals had a charactenstic sedated appearance with closed
eyelids and few spontancous movements Their blood pressure was usually normal
or shghtly lower than normal at the beginmuing of the experiment with a tendency
to fall gradually over the ume course of the experiments

The initral 30 sec nenv e sttmulations (600 sumuh) strongly reduced the blood flow
through the leg as in the controls However, in contrast to the untreated anmal
the vasoconstnictor effect gradually d hed n the decat treated ammal
The rate of deteroration of the effect varied in different ammals, presumably
depending on the degree of decaborane action Generally a defimte decrcase it
response could be seen after 10—20 sumulation peniods (Fig 2) If one or mort
stmulation periods were omatted, the resy 1o the foll 1 period
was markedly increased usually more so the longer the period of neuranal rest
(Fig 2 and 3) This increase was of short duration and the pre rest response was
agamn obtained during the 2nd 1o 4th post rest sumulion periods

On repeated sumulation the decreasing response finally reached a certam low
Ievel which was maintained as long as sumulation periods and intenals were une

altered, as Mustrated in hig 2 If duning this stage sumulation was continued for
' Jually di ed suggeiting

1 mn or longer the + r o3y I
complete temporary depletion of the avalable stores After a 1 2 mun rest the

uen
response was restored to the same extent as before the previous sumulat
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Fig 4 Rabbit, decaboranc, 4 mgikg 24 hrs previously Incrcas=d response ta 30 sec sumulation
peniods 20 sec, after NA 5 ngfkg 1 v [ntervals 2 mn Time 1

min
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Fig 5 Rabbut, decaborane, 4 mg'tg 1p 24 hrs previously Increased sumulation response follow-
ing neuranal rest (A) and 100 pg per kg 1v (B) periods 30 sec 20 sec
Intervals 2 mun Time 1 mun

Stemulation vesponse after ieciion of NA

The effect of 14 injection of NA was conspicuous (Fig 4) The smallest effectine

dose was 1—2 yg per kg Wath doses of 5—10 #glkg the effect was usually qurte
marked and lasted for 5-10 g 1 penods, 1nd an uptake
which could be utilized for neurotransmtter functions

Stumulation response after wnpectson of NA precursors and congerers
Dopamine 1 a dose of 100 #g)hg 1+ was found 1o produce a definite enhancement
of the vasoconstrictor response to nenve sumulation Fig 51 lasting for a considerable

number of sumulation perods Dopa or fyrosine, on the other hand i a dose of
10 mz'kg was without effect,

that these compounds, 1f taken
up by the synthesizing apparatus were not efficiently transformed to the transmitter
under the prevathng condions  N\o definite effect could be detected after isso-

prenahine 28 pig kg, tvramine ¢ 5 myg ke and octopamine 23 ug kg
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RAEB!] PRENYLAMNE € 7mg/kgy
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Prenylamne-depleted ammals
Depletion after prenylamune given 11 may be quite rapid as observed for the rabbit
heart by Mackenna (1965) Thus the stores in the heart are largely depleted 1/2—!
hr after injection

The asoconstrictor response to lumbar sy } timul. graduall
dirmmished n a similar way as after decaborane when sumul were applied 1/2 hr
after the end of the infusion of prenylamme The restoring effect of neuronal rest
was also noted 1 the prenylamne-treated ammals, although it was usually less
marked than in the ammals which had recen ed decaborane

NA 2—5 pug kg 1+ also restored the vasoconstrictor effect to some extent as did
dop 100 ug kg, although the effects were generally less conspicuous than in
slecaborane-treated ammals A marked effect on the sumulus response was ob-

#“served even after dopa 2mg/hg (Tig 6) in contrast to the observations in decaborane-

treated animals

Discussion

The expenments described in the present paper confirm mn general the effects
first noted by Burn and Rand (1958, and by Rosell and Sedvall (1961 tn ammal
whose \ \-stores had been depleted by reserpine The same general features were
observed n the decaborane and prenylamine-depleted rabbits which consisted
of a gradua! dimnution of the response to vasoconstnctor sumulation and partal
Tecovery after admimstration of NA

In some respeets our expeniments have extended the observations mdcprﬂml"]‘
Thus a partal recorers of the r s w25 regulasly sero after apcreasing the
interval between the trains of sumub s effect suggests that the amount of trans
mtter avaslable has increased duning the prolonged interval

Pre 1ous cxpeniments hav e shown that exogenous NA s rapidhs distributed between
granular and extragranular pools 1n the decaborane-depleted heart (Fuler and
Lishagho 1965 3) Thus redistibution between pools is less likely to be the underfying

reason for the slow and gradual recovery on prolongation of the nterval briween
ct on nter~

sumulation 1t appears more probable that both the weak residual effe .
mittent sumulaton (Fig 2 and the parual recorvery following “neuronal m\.
esvnthesis occurming at a slow  approumately steady rate The amoun!

depend on 1
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of NA available for immediate use m stimulation would then be a function of the
interval between twa consecutnne trains of shmuli This interpretation does not,
of course, exclude uptahe as an auabiary 1 for the a ! of trans
mutter The recovery phenomenon was less markéd in those ammals m which the
response to stumulation dimnished rapidly which was often the case in the prensl-
amune treated ammals suggestng a less efficient resynthesis

It 15 of interest to note that n reserpine depleted ammals Rosell and Sedvall
(1962) did not observe spoataneous recovery after disappearance of the response
to il even after | d stimulus free intennals This seems to ndicate
that } 15

paired to a greater extentin thewrsystem Infusion
of moderate amoums of NA restored the sumulation response as did dopamine and
dopa alter reserpme

o certain connection could be noted between height of blood pressure, blood
flow and the appearance of the recovery after ‘ neuronal rest ' The mmportance of
the flow for the vasoconstrictor response has been emphasized by Folkow (1962)
The term * neuronal rest * was used by Brown, Davies and Ferry (1961} tn a somewhat
different context and was intended to signify the long rest necessary for removal
of transmutter from the receptor In the present report the expression 1s used to re
present the ime intens al necessary for accumulation of an extra amount of transmutter

This amount was small as d by 1ts rapid disapp foll new trains
of stimuly

The partial recovery of the response after * neuronal rest” had to be considered
in the “reloading’ experiments with NA or 1ts precursors, m which 1t was often
Tecessan 10 merease the interval after the imjection of the substances

In view of the posiive results on the recovery of the vasoconstrictor response
obsered by Rosell and Sedvall (1961) mn reserpmized cats, 1t might be specially
Tenuoned that dopa, n contrast to dopamine, was not effective in decaborane-
treated anumals, 1n doses up to 10 mgjhg

According to Mermitt and Schultz (1966) decaborane exerts a blocking effect on
the decarbovy lation of dopa Ttus mught be a major contributing factor to the failure
of dopa to restore the response 1n decab depleted ammals but
Totin reserpine treated ones Dopa or tyrosine in doses of 50 mg/kg were also with
out effect on the NA content of the heart m decaboranc-depleted rabbuts (Euler
and Lishajho, unpublished expeniments), 1 contrast to prenylamne-depleted
ammals As shown in the present studs dopa was effectine in restoring the vaso-
constrictor response 1n prenylamine treated animals

The experiments reported here gne no information as to the relanonships be
tween neurotransmitter action and the amounts of transmutter present 1n the organ
However the depletion obsersed in various organs afier decaborane or prenyl
amine makes it appear hilely that the transmission fasture 3 due O depletion of the
transmtter The constant low level of response to sumulation in the depleted ammals
at well as the partial recovery after  neuronal rest supports the cancept of a conti
huous slow resvnthesis under these conditons suffi wnt to
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of during cach penod n depleted ammals The full response
1n the control antmals speaks 1 favour of a rapid and efficient resynthests which 1s
1 agreement with the findings of Iess then 10 per cent loss of transmutter in the organ
after up to 5 mun unintesrupted stimulation of the splenic nerves in the cat (Dearnaley
and Geffen 1966) In the experiments of Euler and Hellnes-Biorkman (1955) 1t
was observed that 1n one cat with low blood pressure and low 1mtial NA values of
the spleen 20 min nerve sumulaton caused 2 50 per cent fall 1n the NA content of
the sttmulated part In this case the low control values may be indicaine ofa low
synthesis rate

This investigation was supported by grants from the Swedish Medical Research Counail un fer
project no 14\ 9702 the Gustaf and Tyra Svensson Foundation (U S v E ) and the Swedish
National Association for Heart and Chest Diseases (S B )
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Intestinal Dipeptidases
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Abstract

Livosgre, T and Ch Owman lufestinal dipeptedases D of dipeprdase actisty

4
Ve small inteshne of the rot a3 relaled to the development of the intesunal mucosa
Acta physiol scand 1966 68 141151

The desclap: of fise smsestimal & date actvities (U atanyl Loglatarme acd Latamy! L
praline, gheslatyane glyeyt-Lleucine and glyeyl Levahine dupeptidase acoviy} oo the 1at from
13 davs post ovium up 10 3 weehs post partum was v estigated and relased 1o the siracural develop-

ment of the a1 ymall wterunat mucoss N ery low enzyme acvinzs were found an the peniod of
macoat el prolderation (15 ta 18 days pos cortu At 18 112 days post cotunsthe period of svcon
o i

was activties began
to verch mavial va

lues at pariuniuon by which time the differentiation was Rowhsng Wathia
2 fow hauts of burth when the newborns had suckled an abrupt and sigmficane {3l 1o the refarnels
dow adult fevel was abserved for four of the dipepudase 2¢twitses The fifth crzyme actvity (Lealamd

Leproline dipepudase) dechned more stowly postnatally and first reached the refamnete low adult
Serel during the 3cd week gost partum The relatton of the changes in the tesunat chipepaidase acuv.

e 4o the steucturat characterates of the mucosa durig the development has been dis

In man the ntesunat dipeptadase actiaties are present as early as M weeks of
fesal age {Lindberg 1966 a) At thus stage, the enzvme activitres ta the small intestne
2are of about the same magrtude 23 w adults (Lindberg 1966 by, and furthermore

the mucosa of the small wntestine i human fetuses 15 already rather well dafferenti-
3ted ( Johnson 1910, Patzelt 1933 Therefore, n stems necessar 101 eshigate mies

unes from sill eacher stages of development Hasever wunce adequate amounts
o buman fetak material could be obtuned ol at the periad between 11 and 23
weeks of fetal age, an nvestigation was peclormed on doeloptng rate [a the pres

™ report the Qipeptidase actinsties of the small antesune wese related 1o the struce
tural developracns of the small intesunal mucosa at trequent Infersals besaeen 13

and 22 davs post corum 1usther simitar stuches were performed at varous postnatal
SE3ges up ta 3 weeks past partum
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Material and Metheds
tavmals A total of 252 fetuses were obraned from 35 albino rats weighing 150200 g la dese
v z vy - .

WaS ASSIGILCU 43 Ay 1 HO31 €01 UPE LI LRE SULA 1 0L 1418 usedt LG IEIILL UL L gestL M | C1WAL IS ae
10 22 1/2 days post costum — At the appropriate stage the mother antmal was decapitated under
light ethyl cther anesthesia and the fetuses remosed for enzyme studics and histologrcn! analy s
Those used for the enzyme stucies were rmmediately put m a cold box (4

“Newborn rats from 6 htters were taken immediately after delisery, before suckhng From 3
Intters rats were also taken about 6 hes after birth, these rats had thus sucked for a couple of houry

part below the diaphragm in the older fetuses) at 5u m the sagutal plane Staining was performed
alternately 1n hematoxylin-cosin McManus  periodic aaid Schifl (PAS) (Pearse 1960) and in
Mallory s phosphotungstic acsd hematoxylin (Mc\anus and Mowry 1960) The preprations
were mounted in Permount (Fischer)
. ‘ . v - 1 the cold (1°)
. mucroscope The length
. ctal age In the younger
. . . Iittermates were poole
Jn the older fetuses (19—22 days post coitum) the small mtestines were disided in two or three parts.
- B . . f '
small intesune failed however and various amounts of colostrum was left
In the older ammals (from 3 days of bfe) the small ntesune was sht longitedimally and the
mucosa carefully cleaned by a dry soft cloth The whole prouimal middle and distal 10 cm of tte
small intestine was taken and cut mnto preces
The separate preparations were homogenized in 1 ml (fetal matenial) or 2 ml 0 1 A NaClan an
icebath for 2 min at 14 300 rpm (\MSL-homogenizer) After standing 30 min the homagenates
were centrifuged (International model HR | 27000 g 30 min) Aficr smitable d futi 0 with
sedistilled water according to total mitrogen content the clear supernatants were used d recthy 3
the enzyme solution

{1says The dipepndase actvities were d by the st mett 1 as pree
viously de - proAL —nE 0y e Mg g 1 fons were
the same 1+ . A .

Protem + . i
(\rmour _* ' - '

culated as 17 per ceat of the pre tein content
Lt of d peptidase actirity One unt 1 defined a3 the actvaty hydre byzing 1 pm e cf @ peprde

per min at 40° (Josefison and Landberg 1969 b

Results

Devclopment of small intestine
rhiest stage analyzed 15 days post coitumy the stratified epathchum {h1g 1AY
nlage 1s about 30 g thick, constsung of Jow
The oval nucleus occupies 2 conuderable

At the ea
himng the simple Jumen of the intestinal a

columnar cells arranged n 2 to 3 lavers
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Fig 1 cont

(C) 18 1/2 days post couum Brush border at the surface of the smple columnar cp th el um of
Jequnum Hematoxyl neosn 1600

(D 18 1/2 days post coitum Brush border at the surface of the strat fied cp thel um of fleum
Hematoxy! n-cos n »

(E} 20 days post cottum Survev p cture showing well desveloped « 1 1n jejunum Mallory 313 n
mg_40

(F 2% days post cortum PAS pont ve me 1 P 1 one of the
cells around A vacuole of cells in the d stal small mtestne Goblet cell (black) to the s ght
P1S

G 3 wecks post partum Enure supranuclear cytoplasm of columnar cells n dstal ileum
15 occup cd by a single large vacuole containing a lot of rounded PAS pos tive (black) mclut ons
PAS 240

portion of the cell Large numbers of mitoscs are collected along the lumunal bor
der The thichness of the epithehum has increased by about 10 s 1n the followng
stage (16 days) owing to increasing size of the columnar cells At 17 days the cells
of the 2 10 3 layers are arranged more wregularly The tuckness of the epithehum
18 again about 30 4 \umerous mitoses arc sull present along the lummal border
After this peniod of cell prohferaton differentiauon of the intestinal epithehum
commences Thus in the 18 day fetuses primitive villi begin to appear (Fig 1B
Proumally in the small the epathel forms longitudinally running
ridges by thickenings consisting of up to 5 cell layers on top of a low mesenchymal
core Between the willus formanons the straufied epithelium 1s only 2 h)ﬂl’d
Intracpithelial vacuchzation 1s a charactenistic feature Distally, the development
1 less advanced  the longitudimal ndges are barely recognizeable and consists only
of shight emithelial thickenings  \Mitoses occur munly within the thechened parts of
the epithchum along the whole small intesune At 181 2 days the ndges are more
promunent 1n the distal portion of the small intestine due to the sngrow th of a low
broad based mesenchymal core underneath the epithehum Proumally the vt
are well developed and covered by a simple columnar epithelium At this u:xgc“a
delicate Lrush border has formed at the lumina! surficc of the columnar cellt
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theoughout the small watesune (Fig 1C and D} In the nextstage [19 davs) no prom
wment change 15 seen m the appearance of the wtestinal anlage

In fetuses 20 days ofd, prominent wilh are found m the whole jeunum deum
{Fig 1E) The sarface of the sumple oot prihel ss char: i
convex and the oval nucleus s quate Jarge Matoses are now relatnehy few and mamis
collected 1 the mtervilious parts Typical goblet cells hasve begun to appear withun
the eprthehum and merease in aumber w the following stages

From the 21 day stage on the columnar cells of the epuhelium are hugher The
tuminal surface 1s flattened rather than comvex, and coveved by a well developed
brush border The round nucleus 1s located 1 the middle or basal third of the cell
Distally m the small imtestine the sug lear zone of the cob cells often
contait a small number of PAS postuve granules of about | g in dameter see
further Owman 1963 1963 a2 and by At 22 days post cottum the incesiinal epishelium
has an appearance simufar to that m the previous stage Honever the supranuclear
porton of the cells 1n the distat ilewm 15 as 2 rule occupied by a large \acucle and
the PAS positne nclusions (32 p m drameter) are then often found around uts
penpheny (Fig {F) The first sign of the erypts of Licberhuhn s seen at this stage as

2 narrow epihebal imaginanon o the underlving connectne tissue between the
st

In the postnatal stages studied the development of the ervpts of Lieberhuhn
proceeds more rapadh (o the pro<umal than in the distal small mresune Mt 3 wechs
Post partum both crvpts and lh are well developed The mitotc figures present are
mosth located 1n the ervpis

In the specimens taken unmediately after birth before sucking the simple co~
fumnar eputhefsum hong the vitb of the sdeum has an appearance surular to that
m fetuses 22 dass old The cellular ncl have d hat in number
2and tend to coalesce into smaff groups m the cleared supranuclear ¢y toplasm About
6 hrs later when sucking has begun the cell nucleus ss pushed towards the base
of the cell and the sup fear cytoplasm espeaially near the nucleus now con
tamns a large pumber of wreguiarly formed PAS positue welusions of 1—3 g or
mare m diameter Duning the nevt 2 dayvs the amount and size of the mclusions
ncrease connderabh At 2 weehs after biurth the whole supranuclear cvtoplasm 13
oecuped n a small number of very large P3S positne globules measunng up
©10 6, the nucleus is pressed basally At 3wecks fFig 1G) the general amount
Yoméusions pow about & # m diameter) 15 smaller and nstead  the enure supra

nuclear v toplasm 15 present as a single large vacuole that compresses the nucleus
towards the cell base -~ \ ery hitle snclusion material 1 found s the proumal por
1ot of the smalt 1ntestne at these stages

De elopment o dipeptidase actunty

The aravs of e vartous dipeptidase activities were peeformed at the respectine
pH-aptimum (sec below) The ghalghane dipeptidase activany was determmed
I the presence of 5 mumoles Co? ons {final concentration 293 x 10 \f)

BTN S s phsvnat seand Vol 80 5
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Tig 1 comt

(€ 18 1/2 days post coitum Brush border at the surface of the sumple columnar epithehium of
1eunum Hematoxvhinwosin 1600 +

(D) 18 1/2 davs post costum Brush border ar the surface of the straufied epuhichium of deum
Hematoxslncosun (023

(E) 20 days post coitum Survey prcture showing well devcloped villi 1 jeunun Aatlory stun-

{F 22 days post cotzn PAS positine anel m the cviop! 1 ot of bt
;t”s am&x(;ld a sacuole of cells in the distal small jmiesune Goblet cell (black) to the right
AS 1400 «
1G S wecls post partumt Engire supranuclear cytoplasm of columnar cells in distal fleum
l};mruzp*rad by 3 single large sacuole contaming a fot of rounded P \S-posiuve (black) inclusnns.
AS

pornion of the cell Large numbers of mutoses arc collected along th= Jurmnal bor
der The thickness of the epithchum has increased by abont 10 g 1n the followiag
stage (16 davs) owing to increasing size of the columnar cells At 17 days the cells
of the 2 10 3 layvers are arranged more irregularly The thickness of the epithelum
1s agam about 30 ¢ \umerous mutoses are sull present along the Jummal border
After this period of cell prohferauon, differ of the 1 eputhel
commences Thus 1 the 18-day feruses pnmutine villt begin 1o appear (Fig 18)
Prowmally tn the small intesune, the epithelum forms Jongitudinally r\{ﬂ’“"§
ndges by thickenings consistng of up to 5 cell layers on top of a Jow mesencivmtl
core Between the willus fc s the i epithel 15 only 2 favered
1 prthehal v ) 15 a ch tic feature Distally, the deselopment
15 less advanced the longitudinal ndges are barely recogmzeable and consists onh
of slight epithelial thickenings Mtoses oecur mamls within the thichened parts of
the epithehum along the whole small mtestine At 18 1/2 davs the ndges are WoTe
prominent the distal portion of the small intesune due to the mgrowth of & low,
broad based mesenchymal core underneath the epithehum Provimally, the vill
are well developed and covered by a sumple columnar epithelium A this sﬂS:“‘
deheate brush border has formed at the lumnal surface of the columnar CEls
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throughout the small mtestine (Fig 1C and D) In the next stage {19 days) no prom
inent change 1s seen mn the appearance of the intesunal anlage

In fetuses 20 days old, promment villt are found i the whole jgunum ileum
{Fig 1E) The surface of the sumple col hel, 15 ch wtically
convey, and the oval nucleus 1s quite large Mutoses are now relatvely few and maink
callected in the intervillous parts Typical goblet cells have begun to appear within
the eprthehum and 1ncrease i number 1 the following stages

From the 21-day stage on, the columnar cells of the epithehum are higher The
Juminal surface 15 flattened rather than comvex, and covered by a well developed
brush border The round nucleus 1s located m the muddle or basal third of the cell
Distally 1n the small the lear zone of the col cells often
contam a small number of PAS positive granules of about 1 g in ciameter (see
fusther Owman 1963, 1964 a and b) At 22 days post cortum the itestinal epithehum
has an appearance simular to that i the previous stage Hoswever, the supranuclear
portion of the cells i the distal 1leum 15 as a rule occupred by a large vacuole, and
the PAS postve mclusions {1—2 g tn diameter) are then often found around 15
pensphery (Fig IF) The first sign of the crypts of Lieberkuhn 1s seen at this stage as

a narrow epithelal invagination nto the underlying connective tissue betseen the
villy

In the postnatal stages studied the development of the crypts of Laeberhuhn
Proceeds, morse rapidly 1n the proumal than in the distal small intestine At 3 weeks
Fost partum both crypts and valls are well developed The mttotic figures present are
mostly located 1n the crypts

In the specimens tahen immediately after birth, before sucking, the simple co-
tumnar epithehium hming the villt of the ileum has an appearance sumilar to that
m fetuses 22 days old The cellular 1nch have 1 hat 10 number
and tend to coalesce into small groups mn the cleared supranuclear ¢y toplasmn About
§ brs later when suching has begun the cell nucleus 1 pushed towards the base
of the cell and the supranuclear cytoplasm especially near the nucleus now con
tns a large number of wregularly formed, PAS positnne inclusions of 1—3 g or
more in diamcter During the next 2 days the amount and size of the mclusions
inerease considerably At 2 weeks after turth the whole supranuclear & toplasm 1s
occupied by a small number of very large PAS posune globules measuring up
10 X 6 41 the nucleus is pressed basally At 3 weeks thg 1G the general amount
of iclusions (now about 4 1 drameter) 1s smaller and 1nstead the entire supra
el vyopiasm s Ppresent as a single Targe vacuole that compresses the nucleus

tovards the celf base — \ery bittle inclusion mtenal 1s found 1 the proximal por-
ton of the small intestine at these stagres

De clopment of dipeptidase acticuty

¥

;h; assavs of the vanious dipeptidase actinites were porformed at the respectnve
Popimum {see below) The ghelubvcine dipeptidase actininy was determined
i the presence of 5 mpmoles ¢ - 7 ane Fab namsaesn a0~ w10 nn

TN A th phynol seasd Vot 63
'



~—

116 TOR LINDBERG AND CHRISTER OWMAN

Actuity (un ts/my of ntrogen)

™ m
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HIUE ST Jr U R S U S ST G SIS

15 20 P13 2 3 At
Bays Weeks

Sevatopmentat period

Tig 2 Pre- and postnatal development of glyey! L-leucine dipephidase actiaty (unsts per mg
nifvogen mean values £ S L M) in the rat small sntesune The S T A for 18 davs post entum
1s 2 04 for 20 days post cotum = 09 and for 3 days post partum = 0 3 (bars cos ered by symbols)
Tigures i parentheus ndicates number of htters P — partus Opumum pH and

The results for ghycyi-Leleucine dipeptidase actnaty are shownan lig 2, which
the mean values and the standard error of the mean (S E M ) of the acunity, e
pressed as units per mg nitrogen present 1n the enzyme solunion, are gnen for the
vanous Iitters from the stages of the Tor the older fetusts
as well as for the newborn rats and the sucklings, where various parts of the mtes
tine were stucied, the figures given are mean values calculated from the activiues
1n the different intestinal portions The values of the adult rats are taken from the
dases in the adult rat (Joscfison and

14 0T Jovel

1 estig; on the I dipep

pre
Lindberg 1966)
1t 15 apparent from the figure that glyev! Letcucme dipepudase activity 1 low
besween the 15 and 18 days post cortum In the 18 1/2 day fetuses, however, the activ-
ity starts nsing to reach a maximum around partunition In ammals allowed 10
suck the activity then abruptly falls already after some hours of ife to the same rela-
mvely low level as that of the adults The curves obtamed for L alany! L glutamuc
acd, glycylglycme and glyeyl-Lvahne dipepuidase acusity were simlar to that
for gheyl-L-leuaine However, the results for L-alany|-L prohne dipeptidasc actit~
ity differ (Dg 3) In this case the actvity, which became maximal in those rats
taken immediately after delnery, did not fall abruptly i the suckled newborns, but
declined successively during the postnatal suckling period, to reach the level of
adult rats first about 3 wecks post partum Table I gives a survey of the vanous
cipeptidase activities at certain charactenistic stages of the development
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According to the Students ¢ test the values of the non suckled and suckled
newborns differ sigmeficantly for the actviues ol Lealang 1 L glutimicaaid (p < 0 03)
slyeylglyane  (p < 0053), glhcyl Lelenane (p < 0001) 2nd  ghev! L vahne
{p <0001) Tor Lalanyl T prolne dipepuidase actnny the difference 15 not
significint (01 > p > 000)

The regional distnibution of the dipeptidase activities along the small intestine
was studied from 19 days post coitum  The actnanies for L alinyl L glutamie acd
glyeylglyene glyer! L lenene and glyeyl L vihine were n 2l stages lugher in the
distal portions of the small intesune 15 compared to the provimal part These
findings were more marked i intestines from the 21 day stage up to 1nd ncluding
the newborn period On the other hand L alamy! L proline dipepudase actians
was cqually high in the vanious portions of the intestine in the prenatal period In
the following postaatal stages all the actiities were shghtly higher in the middle
and distil secttons of the gut thus resembling the conditions found in the adult rat
mtestne { Josefsson and Lindberg 1966)

Influence of pl1 and metal 1ons

The cflcct of pH and binalent metal 10ns on the intesunal dipeptidases ws i

vestigated in fetuses aged 19 20 and 21 dys post cortum  Vamous phosphate and
v borate buffer solutions were wsed to obtam a pli ringe of 60 to 80 in the digest
muvtures The pH opuma found for the various actinvities were s Dllows (pH
)npt|m1 for adult rat intcsunal dipeptidases (Josefsson and Lindberg 1966 are gnen
i parenthests) for L alany! L glutymie 1ad dipepudase 72 (73) for L alanyl

L prolinc dipeptidase 70 (7 0) for gheylglyane dipepudase 75 (75) forgho! L

leucine dipepudase 74 (7 5) and for glycy! L valme dipeptidase 75 7 1)

Ihe influence of four bivalent metalions (Co*  Mnt Mg? and Zn? wns) when
added m the concentratton of 10 mumoles (fin1l concentration 59 ~ 10 \[) on
the various dipeptidise actinities was essentilly the sume s that found wn the
adult rat (Josefsson and Lindberg 1966) However a diffcrence was found for the
glyey] L valine dipeptidase actvats which was icduced by Cot sons by about 32 %
1n the fetuses while these 1ons were without mfluence on this 4ctiaty of the 1dult rat

7

Discussion

The present results on the development of the small mtestne (Jggunum ileum)
demonstrate that after a period of ccll pohferation in the striated epsthelium the
mucosa shows a raprd differcntiation from the stage of 18 days post caiten 3t por
tunon t days later the wvilli appear well developed At 18 1/2 days post astum the
cp\d\chum in the portion of the small intestne 15 of 1 simple columnar type Al
delicate brush border can be abserved at this stage throughout the small ntestinal

pical goblet cells are found at 20 days The first sign of erypt formation

Ty
anfage Ty ngs 1gree with those

oceuss at 22 days post corum In principle the present findr
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earlier reported {Kammernad 1942) In the specimens taben 3 weels after buth
both thecrypts of Lieberhiihn and the vill have essentially reached final deyelopment

From 21 days post cottum the epithelial cells, especially in the distal small itestine,
contamn PAS-pr inct which probably are of muco- or gheoprotan
nature {Owman 1963). The inclustons may be assactated with the perinatal trans-
muson of smmune proteins occurring cia she gut (Halbday 1935 a, Brambell and
Hallidav 1936, von Mayersbach 1938, Clark 1939, Owman 1961 b} By this route
the rat offspring achieves most of s pasuve wnmumity from the mother up to 3
weeks postnatally {Halhday 1935 b and 1956)

When refating the structural deselopment of the mucasa to that of the intestinal
dipeptidase sctivities, certan obsen atwns should be pointed out Thus wis evident
that the increase of the enzyme actviues {expressed as umits per mg nitrogen) from
the fow level in the cell prehife period des with the diffe
pered of the mucosa 1t 1s alio apparent shat the activiues reach mavumal + alues
at the end of the latter penod Swructural changes in the mucosal cells related to
thas serease are difficult to establish The anlage of the crypts of Lieberkubhn are
not seen untt 22 davs post coatum, at which stage the acuviues alreadh are maximal
or almost maximal Goblet cells of typical appearance are not present until the 20
davs stage Tt way be of mterest that the brush border membrane appears simulia
neowsly along the whole length of the smal intesune at 181 2 davs, the stage
when the enzyme actimanes begm 1o increase

Larger amourus of the actnnes, except of L-alanyl L-prohae dipeptidase acm-
1y, 18 found in the meddie and disal tnrds of the miesupe 1t should be noted that
m these portions of the small mtestinie smtnune protesm s absorbed pernatally
{see abiose), and the first structurat sign of this uptahe 15 observed 1 the form of

PaS-posne granules at the 21-day stage

The newborn peniod requires speciat attention The abrupt falt of the acuutts,
exeept of L alanyl L-proline dipepndase activies, in the suchled newborns v 1e-
wmarkable The decresse, which was obsenied w all the three poruons of the intese
tme, but teaded to be more pronounced w the prosreal o thirds comnides
Wath the appearance of incteased amount of PAS posstne matertal both an the intes
il lumen and withw the supranucear cvoplasm i the mucosal cetts Fhis
matenal 15 probablhy denved from colostrum  unbhe the PAS poansve granules
found prenatathy, which arse from the absorption of ammetic fud  Owman 1904 b
Conteal wspenments Limdberg unpublished obwervaten revealad that ol sunm
olratied from factatng racs bas an mbidntore mffsone on the ename acnsstes

I mtestnal extracts from fewuses aged 22 davs as welf 4 b adudt e Ehes
whibtan effect was fess prosounced for § alar st 1 pr b depepudase waman
than for the ather actniues a hadu whih may explon oo wey herease of
Ws activaty sn the suckhing period  Thr natuze of thy g5 bt 1y ¢ ol sum
B ounder imesngation It shioutd § te aled that b o4 b v ¢ s
Which acquire pasune smmuni by 1 tramn dicss b 2 uxd Halbd ol sa

y
Besides the posible effict of « f wum other dactr o © b acse sal isason and
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also hormonal influences, which ean affect the enzyme acusiues in the mucosa i
the pennatal period (¢f Moog 1959, Ross and Goldschnud: 1935, Halliday 1959),
must be considered

‘The develof of the 1 dipeptid: has previously been investigated
m man (Lindberg 1966 a) The study included fetuses between 62 mm and 215
mm of crown rump (C—R) length (corresponding to 11 and 23 wecks of ferul
1zaton age) The results from the study demonstrated that the actvities were
cqually hugh in the smallest fetuses as 1n the largest Further, the results from an in
sesugation on adult humans (Lindberg 1966 b) showed that the dipepudase actnties
in the small intestine were of about the same magnitude 1 the adults as m the
fetuses Thus, 1n man the dipepudase activities develop before the ferthization
age of 11 weeks When companng the formation of the small intestinal mucosa of
the human fetuses with that of the rat 1t 1s found that the structure of the mucosa
sn the smallest human fews examuned (80 mm C—R) 15 comparable with thas of
the new-born rat From the works of Johnson (1910} and Patzelt (1931} 1t 15 known
that the human mucosa differentiates in fetuses between 18 mm and 55—60 mm
C—R (corresponding to a ferul! age of 7 to 10 wecks, Patten 1933) Hence,
1t 1s hikely that also 1n man the develop of the 1 dipepuidases 1s associa
ted with the differenuatng period of the mucosa

Mis G A Andessson and Llts Brits Nilsson gave skilful technical assistance The imestigation
was supported by grants from Semper Fond for Nanngsforskning the Sweduh “utrition Founda
Juon, Albert Pahlssons Fond and the Medical Faculty of the University of Lund
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Acid-Base Changes in Rat Brain Tissue during
Acute Respiratory Acidosis and Bascosis
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Abstract

Povtin U Aad base changes i rat brain tissue during acute respiratory acidrsts and baseosts
Acta physiol scand 1966 68 152—163

"The €O, buffer caprcity of bran tissue m 1120 was studied by measuring the tiste bicarbenate
concentration 3 vanous tisue GO, tenssons an raty which were cuber hypersentilated cr breathed
varous GO, concentrations spontineously £ 30 min Measurements of the tisue lutite content
indicated that the techmque of freezing the tssue i iy did 1ot jead 1o tissue hyposd [le mun
« ancre1se in the ussue bicarbonate concentrat m 1 1 gven inspared GO, concenteats i oceurred
withinn 30 mun but there was a staw further incrense from 30 to 180 min The vatues did not differ
;\gmﬁcm\lly Letween groups nncsllltlll.td with pentobirbital or phenobarbital and they were not

An adequate descrnption of the acd base metabolism of a system myvolss the defint
tion of any change 1n terms of respiratory and nonrespiratory (* metibohe’ ) com
poncnts This has been done systemaucally for bload, although the best way of
defining the respiratory and the nonrespiratory clinges has yet to be wreed Such
changes have been denved either from i tatre titrations with varioas GQ, concentrd
tions, or from changes m the plasma  when the orgamsm 15 utrated with GO,y 11
1o (see discussion by Astrup, Siggaard Andersen, Relmn and Schw wte msym
posium «dited by Nahas 1906

Apart from blood, comparatively little 15 known about acid basc changes 1
sssues ‘Lhe brain presents peculiar problems simec st has a specialiced u\nct(luld‘,’
fluid, the volume of which 15 diflicult to measme, although 1t as posubly ulcn(lc-“l‘
m compoution 1o the cercbrospinal flud (CS1) Ja utro equilibrations of Dbray

4 f
tissue homogenates with varous CO, concentrations (Siego 1962 b, Karemi and
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Afithoefer 1961) will be of salue for certain problems, but the procedure cannot

give formation on the buffer capacity of the mntact tissue because eatrapolations
from such homogenates are of doubtful vahdity {Sieyj0 1962 b), and the procedure

disrupts the cell & therehy abolishing the compar of buffer
groups 163 Tkely that many such groups m the mtact bisstee exist i compartments
which have 2 pH very different from tha i the homog and that k

tson will affect the bufer capacity

The present expenments were made to determme the 1 1o buffer capacity of
rat bram tissue The work was made possible by the deselopment of a sensitive and
accurate method for the defermination of the aad-labife CO, of tisues frozen w2
sty wath hqud witrogen (Ponten and Siesyo 1964 2, b}, and by the determunation
of the CQ, tenmon gradienss m the nssue (Ponten and Sieso 1966) The buffer
capaony of the ussue agreed fandy well with that of whote blood i wutre although it

was Jess than that obtamned on cat bran uissue by an mdependent method (Roos
1965)

Methods

Experumental procedures 126 made altano rars of the Spraguc Danley s weighing 200400 g
were anesthetzed w P ! or phenobarbieal (60 and 100 mg per kg bw
ropecinely) One femoral artery nas cannulated for monstoring the blood pressuec and for blood
1mpling At exch sampling the blood foss was £—0 2 cal The total blood lass dusing cach evpert
ments was [~3 m] which was replaced with a balanced hrebs Henseleu solution (hrebs 1950)
T e caean hemoglobun content of the blood fell rom 159 + 16 10152 + 14 g per cemt mean x
5 1) dunng the experimens 3 the blooad pressure fell below 80 mm Hg and i this could not be
cortected wittun a few shimates the whole sxpersment was duscarded The ammat was lad on 2
fweial bot which could be heated at intervals 1o prevent hvpotherma and its head was secured 1n a
head holder 41 15ie end of the operation the skim aver the skistl was incrsed longstudsnatly 10 accom
modae & paper funncl for freczing of the brawn a sty {see below) The hody temperature was
f evured 1n the rectus wswg a thermocouple electsethermometer
A hen the operative procedures were fimshed the anmal was left undisturbed for 20 mun afier

wbhich arternl blood was sampled The an mal then breathed aw or CO, mixiures spantancoush
W was hy perventidated for 4 set persod of 13 mun 10 3 hrs The gas nutures contamed 018
€0, 304 1030 °, ©, The anwmals were by penvenalased wish mir or 0 ° O, wang 2 mmature
Topieation pump (Patmer London) During these periods nne 1o shree artenal samples were drawn
the ast one immediately before the head of the tat was frozen If the Paco, of the two precading
siples duffered by more than 19 per cent the experment sas discarded

The sechmque of fieeaing the tosue w54 b been modified sevrral hmes Onginally Ponten
#nd Sirsjo 1961 b) the whole rat was froven by direct tmmursion mto the | quid ntsozen The preht
RAry accaunt of the t cwo buffer capacity of the rat bram (Ponten 1961 1 as based 0 expen
Theats 1 wh th onty e heads were dipped into the hawid 7 trogen W the present experments

@d Rutogen w35 porred oMo the exposed cramal b nes of th Aesies. hvough o piper funnel

Med into the shan wson This techruque marde 11 possible ta fieeze ¢ bram w (hout fusther
I""““[‘“hunn aad pulmonars tentlsts B was et obsiructed tusmg the frees ag Provided the
et S mresbursia way ade

B quate there was nly a slght stimul 0 A ire respy
O 0T and 1nomianeane racnieatoe £ nin s £ o

ity 1 dunng the
i dems e Thiee

b s stamy the arent F
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Fig 1 Relation between the Pac0, and
the Jactate content of brains frozen
sitw with dufferent techmiques  Rats,
pentobarbital anaesthesia The regres-
sion Line refers to brans froren by
pounng Lquid nitrogen onto the ex-
posed frontoparetal bones (present
methed, filled circles). Crosses denote
Iactate values of brains frozen by im-
mersing the whole herd of the rat in
liquid nutrogen These brains had fow
Tco, values Unfilled circles gine the
lactate values obtained from brains
frozen with the same techmique but
giving lngh Tco; values comparable
to those obtained with the present
methed

Jomed with a glass stoppered side tube (cf Stesjo and Thompson 1965) Both the main Rasks and the
ide tubes has sockets used for perfusing the unit with CO, free mtrogen gas W ith these modifica
trons the coeMcrent of variation was still 0 9 per cent The analyses were carried out on the supra-
tentonial parts of the bramn and thus the samples included ventricular as well as subarachnordat
cercbrospimal fluid

The water content of the ussuc was determned by drying preces of usue to constant werght at
105°C

The bicarbonate concentrauon of the brain tssue (meq/kg) was caleulated by subtractng the

derived value was the mean brearbonate concentration of the combined waler phase of the brarn This para
meter was plotted against the mean tissue CO, tension to yield a GO, binding curve In order to
facihtate compansons the equivalence of the pH term in a ussue system — log [(HCO,) _ s5at0
O 8,
calculated In this rato $, 1s equivalent to 00314 mmoles/g tissue H,O/mm Hg (cf Sicyo 1966
Siesjo and Pontén 1966 b)
e ane S

o - S AR

Results

Influence of the freezing technique on the total carbon doxede and the lactate content of the tissue
The present study showed a higher ussue buffer capaaty than that prclmunﬂl:”‘
reported (Pontén 1964) This was due to a difference 1n the total CO, content

the tissue in hypercapnia, the new senies giving the higher values In hypocapnia,

expert-
however, there was no sigmficant difference 1n Teg, between the two sets of exp



BUFFER CAPACITY OF BRAIN TISSLE 155

ments In order to study whether the difference observed wn hypercapnia was due
10 the modification of the freezing technique, control expeniments were carried out
with determunation of total CO, and of lactate content 1n tissues from ammals
which were exther exposed to 15 per cent CO, or hypervenulated for 30 mun
The modified freezing techmque used 1n the present experiments led to consis-
tent values for total CO, and lactate content However, 1f the freezing technique
~of the previous sertes {Ponten 1964) was reproduced, both the Iactate 2nd the total
CO, values were vanable (Fig 1) Thus, m all but one of the rats frozen with the
previous techmque and 1n which special care was taken to protect the arways from
the iquid mitrogen, the T¢g, values equalled those observed with the present freez-
g techmque and the lactate content was normal In 3 out of 5 similar experiments
which gave low Teq, values the lactate content of the tissuc was mereased above
the normal The results suggest more than one reason for the observed dufferences
Obviously, the freezing technique previously used could cause a hypouc condition
as indicated by the increase 1n lactate but 1t was also found that the CO, of the gas
mrxture breathed by the rat could solidify 1f the liquid mitrogen made direct contact
with the gas tubings In such a case the CO, concentration of the inhaled gas mixture
could fall to very low values, as venfied by passing the gas through a CO, electrode
The ongnal freezing technique used 1n the laboratory (Ponten and Siesjo 1964 b)
apparently interfered wath the oxygenation of the animal ante mortem since 1t resulted
1 high tissue lactate values Thus 14 rats anesthetized with pentobarbital were
plunged into hquid nitrogen without previous treatment The mean ussue lactate
concentration i this group was 4 5 4 0 4 meq/kg
Comp betueen pentobarbutal and phenobarbital h It has been reported
(Schmahl 1965) that the redox quotient lactate/puryvate in bramn tissue will increase
more from the normal value with pentobarbutal than with phenobarbital The latter
drug 15 also assocated with a igher ATPJADP, and a higher phosphocreatime/
cTeatine ratio in the tissue Since all these substances should participate m the buffer
ing of CO, m the tissue, a companson was made between two groups of 17 and 40
Fats, anestheuzed with pentobarkutal and phenobarbital, respectvely There was a
shight difference 1n the plasma bicarbonate but not 1n the fissue bicarbonate concentra
tions between the two groups, phenobarbital giving a ngher mean plasma standard
bicarbonate (240 + 04 meqfl, mean + SE) than pentobarhital (223 + 08
;’;“(1;‘) (P <005) The tissue bicarbonate did not differ by more than 0 3 meq/kg

Influence of the wnsprred oxygen concentration This was varied 1n order to evaluate the
f’\"‘“b‘hq of tissue hypovia dunng marhed hyperventilation (P, < 25 mm Hg)
anf:::[p:,mm was made between the tissue CO, values measured 1n a group of 11
)‘)‘Ptr\i )rmcnnlalcdwnh air and those measured 1n another group of 29 animals
o ml: ated with 50 per cent O, 1n mtrogen In these 1nd 1n following groups the
d“phc:m values were corrccted for difference 1 P,co, by means of a parallel

ment of the points along a regression line calculated for the whole groups

The reference P,co, value chosen was 15 mm Hg The ussue CO, values in the two
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groups were 112 + 02and 11 0 3 0} meq/kg of ussue H,O (mean -+ SF) respee
tively  1he diffirence ss not sgificant (p > @ 1)

The water content of the bran lissue dict not show any sigmificant vartation with the
anesthetc with the O, concentratian of the inspired gas used or with the Pyo
level The mean and SD from the 57 expts used for derving the € O, binding cune
was 78 2 + 06 per cent after correction for the diffirence 1n water content of the
3 per cent blood 1n the ussuc

Tme course of changes tn Pyoq, and i the tolal tysue CO, cantent An acute steady
state ” was defined from measurements of the P, and the ussue (0, content at
vartous times after a step change n the ventvtory state (see discussion  The step
changes cansisted of hyperventlation (300 m! per mn mean body waght 370 & 18
) or exposure to 15 per cent LOy The Py, values were found to stabnhize after
1015 mun Dig 2 shows the respomse of two groups of 5 and 8 amm th which
were exposed to Oy or hyperventlated respectinedy In bypercapmy a sterdy
I“m' tevel was recorded hetween 15 and 60 mm When the hy pezcapma was main

tamed for 2 or 3 hrs there was an nconsistant further increase m P, 5, 10 three
anmals In hyperventilation at constant volume the P, level was constant fiom
10 to 180 mun The same general pattern was found in the x:ncrmcd:alc o,

TEgIoNS
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Fig 4 Relat
Cc

) tane ~n T

o ulbun of the butler capacity (see text)
H8 5 Relavon between log Pigo, and the loganithm of the buffer ratio (log HCO,/Pos Si!
e $ame matenal as in Fig 4+ The sohid line 15 the hinear regression line of the present material

The broken hine denotes the buffer capacity of cat brawn tisue as caleulated by Reos (1963, from
4ata obtained with the DMO method

The preliminary experiments showed that there were only small changes i the
tssue CO, content from 30 to 180 mim after a change 1n the venulatory state {Ponten
1963} Experiments with the present techmque venfied the abservation that the mam
change in Teo, occurred witlun 30 min However, 1 hypercapnia, there was a
stow further change 1n Tcq, over the next 2 5 hrs, as shown in g 3 The addiuonal
¢hange seen between 30 and 180 min was about 10 per cent of the entire change
N Thke CO, binding curze for bramn hsue n rico On the basis of the above results an

acute steady state™ was considered to be reached after 30 min In order to establish
the CO, buffering of the tissue over a wide Pr, range 57 expts were carmed out
2t saryng P, values, all rats being exposed to the resptrators change foc 30 min
The results were plotted sn aP ,, HOO, diagram (Fig 4 The regression hne thich
kne in Tig 4) was obtained by fittng derved eq to the expert-
Mental data (sce below) The regression line shows that the ussue bicarbonate
‘oncentration at a P, 0, ©f40 mm Hiz was 16 0 meq kg of ussue water, and further
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that the tissue bicarbonate concentrauon mereases from 125 10 925 meqfkg H,0
between the Poy hits of 20 to 120 mm Hyg The 95 per cent confidence bimits
calculated for the whole matenaf were + 2.2 meqfkg H,O
Theoretical den.ataon of an equualent COy buffer cune Valuable mformation abous
the w2 1o buffer curve can be obtamed from a theoretical buffer systern Most
< Uy, o partment equisalens buffer system 15 conudered wiich
bestdes the CO, buffer system qu"S,'K,',_m‘ = (H*} {HCO,) — contams
onlt one nombicarbonate buffer system — (HAY Ky, = (94 ) — with a
twtal buffer concentraton of C mmolesfkg HLO (C = A- 4 HA) Ina system where
Nar stands for all catons except Hr, and Cl for all nonbuffer amons, the following
electrical neutrality equatton 111 hold withm 2 per cent for the pH range 5078
[Sreyd and Ponten 1966 L)
(Nav) — (€1 ) = THCO,) + (A } = (BB} m
In thus eguation (BB) i3 the buffer base concentration, 1 ¢ the otal buffer amon
concentration (Smger and Hasungs 1948)
After subsutution from the eguations gn en in the text abosve the followang equation
1s obtamned
_ Buy (HCO, ¢ [ - @
Ko, S, \(BB) — (HCO,) -
This equation contams 2 varables which can be obiained from the w tt ¢ experr
ments, 123 Peo, and (HCO,) Moreover, st contatns the o constants Ky o, =
//10 #1 and 5, = 00314 mmolesjkg H,Q/mm Hg and the three unknown pars
meters Ky, € and BB Dersation of a mamimum buffer concentration ssee below)
requires that the most favourable K, 4 15 used Since the mudpomnt of the enpenmental
curve corresponds 10 a pH of 7 1 1n a one-compastment system the most favourable
K , should be 10 71 (maamal buffer capacity occurs when pKy,, cquals pth
see van Slyke 1922) If this value of Ry, 15 mserted mto the equation the remainng
parameters C and (BB) would be defined from two points an the curse Approamate
values were obtained by pooling the obsertatons tate 5 groups By imsertng this
appronimate value for one of the parameters the other parameter could be calculated
from each experiment The regression eguation obtamed from these procedures nas

Peo,

N

(HCO,) 35 > .

P, o e {e e )
o, = g4 (36— HCOY

but

This equation, which not only fits the experimental pots mathemaucalth,
has a physicochemical wn that it d the bufler capacity of a ane com-
partment buffer system, will make 1t possible to derive the following guaniites
1) Monemum buffer concentration, y € the buffer concentration needed to account 5'“:‘
the buffer capacty of the tissue i teee (Seggo and Ponten 1966 b) At a 1\,:\;’
107 the mummume buffer concentration 15 caleulated to 35 1 = 04 mmolesfhg
HO Ifthe buffer actds which are responsible for the buffering of €Oy hm:i P;:«z\
values sffesing from 10 71 an even tugher bulier concentration ¥ needed {5

Discussion)
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2) The buffer base concentration (BB) 1s calculated to 357 & 02 meqjkg H.O If

fixed *actds or bases are added to the system they will cause a mole for mole change
1 BB The amounts added will be the
3) Base excess values (BE == BB 36) (Astrup ef o/ 1960) which express quantitatiely
the nonresprratory acid base changes in the system The base excess values have
been entered into Fig 4 as thin lines parallel with the buffer Line, posiuve values
expressing additions of base and negative ones additions of acd
4) The standard bucarbonate value, 1 ¢ bicarbonate concentration referred to a constant
CO, tension (Astrup et al 1960), 15 obtaned for any expennmental Pcq (HCO,
pair by displacing the pont along the buffer curve to the reference P, (eg 40
mm Hg) The standard bicarbonate values are then read from the y awus The
standard ticarbonate change will express only part of the non respiratory acid base,
change, which 1s equal to BE The rauo between the standard bicarbonate change and
the base excess change 1s 07, 1¢ an expenmentally determined change in standard
biearbonate must be multiplied by 14 to give the amount of fixed acid or base shich
bas been 2dded to the system
5) The buffer capacity of a system agatnst CO, 1s most conveniently defined as
Beo, = d log P,co, [d log (HCO,[Pygo, S,) = d log P,eo,/d log BR “4)
(Biesio 1962 d), swnce the relation between log Pyeq, and the logarsthm of the buffer
ratio (log BR) 15 a nearly straight line The buffer capacity can be obtamed from
the diagram of Fig 4 1n the following way If two points along the buffer curse are
Joned wich the ongin by means of straight lines these hines will cut the log BR scale
{erecle sector 1n Tig 4) d log BR 15 then given by the difference 1n log BR at the
intersecon of the log BR scale and the straight hnes d log P05 the horzontal
distance between the powmts on the buffer curve, read at the upper (loganthmic)
Peo scale The buffer capacity thus ealculated from the expenimental cunve 15
148 and equals the 1n witro buffer capacity of whole blood contaiming 12 g hemo-
globn/100 ml

Although the buffer capacity can easily be caleulated from the HCO,/Poo,
dragram 1t 15 often visualized as the slope of a lincar regression 1n the log P /log
ER diagram Fig 5 shows the present senies n this plot The sohd Ime denotes the
buffer sJope The regression equation was log BR = 2 183—0 674 log Pcq, The

meen Iine shows the buffer capactty obtained with an independent method Roos
1965) (see Discussion)

Discussion

Experumental Lchnigues Accurate measurements of the total (O, content of the bran
tssue will require a constant CO, tenston and an adequate oxvgen supply to the
tssue duning the fixation About 60 scc are requured Uy freeze the central parts
of the bram tn raws (Exerett ef of 1936 The presemt freezing wechmague atlowed at
least the medullan respiritors and arculaton centers to function for about that
Hme (4560 sec) which supports the suggestions by Richter and Dawson (1918)
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In no mstance was the brain frozen i st Morcover, since the CO, concentrations
of the gas mixtures wsed were unusnally ligh, ranging from 21 ¢, (Nichols 1938}
up to 30 9, (Brodic and Woodbury 1358) st is difficult to compare the results with the
present data

A systematic study of “mntraceltular pH™ n bram tissue of the cat at physiological
CO, tensions was recently published by Roos {1965), who calculated tus values from
distnbution of the weak acid 5,5 dimethyloxazolidine-2,4-dione-2 (4 (DVO)
The two methads, the CO, method and the DMO method, should principally gne
the same mformaton, since both measure the distribution of weak acid tn a system
The DMO methoad has the advantage that the tssue need not be frozen n s, bt
1t has the senous disady antage that the concentration of the unontzed form (HDAO)
cannot be measured independently or adequately calculated It s possible to caleu
late the mean capiliary or the CSI” HDMO concentratsons, but becausc of the phe
nomenon of nonsonic diffusion (Milne, Schnbner and Crawford 1938) 1t 1s unknown
whether the mean intracellular HDMO concentration corresponds to the caleulated
figures Whereas the mean tssue €Oy tension 1s will defined {Pontén and Siespo
1966), the mean HDMO concentranon s not, and the different assumptions used
by Roos will give Jarge varations in the hicarbonate concentrations calculated
The DMO data of Roos show a buflcr capacity of at least | 8, 12 much lugher than
that calculated from the prescnt CO, data Ihs 1s prinaipally the <ame difference
between the two metheds as was obtaincd by Miller, Tyson and Relman (1963)
applying both metheds to 1solated rat dtaphragm {sce Siego and Ponten 1966 b

The present work was supported by the Swedish Medical Research Counil and by contract %o
N 62558 3954 betwern the Office of Naval Research Department of the LS Navy and the
Umversity of Lund Techncal assistance was given by Mrs Ingrid Glantz Mgs Inga May Markinger,
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Abstract

Poruior, M Catechol excretion wn ad) e d rats exposed to ¢old after chromsc
guanethudine treatment Acta physiol scand 1966 68 164-—168

Adreno-demedullated rats subyected to 3 moderate cald exposure showed a significant mcrease i
unnary excretion of tine (NA) and their thermal equilibrium Adreno-

[T T il '

Exposure to cold 1s known to produce an important and almost immed:ate increase
n uninary excretion of noradrenaline (NA) (Leblanc and Nadeau 1961, Leduc 1961)
Other studies have shown 2 markedly diminished resistance to cold of rats whose
catecholamine stores have been depleted with reserpine (Dandiya, Johnson and Sel-
fers 1960, Zilbersten 1960, Taylor 1961) A closed relationship between cold re-
sistance and unmnary excretion of NA was obtained in such treated antmals (John-
son 1963) These results and others indicate an important role of NA mn the survival
of rats subjected to cold However, it 1s difficule from these studics to determine £
the decreased resistance 1s due mainly to a penipheral or central action of resespin
since this drug has mmportant depleung effects on both brain catechol and ndol-
amines (Sheppard and Zimmerman 1960 and besides produces a marked sedation
In osder to evaluate the importance of the penpheral hiberation of catecholammts,
we have used guanethidine, a potent sympatholytic drug, which blocks nervous
¢ransmission 1n the noradrenergic postganghonuc fibres (Maxwell et al 1960) and
depletes vanous penpheral organs of thair catecholammne content without 3(&“!‘\5
amine stores in the bram (Kuntzman et al 1962) It 13 a strongly basic compoun!
de Physwl Faculté de Méd, Université 1 aval, Québecs

3 Present address Dép
Canada
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Taste 1 Soradrenalie content of organs after chronic imjections of guancthidime (10 mglkg1p)

dailv for one week Numbers in parentheses indicate the number of arumals in each group

Controt (3)

nglkgb w, meantSE

Guanethidine (4)

pglg b w, mcanSE

Heart

07810030 01120043
Spleen 08310052 009240024
Bran 04020030 039L0013

having such a low hipid solubihty that 1t does not cross the blood brain barmer 1o
an apprectable extent (Kuntzman efal 1962) In addition, guanethidine, contrary
to reserpine, does not impair the resistance of rats exposed to very low temperatures
(Pouliot and Leblanc 1963) In the present work 1t 1 attempted to evaluate more

precisely the ymportance of penpheral secretton and action of NA 1n the defense
agamst cold

Materials and Methods

All pnermantsy mes e o 0 Lane ano_ FALE i v, - Ll
T

v
a

into two groups and placed tn metabolic cages at 20° C The daily guanethidine treatment was
then inutiated in one group of amimals and the other group served as a control group

The animals were placed 1n tadmidual metaboksm cages coated with plastic fo prevent oxida
tion by merallic 1ons’ The cages were mounted on polyethylene funnels at the bottom of which
7 placed small sound bottom flasks placed upside down over a 100 m! beaker to dscard the feccs.

cctic acid | N was added to the unne 50 that the pH was mantained around 3 Urine collection
73 siarted in the morning and contmued for the next 24 hrs Each unne specimen was filtered
opnraved for frec adrenaline (A) and (NA) according to the methiod of Euler and Lishajko

ml;\ order 1o determune catecholamumes 10 organs rats sere killed by a blow on the head and the

i gumediately removed rinsed with cold saline weighed and extractcd with trichloracenc

20d{10%) The organs were then assayed for A and \A in essenually the same manner a3 the
< $amples. A Turner fluonmeter model 110 was used for the determmations

Gomn lemperatures were measured by mscrting a thermocouple 45 cm anside the rectum

methidine (Ismeka® CIB3) was prepared 1n an aqueous solution of 10 mg m! and jected
pertoneally in a dose of 10 mg kg day (evpressed as the free base)

Results

Prelaunary expeniments showed that there 1s no change 1 brain catecholamines of
7215 ingected with guanethidine datly for one week whereas there 15 a 85 to 90 ©,
depletion n heart and spleen (Table 1

Adrenal demedullauon was followed by a moderate fall in bods waight 15—20g)
of the cats Within a week they wese back to theur smital wewght and guanethidine
freatment did not cause any further loss 10 bods w etght throughoat the entire period

of
4 ftha&mtnl The treated rat were not sedated, but showed a muld and traasient
harrhea

Fatend
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The unnary excreuon of A and NA of control and guanethidine treated ammals
placed first 2120 Cand thenat 3 Casshownin g 1 Unnary NA showeda 502,
“decrease tn the treated group keptz1 20 € P < 001, Adrenahne excrenon which
was low 1 the control adreno-demedullated rats could not be determunied sn the
treated group Lpon exposure to 3 C, the control rats significantly increased thear
NAexcrenon P 00> wathin the first 24 hrs and maintamed this level for the
duraton of the expeniment Adrenaline exeretion was also shightly increased in these
ammals On the other hand the guancthidine treated group failed to show a signid
acant increace 1n the unnan excretion of A and NA Six days later the injected rats
became hipathermic and died suthun 48 hrs At this ime the control adreno-demedul
lated rats were stil] all normal and normothermic

Discussion

The general level of actisits 15 one of the factors regulating body temperature and
most drugs with a depressing action on the central nervous svstem at the same ume
affect the regulation of the body temperature Euler 1964 It s therefore quite 1=
portant that a drug should be free of central effects if the cosvelation berneen VA
secretion from the penpheral ssue stores of catecholamines and resistance to cold
stress 15 to be considered  According to Auntzman efal 1962, the action of guane
thidine 15 largeh peripheral and does not affect the brain \A content Some authors
reported depletion in bram NA after guancthidine hroncberg and Schumann 1962
Pledfcr, Viz and Sators 1962 and 1t 1s dafficult 1o explam thys discrepanct except
that there could be stram differences Howerer even tn these reports the depleuon

te 2nd no o ert behavioura] changes are observed In our expenment

15 guite moderal
9 nt n the central

guancthidine freatment for 7 days had no effect on the \A contrs
pervous svstem (Table 1



GUANETHIDINE AND COLD STRESS 167

AsshowninFig 1, the uninary output of NA 1s significantly decreased 1n chromcal-
ly guanethrdine treated ad dullated rats kept at 20° C Moreover, 1f the
same group 15 exposed suk ly to 3° C, no fi ncrease 1 NA excretion
was noted and all died 7 days later, only a few hours apart The control animals,
1n contrast, upon exposure to 3> C showed a threefold ncrease 1n urinary NA within
the first 24 hrs, which was mamtained throughout the duration of the experrment
o death occurred in this group and all ammals were sull narmothermuc at the end’
of the experiment Since no change n the NA tissue content was noted 1n the control
the increase n the NA excretion following cold stress 1s Itkely to be the result of an
mcreased release, followed by resynthesis The fatlure of the guanethidine reated
Tats 1o Increase 1hewr NA extrenon suggests that guancthrdime prevents ether the

merease 1m release or the biosynthesss or both, normally induced by cold exposure
Acceleration of hol b foll

an 1 nercous stimula-
tion has been reported n the adrenal medulla (Hokfelt and McLean 1930, Bigde
man, Euler and Hokfelt 1960) It 1s likely that the same mechantsm occurs 10 nor
adrenergic fibres The sustained increase i unnan excretion of NA 1n cold exposed
rats tn the presence of an unchanged NA content 1n tissues (Leduc 1961}, strongly
suggests mcreased synthesis of NA as a result of increased nervous actieity On the
other hand, 1t 1s well known that guanethidine blocks the response of postganghonic
noradrenergic fibres to nerve sumulation (Maxwell efaf 1960, Cass and Sprggs
1961, Boura and Green 1962) apparently by a persistent depolanization of the nor-
adrencrgic presynaptic terminals (Chang, Costa and Brodie 1965) Our results

would then indicate that the sympathetic blockade can be partly responsible for
the lack of of hol it

The present results also cor
roborate those of previous invesugators in which st has been shown that cold re-
Sstance 15 dependent upon the hberation and action of NA fHsieh Carlson and
Gray 1957, Leduc 1961, Johnson 1963)

Thea bae 1
m}

OF

of

References

Bli‘t.h\v.m A A Carrtand O DrsinaiER Lrnary excretion of catecholamtnes 1n the 2 afer
e ll\be\".umn by regerping or duamphrlammc Brit 7 Pharmacol 1964 23 5203
peool 30 b B R < rson §i'urenyum anh guanelasune |dxruncc ants
Theaen Tdrmug\c eree funcrion and resporises to sympathan imctic amines Brit 7 Pharmacol

“‘:bv‘.\uw 5 US vosEitemand B Horerr Rennthesis fadeenaline 1t e srabbir s adrenal
e }-‘ma dunng tnsuha snduced hypoghcemin feta phvatol scand 1960 4 2

and b4 T L B Semices, Tussue amenc levet and syn pathe ¢ blockade after guanethidine
o rmhnm Drit J Pharmaeol 1961 1 40

EN E CostAand B B Brobiz i terrcu n of gusnethid ne with the adrenergic neure ne
h“m:-:m;cd exp Ther 1907 147 303 31
— A D C G Jouvioxvand E A Stetrke Influegee of 1ar at o wn envar amental ta pera
oy xht acute toucity of feserpine and bl rpronazte nonice Can J Biochew 1950 38



168 M POLLIOT

EvLer € son The physiology and pharmacology of temperature regulation sith parncular ref
erence to the chemical mediators In Troc Sec int Pharm Meet Prague 1963 N\ Y Mac
millan 1964 2 135144

Tiier U S v and F Insnajpo Improved technique for the fl of catechol
amunes dcta phystal seand 1961 57 348355
. . Fr

1950 21 258270

Jousson G F The effect of cold cxposure on the h excretion of adrenak d
rats treated with reserpine  lefa M;ml mmi 1963 59 438——14
Rrosesere G and H Scruaasn U zum VWirk h: desG hads

trck exp Path Pharmako! 1961 243 16—25

Ktnrzsiay ROE Costa, G L Gessa and B B Bropne Rmrpmc and guanettidine action en
pmphmmcm of catecholimines Lz Ser 1962 3 65—

Lesiasc J and G Napeat Unnary exeretion of :.drnulme and noradrenal ne i normal and
cold adapted amimals Con 7 Brachem 1961 39 215--217

126 22—ty

Preirer A K E Sz Viztand E Satory Studies on the action of guanethidine on the cenwal
nervous system and on the norepinephrine content of the brain Buockm Pharmacol 1967 I
397398

Pouttor M and J Lesranc Lffets de la réserpine guanéthidine et alphamerhy] DOPA sur it
résstance au froid drch mt Physol 1963 71 73—82

Suepparo H and | H Znsuervav Reserpine and the levels of serotonin and norcpinephrine in

™ the bram \ature (Lond ) 1960 185 41—42
Tavror R T Lifcct of reserpine on body temperature regulation of the albine rat during exposure
), tocold Fed Prc 1961 20 214
Zuperstev R AL Effects of rescrpine serotonmm and vasopressin on the survival of cold stressed

rats Nature (Lond ) 1960 185 248



Acta physiol. scand 1966 68 169—177

From Johan Throne Holst s Institute for Nutrition Rescarch Umwersity of Oslo Blindern Norway

The Effect of Various Types of Fat on the Cholesterol
Distribution in the Rat
By
Freorik G Grav and Rachar Nicoravses

Recenved 9 March 1966

Abstract

Grav, F C and R Nicorarsen The effect of ranous pes of fat on the chalesterol
distribution 1n the rat Acta phystol scand 1966 68 169—177

#nd above the effect of oleic ac:d The carcass cholesteral of rats given corn ail was sl ghily lower
than in rats given type 2 of fat The difference was statisticatly sigmficant on cholesterol free diets

l\; o yarious ssues were analysed corn o induced transfer 10 other t ssues than the I ver could not
obserse

The fact that polyunsaturated fats reduce the plasma cholesterol level 1n man and
anmimals is well established likewise that it s a lasung effect The cause of this choles
terol lowenng effect 15 under vigorous discussion, and a number of observations
scemingly at vanance with each other have been reported In mans instances how
€eer, with what present day workers (Encroth Hellstrom and Ryhage 1964 Miett
nen Ahrens and Grundy 1965) consider to be nadequate methods extra excretion
ofbile acids and sterols 1n feces have been reported following admumstraton of corn
ol to hypercholesterofemic man or ammal \ietnen et af 965, have extensiely
Feviewed previous work

Most recent work 1n the ficld Spritz Ahrens and Grundy 1965 Avigan and
flrmberg 1965, Bicberdorf and Wilson 1965) have failed to confirm these earher

eports

It has been 11 transferred from plasma to the

tssues follow mg ngestion of corn otl When ¢orm o1l has been compared withsaturated

by many that et
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fats a reduced plasma cholesterol level with a simultancous considerable yncrease
m Iiver cholesterol in the corn ol fed animals has frequently been observed (in rats
by Grunbaum et al 1957, Avigan and Stemnberg 1958, Rexser ef af 1963, but not by
Oley and Lyman 1957, 1n cebus monkeys by Wissler £ o! 1963) Moorc and Walliams
(1961}, on the other hand, found disuncily lower plasma and lier cholesterol i
rabbuts given a corn oil diet than in rabbuts given a saturated fat dict The level of
fat n the dict tn the above expensments was 15—30 per cent and the expenments
lasted from 2 weeks to many months In man Iranz and Carey (1961) found that
plasma and liver cholesterol was reduced by 9 and 25 per cent, respecuvely, when 5
healthy men with high normal levels of plasma cholesterol recened 3 ozs of corn ail
daily for I month In a parallel experiment tn men given hydrogenated coconut ol
the result was a small but insigmficant increase tn plasma and Iner cholesterol

Tt thus seems to be well established that polyunsaturated fatty acids can mnduce
redistnbution of cholesterol from plasma to liver, but it does not seem to be a constant
occurrence

In one series of experiments Gerson, Shorland and Adams (1961) have analysed
a number of ussues from adult rats given 11 °, corn o1l 1n the diet and compared
the results with data found in rats groen a diet poor in far. They concluded that com
ail transferred cholesterol to various tissues even to the arteral wall

Since their conclustons has attracted wide we felt that a rep and
extention of such types of expenments 1n rats was needed not least 1n view of the fact
that Hauge and Micolaysen (1959) had found that plasma and hser cholesterol

_hypercholesterolemic rats was rapidly reduced by 80 mg soybean ol daily A number

of stmilar expertments has been performed by us confirming and extending the 1929
results (Gran and \icolaysen 1966)

Experimental

‘Two series of experiments were conducted

Approxmately onc year old hooded and albino female rats were taken from the interbred sus ns
of this institute The rats had previously been fed 2 stock dict comtaumng 7 5 %, arachus o 1in addation
B a eF o Lt Lgd - '~ 1131 conten of b1
BN . weeks Thedet
. rose (by weight)
wag substited for fat and cholesteral Lhe rats were then divided tnto groups and given d:;“
weith different combiaateons of kydragerated coconut fat corn ol and olise ol as appesss from U
tables The diet of Hauge and Nicolaysen 11959 was again used but the fat content was incressed

12 20 per cent at the expense of the equal weight of sucrose One per cent cholesterol was a

10 the diets when desired "
The rats were given therr respective diets for the six weeks following The rats were nSr x::n; -

Analytical Methods

F the solvents which were of laboratory
ere of analytical qual ty with the exception o
A e ways redustlled before use

yeagent quality and they were ab
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Taes 1 G of Imethods Lier mg/100g
Method
Percent  Number Licbermann  Spemy-
Group fatmdiet  ofrats  Tschugaef'  Burchard? Webb?
4 Coconut far* 195 8 550% 56 322 20 293 23
Corn o1l 0s
B Coconut fat? 195
Corn it 05 9 33102449 33692524 33112192
Cholesterot 10
€ Corn ol 200 10 494+ 39 293+ 14
D Com el 200 S99
Cholesteral 10 8 5759225 5731s25 54732227

The valucs are means £ standard error cf the mean
* Hauge and Nacolaysen (1928)
* Cool (19:8)

* Sperry and Webb (1950)
* Fully hydrogenated

*3tass were weighed out 1 duphicate for extraction of the Lipids
seihe hpuds were extracted with rustures of chl methanol m the groportion | 21n the
o extraction followed by two extractions where the solvent proporuons were | 1 and 2 1
s f:&"rb A salvent volume 1n ml corresponding to 15—20 times the tissue weight n g was used
temach extraction The extracts were heated to boiling on a water bath and thercafier left at room
freaperatuce with occasional swiling for the next 30 mun_ The residuc was flicred off washed with
solvent an the filter, and resuspended 1n the next solt ent mixture
one i apaned extracts were washed with saline n 2 separatng funnel using a volume of about
Teuduged the total solvent volume The soluents were then remon cd 1n 2 rotary evaporator and the
¢ was taken up in chloroform and diluted i necessars 10 the desired +olume alter fliration
remproata a8 very difficult to homogenize and was therefore left over night i 2\ ROH at room
Recvery vt Complete dissolution resulted and the sterols could readsls be exracted wath ether
St isudics with added cholesterol ndicated that o loss occurred in such 3 procedure
whath e inaes Serum cholesterol was anabsed wih the Hauge Nicolavscn mcthod 1958
@ the oy the Tachugacll ceagents followng saponification In work. o be published later we have
whigh oo faund that the Havge Nicolavsen and the Sperrs W ebb procedure vield results
s apptieg or QTer mgmficantly in serum analvies However whea the Tachugaefl principle
'Pplied 1n analyses of various tissues we frund that other substances interfered A systematic

a
"‘;\j:v;wf cholesterol analysis of tisues followed The methads used were | Licbermann Burchard

" directly afier saponfication as described by Cook 1958 7 the same reaction following
PIOCIPIGUON with d mitnn o (fmeme | 2 d a6 aaa i maen b

Py
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Tanze [ Comparisan of cholestera) methods Carcass cholesterol, mg/100 g

Per cent Method
fatan Number
Group dict ofrats 1 2 3 4
A Coconut fatt 195
Corn ol 05 5 24721 186530 167215 16164
B Coconut fat? 195
Corn o1l 05 5 26117 223459 184+21 188329
Cholesterol 10
C Corn el 200 5 285+15 193404 168:£3 4 169170
D Corn ol 200
Cholesterol 10 5 312417 2252102 183454 189£98

The salues are means +standard evror of the mean
Method 1 TschugaeiT reaction Hauge and Nicolaysen (1958)
2 Licbermann Burchard reaction Cook (1958)
3 Licbermann Burchard reaction after digitontn preciputation Sperry and Webb (1920}
4 Anthrone reaction with digitonid Goodman et al (1963) and Gra (1955)
* Fully bydrogenated

Results

Data showing a comp of methods of chol ol analysts tn various tissues 2re
presented 1n Table [ and IT

Luer Only the LBR digrionin method seems to give the true value of cholesterol
n livers with normal cholesterol content The direct Liehermann Burchard reacion
gave results 10—~20 per cent higher, and the Tschugaeff method results which m-
dicate that the reagent used reacts with other matenal to give erroncously igh
values However, when the liver cholesterol has increased to several per cent the
TschugaefT method gives an approuimately correct value for Iiver cholesterol

Carcass The difference between the direct LBR and the digitonin LBR was approv-
imately that found with hver With regard to the Tschugaefl reaction the values
arc agatn too high The two methods of analysis of the digitonin precipitate showed
full agreement between analysis of chol ol and of the d de with anthrone
The results exclude the p of d 3-8 hydroxysterols which produce 10

colpur 1n the LBR e
For the results recorded 1n subsequent tables, serum was analysed usmg‘ "

s

rsus SATUTALEU 1u¢

Id first be compared since they represent corn otl vel
Asnd € should ’ however, sigmfi-

For all samples analysed the values are lower i the corn o group,
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Taste I Cholesterol o addult rats Skan and carcass mgf100g

Carcass
Lieber
Per cent Numberof  Skin mann Sperry
Group fatinciet  rats Sperry Webb  Burchard  Webb
A Coconut fat! 195
Corn o1l 05 12 226473 190L3 4 172: 30
B Coconut fat* 195
Corn ol 05 11 225154 212443 180 34
Cholesterol 10
C Comal 200 12 226£94 190443 163v 232
D Comadl 00
Cholesterol 1o 12 2264118 27472 197 457

The values are means-standard error of the mean
* Fully hydrogenated
* Group A versus group C p<0 0>

Taste I\ Cholesterol 1 adult rats Serum and hver

Liver mg/100g

Serum Licber
Percent  Numberof mg/100ml mann Sperry
Group fatindiet  rats Tachugaefl Burchard  Webb
A Coconut fart 195
Corn il 05 12 4% 5 3194 23 282+ 24
B Coconut far® 195
Cornol 05 1 195418 33694524 33114492
Cholesterol 10
€ Corn o 200 12 61x 4 209+ 14 261+ 12
D Corn ol 200
Cholesterol 10 12 202+ 6 6280+349 59722360

'In\- Values are means £ standard ervor of the mean
Fully bydrogenated
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Tastr V' Cholesterol m adult rats

Body Serum
Per cent Number of weight cholesterolt
Group fatin diet rats g mg /100 m!
1 Coconut fat 195
Com osl 05 12 2433269 161195
Cholesterol 10
2 Cornorl 200
Cholesterol 10 12 2138267 2621189
3 Coconut fat 120
Olne ol® 80 12 2363264 3362274
Cholesterol 1o
* Tachugaell reaction Hauge and \icolaysen (1958)
* Sperry and Webb {1950}
* Skin with hair
cantly so only for carcass chol, ol After add of chol I to the two 1ypes
of diets jerable hyperct lerma developed and the livers contained

seseral per cent of cholesterol A shight increase was observed 1n carcass cholesterol
representing 4 7 per cent in the saturated fat group and 8 per cent in the corn ol
group However, the salues for the corn ail group do not exceed thosc for the cocont
fat group

The data for the skin free of hair are surprisingh idenucal for the ¢ groups
indrcaung that cholesterol 1s not seadily accumulated in the shin

The amount of chol tacc lated sn the hiver c sereral hundred Mg,
whereas the group difference for the carcasses are w1 the range of 10—23 mg per

rat weighing 250 g

The inereased Iner serum cholesterol ratio 1n group ID compared with group B
(21 7 rersus 17 3} corresponds to results reported by earher workers The ingh fesel
of cholesterol tn group D we suspected was due to the well known effect of unsaturaied
fatty acids on cholesterol absorption (Bloomfield 1964, Leverlle and Sauberhch
1964)
A second serres of expenments was designed to bear on this pomnt As mentioned

the oils added to the diets 1 groups 2 and 3 Lable V, were added (1 amounts

ahove,
y were wentical

calculated to ensure that the olesc aad concenrations of the diets

In the preceding senes all the material representing ‘arious tissues had been exhaust
) | meghods We therelore included

15 was performed wih

ed n the work on the p of ¢k
1n ths series also analyses of various tissues Induwidual analys:
liser and serum only, elesewhere the samples were paoled and anahsed a5 op%®

angle sample representing all anymals 1n each group
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Cholesterolt, mg/100 g

Lner Aorta Pelt® Muscle Intestine Carcass*
17601170 161 310 70 276 204
6970 £5100 157 320 7 302 196
4900.£350* 198 310 73 303 210

¢ Carcass minus leser, aorta, skin intestine and muscle sample
* Group 2 sersus group 3 Serum cholesterol p<0 001, Iver cholesterol p< 001
* The olewc acid content was equal i the diets of group 2 and group 3

The results obtamned with regard to serum and hiver cholesterol in groups 1 and 2
are1n hine with those of the first sertes The expected effect of oleic acid seers to be
obtained The average cholesterol content of the hivers i groups 2 and 3 was 746
and 473 mg tespectively The resultsindicate that cholesterol absorpuon is enhanced
by linoleic acid over and above the effect of oleic acd ‘The high liver plasma choles-
terol ratio group 2 compared with group 3 again emphasizes the role of knolewc
2ud im the redistnbution of cholesterol from plasma to the Iner

The minor differences observed between other results shown do not appear to
warrant too much emphasis Again the carcass cholesterol 1s Jowest i the corn ol
sroup, the data for aorta being inconsistent when seen in relation to plasma cholester-
ol concentraton The hugher values for the intestine in the groups grven oils may
reflect an d due to wcreased rate of absorption

The cholesterol vatues for the skin in this senes are disunctly higher 1n the first
senes, and this should be so since the shin was analysed with hair 1n these anmals

e samples of harr from normal animals were analysed and the cholesterol content
‘vaned from 07 to 1 2 per cent We have not studied the problem of cholesterol
transfer through the skin to the hair, and we do not therefore know whether the
bigher cholesterol values of the latter mav 1 part represent transfer of this ype

H‘O\\ncr. there 1s no indication of increased cholesterol concentrauon due to a comn
ol effect

Discussion

The results with regard to cholester of distribution between plasma and hver 1n the
T35 gen dietary cholesterol are in fine with the resulis of many presious studses
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1n which an increased hver/plasma cholesterol ratio was caused by corn o1l On the
other hand, we could find no indication of a redsstrbution to other ussues, on the
contrary, the carcass cholesterol was sigmificantly lower n the group given 20 per
cent corn oil n the dict than i the group given 19 5 per cent coconut fat and 05
per cent corn o1l Bloomfield (1964) compared the effects of butter and safflower
ol (~ 20 per cent fat in the diet —) on cholesterol distribution 1n rats gren 065
per cent of cholesterol mn the diet He found no indication of an increase in cholesterol
concentration 1n other ussues than the hver, results in hine with ours When carcass
mncluding hiver 1s analysed 1 rats given chol 1 an the diet, ok ly greatly
ncreased values for carcass cholesterol are found (Wilson 1962, Tidwell, McPherson
and Burr 1962) On the other hand our results are at vaniance with those reported
by Gerson et af {1961) We compared rats given two types of fat in the diet whie
they compared data from rats given corn o1l with those from rats given a dret very
poor 1n fats They report data for free and esterified cholesterol, and the results
with regard 1o ‘transfer’ of the two chol 1 fr are it 2g
aorta only free cholesterol increased 1n the pelt only ester cholesterol No data for
vanability are given in ther paper The increase 1n aorta cholesterol — 39 mg per
100 g tissue — corresponds to 0 034 mg per 80 mg We find the approximate weight
of a rat aorta to be 6080 mg In our analyses of pooled aorta from 12 rats the values
for the corn oil group came out as the smallest (Table V) and do not thus support
the view of transfer of cholesterol from plasma to aorta medrated by corn oil It has
been amply demonstrated that the deposition of cholesterol in the arterial wall
_soceur roughly 1n proportion to plasma cholestesol in experimental animals Until
the same type of results as those reported by Gerson ¢t af has been produced 1 new
and extended experiments 1t seems justified to doubt the biological signtficance of
the type of transfer postulated by these authors Recently Bieberdorf and Walson
(1965) mduced hy percholesterolemra n rabluts by feeding them on a diet contaiung
hydrogenated coconut orl When thereafter corn il was sub d for the d
fat, plasma cholesterol was reduced as expected, but no effect on sy nthesis or degrada
tion of cholesterol was found Samples of muscle were collected from the 10 rabbuts
used, and a nearly but lly not sigrufi nerease . muscle
cholesterol was found The liver was not analysed however, the contenuon of these
workers being that cholesterol 1s transferred from plasma to a great muscle mass 2
prrads o A, Pt el A Sreds. n trangfen wondd 1mply ]3
change of the membrane of muscle cells so as to increase tts congent of cholesterol
or 1t would 1mply an active transport Clearly much better evidence must be prod-
duced before such an hypothests can be accepted As discussed by us (Gran an
Nicolaysen 1966) extra sterol excretion nduced by corn o1l has been found som;
but not 1n others 1t then seems reasonable to assume that under suc]
or permanent has taken

expenments,
arcumstances a redistribution to the liver temporary

place
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Cod Liver Oil Induced Removal of Cholesterol in
Hypercholesterolemic Essential Fatty
Acid Deficient Rats
By
Freprik C Gras and RaGhar Nicoravsen
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Abstract

Gran F and R Nicoravsen Cod frer ool anduced removal of cholesterol tn by percholester-
olemic essential fally acid dsficrent rats Acta phystol scand 1966 64 178~-183

+ Rats were gtven a diet free of polyenoic fatty acids and contatming 1 per cent of cholesterol unul

150 days old Severe hyper and byvers several per cent of cholesterol

3 resulted Next 80 mg of cod liver oil was given datly to cach rat for 14 days The result was that

~ about 28 mg of cholesterol disappeared from a rat body per dav The pathways responsible were
not further studred

The effects of vanous types of fats, included in substanual proportions m the dict,
on the distntbution and bot of chol ol hate been di d elsewhere
(Gran and Nicolaysen 1966) When the level of fat in the dicts 1s 10—40 per centy
numerous mechamsms known 1o be active 1n cholestero} metabolism can come mto
play We refer o a recent discussion by Avigan and Stenberg (1965) and to Gran
and Nicolaysen (1966}

In the present work we have used another type of experimental design This
followed the pattern common in bioassays, namely the use of ammals free of the
substance to be tested The dose response curve tn such assays ss loganithmc The
general experience 15 that the most reliable results arc obtained when smalt doses
of the substance to be tested, mostly vitamins, result m a high degree of responst
In bioassays of vitamun D 1n rats, we find thar doubling the dose from 041008
umis nearly doubles the intensity of cure, whereas an increase to 1—2 untes rcsul)):
m only a small extra response Hauge and Nicolaysen (1959) designed a meth "
of this type to study the by pocholesterolemic effects of various types of polyunsatura -
ed fatty acds The present work 15 2 repetition and an extention of the carly C(P;"m
ments Smce the effect of the polyenote acids of cod hiver orl m depressing ST
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Tistz T The effect of 80 mg cod lner ol dady on scrum and Iner cholesicrol 1 bypercholesteral-
emuc rats free of essential fatty acids

Group 1 u u ™
Contrel  Cod Iiner o1} Comirol Contrat

“armber of rats 3 5 & 5

Sex 2m, 31 4m 0 f 5m, 1 51

Dday  14days Oday  14days Oday  Iddays

Age, days 138 146 160 212 226 e 100
Budy weight, g W8 124 163 133z i%2: G03: 107
36 73 48 49 44 41 66
Serum cholesterol 541+ 5184 356 5334 5551 386k 335
mg100 ml 24 30 34 ) 77 18 1
Liser cholesterol 90004 BIa0+ 4530& 4820 4720+ 4,090x 513z
mg/100mg 469 6301 598 7507 144 3980 108
Unerfree carcas 32tk 265+
mg/i00g 21 10

Alf ansbvses by the Tschugacl reaction (Hauge and Mucolaysen 1938)
! The vatues ate means £ standard esror of the mean
* Liver bropsy

chalesterol was found to be about 4 times that of lnoleic aed m vegetable or

(Niwofaysen and Ragaard 1961) cod Iner o was used as the source of polyenar
aods

Experimental

Hooded and alh nn rare fomem he « mote 230w o £k g i 1
woee

the mann's3 tontinued on the same diet after weanimg and unul the experiments were concludec
"yt were Lilled at the ages given 1n the table
small blaod sample was takes

0 1o b sy S mPle was taken o the Gl for the deteominasion of seram cholesicrol and
ot 3

W wen .
da s

e adt sy

i the pap 2o of cod Livee ouf was searted The Jeft half «f the mrdixa Iner lobe was temose

Bof lner) Sonnt™e XePL 1n ether anesthesi  the amount «f ssue removed o responded to §

LA e 4 on v holestere | cancentration
. . re taken

o g ¢ blow over (he neck ar

(s 4 Lhe methods for tssue anil ses have been desenbed by Gran and “acolays
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Results

The results appear from Table I Serum and hner cholesterol were rapidly reduced
n the course of the 2 weeks experiment In the control groups (111 and 1V} the
average values for serum and Inver cholesterol remamed largely unchanged, tndicat
1ng that the removal of about 1 g of Iner does not affect the cholesterol concentration
of the hiver 1n the course of 14 days
The diffe e tn chol 1 m plasma and liver between the 3
groups need some comments The ammals used i experiments of this type are
selected from a much larger group of rats in which serum cholesterol s analysed
the day before the actual expenment 1s started The selection zims at groups with
the same average serum cholesterol level In group IT the serum cholesterol level
was 1nitially the same as in group I1I, the liver cholesterol, however, was nearly
twice that in the experimental group We have 1 the course of years found that
vanation within hitters and between litters 1s considerable, and 1t appears from Table
I that serum and hver cholesterol do not rise 1n parallel In the carhier expestments
(Hauge and “icalaysen 1939) sesum cholesterol was 425 mg/100 ml and Iner
cholesterol 3 4 per cent on zero day Tollowing two weeks’ dosig of 80 mg soybean
il datls, the values were reduced to 191 mg/100 m! and 1 92 per cent respectinely
Thus, group aserages vary from time to time In rats given these hypercholester
olemic diets Howes er, this does not weaken the conclusion that cod hver ot mduced
a reduction of serum and hver cholesterol
) The cholesterol concentrauons of vanous tssues and 1n the carcass were deter
7 mined, only the values for carcass cholestero! being reported The reason s the follow
ing The expenments presented here were done before the expenments in adult
rats (Gran and Nicolaysen 1966, were started The erroneously high tissue cholesterol
values obtamned with the Tschugaell method have been documented by us Somenhat
lower values were found for the cholesterol concentration 1 ussues analysed in the
cod Iner o group than were found 1n the control group The livers weighed on
an average |1 g i the cod hver ol group, and thus contatned about 0 9 g of cholester
ol of which 0 4 g was removed in the course of 14 days The rats mnus liver weighed
about 150 g at the end of the expeniment A transfer of the cholestero] from the
Iner to the carcass would 1mply an inerease of cholesterol from 265 to 530 mg peT’
100 g carcass In consequence we feel justified 1n concluding that in the course of
the experimental pertod cholesterol removed from the Iner was also remored from
the rat Our negatne findings (Gran and “icolaysen 1966) with regard to wrapsfes
of cholesterol to other tissues than the liver lend support to this conclusion

Discussion

The cod Iiner ol used contained about 25 mg of polyenoic fatty acids chiefly of the
penta- and hexaenoic type Under the present experimental condittons a mc;n
disappearance of about 28 mg of cholesterol daily from a rat body was oblscrl‘dnl
The effect of faws nch polyunsaturated fatty acids on the distnbutron of choles!
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w rats and other species when the diets contain 10—30 per cent of such fits his beeny
discussed elsewhere (Gran and Vicolaysen 1966) In the recent yexrs 1 mumbey o
studies on the bolism of chol 1 under the infl of diets relitnely 1wl
tn polyunsaturated fatty acsds hav ¢ been published and 2 bnefdiscussion of the resultc
1s needed

In thew work on rats Avigan and Stemnberg {1958) found evidence of mere wedd
svnthesis of cholesterol 1n the Iner under the influence of corn oil On the assumplion
that steady state presailed in therr rats, the data also indicated increased excretion
or breakdown of cholesterol Lews, Pilkngton and Hodd (1961) mjected plumy
hpoproteins contating ¥C labelled cholesterol from donor rats mnta other 1ib
Bile acids and sterol n by the
fat was gaven to the donor rats

Encroth, Hellestrom and Ryhage (1964) studied the excretion of fecal steneuls
n 7 men fed a standardized diet supplemented with butter fat or corn o Ouhy
m 3 of the 7 men were feces collected contnuously when they were switched from
the butter (14—18 days collection) to the corn oil period (20—32 days collection)
The extra excretion of chol ! and chol { neutral bolites per day m thin
com o1l period was 63, 122 and 172 mg per day, respectuvely, in 3 men The chalcy
terol intake 1 the butter period was 250 mg, 1n the corn o1l peviod 130 mg ally,
According to Spritz, Grundy and Ahrens (1963) true absorption of cholesteval iy
man 15 62—86 per cent on a cholesterol free ciet When dilution of endagenoy
chalesterol with chol ! occurs, true prion will be reduced and,
assuming that 70 per cent of the 120 mg cholesterol ingested 1n cxcess i the ity
Period was absorbed, 36 mg must be added to the above figures for extra exaretl wy
of cholesterol 1 the corn ol period It must be concluded therefore that con 1)
€aused 2 highly sigmficant extra excretion of cholesterol in the 3 men In the ot
collection did not start until 14—16 days after the beginning of the corn ol ju i
the collecnion periods were correspondingly shorter and more rregular results y
obtaned

In the recent studies by Spritz \hrens and Grundy 1965 and by Ay

Steinberg (1965) 1n a total of 12 men a sigmificant extra excrenon of sterals v
mZonly

p rats d when an unsatuned

The sanabiluy and uncertaintics inherent 1n balance studies are well kni.
sonand Sjogren (1964 1965 have recenth made important contributi i
€usion of this subject In this laboratory we have over decades gained 4
xpenience from our studies of calcium metabolism 1w man and nin!
discusion mas be useful When feces are collected 12y over 7w
“mpling error 1s not zero Marhers are needed to reduce the ¢
marker ¢ ¢ TiO, should be used n one pertod and another,

M the other when results from 2— 3 weehs experiments are ¢
tom calaum balance study by Mafm 1928 nman the o
feces collocted oyer 2 weeks could vars smeryl hundred my £
10 the next, the catenrm content of the diet beang contae
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varations occurred lasting for several 2 week penods i which posiive balances
alternated with negative ones duc to the vanability in fecal calcaum Stmilar results
have been repotted for calcium by Ackerman and oro (1953) and for magnesum
by Scelig (1964) Over 40—50 days were reported negatise balances of such a
magritude that, were they representatve of the calctum and magnesium balance
of the persons studied, all calcium and magnesium would have been lost from ther
bodtes int the course of 1-—2 years The reason for such results 1s not clear In studies
of digestive jutce calaum in rats Grar (1960) found a vanability of about 100 per
cent occurning 1n rats from weck ta weeh when the food ntake was constant
Although much remains to be clucidated, the fact 1s that sigmificant extra sterol
excrevon under the mfluence of corn oil has been found i 5 out of 15 men A
temporasy redistribution of cholesterol from plasma to the hver can eaplawmn negatne
findings Provided synthesis, degradation and excretion do not change when 3
subgect is transferred from a saturated to an unsaturated fat dret such a redstribution
may concewvably become permanent It remamns a matter of opimon whether the
present finding should be taken as evidence of a catabolic (excretion and/or degrada
tion) effect of polyunsaturated fatty acids in cholesterol metabolism n geners),
irespective of the amount of fatty acids given Concenvably only small amounts of
polyenote fatty acids may under certain ¢ircumstances be required for 2 normal
{mawimal®) sterol excretion andfor degradation WA hen otls are gnen in quantiues
of 10—30 per cent in the diet the mrerplay Uetween effects of unsaturated fatty
/I acds on absorpuon and reabsorpuon, on synthesis degradation and redustribution
between plasma and hiver may decide the net result 1n a given experiment
More detailed studies in man and ammals are needed to establish the true preture
of sterol balances when the type of dictary fat 1s altered Ve concur with the view of
Awigan and Stesnberg (1965) that there 1s at Jeast no necessary and consptent rela
tionship between fat induced changes in serum cholesterol levels and rates of fecal
sterol and bile acid excrenon A conclusion to the effect that corn oif does notn
crease fecal sterol excretion, and therefore transfer cholesterol to the ussues is fof
Justified 1n view of present day pooled abservations

’
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Abstract

Jansson, G and J MarTINsoN, Studies on the ganzliome s of action of sympathetc
outflow to the stomach Acta physiol scand 1966 68 184—192

In acute expersments on cats anesthetized with chloralose 1nhubition of excutatory vagal responses
of gastric smooth muscle was produced by reflex or direct actnaton of an adrencrgic nerve fibre
system The reflex that could be elicited by distension of a jequnal loop or sumulation of mesenteric
afferents was dependent on intact spial connections becawse 11 was blocked by spinal anesthesa
Actnnation of the adrenergic ners e fibre svster did not inhibat gastric myogenic tone or gastic muscle
contraction ehiated by the muscannic action of acetylcholine It was therefore concluded that the

™ outflow b this type of inhub actson ganglon
rells involved in the excitatory control of gastne motibity

.3

According to Bayliss and Starling (1899), the intestines are normally under the
reciprocal control of vagal y and splanch hat 3 fibres This postulated
arrangement has been generally assumed to hold also for the stomach though no
recent studies on this organ seem to have been published (for details regarding carber
work see McSwiney 1931) But observations by Celander 1939) and hock (1929)
on intestinal motity suggest that the inhibitory 1nfl of a sup: ] reflex
crease 1n sympathetic acuvaty 1s not caused by speaific inhintory fibres but by 2
reflex release of catecholamines from the adrenal medulla These obsen auons were
difficult to bring 1to tine with the view that specific inhibitory fibres act durectly
upon the intesunal smooth muscle cells

The lled ! mnt y reflex (Kuntz and Saccomannd
1644, Kock 19591, on the other hand, fulfils most critersa of a direct nenous mecha
mism, 1n that 1t 15 prompt in onset and can easth be ehicited even when the adrenal
glands have been removed Jobansson and Langston 1964 showed that 1t 1¢ a trs¢
propnospinal reflex, easth evoked m the acute spinal preparation and normally
awstd\camarcorlcss’ tomc mnhiton infl of supraspinal ongin
{Johansson, Jonsson and Lyung 1965) This arrangement differs from the sympatheuc
cardiovascular control, where the spinal “centres  are normally facthtated by 3 tonie
supraspmal esatatory mfluence
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Exg ! end of a gangl action of sympath nerves has been
published Recently Norberg (1964}, who used the fl
d d the ofad gl pses in the parasyroy 3
ganglia of the intestinal wall Kewenter (1965), who used a physiological techmque,
obtained results a simlar ar

microscopy techmque,

Asfor the gastnc smooth muscle, the vagus nerves can elicit two dafferent responses,
one group of efferent vagal fibres produces increased mounhty, another group ehiats
a profound relaxauon of the corpus and fundus (Jansson and \artinson 1963)
‘The latter group of vagal fibres, which are not adrenergic, elicits a far more powerful
relaxation than the sympathetic fibres, at least when they exert their influence on the
basal actiwtty m the stomach (Martunson 1965) The present investugaton was
undertaken 1n order to study the mteraction between the efferent vagal fibres and
the sympathetc fibres with regard to their effects on the gastnc smooth muscle
and with regard to the possible gangliomc site of action of the sympathetic outflow,
as suggested for the intestines (Norberg 1964, Kewenter 1965)

Material and Methods

Experiments were performed on 42 cats weighing between 1 6and 4 4kg The anumals were deprived
of food for 24—36 hours before use Thev were anesthetized by 1 v injection of chloralose (70 mg/kg

bw) fter 2 brief imduction narcoss with ether Free ar passage was scured by wserting a tracheal
cannuly

eabdom nalea 3 o v 4 .
car . .
duc
dey .
e
Iey

by '
AL vapye nervee s s a A aor . .
ends . PR
dissec .
Th
Joung .
The r

1921 ur vore plastic catheter connected to a serucal tube which served as a water manometer

ol measure the pressure that could be appl ed to the jgunal foop with a synmge filled with tsotome

B r""“ln ‘IJS <*pts the nerve bundles along the superior mesenteric artery were cut and electrodes
mulad

B Hon were placed on thewr central ends The left splanchic nerves were used for
Wmpathetic simulaton

e peripheral ends of nerves to b tated were placed 1n ing-shaped b polar sily d
 Poles were embedded wn a perspex materal insutaung the outside of the eloctrodes from
pas

S1g.7d rg Lesus The clectrodes were conneeted to 3 square wave pulsc generator Grass model
imulator) Pulse intensitv duration and frequency coutd be adjusted within wide hmuts
the common caroud arteries were distected free and arranged so as to be easily
1 thp g 1hese animals the brachial plevas on one side was also prepared for afferent sumulation
I yame way as the other nerves
polyety o PL 3cehlcholine (13 ug ke was njected nt» the cehac arterv by means of 2 thin
rethylene ¢atheter introduced into the splen  arters n retrograde d rection
,,p;" ons of guanethudine (smeln® ¢ IR\ and atrop ne sulphate were g ven 1v In some
ay m’:"’u 3pinal ancsthesta was ginen at the | wer thorac ¢ level A thin polvethylene catheter
oca oy erted through a lumbar lam nec on v f ¢ subdural adminstration 1—15 ml of 2 °,
" solution (NylocanX  Astra) was wutlhy sclT en 10 secure adequate blocking Lsually
e volume of dextrane Tyrode solut n [0 30 01 had to be gven to contral the atherwse
Ve fall m blood pressure f owing sp nal 2 esthes 3 of th 1 type

R some apimals
clam,

e
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GASTRIC VOLUME

(mh) o
gznplnl
0 22 mane Fig | Cat32kg Genenal sp-

pearance of gastric motor re

sponses to vagal sumulation as

recorded with volumetric tech
20 -

nique  Venral vagus mere

VAGAL STIM — Tt trunk stumulated below the du
aptragm 8 implsec 2 msec 5
TIME, ) min ~rrTTTTTT T volts Nate that atropie had no

effect on basal tone

Results

Recordings of the gastric s olume at constant, low ntralurminal pressure in the chlora
lose and d cat showed characteristic features (Fig 1)
In most cases the volume was imtally small and the hymograph record was smooth
with rhythmic respiratory movements of almost phtude By ad
tion of atropine (0 1—1 mg/kg) 1t was shown that the evidently considerable gastric
depend, ympathetic excatatory
nenvous mfluence (Fig 1 night) This gastnic tone s therefore hereafier called the
basal myogenic tone Application of a vagal sumulation, strong enough to actisate
both the excutatory and the high threshold relaxatory” vagal fibres, produced
charactenstic responses (cf Jansson and Martinson 1965) When the nitial volume
as small, the immedsate gastric effect was a relaxation (1 e, an increase of volume),
Zu( when the volume was mitially farrly large {low mutial tone), 1t produced annitial
contraction (g 1left) Duning simulation srregular waves of activity m the stomach
posed on the rhythmuc resy y wisible in the resting
state Lpon of the ) the h rapdly relaxed and when the
mmtial volume was small, this after relaxation considerably ncreased the volume of
the stomach which afterwards slowly recovered pre stimulation size When atro-
pine had blocked the excitatory vagal fibres, the stomach relaxed immeduately upon
vagal sumulation, provided that the voltage was high enough to activate also the
vagal relaxatory fibres (Fig 1 nght)

Sumulation of the splanchmic nenves caused gastric relaxation that was quite
} ! ' rates

tone was only slightly or not at all on the par

wall were super

small and slow 1n onset, not being until “supraf
of sumulation were applied (Martinson 1965) Moreover, low rates of splanchme
L produced y effects (Fig 2) The relaxations produced

b t ) were lly the same in de whether the basal
i hni¢

¢ myogemc” tone of the stomach was imually high or low But when the splanc
stmulation was performed during continuous stimulation of the vagal ﬂcl!ﬂ:;:s)'
fibres, the mhibition produced by the direct activation of the symphalhtncyﬁ ;
differed m ch Fig 2 such an t Withou
1 graded splanct 1 snduced slight excitatory responses
quencies WWith con

vagal
at 1 and 4 1mp/sec and small and slow nhibitions at higher fre
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GASTRIC VOLUME
)

10

20

30
SYWP STIM

e r
imp/aec i 4 [
10
20
30
SYMP ST -
imp/sec 1 4 "
VAGAL STIM
TIME tmin oy

Fg 7 Catl9kg Effect of sumulation of the lefi major splanchmic nerve (o msee 5 volts) on gastric
motluy before (A} and during (B) vagal sumulation 8 impfsec 3 msec 5 volts Note the more
rapid an 1 potent amtubitory responses to splanchaic sumulation m B Note also the reversal of
Tesponse 10 4 mp se 1 B

GASTRIC VOLUME
{mi} Qo

fi2 3 Cat 19 kg Low basal A
tone after preceding vagal stim
ulation Clear cut exeitatory re

3 olte) and these vesponses are :
effectively inhubited by imtests i
naldstenson Tothenght con T EST DIST
GomGnt intest ral d sienmon  VAGAL STIM
<o pletels proly

fonplctls prohubis the vagal  TIME, 1 min

T T T T T T T T T

tinuous vagal sumulation graded splanct

elicited prompt and con
siderable gastric relaxation with the exception of sumulation at 1 imp/fsec These
wnhibitions induced by direct sv ¥ !

were 50 as to suggest
that the sympathetic fibres had suppressed the superimposed smooth muscle tone
created by the vagal excitators fibres The inhibitions were howesver not obtaned
*o regularly as the intubitory reflex re ponses described below
Distension of an intestinal loop 1s kn wn to produce a rapid reflex inhibition
'Ptestinal mouhity (cf Johansson et o 1965) But a similar intestinal distension g
cedure had no influence on the hasal myogenic tone of the stomach (1ig 4 '.a&{
However, intestmal distension dusine cavtinuous actination of the varal aitry
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GASTRIC VOLUME
tmn) Oy

0

20
Fig 4 Cat4+hg Appearance
of gastric volume response o
30 vagal sumulation and mtestinal
distension (80 cm H,0) el exted
INTEST DIST —wmr——f——w———  from 2 high basal ‘tone level
VAGAL 5TIM — Qo(;c mnﬂ_m(csuml distension
ad no effect on gastric tone
TIME, I min T when vagus 1s nat sumulated
Vagal sumulaton + mpjsec

2 msee 5 volts

- Tig 5 Cat35 kg Companson
between the eflect of ipsest nal
distension (80 em H,0) upon
the contraction of the stomach
ehcited by ntra artersal infusion
of acetylcholme and by vaga)
sumulation (1 impjsec 2 Mse<,
5 volis) respectively

fibres regularly inhibied this vagal excitatory influence promptly and often
completely (I'ig 3 and 5) When the basal tone of the stomach had been lowered
by a preceding stimulation of the vagal relaxatory fibres, clear-cut motor response
could be ehaited upon actwvation of the vagal exaitatory fibres This type of vagal
response could be reflexly inhibited by subseq 1 d (g 3)
and it could be completely prohibited by concomutant intestinal distension (g 3
right) When the basal myogensc tone of the stomach was imually high te, when
the stomach contamed a small volume (I1g 4) the appearance of the vagat and reflex
responses was diffe I td had no effect on basal tone (left hand
panel) but the gastric relaxation on vagal sumulation during continuous dlleﬂ!l;“
(left panel) was more marked than 1t was when no distension was apphed (right
panel) Rapd inhibition could, however, be produced by intestinal dJs!En:lOf;
during the vagal stimulation also in this case inight hand panel) The same type O
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GASTRIC VOLUME ]
i} o
A apin. snsesth.
o P
201 7[1 ,‘:_ 7&.(:
INTEST DiST - — ———
VAGAL STIM —Sev— o—
TME T T T T T T orrTy
MINUTES 012345 20
GASTRIC VOLUME '
(i 1 thidine
quenef
8 1 ™ ;ﬁf‘
20
MESENT AFF STIN ——tg———1—pr———
VAGAL STWL — | ——r—
Tme T T
MINUTES 012345 8
Fig 6 Effects of spinal hesta and d drug d 1y on the
intestino-gastric ihibitory refles

A Cat26kg Cerical vagal simulation 2 1mp sec 2 msec 5 volts ntesunal distension 50 cm
H,0 Notcncreased response to vagal simulation during spinal anesthesia and recovery of response

B Gat 23 kg Intra abdominal vagal stumulation 4 smpfsce 2 msee 5 volts Mesenterie afferent
stimulanon [0 mp/sec 4 msec 3 volts

Sympatheucally medrated, spinal inhibitory reflex could also be elictted by electncal
stmulation of afferent mesenteric nerve fibres (seee.g Fig 7) and exerted the same
mfluence on the vagal effects on the stomach

On the other hand, as 1n Kock’s (1939) studies on the intestine, inhibition could
not be sigmficantly mduced by reflexly increased sympathetic discharge durimng
aarotid occlusion or during high voltage sumulauon of afferent fibres m the
brachia] plexus The sympatho inhubitory fibres to the gastromtestinal tract are
Possibly not involved 1 this type of reflex sympatheuc actnation

The fact that 1d had no infl on the basal myogentc tone
ofthe stomach but promptly inhibited vagal excitatory actiuty agangl
ste of action of the sy mpatho inhibitory nerve endings It was assumed that a non
FeNOUs acuvation of the gastric smooth muscle cells would not be inhibited by the
niesting-gastnc inhibitory reflexor by direct splanchnic sumulation and 1t could be
shown that the exaitatory effect of intra artenal infusion of acetylchohne on gastnic

Mooth muscle was not abolished by actnauon of the intestino gastric inhibitory
teflex (hg 5)

. Spinal anesthena abolished the intubitors reflex v hich recovered as the anesthesia
R‘;’]" off (Fig 6A) — The adrenerzic character of the intestino gastnc inhibitors
€% Was ascertained by studying the response after tmeetion of cuanethidine 1 v.
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Fig 7 Cat 32kg Left panct
Inkab son of vagal cersical sum
ulation {8 umpsec ® msec >
volts) by stimulatson of mesen
tene afferents (B wmpsec 5
msec 5 volts)  \tropine 01
mg/kg was grven between Ieft
and middle panels to reveal
vagal relaxation response R ght
panel Vagally el cited relaa
tron was unchanged by actna
tion of mesenteric aflerents as
compared with the m ddle panel
of response “otc that blood
pressure response to afferent
nerve sumylat on ks

LOOD PRESSURE
b Hy lzo] I
00 -V
atraping
GASTRIC VOLUME O mg/ky
tml) 1o- .
™
MESENT AFF STIM - -
VAGAL STIM n—— - o
TIME, | min mrrrrTiT T T

unaffected

A dose of 1—4 mg/kg regularly abolished the intestino gastnc reflex tnhibition

(Fig 6B) The vagal exatatory

1 during spmal

¥ g

o

anesthesia and duning adrenergic bloching by guanethidine (see Fig 6) suggestng

that a sympathetic mfluence might have been shghtly actne throughout
Finally, the action of the intestine gastric mhibstory reflex upon the effects induced
by the vagal relaxatory fibres on gastric smooth muscles was also studied Fig 7
shows an experiment of this type After atropine, which blocked the vagal exaitatory
“ores and produced a pure gastnc relaxation upon vagal stimulation the effects
fjintestinal distension of afferent mesentenc nerve sumulation was studed before
' nd during vagal simulation There was now no sign of any sympathetically induced

ihibition of the vagal relaxation response

Discussion

The present resuls suggest that an adrenergic outflow to the stomach can effectinely
inhibit vagally ehcited exaitatory motor responses to the stomach Procedures such as

will most effectely

d of the orafferent

nerv¢

activate the sympatho mhibitory fibres responsible for this adreneigic outflow
The reflex 1s considered not to be equinalent to the  enterogastric’ reflex ¢f Thomas

other than the duod and further

1957) as 1t 1s ehcited from parts of the

more seems to resemble the intesuno intestinal mhibitory reflex of Auntz and
Saccomanno (1944) The elicated reflex might then be termed an  mtesuno gasti¢
inhibitory reflex , and the fact that 1t was blocked by guanethidine proves thathlt
operates by an adrenergic mechamsm I urthermore 1t could be shown that l]t
reflex 1s dependent on ntact spmal connections and that 1t 1s not medsated s:rﬁt
via autonomic gangha, because 1t 15 completely abolished by spinal anesthesia Tht
1s 1n accordance with the findings of Johansson and Langston (1964 concermng

bitory reflex
the propriospinal intestno intestinal inhy .
he n « cannot however cause relaation of i

‘The intestino gastric inhibitory refle:

n The
gastric smooth muscle cells when their tone 1s entirely myogenic 1n onig

ofien
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considerable basal tone 1 the stomath preparation, as studied in the presemt evpent-
nents, s evidently myogenie i ongin, because 1t1s uswally notsigmficanty depressed
by atropine, whether 3t w witially tugh or low (cf Fig 1 and 7) Only the moter
effects sduced by the vagal exatatory fibres can be effectively suppressed by the
intestino-gastric snbubitory reflex Intra artenally infused acetiIcholine, acting mam
1 by tsmuscanmie effect on the smooth muscle cells d wectly, causes excitatory gastne
fesponses that cannot be snhibited by the reflex The present zesults therefore suggest
that the nfluence of the vagal excrtatory fibres 13 blocked by the intestino gastnc
mhibstary reflex proumat ta the nearomuscufar junction Kewenter (1965 armed
at the same conct garding the Morphological data have proved
the eustence of ad nerve Is around ganglon cells of the mentenc
and submucous plexa of the intestine {Norberg 19645 The present observauons m
the stomach agree with an assumption of tus type of arrangernent and argue agamst
the eeeurrence of reflex sympathetic intubstion with an acuon direetly on the mvo-
geme actmaty of the gastrre smooth muscles The smaoth muscle cebls are exvidendy
only under the derect 1nfluence of the tugh threshold relaxatory vagal fibres distn-
buted only to the corpus fandus region

Several studies on the central nenous mfluence on gastne motihity have dealt
with the problems of gastne motor whibition {for ref see Ehasson 1960, Since,
according 10 the present study, an underlying aetivaty of the vagal exatatony fibres
s a prerequisite for showing the mhibitton exerted by the adrevergic nervous out

fow, 13 nhybitory ) can 1y @

g pear upon section of the vagus
erves, o such duwasion ehrmmates 2 centrally sndnced vagal tone IF the difference
between such a neusogense tone, mediated w2 the vagal exessatory Sbres, and a purely
myogente tone 15 not praperly considered tt mught be erroncoush concluded from
such experiments that centrally mnduced wmhib

dinted

y TSP are s1a the
Yagus nenves, when they are m fact due 10 sympatheuc inhebition of a prevahng
26Uy 1n \agal exaitatory fibres This mmght be the case especially 1 the stomach
which m the acutely denervated preparauon seems desord of spontancous activity
s the wntramural nery e plexa as discussed above but can nevertheless show a wide
Varatwg of Ty ogenic tone
nfs:;‘; ':;tl‘d expeet efferent splanchme nerve strmulations to ehot sirmbar inbition.
e a3 does the actnanion of the intesuno-gastnie mhtbitors reflex Such

inbibitions by direct h could undoubtedt be pro-
« y
ﬁb"t Yoot i 2l experiments suggesting that the splanchnie nerves mas contatn

an:‘ “:z; nterfere with the inhubitony adrenergic svstem which can be so promptic
(\m,u arly acnvated n the sntestino gaste refles
Rn;?‘:l:!c;om by hock (1929 wath respect to the wizsuneo intesteaal mbibitory
reliex “mcmc;tm hiok is ot actnated 15 connecurn with the farhy generalized
tuah ‘olxap ;ic xatuons produced by ¢ 2 caroud occlusion bieeding or by
that 5 Phgcaz erent somate nerse sumulatian © sonersely 1t can be concluded
eet m yswlogically ehieited reflex yBaconstiction of this type cannot paf_:\
Pgenie fone n the stoma h or the gapel we nrmammsmlar rrancneddh
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of the vagal control of the stomach Such interferences require blood borne cate-
cholamines

Under the present expenmental d the gastric inhibitory reflex
system obviously showed some tonsc activity, since the vagal responses were augment
ed by spinal hesta and by ad of adrenolytic drugs Such a tomc

reflex actisty mught be due to acuvation of p-ritoncal pam fibres caused by the
abdominal surgery This gives ruse to the question whether the reflex system studied
might be of physiological significance The possibslity remains that 1t 15 a purch
pathophy siol I event di Jent only on pam fibre acusanon It can, however,
be eheited rapidly and potently also by rather low mntralummnal pressures in the
ntesune — 20 to 80 em H,O — which need not to be noxious stmuli Although the
mean pressure within the gut normally 1s much lower, muscular contractions are
able to increase intestinal wall tension considerably when producing so called “type
II waves” (see e g Davenport 1966, p 44) The reflex may therefore be involvedin
some feedback h regulating gastre ! motor function (presumably
1ts pressure gradient) It ss interesting 1n this respect to note that the vagal relaxatony
nerce fibre svstem to the stomach 1s not influenced by the intestino gastric inhibitory
reflex systern Thus also fits in with the p that the gastric sahibitory

reflex may be speaifically arranged and not merely constitute a diffuse blocking of
vagal activity
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Abstract

Kztrsos, £ and C R Sxocuunn Responses o lenearly rising curtents tn frog sheletal
muscle fhers Acta physiol scand 1966 68 193205

.. b By 1 finestly TG
. . fatencies up to J

o e
u::s,“"e cortelated to the slow active subthreshold pracesses uieuthg s w « '
lation witk kmearly fisng currents

i;’?}l‘hrc;held stmulation of skeletal muscle fiber by currents of more than one third
® :CS old strength guves rse to an active subthreshold respanse which becomes
ur}":cf:;bz;s 2 larger depolarization than 1s to be expected from the passine charging
2 conds € Network of whe fiber (Kuffler 1942, hatz 1948) and 15 also revealed by
o ctance change 1 the membrane (Katz 1942) In a recent imiesugaton
or;:::s:‘;“ 1964) the active and passnve subthreshold processes dunng applicauon
1tm,a\n:) TSRg cusrents were extensely studied in frog sactonus mascle and the
M processes were found to vary with the sumulus gradient 1 a regular
Ammong the results reported were the findings that the acunse subthreshold
started ar a hugher membrane potenual value the lower the gradsent and
lna mplitude inereased as the cusrent gradient was lowered
prchmmaq Communication i Rautsson and Shoglund 19631 an account was

Botentiay
that qe

nen
fnu«cko; some vesults obtamed 1n studies of suprathreshold sumulation of frog
Bbers with currents of difleecnt gradicnts and the present paper will present
tesults from

e 2 more comprehensis ¢ it esugation on sprhe gencration during stimula-
*ih slawly nsing curvents

YL et phgurer scand Fot 63 2
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The mvestig Tudi studies of lus threshold, finng level
and spike duning ) over a wide range of gradients, and 1t
will be shown that the response patterns of cells with normal resting potential are
charactenzed by a constant finng lesel and an ail or none type of sprke response,
whereas even a small reduction of the resting potential s assoctated with a character
1stic change into a graded ty pe of response Attempts were made to relate the defferent
types of response pattern to the preceding subthreshold processes

Methods

. A

were performed at room temperature (20—22° C)

Two microcl 1p d Iess than 1 g resstance 10~20 M@ tip junction potential
about 5 L ) wese snserted 30—50 p apart 1nto an end plate free 20ne of an dnsdual musde
fiber One electrode was used for sumulation with pulses of linearly nismg cusrent from a generator
delivering “tnangular pulses of varyg rate of fise and duration The output of the gencrator
was connected 16 the microclectrode ¢ 1a a series~coupled capacitor 005 ¢F and a res stor 100 M9
Tor measuring the current through the stimulating electrode the voltage drop across a 10000 £
resstor an the sumulus rcust was gecorded on onc of the beams of a double beam oscilloscope
after amplification by a & ¢ amplifier In some expcriments a constant current dehs ered from 3

« scparate stimulator but applied to the same microelectrode was used to pre set the membrane

potenual above or below the resting leve! The other microelecirode was used for recording the

nembrane potental on the other beam of the oscilloscape via a cathode follower with a capacitance

heutralizing feedbick (Haapanen and Ottoson 190%) Since the propagated response 1s set upy

. the unmediate vienity of the sumulating electrode 1n this tvpe of stmulation the recorded mem
brane potential changes carrespond closely o the actual potential changes at the .omt of genera
uon, the maccuracy introduced by electrotonic spread of slow potential changes between the site
of sumulation and the recording point having been estimated to be below 1 mV (hnutsson 1%

.

Results

Responses of fibers with normal resting potential
Out of the 300 muscle fibers studied about 95 9% had resung potenuals of a mean
value of —88 mV (range —86 to —90 mV) and their responses to hncarly nung
currents showed close conformuty The rematning 5 ©, of the fibers exhibied ox
ceptionally low resting potenuals and more varying response patterns 25 will be
lustrated below

On apphication of lnearly nsing sumult muscle fibers are exposed to cursent
fields of comparatiely long duraton that may give rise to irreversible membrane
changes, and at an carly stage of our expersments we found that repeated stumwlz
tion mught reduce the sptke amplitude  [o mimymize such effects the analyses were
based on the first four to erght responses i each fiber

Figure ! shows a ty pical senes of responses to linearly rising currents of suct
fonered grad corresponding to sprke I of up te about 60 mscc \Nl:‘;:;
(ks latency range the sprke potentrals take off. a,z ::):::Ct:f :amc merr:br‘:::ll; p]:‘::“d
0107
inld

cessnely

s el, are of smilar shape and only
cadients The strength of the sumulating current at the moment of spike tni2
‘ias been marked by gaps i the current recordings which show how the thsesh
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Fg 1 Membrane potential changes in single frog muscle fiber (upper traces) 1n response to bn
eatly ring currents of different gradients (fower traces) Five superimposed recordings fall of stimu
Jus carrent and membrane repolarization after break of current not shown Current thresholds as
ndscated by gaps in record ngs 021 022,020 017 and 0 14 uA Time from onset of sumultion
Fig 2 Ta illustrate determuwation of the crscal membrane potential at an arbitranly chosen
st mulus gradient (37 pAfsec) Stepwise merease m duration of hnearly nsmg current Only
Binal phases of the d stumulus and potential changes are shown
a0d time 15 gven from onset of sumulation Curent fall time 10 msec small downward artifact 10
Potential recording at break of current Restng potential —86 m\ Full description in text

values are reduced as the current gradients are lowered The results of a close
analysis of finng level, sumutus threshold and spihe configuration using stumulus
gradients over a range from 0 4 10 400 pAfsec will be presented below

;l‘he 131 of risc of the current was calculated from the slope of the current recordings Itis however
7ot easy to visualize the velocity of the activation nracesses an the hae Af hoea n ma 11 o

res

In view of the gradual change of the membrane potential mto the nsing phase of
the spike during a slowly rismg stumulus 1t 15 dafficult exactly (o determune the level
atwhich the spike takes off, i the present study this has been done by the following
method A eurrent of 2 given gradient was stepwise mncreased in serength and the
corresponding membrane potential changes recorded as shown 1n Fig 2 As appears
from the superimposed recordings the weahest sumul: applicd were below threshold
Sor spike discharge but afier a <mall further merease m current strength a sprke
"5 initiated, as also after the subsequent shghtly suprathreshold stimul: By 1n-
creasing the duraton of the hinearh msing stimulus by small steps the cnucal finng
?‘:]tnml aswell as the current threshold at the chosen gradient coutd be determned
du(‘l\n accurately, the margin between a depolanzation not inducing and one n-
%+ spike discharge could usually be hmuted to 1—2 m\ In the cxpenmen;
o~
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) Tig 3 Comparison of responses
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Fig 2 the cnitical membrane potential, determimed as the membrane potential
value at the largest depolartzation not resultmg m spike discharge, was —50 mV,
and determnations made at the same stmulus gradient on erght different fibers of
the same muscle gave a mean value of —50 mV (range —48 o —52 mV) Ths
agrees reasonably well with corresponding values previously obtamed by square
wave stmulation 1 experiments on frog sartonus muscle (Fate and hatz 193,
Jenerick 1956) Since this method requires repeated sumulation for each determmn?
‘won of the firig level 1t was mited to studies of only two different gracients 10 each
fiber and to gradients resulung 1n latencies Jess than 300 msec Eaperiments P“"I
formed on twenty fibers showed that over this range of gradients the firing love
1t a pacticular fiber varied only within the errors of the method of dclcrmm-’ll(;ﬂ:
The finng level varation at current gradients over a wider range, corresponding
to latencies from 10 msec up to about 1 sec, was estumated approumately b,)_] ;}::::;
graphic projection of the potential curves obtamed from single fibers at ;-sl e
sumulus gradients using the same sweep speed (¢of g 3) Cownaident t:ur‘w\d e
foot of the spikes were taken as evidence agamst major changes 10 ﬁ:nsg tv b
vanations 1n finng fevel as estimated by this method should not exceed 2 m
ding 1o sptke | up to about 1 sec

a range of g § cort
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too

Fig 5 Spike amphtudes at dif
ferent sumulus gradients plotted
aganst spike latency (log scale)

Amphtudes measured from erat

1cal finng level to peak of spike

All decermnations made m dif-
ferent fibers with resting poten

tals from —86 to —90 m\

Spike amplifude (mV)

10 50 100 200 10
Latency (myec)

The stimulus threshold was defined as the amplitude of the linearly nsing sumutus
turrent at the moment of spike discharge That a lowening of the sumulus threshold
with decreasing gradient, as illustrated 1n Fig 1, occurs oser a wide range of gra-
dhents 1s shown 1n Fig 4, 1n which the stimulus threshold has been plotted agamst
spike latency on a loganthmic scale Since only a few stimuli were apphed to each
fiber, mune different fibers were used to cover the whole range of gradients As also
appears from Fig 4, the absolute values of the sumulus threshold at one and the
same latency vary i different fibers even though the varations 1n crincal membrane
Batential are neghgible (¢f above), this 1s most hikely due to vanations 1n the effec-
he resistance of the fibers tested (¢f Fatt and Katz 1951)

In the expenment 1llustrated 1n Fig 1 the sumul of the two steepest gradients
Bve spikes of equal amphtude, as the gradients are lowered, moderate amphitude
reductions occur which however need not be atibuted to the difference mn stumulus
gradient but may also be due to fatigue since these sumuli were the last to be apphed
in the experiments {¢f Jenenick 1939) A similar relation between sumulus gradient
and spike amplitude was howeser mvarrably observed also when starting with the
lowestgradient even though the difference 1n amplitude was usually more pronounced
In expeniments starting with the steepest gradient

In one senes of experiments only one sumulus was applied to each fiber 1n order
' ehminate fanigue phenomena The results obtained are shown m Fig 5, n which
the spile amphtudes measured from critical membrane potenual to peah of spike

ve been plotted agamst latencies Since the spike amplitude vanes somewhat
with the resting potennial, which ranged from —86 to —90 mV 1n the fibers tested,
ompansons of the spike amplitudes at different latencies have to be made with a
Certain caution It s evident, howeser, that a manimum amplitude of 90 mV could
be attained a5 long as the latency was below 4050 msec and that within this
fange the vanauons i spike height were moderate and could 1n many cases be
teferred to differences in the resting potentials At tonger latencies on the other
Rand, the spihe amplitude wa¢ invanably reduced The spike durauon as measured

2t the foot of the spike rematned unchanged over the range of latency vanations
tested
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Responses of depolanzed fibers

~Iive per cent of the fibers stuched had resung potentials ranging between —60 and
~=85 mV, 1 ¢ lower than normal, and their responses to hnearly nsing currents

*igiflred from these of the normal fibers A typrcal response pattern isshawnn I 1g 6
In thus fiber (resung potential —65 mV) the sprke chicited by the steepest gradient
clostly resembled that evoked s a pormal fiber but as the gradient ws lowered
there ws a pronounced reductton 1 amphitude and ncrease mn durition of the
tesponses and at the lowest gradient only a3 hump® resulted At a sull lower gra
dient (not shown 1n the figure) also tlus hump disappeared and the curve Jevelled
off Lo be able 1o gencrate a sprke the et of mse of the curtent must thus exced
a certam mumml gradient  Lhese char wierstic changes i the depolirized fiber
occurred at gradients corresponding 1o spike fatencics below 10 msec m the nor
mal filer there was no measurable change 1n sprhe duration within dus range and
only 4 minor amplitude variatton X polarization can thus be sard to comvert an
all or-none spike response mto a graded response

As appears from lig & the trangpon from stow subthreshold depot mization ta
spike potentsal 18 mare gradud than m the norma! fibers, and hence 1t was mpns-
sible to define a take of kvl of the \pike [t also proved 1o be diflicult o determune
a g level by the method dlustratcd in Fig 2 since the excrtability of the depos
lanzed fibers 15 50 unstablc that than responsts to repeated sumudation tend to be
continually varyng Jor mmilu reasons accurite determnations of the stmubs
dhireshiold were difficult 10 peaform an depolnzed fibers
Comparsans of the response patterny of fibers at different deg! e

suggested that the lower the resting potenual the greaser was the 1rn\lcn(“y‘ o
creased duration and reduced amplitude of the spike responst In order o

rocs of de polarsation



I?
RESPONSES TO LINE \RLY RISING CURRENTS 194

+0 ¢ H !
- P
z ¢ % 1

Fe o Muscle Bber respomses 3 °
wincarlyrs ngcurrent of con & H
wntgadent (28 pA sechsfier £ g0 A
prescting the membrane po- B -/"" 3
tertsl at d fcrent Jevels below 2 4
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o ng potenual (—8) m% 1
marked RP) by polanzing cur 2 —_—
P =

ke relationship betw een the response fe a hinearly msing current and the membrant
potentizl kenel a series of expenments was performed i which the memhrane por
tental of normal muscle fibers was pre set at vanous Imels above and helw the
resung potential by appheatnon of canstant current across the mesmbrane npeal
expenment 1s iflustrated sn Fig 7, which shows the responses to stumuls of an arbt
rarthy chosen gradient, 1n record G at the resting potmuzl of the fitwr  ¥2 mh
marked RP}, s #f and 7 after hvperpolanzation to two chfferent enels and 1m

1+-F after varyang degrees of depalanzation The sal hornzontal part f earh
recording rep the b

1 fevel before onset af the lincarly
nsing current The onky change apparent i J] and 1y 1hat 3 larger depnlanuzauon
1s pecesars 1o attain the ertical membrane potential the spike ampmudz: heing
thesameasin G fn 1—F on the other hand the respanse amplirude & reduced and

moee 50 the larger the preceding depolanzauon only a “hurap resulung frrm the
Current pulse 1

Shthreskold processes and spike och ahion

Stud es of local subthreshold phenomena durning square wate sumulanon of froe
Muscle fibers base revealed the presence of twn ApprAimE procesies Jenenck 1959

The depe lanaing process which becomes apparent as 2 deviaunn 1n poative disrc

Yon from the potennial change due 0 pasuve dichasmng of the rriting membrane
s drpendent on (he presence of extracellolar «diim yrns and hae been attribured
130 sncresse i sodiom canductzace In the absence § raxrmal sedwm there
¢inng suffcrenth strong, sumulauon a dev 3o Het the paviec prlanzan »
€trie in the oppostte direcunn ard Jenenek at (4 3 thin repr lanizng process I
a1 Increase 15 prtasium e nd setance v op oweees may b owener aln ot

‘olied ¢ ¢ changes cfthe chtondr e 4

wr e B deand Grawa 158 §54°
kin and Horowsez 1939

The tme degendorer of fhe thret 14 prae sy war waled ¥ Fonp wen
%3 yang Dinearls pire o = 5 of # fferet s grad onts Ttrman et 510
293l are schematca ¢ ¢ ansed i Bz & {1e teacaz teier t tre aetnal
memmane prter sal ety o emeor 2t Sz Prten at shoer & tferert gta
Sents and the ferker | o 1 petet 2o Farmrow beexpreied frr A ga o o
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Iig 8 Membrane potennal changes
{upper traces 4 B and €) nduced
by three successtvely fower stimufus
gradients (lower traces) Crtical fing
Jevel inducated by thin 1 orvzontal I ne
and current threshold by gaps i stm

ulus recordings Broken lines show the
passive membrane potential changes to
be expeeted from the current appled
across the membrane The upsard de

viations of the actual membrane poten

tral from these hnes indicate a depolar

1zing activation which starts at differ

ent membrane potential levelsind B
and € The dotted fines show tf e typt

cal deviations of the membrane poten

wal in negative direction occurriag i
fibers when the external soluton nde

prived of sodium and tnd cating 4 1e

polanizing activation

big 9 Muscle fiber 1 sodium free
salutton Iset  Membrane potentil
changes obtained at four d flerer tgra
dients in 2 muscle fiber after replacing
external Na by choline Broken Ines
represent expected pisuve membrane
potential changes the points of depar
ture of the actual potent:a) curve from
shese lines show onset of the repolar
12ing activation process Resung pren
ual 89 m\ Plotred cure depolanzd
ton required to turn n the repolar
1zmg actvation process at different
stimulus_gradients platted against 1
teney of this acuvation Broken Jne
mdicates mean depolarieation neces-
sary to attam the cntical firng levelin
fibers tn narmal Ringer s soluton

brane potential changes 1s duc to the depolanzing process and represcnts the acive
subthreshold potennal which starts at a less depolanzed potential lovel and attains

a higher amplitude the lower the
Na by choline this activation process does not appear, nstead the membi
direction, as

ot Alter rep! nt of external

rane

‘ lly shown by the dotted

potential deviates tn the opf

lines sn the figure
The ume relations of this repolanizing process were studied more cxwensnely 17

the present mvestigation and st was found that this process sets i at a Ionger latency

at all gradients tested than does the depolarizing procesy a result consistent

with

enerick’s (1939) observation that the repolanzing process has a larger ume con-
stant than has the depolanzing process It could also be established that the repolanz
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g process, ke the active subthreshold potential, starts at a less depolarized mem
brane potential level the lower the stmulus gradient (cf Fig 8) Ilustratne ex
amples of actual curves obtained by sumulation of one and the same muscle fiber
at four different gradients are given n the wmset of Fig 9 The plotted curve mn the
figure 15 based on data from three experiments of the same type representing a
wider range of gradients From this curve 1t becomes apparent that at the steepest
gradients a depolarization of up to 70 mV 15 required to turn on the repolarizing
process and that this process sets 1n at a lower depolanzation the lower the sumulus
gradient, a depolarization of 30 mV bemg sufficient to switch on the repolanzing
process at the lowest gradient
The broken horizontal ine sn the cunve mndicates the average depolanzation
requiced for spike activation under normal 1onic conditions In this connexion it
# noteworthy that the resting potential of the fibers tested 1n sodium free mbhieu
was about the same (—89 to —90 mV}) as 1n normal lome miliew If we presume that
the repolanzing process develops in the same manner m fibers 1n normal and m
sodwm free mihey, then the curve d that at steep grad the repolanz
ing process will not be switched an unal the depalanization exceeds that required
for spike miniation  whereas at lower gradients, corresponding to spike latencies
of more than 60 msec, the repolanzing process will start before the depolanzation
has reached threshold for spike discharge Reverung to Fig 8 we will find that 1
the repolanzing process does not set in until i the course of the ascending phase
of the spike, whereas 1n B and € 1t sets in durmng the subthreshold depolarzation
The fact that the spike amphtudes are reduced m B and € as compared to 4 and
more 5o the more advanced the repolanzing process, favors the concept that the
repolanizing process influences the size of the spike
This concept gains further support from the studies of the corresponding processes
™ depolanzed fibers The fact that 1n muscle fibers with normal membrane poten
tal a spike 15 ehated even at very low grad corresponding to 1 of about
Faec, implies that the depol process 15 pred, at the cnitical potenual
level under normal conditions Tn wntally depolanized fibers on the other hand no
FESPOME 15 obtatned when the current nise 1s slower than a certain mmmal gradient
Zzhb\mus explanation would be that the repolanzing process then becomes power
tnough to counteract the depolanzing pracess A prelumnary seaes of expent
?\mu Indicates that this 1s 1n fact one mechanism behind the behavior of depolanized
Bbers Thus, 1 a senes of expenments 1n which the membrane potental of fibers 1n
:’i\]\:‘m free milicu was pre set at different levels and the potenual changes compared
g sumulation at one and the same stumulus gradient it was found that the
#epolarizing process sets in at a higher membrane potential value the more depolar
2t e imitial state of the membrane Such a change of the turming on of the
*polanzing process n depolanzed fibers should result in an augmentaton of the
“ounlerachion on the spike depolanzition A pred ¢ of the
Wity when the fining Jev el 15 attained would explain the absence of spike responses
#ery low gradients
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Discussion

‘The membrane responses to hnearly nising currents during intracellular smulation
and recording have presiously been studied only 1n motoneurons (Araki and Otant
1959, see also Sasaki and Otam 1961 Trank and Fuortes 1960 Bradiey and Somyen
1961) In such experiments the level of displacement of the membrane patenual
at the moment of spike imuation could not be determned since the stimulus current
through the recording electrode caused artifact drstortions Such artifacts are
neghgible 1 studies of the muscle fiber which pernuts the msertion of scparate
electrodes for stmulation and recording, and isolated muscle 15 thus a suuable
prep for absol of the membrane potential changes durmg
application of linearly nistng currents

In muscle fibers with normal resting potenual the criucal fiung level as deter

muned by the exact method of step the fus strength did not
show any fi variatons at ! corresponding to L up to 300
msec 1or the lowest | tested corr ding to I between 300 msec

and about 1 sec this method of determination could not be 1pphed (¢f Results
above) but comparisons of take off levels mndicated that even at those gradients
there were no conspicuous changes in the critical firmng level Fattand hatz {1951
ustng square wave sumuli of amphtudes just below or just above threshold also
_found that the level at which the spike onginated was independent of the tme
taken to reach 1t their results refer Fowever only to responses of latencies between
4 03 and 8 msec

“ The fact that less current strength 15 required for spike generation the lower thr
sumulus gradient although the ertical membrane potenual remains virtualh
constant may be explaned m part by the time constant of the membrane and 1n
part by changes m the subthreshold actinatton Owing to the comparatiely large
time constant of the muscle fiber membrane about 35 msec according to Fatt and
Katz (1951) the voltage current ratio across the membrane becomes larger the
slower the rise of the current when the gradient exceeds about 0 2 g\ sec (Rnutsson
1964) Since all gradients used m this invesugation were steeper stimulr of a given
amplitude were more effective the slower the current rise 1n other terms to attaw
the same passive membrane polarization less current strength 1s requured the slower
its rise As illustrated schematically i Fig 8 a lowering of the sumulas slope results
in an increase of the active subthreshold depolarization 1mplying that a larger pro
pottian of the depalacizauan to the critical firing level 1s brought about by the actind
on processes and 1his would also result 1 a lowenng of the stumulus threshold
A similar teduction of the strmulus threshold as the rate of current rise 15 towered

has been observed in spinal motoneurons at short latenctes whereas at long laten
cies the sumulus threshold was found to rise as the rate of nsc of the sumulus W35
Jowered (Frank and luortes 1960 Bradley and Somjen 1961) In muscle ﬁb?‘
with normal resung potential no such threshold nse coutd be observed at l(:\i

gradients used by us but mght probably have oceurred 3f sull lower stmv

gradients had been apphed
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The most striking feature of the muscle membrane properties revealed i the
present i estigation 15 the charactensic change n response patrern resulung from
even 2 small decrease of the resting potential While in normal fibers a lowering of
the stimulus gradient has but a maderate effect on the spthe hetght and nane ag all
onitsduration the effect on both these parameters 15 pronounced m the depolanzed
cell the spike being gradually reduced untl enly a hump ke potenual occurs just
before a mummal gradient 1s reached at which no spike 1s generated

That the spithe amplitude 15 reduced when muscle fibers are depolanized 1s known
from experiments using instantaneously rising currents (Benost and Coraboeuf 1902
from the present 1m estigation 1t 15 evident that when the sprhes are elicited by slowlh
nsng currents this amphtude reduction becomes more pronounced and smmuita
neousfy the spike duration increases, resulting in a graded response Thus the tme
d actnation pi m the L seem to be very suscepuble to
changes i the membrane polanzation

Simifar changes w spike height and duration wath depolarization have been
obrenied i spinal motoneurons (holmodin and Skoglund 1928 1959 and these
newrons resemble muscle fibers also msofar as 2 mmimal gradient could usualls
not he defined at normal resting potential but was observed n depolarized cells
{Bradley and Somyen 1961) In this connexion at 1s noteworthy that a mmmal
gradient 15 ustally not found mn nerve fibers with mtact arculation {Skoglund 1942
but can be demonstrated after snterruptton of the blood supply (Parrack 1940} as well
astnisolated nerve fibers (Tasaks 1950 Dieche 1924) wiuch are hable to depolartze

Onaceount of the gradual transition from subthreshold potental to spike discharge
n depolanzed fibers 1t was not posstble to yudge whether the cntteal fining level
and threshold 1n these fibers varied with the sumulys gradient A gradual se 1
threshold 15, however, Iikely to occur as the sumulus gradient approaches the mint
™l gradient ac which excrtation 15 completely abohished such 2 rise n sumulus
:hrrshold with lowerng of the rate of nise of the current has m fact been obsered

" toad muscle fibers exhibitng a mummal grachent (Lucas 1907)

:pI: role of the subthreshold repolarizing process as a factor determnmng the
mphtude in normal and degolarized muscle fibers has heen discussed above

!:‘;::;5““5) According to the ronic theory another process influencing the amph

(')lrt‘kellhl; nerve action potential 1s the mactnation of the sodmm-carn ing sistem

e st 34;‘ Vallbo 1964} As far as muscle fibers are concerned na data are avatl

“‘hlhrq:[[l 1s process but it s noteworthy that as appears from Fig 8 the acue

o old potential preceding the spihe 15 of longer duration and reaches 2
pn:e;: almphludc the lower the stmulus gradient f this change 1 subthreshold
”m“‘:‘ 15 duc 102 more pronounced \a actnation this may smpl that also the \a
ma e 10n becomes larger ¢f Hodgkin and Huxtev 1952 which sh suld result
=Ppnm,:,1€mn of the spihe amplitude € ansidering the complex sonic exchanges that
dsta o ‘:] occur 1n muscle fiber ¢f Adman and Frevgang 1962 and the lack of
o renty ¢ actual eurrent flow dunng muscle escitation a correlation of the pres

S 10 10m1C events can however only be tentatne
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Summary

1 The spike responses of frog muscle fiber to Iinearly rising current were studied
using intracellular mrcroel des for . and recording The rate of
nise of the current was varied between 0 4 and 400 A [sec, resulting in spike latencies
ranging from 2 msec up to about I sec

2 In muscle fibers with resting potenuals within the normal range (—86 to
—90 mV) the entical finng potential was not sigmficantly altered when the stimulus
gradient was changed Direct measurements of the membrane potential at the
largest depolarnization not resulting 1 spike discharge gave a mean value of —50
mV (range —48 to —52 mV) and showed no sigmificant vanations when made tn
one and the same cell at vanous stimulus gradients resulting mn sptke latencies
between 2 and 300 msec When comparing the take off levels at spike latencies
up to about 1 se¢ the vanation in cntical finng level was estimated not to exceed 5
mV The sumulus threshold, 11z the amplitude of the linearly nising current at
sptke discharge, decreased with lowening of the gradient

3 In muscle fibers with low resung potentials (—60 to —85 mV) as well asin
normal fibers depolanized to the same values by application of constant current 2
graded type of spike rcsponsc was obtained provided that the rate of the stmulus

ded a certain i These resy were ch ed by 2

ed red m spike amplitude and ncrease i spike duration as the
sumulus gradient was lowered

4 Asch d of the subthreshold processes occurring in muscle durng

stumulation with slowly rising currents, based in part on earher data 1s presented
and an attempt made to correlate the spike responses in normal and depolanzed
fibers to these subthreshold processes

Support for this ivestigation has been provided by the foundauon Gustaf och yra Svenssons
Mnne
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Abstract

Canur, M and O Harceraark Uptake, storage and release of hestamne by rat peritoneal
~ mast eells 1n uatro \cta physiol scand 1966 68 206~-214

Rat pentoneal mast cetls when teubated 1 b w medium were sfown 12
takcup and concenrate b~ -~ T - 4 . R
cellular histamune ¢ ncen . f

The exogenous histanune . . .

ne was taken vp

+ 5 HT mhibed

Schayer (1996 showed that rat pertoneal mast cells are able to decarbovylate
histidine into histamme, which 1s then stored 1n the cells An important question 1€
whether such cells also are able to take up and store preformed histamine It ha
been stated that i zairo neoplastic mouse mast cells not only synthesize and stor
L but take up b (Day and Green 1962, Day and Stk
bridge 1964 While the present ms estigation was 1n progress, Furano and Green
(1964) reported that normal rat mase cells also were able to take up extracellular
histamine

In this paper the uptake binding and release of exogenous histamne b
perttoneal mast cells have been studied 1 itro The expenments were d'SXE""’;:
determine whether histamine 15 actively or passively tahen up by the cells, u:,lﬂ iy
1t 13 then bound to the mast cull granales, and whether it can be released By ¢
histamune liberator compound 48 80

3 ssolated

Methods and Materials

Preparation of cells 39 2 deseriberd
Rat perstoneal mast cells were s lated by fensity gradient centrifugauon in M;(‘)a g were
by Uvnss and Thon 1939 Ale rais «f the Sprague Dawley stran weigt T s A&lll0s
used A buffered saluscluni n e niuming NaCt 158 m\f RCI 2 7m\ CaCl, D97

* \utng scientist Nov 1962 D e tyg

206
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#0m\ RH,PO, 27 mM, glucose, 1 mg/ml, human serum alburmin 1 mg ml (pH 70 was
wsed throughout (he expertment 1e for perfuston of the peritoneal cavity washing of the cell
and as tncubation medium  For perfusion the solution also contaned heparin (0 IU ml Ateer
solanon and washing procedures the cells were pooled and counted 1 a Burker chamber

Tucubation tecknrque

The pocled cells were divided into cqual aliquots 1n centnfuge tubes centnifiuged at 320 ta

3 mn and the supernatants carefully decanted The cells were then resuspended and cuba ed

337 Cin 05 ml of buffercd salt solusion to which H? labelied histamine had been ad led Th

nlx_,n}kber oh;:lh n each tube vaned w different expenments between 03 10°and 08 100

e

e

M .

S guncantly exceed the background
Huxtamine was evtracted from the cells by adding 1 5 ml of 01 N HCl and heavng n a boiling

water bath for 3 mm Alquots of the extracts were taken for radioactive measurement histamine

2y and in same experiments for chromatography

fnalyns

Radioacunty was measured 1n a Tre Carb% liquid seintllation spectrometer Model 311 EN 2
{Packard [ns v roams £7 % ¢ e pet ey

'
Lola aken '

AT
atrog
uneq

alm,
\”ﬂ-::lcnur;u results when run paraflel All histamine values are expressed as free base
r

v "
| le
N . . ol
Ligug 4204 3cety | hustammne
Carams g:lmmauon technique was applied also when measuring the radioacuy ity of the chroma
tanung 15 mcl centimeter strips of the dried chromatograms were put into the counting vials cof
oo of the santillahion flurd Radioactivity was counted directly without any extraction
ure (Wang and Jones 19.9)
Matersals
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L& ' d hydrochtonde, 10 Cifmmole (Schwarz Bio Research Inc Orangeburg N 3
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shows the data obtaned from two experimental series where mast cells
ubated with histamine-Hr 11 pig ml and 1 4 gg ml for 60 and 160 mn
<y Histamine uptake amounted to 29 and 68 g 10 * 10° cells which
"5 respectively o 0 018 and 0045 per cent of the total lustamine content
<lls after incubaon The rauos of 1lul. Tular h H
NFAtOnS were 2 8 and 4 7
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Tasee 11 Effect of enzyme mhubstors on histamine uptake duning 60 mun Cells were presncubated
with inhibrtor for 15 nun at 37° C and then histamme H* was added Yalues gnenay
means and standard errors Figures in parentheses represent number of experiments

Uptake in presence of mhibuor, as 2

Inhubieor percentage of uptake 1n controls
Potassium cyamide, 10 3Nt 894+ S {5)
2,4-dinitrophenol, 10 M 85434 (3)
Todoacetic and 10 M 70+ 8 (4)
Quabain, 10 A 90118 (3)

Tt1s evident that the amounts released, 0 2—1 5 ug/10° cells, greatly exceeded the
uptake under the corresponding conditions {(Fig 1)

Effect of exiracellular histamune concenlration on uplake
The histamine uptake was measured after incubation of the cells for 60 mu i
different concentrations of lustamine H2, varying between 4 3 x 10 *and 1 ) pgjmt
(Fig 3] The uptake was directly proportional to the extracellular Instamine con
centration
To ascertam whether the cells could be saturated with histanune they were
eubated for 160 min with very high concentrations of histamine To a constant
~concentration of fustamine H* (125 pCi/ml = 14 pgfml) different amounts of
unlabeled histarmne were added, the final histamine concentrations varsed beween
J'4 pgym) and 602 pg ml The results, corrected for 1sotope dilution, are shown 1m
Fig 4 The amounts taken up were directly proportional to the histamine concentsa
trons in the medium except for the highest concentration, where the cunve showed 2
tendency to level off

Temparature cogfficient

Histamine uptake a1 different extracellul of b HE wat
measured at 27 C and 37 C after incubation for 60 min (Fig 3) Uptake was onl}
slightly decreased when lowecring the temperature by 107 G The temperatu’®
coeffictents (Quo) for the different histamine concentrations (except for the Jowest
concentrauons} were 11 14 14and 1 I At the lowest concentration upfake #3%
Jugher 2t 27° C than at 37 ¢ This was probably due to the difficulties 12 measurng
accurately the very small amounts taken up by the eclis the counting rate onty
shightly exceeded the backgriund

Effect of enzyme tnhbtors on histamine uptake

Table 1I shows the effect of some enzyme inhilutors on histamae upt:
man The cells were preincubated wath the ihubitor for 15 min and then mdmam\d‘
Bistamine, 1 1 pgfml, was added In spute of the high mhubitor concentrations e
there was only a shght decrease in uptake

ake during B
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Influnce of 5 HT, hustidine, and 5 HTP on the uptake of labelled bistermen

Rat mast cells contamn also 5 hydrovytryptamume {5-HT) (Bendut o af 1935
which can be synthesized m the mast cell by decarbot Jation of 5-hy droxy tryptophan
{3-HTP) (Hagen and Lee 1958, Lagunoff and Benditt 1959) Moreover, extracellular
FHT has been shown to enter rat mast cells 1 atro (Furano and Green 1964
To determine whether the presence of either these compunds or of histidine would
wlivence the uptake of histamine, mast cells were 1ncubated for 160 min with &f
ferent amounts of unlabelled 5 HT, L 5 HTP and Lelusudine 1n addinon to the
Bistarune e (12 5 0 = 14 ggfml) When unlabelled 3 HT, i a final concentra
0 67 230 or 2,500 20, was added to the mcubation medum  the uptake of hista
mine 13 decreased (Pig 5) whereas the addinon of the amno aads hsudine or
HEP g gy affect ustammine uptake

Iraelluter localization

Aier oubaton sn radioactny e hustamane the mask cells were washed 3 umes, ve-
:,'“P‘“d«! 1m0 34 M suerose and diantegrated by somc osaillavon at 10 X tores
;” 1530 se¢ (Lagunoff and Benditt 1963) By differential contrifugation at 350 X g
3 min and 1500 w o far 3% mun three fractions were obtained oge cop  JBg
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Fig 7 Releasc of rad oactivity 2nd } stam ne
from mast cells {prancubated in histamine
H?} induced by compound 48 80 Each cof
umn represents the mean release of radtoac
tnsty 73 and hutamine ] expressed as the
percentage of total radicactivity and total
0 0205 1 5 hustamine present 1n the cells The zures 1n
parentheses denote the number of
CONC 48/80,}:g/ml 3 ertscal bars represent standard errory

PER CENT RELEASE

cell debnis, coarse maltenal and the Jargest granules (350 ¢ sediment), another con
tamung primanly mast cel granules (1,500 g sedimenty and a third (raction (fnal
supernatant) contaimng soluble matenal and ther g subcellul 7
The distnbution of radioactine histamine and of total histarmine (endogenous +
exogenous) was determined for the different fractions (Fig 6) Stnce the amount of
exogenous histamine was very small in companson with the endogenous the amount
of total histamune can be considered approximately equal to that of endogenous
Jhistamine  Thus, the distnb of exog and endog } n the
< ular fractions was about the same

. llstmmu release by compound 48180
\ast cells were incubated for 60 mun at 37 C using I 1 pg histamme H? per m!
Alter washing 3 times the cells were bated with the b 1Ll com
pound 48 80 5 g ml In one expenment dificrent concentrations of 48 80 wer
used (02, 05, 10 and 50 ug/ml) After 10 min the mcubation was stopped by
centnfugation for 3 mun at 350 ~ g Histampe released by 48/80 was recosered i
the supernatant whereas the histamine remaning in the cell ressdue was extractec
from the sediment by heatng n a bothing water bath for 3 minan 01\ HCI Aftes
neutralizing with NaOH, rotal histamine and radioactn ¢ histamine were determined
1n the supernatam and the sediment. Radioacts e hustamine was released 1n the same
relative amounts as the total histamne of the cells Tig 7

Discussion

It has been shown 1n the present mvestgation that usolated rat penioneal mast

cells 11 tatro are able (o take up small amounts of histamine from the surrour ding

medium -
The hustamine uptake 1s apparently a passive process This conclusion 1 1a

on the follewing facts The histamine uptake was small and direetly propr ruonal
was not obtamed even

10 the extracellular b
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for very lugh Hularh Thetemp ire coefli were
low and metabolic inkubitors did not scem to influence the hustamane uptake Thisa
n agreement with the obsen, ations made on neoplastic mouse mast cells, where the
bistamane uptake was regarded as baing passwe (Day and Stockbridge 1964
T our studies with somically dinntegrated mast cells, 53—80 per cent of the
d and the ¢ h were recovered m the granular fraction
Yagunoff of af {1964} reported a simnlar distnbunion using the same technique
However, m mitact mast cells alt the endogenous histamine ts probably stored m the
granules Thus the extragranular histamine observed in the present experiments
may be released dunng the cell d and {r proced Simce
the exogenous histamsne takens up and the endogenaus were bound to the grules
w abous the same proportion, it seems reasonable to conclude that all the exogenous
histaraunie tahen up was also stored in the granules of the mtact cells This conclusion
72) be supporied by the finding that the hstamine hberator compound 43 80
which 13 known 1o cause extrusion of mast celt granules (Paton 1957) released both
erogenous and endogenous histamine in the same relative amounis

In the present & the Taslarf Allar hustasmine H? coneentra
uon rati was fugher than 1, and g that the of rad hista
mune was higher msnide the cell than ounde Furano and Green (1964) observed a
“oncentration ratio of 9 2 after mcubation of rat mast cells for 60 mn m histamune
074 ygmi In the present study the rato was 2 8 after mcubation for 60 mm
m hustasmine H?, |t pgfml In the previous sectom 1t was concluded that the exog
erous hustamine taken up was mamly bound to the granujes Thus imphes that the

of free m the ol was low Thus histamne need
ot necessanty be transported anto the cell against a concentration gracient although
the concentration ratio 15 > | but a passne dowahill  dil of

ihrough the cell membrane inta the cytoplasm s quite posstble As soon as the
histamune has entered the celt 3t may be rapudlv bound ta the granules
u‘.lkc hustamune, 3 HT 1s bound to the granular fraction of rat peritoncal mast eells
& 3 4) and m P mouse mast cells Hagen Bamrmest
and Lee 1838) The two celt types are capable of taking up 2 HT wzrure Furazo
#2d Green 1964 Day and Green 1962) £ s not known tf 3 HT 35 bound s the same
way as histamine Dav and Srvochbridge 1964 found that equimalar concentrations
oS HT whibsted the uptake of histamne b neoplastic mouse ma t cells In the
PFESEnt tavestigation 1o nhibttion was obsened when the malar ratis beiween
Mstamine and 5 HT was | 2 whereas the fustamane uptake was decreased to aboat
58 pec cent when the molar ratio was )} 20 and to 30 per cncaz e rin 1 200
s not passibie to make a final conclusian as 1o the nature of the nhinuon It
fright be duc 10 cellufar injury mduced by the bigh concentrations of 3 HT { antrars
tathys hawever are the Gndings that the cefls are sull capable of takmy up Fwndime
2nd decarbovy laung 1t tnte histanine o the presence of these hagh doses 11 > HT
{Cabut and Hacgermark to be published; Another possibsl may bea p
hilution between histamine and 5 HT Stnce the present daia andicate that st
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mine passively diffused mto the cell, 5 HT should not competitvely mhibt the
passage of histamuine through the cell membrane On the other hand, if exogenous
hustammne and 5 HT compete for the same binding sites in the cells, the histamine
uptake would be mhibited by an uptake of 5 HT

In these studies, the presence of extracellular histidine did not influence histamine
uptake VWhen studymg the uptake of the amuno acid histidine H? by mast cells
(Cabut and Haegermark, to be published) 1t was observed that histidme uptake
was not mhibited by the presence of histamuine 1n the medium These findings are
consistent with the idea that there are diffe uptake h for
and histrdine andfor different storage sites for exogenous and endogenous hista

mine

References

Besorr E.P R.L Wono M Asasz and E Roers, 5 Hydroxytryptamine in mast eells Proc
Soc exp Biel (VY ) 1920 90 303—304

Bauno G A.and J E. Curistian  Determination of Carbon 14 in aqueous bicarbonate solut ons

by hqud samtllation counting techraques Appl cation to biological fwids Anal Chem 1961 33
12161218

Dav M and ] P Grees The uptake of biogensc amines by aeoplastic mast cells m culiure J
Phynol (Lond ) 1962 164 227—237

Dav \ and A Stocemce The effeets of drugs on the uptake of amines by mast cells Bt J

} Pharmecol 1964 23 405419

Ferano A \ and] P Grees The upuake of biogenic amines by mast cells of the rat J Physwol
(Lond ) 1964 170 26327t

Hacesn P R ] Barrserrand F L Lxe Biochemical and electron m eroscopic study of particles
wsolated from mastocvioma cells J Phermacol 1959 126 91—97

Haces P and F L Lee Amino acid decarbovylases of mouse mast cells. J Phrsiol (Lond ) 1928
143 7p—8P

Lactnorr D and E P Besorr 5 Hydroxytrypsophan decarbovylase act ity in rat mast cells
mer 7 Phrsol 1938 196 993—997

Lacinorf D and E P Besprrr Proteolytic enzvies of mast cells den \ T dcad Sa 1963 103
18> 197

Lagesorr D M T Paitues O A lsemrand E P Besorrr Isolation and prel mmary charactens
2ation of rat mast cel) granules Lab Iarest 1964 73 1331-13H

LaparL. K M /4 fairo studies on histamune metabol sm in placenta dArkse Aeme 1960 /16 1 13

Paren ¥ D M Hiscamune release by compounds of s mple chemueal structure Pharmacol Rer
1957 9 26‘3—328

PH W T s e 100 100 745900
at perwoneal flud

nine i iptact rats.
.
£ assay of hustamune

Cell Res 1959 148

v e .
7520
“il\c T H and D E. Josts Liqud sanullation countmg of paper chromatograms B oches
Bustes Res Comm 1959 1 203 705



Acta phystol, scand. 1966, 68. 215—227
From the Laboratory for the Theory of G Us 1ty of Cop Denmark
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Production in Man
By
Bopru NierseN

Recaved 22 March 1966

———— . Abstract

NiEtses, B Regulation of body

1 and heat disnip at different lecels of energy-
and heat production tn man Acta physiol scand 1966 68 215227
1n treadmill expertments the ratio betwcen toeal heat and enery

»as varied by having a subject walking of runmng uphill honzontally of downhill at different
speeds between 2 and 14 kmihe In the steady state of work of dafferent intensities the body tempera
fure (esophageal or rectal) was found to increase to levels dependent on the energy production but

mndependent of the fotal heat prod At constant the sweat rate
and the skin circulation expresced as of the 1 tisues vanied 1n proporton to
the total heat production and seemed to be of the nternal Teas

that the thermoregulation during work scrves two purposes 1) the settng of the miernal tempera
ture at hugher levels propottional to the oxygen uptake and 2) the regulation of the heat dissipation
"M such way that st equals the total heat production independent of the internal temperature level

In recent expersments (B Nielsen and M Dvelsen 1965 b) 1t was found that the
th gulatory resp produced by active heaung, t¢ exercise on a Krogh
bicycle ergometer, and by passive heaung, through diathermua, were remarhably
similar At the same rate of heat prod (or of heat md ), and the same
skin and rectal temperatures, the shin blood flow increased to the same level and the
increase in sweat rates were not much different The rectal temperature increased
ta about the same value and was 1 both canditions nearly independent of environ
mental temperature These expenments therefore scemed to show that the mamn
stimulus for the increase 1n heat dissipation during the steady state of work s the
'nereased internal temperature caused by the increased hrat production and that

speial ‘work factors™ only to a mnor extent nfluence sweat rate and skin blood
flow

Unformn;uch thermoelectne measurements of temperatures were not possible
dunng diathertia The rectal temperature svas determined by & mereury thermom-
tter and was, therefore, posubly not as relisble as the thermoelectric measurements
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m the work expernments The experiments further suffered 1n that the measurements
of temperature could only be performed during small interruptions in the diathermia
The aim of the present study 1s to examine more closely the effect of a passive
heating at lugher rates of heat production and heat inductson than could be obtained
in the diathernma experiments The thermoregulatory responses were studied in
di where the bolic energy prod and sum of the heat production
and heat induction could be varied imndependently, 1¢ dunng grade walking on a
treadmull

Methods
. . L R
The rectal and the h t p were measured thermaclectrically the
rectal temperature n four depths and the esophageal Just above the d as

described eashier (B Muclsen and M Nielsen 1962) The measurements arc considered to be accurate
10 about + 0025° C The steady state” values in the graphs are the average of the three measure-
ments in the last 10 min of the experimental period

i | I N

1937)
The respiratory gas cxchange was mcasured by the Douglas bag method and samples of the gas

were analysed m duplicatc on the Scholander apparatus (Scholander 1947) The average of two
detcermnations of gas exchange was used for calculating the energy p in cach exp
“The heat production during the experiments was calculated accordmg to the formula

H=MzW
where H 1t the ratc of total heat production in kealfhr M 1s the rate of energy production cal
wulated from O, uptake (+9 keal per 1 oxygen) and W 15 the external work converted to heat it
keal/hr (Snellen 1960}

W was calculated as G v sinx 57 kealfhr where

G = body weight m kg
v = speed of walking (running) mihr
— hclinavion of the treadmill n geometncal degrees.

@
Procedure

- * 4f. f- the placng of the thermocouples

' Y .+ . or runmng at the fixed speed and

a ! s were made at mtersals of about
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Fig 1 Esophageal temperature
i the steady state of work in
selaton to the rate of meta
&1 ¢ energy production {above)
and mn relation to the rate of
totat heat production (below)
Environmental temperature

{;é" Two suljects OA and

esophagra) empe au e T

0° (horszontal)

Tael anan of the treadmll {— 10° (downnill) O
+ 10° {uphall} At

Intwo expeniments the inchination was + 15° 4 and — 12° A

he
Smn After a prehmna rrod @0 22 mun of wark he stepped aff the uc,\‘dmxll and sat down on ¢
scat of the Ryogh batance Tor the Ft weighing This pause Jasted 1 §—2 min_The subyect 1o
turied o the treadml and continued the work in the 45 min experimental peniod 5D\mng e
Sxperimental period readings of rectal and csophageal temperaturcs were taken at 3 pun inter
valy, and skin temperatures and room tcmperatures were measured 4 tmes Expired air was col e
ted tn Douglas bags after 25 mun and 33 min work in the experimental period The pulse rate was
ounted at regular intervals

After 42 mun the work was stopped and the subject was werghed again as quickly as possble that
4 Jets than § mun after stopping 0.

Thanks 1o the prelmnaty “warmng up penod heart rase skin blood fow ventlaton Oy
uptake sweat secretion and csophageal temperature reached a steady state and skin lempe!ll“:tl
20d rectal temperature came very close fo a steady state level before the actual exptnmf—; =I
beriod staricd The gause necesary for the weaght loss determinauon. had only a neghetble effece
o the intermal tomperature byt since the sweat secreton dinunished so rapully after cessston o
work the weight loss would be shehtly anderestimated However the shortness of the pause as
tompared to the expersmental peniod made this error mnimal and nearly equal i all the expen
ments

A ot~ < aerobic

Resulis
Fig 1 above shows the relationshup between the esophageal temperature i the
steady state of work and the rate of metabolic energs production in (wo subjects
OA and ML Below the esophageal temperature 1s plotted in relanon 1o the total
heat production (metabolic & work)
The correlanon between the esophageal temperature and the energy metabolism
seemed 1o be the same for uphill, honzontal and downhill walking while the correla-
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200 4% 00 L] b

Keat/he
B

mean Shin temperature

Fig 2 Mean skin temperature
24 1 thesteadystateof work versus
metabolic encrey production
22 and versus total fotal heat pro-
duction  Environmental tem
perature 21 1 Subject OA

! &%0 (1) 800 W0oe Kealfhe
0° (horizontaf) @ ——n—
Inclnanon of the treadmll {— 10° {downhill) ® ol
+ 10° {uphull) L —7
In two expenments the inchnation was + 15° & and — 15° A

7 7 [ T O v rx}
[ ae ve
Fig 3 Sweat rate 1n relation to the rate of metabolic energY production (3) and sweat rate in re
Iation 10 the sate of total heat p (b) E: | temp 21 Subject OA

)
6° (horontal]  @———@
Inchination of the treadmill { — 10° (downhull OO0
- 10° (uphull —_—
In twa expenimentt the wacknation was ~ 15 & and— 15° 4

non between the esophageal temperature and the total heat procuction was different
for the three conditions

All the expenments were performed at an average ambient temperature of
9115 C (average of walls and air) The skin temperature was decreasing only
about 1—2° C with increasing energy metabolsm (Fig 2,

As shown 1n Fig 3 b and 4 b the swear rate increased hinearly with increase in
total keat producuon The relationship between sweat rate and metabolic energy
production, Fig 3 a and 4 a, however was different for negamne work (downhill
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5o

ya
7

800 EC 00 &0 8o Aa v
Metabol ¢ ey produchon 1otat heat frecsction
£,
Jz‘:f % Swearei, oo o 1. - ‘e i -d sweatrat 1 re-
f0n & » Subject ML.
fncling L .

Lt av upny -+

St rate

W5 5 Xy
o o m et ity st

Fig 5 Suey,
t rare versus £3ophageal temperature (To v ) sure 10 I n m
W temperatare 21 - Bt G4 pe: Cesd and feersl e o 14 RY Vv np gy
0* thorizontal .
Inchination of we treacgmll 10* {downtull &__ _°
+ 10” fuphl T
10 tno exprriments the inchnstion way + 15 Aand — |,

Vallung | walking on the level, and poative work aphall wilking) Atd .,
B0 yptake metabolic energy production) the rate of sweating & o
wallung downhill, and fower walling uphill, than when wathar 7 .
Fig 5 and 6 showt the relatomhiy between th swrit 1160, oo g
temperature At the ame interral temperature {esoplinge b, . st

papn”
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Taszz 1 The mean of the steady state values of niternal terperatuses {Tr and Tge,) 3¢ the n en
rates of energy productron and heat production 1 three conditions 1) uphill work  2)
horizontal work - at an energy production equal to the  uphall work 3) horszontal work

at a total heat produchion oqual to that obtaraed durrag uphilt work 15 exprs Subyect

ML
O,uptake  Energy Total heat
Incl of Speed {froom production  production  Mean AMean
treadmit km/hr STPD keal/br kealtbr T Tr
+te é 286 823 675 3810 3860
sDo13 spory
n=6 n f
o 13 282 829 829 3781 3832
sDoo0s spoly
» 3 n 3
[ it 234 680 (k13 3785 3828
SD oo sDolo
n 4 n—4%

Tasce 11 The steady state values of esophageal tempe ature read on graphs Ihe Fiz in tlree
subjects at a rate of energy productian of 600 keal/hr and at a rate of total ! cat produc
tion of 600 keal/ty The numbers in parentheses i the table grea the correspond ng

~ values of total heae production or energy production respectively
‘ ) Esophageal remperature €
Inel of Sabgect Subject Sulgect
teead wadl GA ort At
Energy 10 3775 (470) 3775 (500) 3770 (480)
Production o 3765 (600} 37 8 iron)
600 keal/hr 10 37 8 {900 3790 (850)
Total beat +10 3782 (775} 380> (770} 380> 17500
Producuon aQ 3765 (660) 3770 (600)
600 keal/hr 10 3755 {400y 3760 (400} 3752 (420
“umber of & pts tn graph 24 8 12

levels obtatned during honzontal runnmng 1) at the same metabolic energy produc
ton (823 kealfhr) and 2) at the same total heat production {M — external work)
(675 kealfhr) Table I shows that although the rate of 1o1a) heat progucnon was Iess
durtag uphill walking the mternal temperature was not lower in this condition The
internal temperatures during uphull walking was signtficantly higher than the talves

obtamed at the same tatal heat production during horizontl watking {runming)
in Table U the esophageal temy b d 1n steady saic of uphl,
horizontal and downhil} walking are compared at 2 rate of energy production of




BODY TEMPERATLRE AND HEAT DISSIPATION 223

600 keal/hr and at a rate of total heat production of 600 kcal/br 1n three subjects
The values of esophageal temperature were read on graphs relaung esophageal

P and respectnely energy prod and total heat preducuon, ¢f
Fig 1 In all three subjects the differences between the temperatures reached in the
three cond were largest pared at the same rate of total heat production
The highest values were obtained when the energy producuion was the highest t¢
dunng uphill walking At the same rate of energy production the esophageal tem-
peratures were nearly the same 1n the three conditions with unsystemanc differences

Discussion

The expeniments seem to show that the thermoregulation during worh 13 operating
for two purposes The setting of the mternal temperatures at 2 higher level, and the
establishment of an equilibnum between heat production and heat dissipation

The setting of the nternal temperature

The present finding that dunng work the internal temperatures (Ty, and Tg,,)
increase to new levels, the mereases being proportional to the metabolic rates, 15 1
agreement with earlier findings of M Melsen (1938), Robinson (1949) B Nielsen
and M Nielsen (1962) and many others

In these earher studics it was established that the level of mternal temperature
15 independent of the ambient temperature within wide limits, but depends on the
work mtensity

Normally work mtensity, metabole rate, and heat production vary m proportion
10 one another and to the changes in mnternal temperature However, n our experi-
ments, where the metabolic rate and the total heat production change out of step,
1t was o d that the work p Ievel at a ginen mectabolie rate 15

dep of the heat prod too (Table I and IX and Fig 1) Ths 1s a direct
confirmation of the theory of Nielsen (1938) that the ncreased temperature during
work 13 not a passive nise, caused by the increased heat production, but 1s due to a
“setung of the body thermostat” at a ugher level The temperature increase would
benefit the enzymatc reactions in the working muscles and increase the efficiency
of the work (Asmussen and Boje 1945)

This setting of the higher work temperature level in proportion to the energy
Production must be mduced by some factor related to the working condition and,
according to our expenments, mdependent of the heat production Such work
factors * have first been d for the expl of the ) of resp
dunng work Krogh and Lindhard, {1913) proposed the theory that the work
factor™ was an *irradiation” of smpulses from the motor cortex to the respirators
centre: Asmussen, Nielten and co-workers (1943) found 1t more Iiely that afferent
tmpulses from the working muscles were responstble for the increase in venulation
In a recent work. (Asmussen ef al 1965), with partial nen ous block by curare, they

that the mech for the 1 dunng work could be the
feedback o the reticular formaton of afferent impulses from the muscle spmdl
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Sumilar mechanisms have been considered for the regulaton of temperature and
sweating For instance Ratzing and Bleichert (1965) also used partral neuromuscular
blocking with curare 1 a study of thermoregulation during exercise However, the
wmcrease i motor nerve activity, which presumably must occur during continued
work when a certain part of the muscle fibers are blocked by curare, caused no devia
tion n deep esophageal temperature from pre infusion values

In the present treadmill expersments the summated mechanoreceptor output
must be much greater during negative work than during posttive work at the same
energy production because the speed of the movements 1s about 3—4 times greater
during downhll walking (Fig 8) and the muscle tensions must have been the same
In this case 1t 1s unlikely that the thermoregulatory centre obtans mformation for
the temperature setting through neuromuscular reflexes elicited from mechanore
ceptors or by irradiation  of corucal impulses However the adjustment of the
temperature level could perhaps be obtained by means of central or peripheral
receptors for metabohites occurring 1n proportion to the metabolic rate

Asmussen and Nielsen (1947) observed that the nise in rectal temperature duning
bicycling at a rate of 1100 kpm/min was the same and the O, uptake equal at sea
level and at a lowered barometric pressure corresponding to an altitude of 4000 m
although the pulse rate venulation and degree of anaerobiosis was much greater
at low pressure Further the nise 1n esophageal temperature during arm work and
work with the legs must have been approimately the same at the same O, uptake
estimated from results from Asmussen and Nielsen (1947} and B Nielsen and M
Maelsen (1962) The degree of anacrobiosis was much bigher duning arm work which
together with the low pressure experiments excludes lactic acid and local H from
beng the work factor 1n thermoregulation

Summng up 1t seems that the increase of the internal temperatures during work
1s brought about by some wark factor possibly of chemucal nature liberated by or
1n proportion to the extent of the oxydatve processes This snduces a change 1n the
setting of the human thermostat  perhaps 1n a manner similar to the action of a
pyrogen mn fever (Minard and Copman 1963 Cooper et al 1964) aithough it 1s
not the same asis d d by the nefTe of salieyl on
the work fever (Dawney and Darhing 1962)

The regulation of heat dissipation
The mamtenance of the body temperature at any level 1s possible when equiibnum
between heat p and heat disstp can be blished Therefore when
at a certain metabolic rate the rate of heat production 1s changed by adding or
subtracting external energy (walking downhill or uphull) the heat surplus or deficit
must be compensated by an equal change 1 the rate of heat dissipation Otherwise
a temperature equiltbnum 1s not possible

In this study the environmental temperature was the same in all experiments
“The mean skin temperature was almost the same too decreasing 1—2 at |r;crrarnng
energy production (Fig 2} The conditions for non evaporative heat loss o} ercfore
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are almost the same (Fig 8) Consequently, when a certan arn it of eneron
avenoffto the treatdpull (in uphill wallang), or induced snto the b v dunng d
till walking), the hrat loss through sweaung must vary in proportion (o t
aount of heat produced in the bods
That this actually happens can be seen in Fig 3a,4aand 7helov A\t
exergy metabolism (and internal temperature, Fig 1) the sweat ra: wnd
adation are much higher dunng negatne worh where extra heat 1< 1d »
fower durmg postine worh, where heat 1s lost as external work Ontt wria
the sweat rates and skin cireulations are equal when compared at the r  rate
wul heat production (Fig 3b, 4b and 7 above), m spite of differer e
metabolism and mnternal temperature {Fig 5 and 6} This ven micc wot
the finding that passts ¢ heaung, through diatherma at the same rate of |
ton or nduction, produced the same sweat rate and shin circulation 2
Recently B zer (1939) ad d a theory ding to which the 1
I® temperature from a fixed “set pownt * of the thermosensune areas 1o
thalamus alane determimes the rate of sweating Hammel e af (1963 pro,
analternauve to Benzinger’s theon, that the “set pont * of the temperatu et U
g mechanism could change, because they found that the hypothalamc temperat
o2 dog shivenng in the cold could be higher than when it was panting m h
“ironments The change 1 “set powt”, they suggest, could be produced by im
Flses from thermoreceptors i the sk, 1n the core of the body and from other
factors, such as state of wahefulness and perhaps also muscular work Jackson and
Hammel (1963) report that the “set ’ temperature seems to decrease dunng exercne
™ the dog and that perhaps also the sensitivity to temperature changes of the
lhm“”“g\ﬂaton system increases
In the treadmull experiments the esophageal temperature 1s the same at the <ame
;n"g‘ Production 1n the steady state of uphill, honzontal and downhll work Fiz
.,) Alsa the a1 erage skin temperature was nearly eqgual in all the expertments Fig
“1%9 that the nervous input from the shin receptors must have been almost the same
1 the 3 conditions The h 1 p 15 considered a good mdex of the
:?‘: blood temperature (Cooper and henyon 1937) It1s thus hard to beheve that
) “Pothalamuc temperature should differ under these eircumstances, and that the
n}’:‘hﬂam‘c or skin should be responsible for the d n sweat
R:[:d *in arculanon found when the rate of heat producnm:s~ were different
e {1962 1963) and Robinson and co-workers (1963} sug':cs‘cdl that
- uscular reflexes take part in the regulation of sweaung and skin arculznon
L2 ok, but they found 1t less hiels that these reflexes were eliated from

e,
G nareeeptors, and assumed that thermoreceptors, i the muscles were a more
'}y source

It would pe

Interesting to measure muscle temperature during posits© and

n

:’;;m: #ork 10 see f the local temperature were higher dunng negaus ¢ work even

mm‘bt recial temperatures were equal {Fig 5 and 6), thus providing the extra
s for the g h and the shin arcul

Tt
7 At it seend Vot g >
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Sumular moedlanims hase been dered for the serulation of temperztors 20d
mwezung Freastence, Tatzing aod Baschert (3955 2l wed parual newromuscutar
blotluog with curare 1 2 studh of themoregulanom during exerase. Howmr, the
IWETERY™ N LDSIT werie actn sy, wiach presamably soud occwr dusing oonttousd
wok when a certem pant of the muscis fibers 20 Dlocked in curare, caused no dm1a-
21 23 dewp esuphiageal temperature from pre-nfus 73 s xlues

1o th~ present weadmdl erprrimys the summated medhon seceptor outpus
st e rmach greavr durrog nepetn e nork than dunog potne »ock 2t the tame
e producuen breame the speed o the monements 1 abost 33 tmes greater
durtrg domadnll maleng Fig £ 20 the rousd® tenwons must has s bren the same
1o tfus cave 31 13 ealkeds thot the thermoregulaton omtre obtzins mformauon £
the tawperzture saung throurh arwromusrules refieves elmted from mechiag ore.
opm o v “rradenos of eovucad mapales Howmer, the adjurtment of the
wmmpzzew el could pohags be wbnaeed b mesen of contrad o penpherat
srempr o 0 meteloh v puournng 1 properton 1w the metabolie rate

Aszmuswm zod Nuelsen 1937 obser od thet the e in rectal temperature dunngy
Limcang 2t a teie of 310D kpm mun was i same and the O, uplake equal at s
Il and et @ Iowered Lzrometrye pres ure corrponding o zn alttude of $500 ¢
23 hoaxh Gy puls rate sesuleus . and degree of anactoby s was much greatr
2% bow prewcare Furder the mee w esopuages! teaperature dunng 2 work and
wark w b Lar e must by been 2paronamavds the e a1 the tame 09, uptake,
eumat=f drom resdt from Aumae and Nelrag 1937 and B Sasben and 3
Mdsen 1992 The degree 1f znarmroln sn was travch bigbey duning ams work. slach
tomethrr with (e Jow preseare szgerrmen ovel pdes fartie and and ol 1 from
Ietop th “work dertor 1 hormegulauon

Somoung up 1 eemms thzt the Lozmos of te temal trmperztures dunng woek
25 brought 2boat In some work factor prone WM of chermca! nators Boeteted I or
1 progerum 1o e rxien of G o deie prosmo~ Thos mduces a chanee 1 the
sevung o *the Rumen thermsrut perhaps w2 menner o oalar 1o the acuon of 2
promen an fver Mivard and Gopmmen 198 Conprr o of 1905 atthwugh ot s
Dt the e sabmznre ac o despontrated By the effeetsenss of galie lates o
the “workdaer”  Devmes 20d Debep 1902

The vepuler or of bect gt

“The sz enenes of the Lods temperzture et 2an b o 6 powuble when equ brawss
Yoo bt predarnm znd Leet dis petion wen be srablshed Therrdorr whet
£ 2 verem sl Tet the rate of beat prodattn s caoped bn adding o
s rezLar e enerey walong dacedsll or upiell the bea sarplus o defvr
st b conmpmznered by 2n eyual i ze 10 the reve of best dapaton O hermis=
2 temperperm #5LLl 2T 1T 0 prradle

Io s wad the e ronmer 2] gz 20 war the B 2Y erper ot
casny

“The s thy PPIRpATR WS Wal 2o the s2me Lo drcrea g § -2 gxx‘ e
s Fiz 2 The oed arsfn woneprzanc bz in Grdrn
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Effect of Ethionine on the Absorption of Palmitic
Acid-1-C* in the Rat
By
Lsko Karviveny and MaTtt Mierriveny

Received 30 March 1906

Abstract

KarvneN, B and M MIeTTINen  Effect of ethionine on the absorplion of palmitic actd 1 CV
i the ral Acta physiol scand 1966 64 228230

Ethtonme admmistratton to female rats resulted 1n signtfcantly lower rate of 1bworption of sngested
palmutic acid | G as compared with that of sxhine trexted cantrols

” It has been implied that ethionine may facilitate fat absorpuon since mereased
chylomicron counts were noted n rats with ethwonime induced fatty hvers (idwel!
1956} In earlier studies from this laboratory, it has been found that ethionine
admumstration to female rats resulted 1n an ancrease n the radiactivity of the
chylomicron fraction after ngestion of cholesterol 4 (¢ (harvinen and Miettinen
1962) but no such ncrease was noted after ingestion of palmitic acid | C1# (Karvinen
et al 1964)

In the present paper, studies on the absorption of palmitic acid 1 € 1 the fem e

rat are reported

Material and Methods

Female rats of the Wistar strain weighing 200 10 250 g were caged indwidually and given a i

duet for 3 weeks ad fibium During the expenment the rats were fed with graham ficur and w ter
. B « were given daify § mtraperdt ¢ cii

v cat9am 3pm and I0pn On
+ ine were given daily a1 9 and 3 pm
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Tiatz 1 Radioactivity of the feces and intestine serum bpid and Inerfatof it cthionsne and s |
7ts 28 hrs afier mgestion of patrmitic acid 1 C'* (mean - standard des ation

Feces and mtesune

combined Lipud from
Feues Imlof  Liert
., clmnated  serum [
Counts  ofdose  counts counts cures
N Per100sec angested  per 100sec  per 100sec e Wb -
Blonnerats 5 jor7044  sen 3934 192 s
12247 360 33 B
Siline 8 mamer 7 22,9+ 6= t
14423 685 32 i
twalue of difference 1055 598 069
4 0001 00901 None ow

::d the acidified muxture 1 as aliow ed to stand overmight Then the lipids were taken up i petroleum
f3, 74 ashed with 500, ethaniol and with wates
ere they o Lprds were extracted as described earher (harvinen et af 1964 Samples of the bprd
then plated on steel planchets and counted The counts were corrected for mass absorption

Results
1n Table 1 the radsoact 1n the of excreted in the feces
Fegven It 1s seen thag eth d resulted 1n 2 signify 1
i the absorption of labeled palmitic aaid from the intesune Radioactvity of the
blood seryg

b m hipid was not significantly altered by the ethionine treatment, whereas
™t of the Iy er far was tripled

Discussion

Th
r © Present results indicate that the absorpuion of ingested palmitic acid 1 CH
o

; :;‘[l:t: intestine 15 slowed down i the ethuonine treated female rat The expers-
wn: Aumals finshed eating the rayon contammng the labeled fatty acid w 15 mun,
o °ms unkkely that a slower rate of intahe of the labeled materal by the ethiomne
mals would b responsible of the finding
har \;dala on the radioactvity actually elimmated in the feces {Table I} suggest
"hmc r;n: of Ison of the gastro contents in the ethonine-treated
won “), e slightly slower than that of the saline controls Differing rates of propul
o cau d eventually lead 10 differing rates of absorption  Synce the process of fat
PR 15 completed already at the lower end of the small intesune and since
unhkjnhc labeled fatty acid had already passed with the feces, it scems rather
e b that a slower rate of propubton in the gut of the ethiomne rats would be
" Ium €ause of the slower absorption obtaied in these antmals
s known that ethiomne administration leads to acinar cell necross 1n the rat
Pancreas (Herman and Fuzrgerald 1962) resulung in lowered pancreauc lipase
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activities i the intesine (Libre and Mclarland 1964) The pancreatic juice 1s
rather important 1n the utilization of fat It has been shown that exclusion of pan-
creatic juice results mn 2 decrease in the absorption of tripalmitin from rat’s intestine,
even though no significant change 1n the absorption of palmitic actd could be
demonstrated 1n pancreatic duct-hgated rats (Karvinen et al 1957)

Supported by a grant from Sigrid Juséhus Foundation
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Abstract

Hemuwxen, E and £ Kurosen Collagen components i the consecutiue extracts of rat skin
Acta physiol scand 1966 68 231—233

The present results demonstrate that the vanious fractions of skin collagen are very different and
that the solubnbity 15 2 matter of defimition The methods of vanous authors for the preparation of

the soluble fractions of collagen vary greatly Standard procedures and a more defined termnology
are urgently needed

The Purpose of this note 15 to draw attentron to the quite different component
Patterns in the collagen fractions which have been obtained with various sohents

That fraction of collagen which 15 soluble 1n dilute solutions of neutral salts 1s
considered to be the youngest (Jackson 1957) It 1s assumed that collagen 1s con
tnuously converted to less soluble and more mature forms by the formation of mntra
and intermolecular cross links and that in growing connecuve tssue there 1sa con
Uinuous spectrum of various aggregates of different ages (Jachson 1960 Heikkinen
etal 1964a, b) By the present methods 1t 13 possible to test the properues of collagen
solutions in the terms of the @ 8 and y (or xj~components (\anto ¢! af 1964) and
consequently of the intra and intermolecular cross hinks

Various collagen fractions were obtamed from skins of voung rats (25—30 g)
according ta the flow sheet below where the amounts of each fraction are ndicated
ity I3 per cent of total callagen remamed 1n the final insoluble fracton In
Fig 1 the starch gel electrophoreuc patterns of the components of denatured
collagen fracuions are presented  Collagen which 1s extractable with dilute salt
solution consists mawnly of non hinked a-components When the 1onic strength of
the solvent 15 increased additional collagen 1s dissolved and 1t contamns also f-
Components with intramolecular ¢ross huks In acetic acid collagen swells and a
Breat part of the residue dissolves This friction 1s characterized by a dominance

and of larger

g the x (or ,, 8 ) components Denatur
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Tazte 1 Flow sheet of the extraction and punfication of different callagen fractions from rat skin
If not stated otherwise the maripulations were carried out at +4°Cand the centnfugations
with refrigerated equipment for 60 min at 35 000 x g

Rat skin

was homogemized 1a 0 15 M NaCl (25~ wet weight) with Sorvall homogenizer for 2 pun After
24 hr the mixture was centerfiged and the extraction was repeated four times

Residue
was extracted four tumes with
030 MNaCland centnfuged

Residue
was extracted four tumes with
045 M \aCl and centrifuged

Residue

was extracted four imes with
05 M acete acid and cen
tnifuged

J

P

‘Combined supernatants

were handled as the 0 15 M
supernatant Theyeld of 0 30-3
NaCl-soluble fraction was

21 4%, of total collagen

Comlined supernatants
were handied as the @ 15 M
supernatant The yield of

0 45 M NaClsoluble fraction
was 1829 of total collagen

‘Combimed supernatants

were filtered and dalyzed agatnst
0 1 M citrate bufler, pH 36
Collagen was prectpuated with
sodiunt chloride {fiaal conen
159} collected by centnfugation
and dusolved 1n 0 | M accuc
acid Ths procedure was
sepeated twice Collagen was
finally precipitated by dralysis
againstses eral changesof 0 01 A
disodium phosphate and water,
collccted by centrifugat sm
dissolied 1n 0 | M acetic acd
and lyophitized The yield of
015 M NaClanluble fraction
was {1 3%, of total collagen

Residue

was extracted oncewath G 5M
acetic aad at ~40 C for
30 min and centrifuged

Residue
was yophilized The yreld
of the snsoluble fraction was
11 3% of toal collagen

Supernatant
was Iyophilizcd The yseld of
warm aceue acid-extractable
fraction was 8 49, of total
callagen

Combined supcrratants
were punifed by precipstation
with NaCl {final conen 10°,)
and subsequently by dialysis
against several changes of 0 01 A
duodium phosphate and water
Collagen was collected by cen
tnfugation dissolved 1n 05 M
acenic acid and yopt thzed The
yield of acetie acid-scJuble
fraction was 29 4% of total
collagen

at rather Jow temperature (at — 40 C for 30 min) yrelds a further soluble fraction
containing proportionally more of these larger fragments (cf Pikkarminen et al
1964) with sntermolecular bonds The last wsoluble ressdue may be solubihized to

collagen components by digestion with pepsin Other work (Lampiaho e al 1962)
lic ages can bed 1 in conventonal

shows that fractions of diffe
preparztions of msoluble collagen

ted by insututional grants from Signd Jusél us Foundauon and U'S Deparrment of Agrt
f:ﬁs: forc):gn Research and Technical 1 rograms Division
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Abstract

Yosoer, § and ] O Wit Chleride and hydrogen san distribution betueen human ved
cells and plasma Acta physiol scand 1966 68 234—245

Dustetbution of G and H* between human red eclls and plasma has been siudied after varanons
of plasma pH finduced both by changmg pCO, and changmg bicarbanate concentratian) The
~ distnbunon ratio of chloride Cl cettf] plasms = zect } 20d of hydrogen tons H piumafH oot
= ru § showed the following relations to plasma pH
rict 3 = 3319 — (0 339 pHptauna}
e Y = 309F — (0333 pHoln)
The conception that the distnbunon of Cf and H 13 2 Donnan distrbunion s supported
Dy the distrburion of €1 and H found after addition of an impermeant negatively charged 1ony
{aitrate) to the extraccllutar phase The normally negative potential difference briween cefls and
plasma may be smverted i the presence of otrate The effects on 1on distribution seen when normal
celly are suspended an worome sucrose or glucose can be explaned as bemng caused hy deffusian
patenuals which arise because of the much higher belity af the red cell towrds
antons than tawards cations Calculatson of the water shift 10 be expected as the osmotic consrquence
of the redisimbunion of diffusible amons between cefls and plasma { $H,07 1plS 423 g H,0 kg
RBC solids was found to agree with the experimentatly determencd value of 401 g HyO kg RBC
wolids

The concepion that the disinbution of hydrogen and chloride 10ns between eclls
and plasma 13 a Donnan equibbrium was mtroduced by the pioneening works of
Warburg (1922 and of Van Siike ¥Wu and Me Lean 1J923) Fhe vahdny of thns
theory has been generally agreed upon by many invesugators ez Dull, Edwards
and Consolazio 1937, Iszsimons and Sendroy 1963, and Bromberg #f af 1863)

However ather works have quesuoned that the Donnan theory can always explan
the distnbution of hydrogen sons and rapidly diffusing antons between cells and
Danowshs and Hald (1847) found that when the distnbution

plasma Peters, Tuhm,
of chlonde and combined CQ, between cells and plasma of ov ==

altered, by vanyng the CO, wenann -
1wO1ON = % -
for .
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Bubnofl and Riecker {1961} found that hydrogen or exchanges between cells
and plasma after altening bicarbonate concentration took place very slowly, reaching
equitibrinm after one hour at 37° C Siggaard Andersen {1961) noted a considerable
shift of hydrogen sons from plasma to cells lasting several hours, when blood contan
ang sodum fluoride was stored mcally at 38° C He dered the posuibility
that the hydrogen ron shuft observed was secondary to diffasion potentals created
by passne diffusion of Na and K, {since K leaves the cells much faster than Na
emers i the presence of fuonde) (Dunker and Passow 1950} However, it was also
suggested that He distributson m rormal blood might be matntamed by an actree
mechanum, extruding K+ of the cells, and that the hydrogen ton siuft obsened
mght be & result of inlubneing the energy supply of such an H* transport with NaF
Ao matter what 11 the cause of the transfer of vy drogen 1wns from plasma to cells
. the presence of fluorde, this phenomenon quesnons the value of the results of
Fitznmovs and Sendroy (1961} and of Bubmoff and Riecker (1961} Both these
groups carned vut expenments on cells 1 which ghycolvss had been arrested by
the addstion of fluoride

The possibility shat H- 1s transparted actonely into the red cell by a hypothetical
camer extrudmg Na* and accumulanng b and H* bas been considered by Ussing
{1960 p 7B) Swnce reasonable doubr has been thrown on e passve distmbuton
of H* between cells and plasma, this stady was carned out on cells metabohzing
at38° C, wmce 1t mught be argued that the separation of cells and plasma at 5--8° C
s pesformied by Bromberg et ol 11965) mught kbt an actnve travsport mechamsm
2 efficactousty as the employance of metabobe powons {t vas thus found deswable
o ranvestigate the distribunon of Ol-and H  between cclls and plasma with a
techmgue that can eliminate the objecons 1o previous investigations presented
#borve In the present work chlone and hydrogen 10n distributon of ghycolyzng
cclls are examined in the plasma pH range 6 40 to 8 30 The vanauons found support
the concepuon that a Dosnan equbbrium exsts acrnss the red cell membrase
with regard to chlonde and hyvdrogen sons As a test of passtee distrsbunion of H
and G~ ithss been examaned 1f the addstion of an unpermeant polyanion | citrate;
to plasma leads to the preducted changes of 1on distribution by neutralizng the
effeck of the non duffusible anions of the cell Fanally 1t has been exarmned whether
the water shuft hetween cells and plasma which 15 obversed afier acuse sanagons of
Plasma pH {Funder and Wieth 18662 mas be quanutatisely explamedasan osmot-
i consequence of a redustnibution of diffesible wns secondan to a change i &
Donnan potental between cefls and plasma

Methods

Hepanmited blond 1010 per mil wa sampled from bealthy d snors Oxsgenapron and adjugeent
of LO, partial pressure was carnicd out by recwenlatng 50 100 mb (£ hlood 3 mod ked oxigen
v unat of a heart fung machine (Fredenksen Rvgg and Therkelen 1967 The Followtng gas mox
tares were employed for the adjustment of carbon diovsde parial pressures | 5 6 °, ©O, 914 %
Mmephene o 2 B0 % (L0, 20%, O, 3 asmecephenic ar D03 7 L4, Complate ox0
of hemnglobnn was ascevismed by analvns {Zulsten 1953 Toswudy the in fluence of primary

of pLO, bivod wis cxpined ta (he £a3 Muxeutes in the craueace 21 Ao aramnt w
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attan equilibration of the blvod wih the gas mixtures 2) and 3) Blood was drawn o 2 10 ml
syninge at random mtersals, thereby obtaimng a sequence of changes 1 pLO, The synnge was
thermostated in a water bath at 38° C and alier a 10 minutes temperature equlibration period 8
m) Af Bland were tranderesd or £63 ¢ ol mmmnnd 1 Lt . e

IOUUIAIY dIUUIINIE AMOUILU 0 4 11 3 Pt COAE {w/w) by the centrrugation employed 1he 1soe
Iated erythrocytes were immediately eapped by a tight fisuing PV'C-cap Bufly coat was removed

REC were immeduately Iyzed by freczmg and thawing the wbes thace n a dry we-alcobal mexture
After the last thawing the Iyzed cells were hately sub i to a
PR el Bl v salai 8 it T g
' A . .
. . . P
. ) .
014 3 NaOH Addition of acid or base was performed i the followng way After equikbration
with gas mixture 1 (1o ensure oxvgenation 10 mi blood samples were spun at 1500 - g for
5min 4 ml of plasma was withdrawn and acid ar base added to the plasma Acid or base treated
plasma was thereaficr slowly added to the lightly packed cells After resuspending the red cells,
<bluod was transferred to 2 }0 mi syninge and incubated at 38 C following the procedure described
above The maximal additions of © 14 A1 HUI or NaOH employed were 3 mi and } 7% m} rese
) Pretvely This equals the addinon of 42 meq acid and 24 5 meq base per litre of blond
" Addition of Sodvum Citrate Oxygenated blood was diluted with varying amounts of a solution of
005 M teruary sodium cutrate (013 cq Na per fitre dusolved na 259 glucose solution 0 1l
of értrate/blond miztares were produced by mixing vanous amounts of blood and citrate solution
(maximal amount of cateate solution 4 55 ml per 10 m) blood crtsate mixture  After 10 mun incuba-
ton a1 38° C the blood/citrate sample was treated further as described above
pH measurements were carried out at 38 L with micro electrode cqupment (Electrode  Radio-
meter £ 5021 with pHemeter 25 SE The phosphate buffess (pH 681 and 733 a1 38 €, used ax
standards of reference were 1n accordance with the \BS-scale (Bates 1904
CHonde determinations 1n lyzed cells and plasma were carried out by electrometric utration with
001 M ARNO, (Turator TTT1a Radiometer with silver clectrode P 401 and calome! electrode
{RGD1) with hiquid junction of saturated kSO As erythrocyte pratens are known to bind Ag
. v ' .
. '
' . .
Terminotogy of fon Dustribution Ratios The refation between potennial difference (F and the dars:
bunion of a freely difasblc jon 1 two phases sparated by a semipermeable membrane 1s given by

KT {a ],
vlo —vw0  E——<f i Mol

where the subscripts 1 and o denotr inside and vutside phase reapecuvely 1 the electrical potens
LR (8 314 goule ok * mole ! 1 the gas constant T 1s the absolute temperature N 21 the
alency of the 1o considered F Faradays constant (96493 coulomb eq ') and [a | deagnaies
A 2 sty of the 1o consdered 1n the two phases wdicated by the subscripts 1 and o' A drtauled
- e L} - R T

. . “ .
. Ve .

- patE e Lo
he tacit admnnon 18 made that e CLREFSON L Bt 4 L
s, of the actity coellicieats of chlorsde 1ons 1n eells and plauna 1 not vmity

diffesence, of the ratio
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Ttz 1 Hydrogen ton and chlonde 10n distmibution betneen cells and
range 6 32—8 64 The regression lines of the dependency of dustr
pH are shown in Fig 1
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In text, tables, and figures son distrsbution ratios are sdrcated by r The ratio of chlonde in.
cells and plasma
Cl cenlfCl ytasena 15 1ndicated as recy ),
correspondingly the ratio of hydrogen ton activiues
H* lagmalHcefl 15 indicated as 1y J

Results

1 Distribution of H- and Cl as a function of plasma pH
Data of chlonde and hydrogen son distrsbution between plasma and cell water
found at vanous plasma pH salues are gisen tn Table 1, and the regression Iines
of ric ; and of ryy, | versus plasma pH are shownin Tig 1
The nterdependence between hydrogen ron distribuuon and the pH of plasma
was found to be expressed by the equation
fupy = 3093 (£ 0014) — 0335 (£ 0005) (pH ...} 1
The correlavon coefficient of this regression hine 1s — 0995 (3 0 015)
The regression hine of the mierdependence between r , | and pH of plasma was
umiarly
ey, = 3319 (£ 0028) — 0359 (£ 0010; (pH,y,,..,) (2)
‘The correlation coefficient of the regression hine 1s — 0 993 (4 0 026)
No differences were found 1n the ion distnbutions effected by changes of p( O,,
v|/$t')mpar4:1:1 to the distrtbutions found alter addition of HCl or NaOH (n1z Dig 1,

2 Chlonde and Hydrogen lon Disintbution tn the Presence of Citrate tn the External Medum

It was felt that measurement of von distributions undes conditsons, where the Donnan
potenual could be expected 1o be changed, or even inverted, would yield valuable
nformauon as to the legitmacy of eval g the f 1 of the red

cell from the distnbution of diffusible jons
It may be anucipated that the potential difference bewwcen cells and plasma can

be dimnshed — or even imerted — 1f non-permeating antons are added 1o the

-

Fig 1 rqs  tnanglo  and roi

crcles ay funcuons of jlasma pit

Results indicased by open sugnatures

wete nbrained after varsation of pCCh

results ndicaied by sohd mgnsmares

after addivan of HCLor NaOJl The

Tt whd line represents the cquation
. ) 309 0330 pHypaunst The

~- dashed [ine represents the equation

o4 g asma ra 3319 0359 pltme
[N 75 €0 8%
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Tasts 11 Hydrogen ton and chloride 1on distribution between eells and plasma under condions
where potentsal difference between cells and plasma 13 affected Caleulated potenual
differences agree withn 2 mV i spite of the 1nversion of potentzal

£ Caleulated poten~

H w T wal difference
Tk g S E ml
Te E 2 2 g %
A z e & ¢ =
§8 5 < g o z = -
5= = . ~E -9 £ H H

= G (H 1 T E U= Q) e} = &
92 726 719 085 867 685 079 0283 44  —63
133 721 720 098 611 586 096 0284 ~06 —11
22 74 722 120 379 471 124 0286  +49 o8
LU 313 716 110 368 376 102 029  +26 0>

! Smiblood 45 ml 50, glucose

external medium Since citrate 15 known to permeate the red cell membrane ex~
tremely slowly (1f at all}, the following cxpeniment was designed

Heparimzed blood was diluted with a citrate solution (isotomic with plasma),
contaming 150 meq Natflitre and 25 % (w/v) glucose per hitre to accomplish
1sotomerty with plasma The results obtained are Listed 1n Table 1, which shows
the pH of the external medum and Iyzed cells, and the chloride concentration of
Plasma and cells after 1solanon carned out at 38°C It appears from the results
that the distribution of diffusible 10ns 15 affected 1n the predicted way by the presence
of the non diffusible poly-anion in the plasma \Measurement of osmolality of the
external medium (by determmnation of freezing point depression) showed only negh
Bible changes Potential dfferences — as calculated by inserung the \alues found
forr,g yand for ry, | 1nto the Nernst equation are shown in the far nght columns
It1s seen that the calculated potenual differences are affected in the same direction
and approximately to the same degree, whether they are estimated from hydrogen
lon — or from chlonide distubution It further appears that the normal negatne
PD of the red cell under these conditions 15 smverted to positive values at a atrate
Concentration of 23 m\ = 69 meq cutrate per htre esternal medum

The posive PD values obtamed after adding aitrate in sufficient concentration
o the external medium 1s quite stable, as may be reasoned from the experiment
shown in Fig 2 This figure shows the recording of pH of the external medium of
3 blood estrate mixture with a arate concentration of 32 mM Dunng an
observation peniod of | 5 hrs at 38° C pH of the medsum onh fell from 7 20107 18
This fall of external pH may be due to continued metabolic actnry of the RBC
However, a nise of cxternal pH s to be expected if membrane potential was
feverted duning the expenimental persod due to penetration of citrate 1nto the cells
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P P afted 1

| &=
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!

T
23 6! i
‘ J—
Taf———— e
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! ¥ rages 1 ¥ raes
c £ Cal Exl v o F
Fa2 Fg 3

Fg 7 pH of the med um of a suspens on of red cells incubated 2t 38 C. At zero time 3 ml of 3
otrate soluunn conta iz J) mM aeate L 10 megNa I and 25 w %, glucose pH 740}
15 added 19 5 ml of heparinszed blood. Calculated owate concentration of the extracellular phase
3 @M. Af or the 1n ua) pH change andured by mixng Llood and ¢ trate pH of the med un only
showed a sl zht decreasng tendency pH was measured conunuousfy read ngs were made w b
mtervals of 0 5 to 2 mum accord ng tu rate of pH change Idenucal results were obi2 ned in 3 expen

menis.

Fg 3 pHofaslatonof 2% wo glucose af er the addyuon of 300 mg packed red cclls to 10 ml
gluc ncs Jution The cxpenment was carmied out 31 22 C pH was measured cont nuou ly read ngs
mere made w th wstenals of @ 7 to 3 min according 10 rate of change The fgure s representat ve
of a total of "0 expts.

¢ }3 Chlondr and Hydroger Ion Distribution betacen Cells and 5 per cent Glucose
Fig 3 shows the effect on external pH caused by suspending 300 mg of packed
RBC:n 10mlofaa®, w1 glucose soluuon pH 720 Tp 22 C The rapid 1m
ual 21l of th~ emvronmental pH atout 2 pH units — from pH 720 t0 220 1ndi
cates a rapid redistnbuton of H and O across the membrane induced by the
diffusion of anyons (1 and HCO,  traversing the membrane at a rate which ss
smualhy 10¢ ymes fasier than that of sodium and potassium Passow 1964 The pH
of the RBC emploved m the experiment was 7 20
It maz be assumed that the pH of the ervtiirocyte flurd 1s sirtualhy unaffected by 2
calculated iberauon of 0 2 m~q H kg REC, sufficient to lower pH of the unbuffered
medium from 7.20—5 26 The maximal potenya) duference calculated in tde
\emst equatuon from the maximal change of externa) pH ss theref re 58 ~ 2 — 116
mV feels poatneh charged relatnehs 1o medium  This potential mav be regarded
2s a diffusion potenttal created by the tendency of the diffusible amions to distribute
freeh berween cells and medium but being restramed by the much Jower diffusibnlity
of A (znd Na ; The potenual 15 not stable because the cell under these abnormal
cordstions becomes leaky 10 cavons The escape of k. from the cells promoted by
changed m~mbrane permeabilits  concentrauon gradient, and potential gradientt
1l dum.msh the postne membrane potential This 15 acer mpanied by a retum
of external pH towards mmtial salucs as seem i Tig 3 -
\feavurements of 10 distributions by the metheds emploved an this studs arenot
feasible 1 2 rap Al chanmng stuation s the one descrbed above However, 2
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related — albest less marked and considerably slower — phenomenon may be n
duced by dilutng a sample of heparmized blood wath an sotomc solution of non
clectrolyte The values given n the lowest line of Table II, show the results of
measunng chionde and hydrogen jon distnbution :n medium and erythrocytes
wolated at 38° C, after diluting a 5 ml blood sample with 5 ml of 5 ¢, glucose As
in the case after addition of cutrate to the medium farr agreement 15 found between
the distnbution of chlonide and hydrogen 1ons, and the values of potental differences
calculated from the distribution ranos

Discussion

The almost paralle} course of the regression lmes of r,c; , and of ryy y versus plasma
pH seen 1n Fig 1 suggests a simple relationstup between chlonde and hydrogen 1on
distibution 1 cells and plasma as would be expected for the distribution of freely
diffusible 10ns 1n 2 Donnan system Contrasting the findings of Peters ¢f ol (1947)
we found that the distnbution ratos of Cl— and H* were independent of the way
which pH changes were produced — by altering pCO, or by adding acid or base

A sigmficant dufference 1s found 1ny the absolute values of ri; , and of 1y (212
Table T) At 1denncal plasma pH chlonde distribution ratio was found to exceed
Ty ) by 2 mean value of 0052 (S D 0031, SEM 0007, p < 0001}

It 15 not possible to determine the cause of this systematical difference A difference
in the actnaty coefficients of chloride in cells and plasma, protemn binding of chloride
trapping of extracellular chlonde between the packed cells, and errors ansing from

hquid junction p ds 1 the pH m of lyzed cells are all probable
causes

The Effect of Cutrate Chlonide concentration ratio and hydrogen activity ratio were
found to be affected to the same degree by the addition of citrate to the external me
dium (Table 1) This supports the conception that both distnbution ratios reflect
changes of the potentual difference between cells and plasma However it must be
admutted that 1t 15 not possible to dectde whether r oy or T ; gves a fully correct
clue to the calcut of . Values d by the two ratios
differ by approumately 2 mV 1n the pH range considered Direct recording of the
RBC membrane potentsal has not yet been possible so we have no better estimates
than those ealculated from r and Iy

The Effects of “Lou Electrobte Media  The term  low clectrolvte media  was
employed by Wilbrandt and Schatzmana (1960} to characterize 2 aumber of media
sotonic to plasma 1 which REC exhibuts a senes of peculiar membrane phenomena
due 1o the fact that electrolytes has ¢ been largely or completely replaced by slowly
Permcating non electrolytes as sycrose lactose manmtol or  in the caseof human
RBC — igh concentrations of glucose For a detatled review of the effects on 10n
moyements memt bl and ik

I the reader 15 re
feered to the above cx(cd work Here shall only be smcd that the dysequilibnum

caused by the non-clectrolyte medium can be appreciated from the pH changes o
the medium seen in Fig 3
’

Btms 3 A tapby of sand bol
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Fig 4 Potental difference between red cells and plasma (calculated by equation 3, as 2 funcuon
of plasma pH The upper Line of the diagram was caleulated from 141 | the Dwerhnefrome ¢
Fig 5 Cellular pH (calculated from equation 4 a1 a function of plasma pH The upper line of the
dragram was calculated from r 3 the fower fine from g

~

Peters et al 1947, found that diluuon of blood with 1sotonic sucerose caused the
distbution of H and Ul 10 deviate from a Donnan equiibrium The expeniment

s jof Petersetal has been repeated in us lowest ine of Table 1) VWe found that distri-

.

butons of H and €1 were affected 1n the expected way and o the same degree
when blood was diduted with sotonic glucose

Vlembrane Potential and Intraceliular pli 1T the acinaties of chlonde and hyvdrogen
1ons could be determined the potenual difference (L between plasma and cells
and the hvdrogen 1on actinats of RBC could be calculated In the following we have

pted to the mag ie of the 1 [ !and the intraceilular
pH of red cells by transy the Nernst ¢q inserung the salues of r
and of 1y | gnven by cquanons | and 2 Howeser, 1t must be born in mind that
the ton disink; rato was caleulated from deter of chioride

Further pH measurements on by zed cells mas be brased by hquid juncuon potenuats
“The following calculations must consequent)y be taken with reseratons
E—6i7 logr mVads o 3
Fig 4 shows the values of E caleulated from r  and from ry, | The membiranc
potenual at a plasma pH of 7401 thus found  be a 11 m\  as calculated
from chionde distnbution , and b 13 m\V  when calculated from hvdrogen 1on
dustnbunon)
Intracellular pH was similarhy evaluated from the relavon
pH_y = pH plasma + Iog r 1)
Fig 5 shows the values of cell pH a1 sanous plasma pH levels The pH of red celis
at a plarma pH of 740 1s thus found to be 7 19 by direct measurement of pH on
fvzed cells, and 7.22 when caleulated from the chlonde distnbution
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Water Shifts betieeen Cells and Medum as @ Consequence of Donnan Destrsbution of the
Diffusible Anions
The dffusion rates of the amons Cl— and HCO,~ through the red cell membrane
exceed those of the cauons K+ and Na* by a factor of 10* It mught therefore be
anticipated that the volume changes of red cells caused b) acute changes of extra
cellular pH are due to water foll g the b of diffusibl
amons

The calculations below were based on the following assumptions

1) Water 1s present in osmotic equilibrium on the two sidesof the RBC-membrane
Movement of an osmoucally acuve parucle from one phase to another causes the
concomutant transfer of an equivalent amount of water At an osmolalits of 03
osmolesfhg HyO this equinalent amount 15 — J000_ 333 g H.O per milliosmole

300

2) The chlonde distnbution ratio (eq 2) 1s representatn ¢ of the distnbution of all

diffusible monovalent amons

If the of extracell diffusible amons 1s hept constant (134 meq
A~[kg H,0), the concentratron of A= 1n the water phase of the RBCcanaccordingly
be calculated from rig
A~ {pH 70) = 134 x 0806 = 108 0 meq/hg H,0, and
A~ (pH 80) = 134 x 0447 = 599 meq/hg H,O

If we consider 1 kg RBG at a plasma pH of 7 0 the following composition may be
calculated from the data of Funder and Wieth (1966 a, b)
plasma pH 7,0, RBC 1000 g, cell water 681 g, cellsohds 319g, A 108 Omeq/hg
RBC H.0, 735 meq/hg RBC Cell water related to cell sobds 2132 g H.O kg
sohds

Stnce, according to assumption 1), one meq A~ moves together with 3 33 g H,O,
the loss of water and of antons that will establish a distribunon ratio of 0 +47 can be
calculated This 15 found to be the case 1 the above example after a loss of 408
meq A~ and 134 6 g H,Orespectvely The onginal one hilogram of RBC considered
at pH 7 0 accordingly shrnks by 1346 g by an increase of extracellular pH from 7 0
080 We therefore have
plasma pH 80 RBC 865 g, cell water 546 g cell sohds 319 g A~ 59 9meq kg

RBC H,0, 32 7 meq/865 g RBC Cell water related 1o cell sokds 1710 g H,O kg
solids

It s thus found that the amount of water kg RBC <ohds 1s reduced from 2132 g
at pH 70 10 1710 g at pH 80 Thus calculated reducton of 422 g H,0 kg RBC
solids should be compared Yo the expenimental finding of 404 ¢ H O kg RBC
sohds (SE 23, n =15 Tunder and Wieth 1966 a This agreement jusufies the
conception that the water shift caused by acute change of extracellular pH 1s almost
salely due to the shift of amons secondary to the cstablishment of a new Donrnan
equilibrium

C

1f to Pre rous In The hterature up to 1965 has recenth ¥
reviewed an the onginal study of Bromberg, Theodore Robin and Jensen 4
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Taerz 1 Chlonde distribution between cells and plasma as a function of plasma pH \ alues from
four matermals In the outer night columns are shown chlonde distribution rate at 2
plasma pH of 7 40 and the values of cellular pH and potentral difference between cells
and plasma (P D) at plasma pH 740 asfound by nscring the salues of reey y tmto

eqns 3 and 4
pH o *p

rayat ol (at
Relation of ryca PHptasma  from 38°C)

Author to plasma pH 740 oy m\
Dill etal (1937) (—0290 > pHip1sna) +2820 0674 7229 ~ 108
Fatzsimons & Sendroy (1961)  (—0 344 x pHypagea) #3208 0662 7221 — 111
Bromberg et al (1965) (0311 x pHpta,) +2928 0627 7197 —125
Present material (03597 pHyaima) +3 319 0662 7221 ~1e

Tasie IV Hydrogen son distnbution between cells and plasma as a function of plasma pH \alues
from three materials In the outer right columns are shown hydrogen jon distribution
rato at a plasma pH of 740 and the corresponding values of cellutar pH and potential
difference between cells and plasma (P D ) as found by mserting the values of 113y | into

eqns3 and 4
= rn
R EY pH qpat  (ar
/) Relaton of rppy | to PHptaura  PHojums 38 C)
‘Author plasma pH 740 740 my
Fitzsimons & Sendroy (1961)  (—0 440 5 pHpjyma) ~3 883 0627 7197 123
Bromberg et al (1965) (—0338 xpHy( yua) 3062 0561 7149 - 155
Present material (=033 pHy) 4, ) =309 0615 7189 30

50 1t only seems necessany to relate their work to the present, and add a few comments
to the older literature on the item
Table 111 shows the regression equations of r o ; versus pH of plasma as found
by four groups It 1s scen that the results agree farrhy well
The hydrogen 1on distributton as a function of external pH as found by Bromberg
and (1963), by Fi and Sendroy (1961 and by us 1s shown in
Table IV The shghtly lower aluesof r oy and of ry,, ; as found by Bromberg et al
(1965) may be explamed by the fact that these authors separated cells from plasma
2t 58°C As the 4 pH/d T coeflicient 15 steeper for cells than for plasma, the pH
measured on Ivzed cells after rewarming to 38 must be expected to be lower, and the
pH measured on plasma after separation in the cold and subsequent rewarming
gher, than the values obtained by separating cells and plasma at

correspondingly he
the temperature of pH measurement

Other estimates of wntracellular pH an red cells Attemps o apply the determinatton
between cells and plasma of the weak acid 55 dimethy! 24,

the distnburuen
o tribution across the red

oxazolidinedione {DMO) as an ndirect measure of H dus
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cell membrane have not been successful Thomason (1963) found from studies of
DMO distribution that RBC-pH at a plasma pH of 7 35 averaged 729, wheras
Bromberg et al also employing DMO found pH 1alues, which were markedly lower
than the values of pH measured directly on the lyzed cells At a plasma pH of 740
the pH of cells was determuned to be 7 09 from the DMO dstnbution, as contrasted
by the value 715 found by direct pH measurement on lyzed cells, and 720 as
evaluated from ri, , Bromberg and associates could not offer any explanaton of
the large discrepancy between the results ot d by Th and by themsel

by means of DMOQ However, these results urge to reluctance 1n accepting D\O
distribution ratios as a true measure of mtracellular pH values

This study was supported by a grant from Fonden nl legevidenskabens fremme The results were
presented at the I, Scandinavian Congress of Clinical Chemstry Sandefjord 1963 The valued
technucal assistance of Mrs haren Mebom 15 gratefully acknowledged

References

~ 8 TLU w s e g0t

Dinker E and H Passow \ erterlung von Anioncn und Rauonen bo Fluondvergiftung mensch
licher Exythrocyten Pflugers Arch ges Physiol 1950 252 512550

Frzsivons E J and ] Sexoroy Distributton of electrolytes in human blood 7 biol Ghem 1961
236 1591601

Frenzrisen T 1 H Ryco and P Tueakzisey Rygg hyvsgaards Herz Lungenmaschine Tvp
I Thoraxchururgie 1962 9 591—607

F LR RN £02  we = amA 2w ah wmanredblood

. 20d eells
shop and

ments of
T Physol

SIGGAARD-ANDERSEN O Samphing and storing of blood for determination of acid base status
Scand Y clin Lab Incest 1961 13 195—20%

THowaso\ R The use of 55 dimethy! 24 g for of
PH Scond J clin Lab Intest 1963 15 43—l

Ussisa H M The alkah metals in biology Handbuch der experimentellen Pharmakolog ¢ \A1I
(O Enrchler and A Farah ed ) Berhn Springer \erlag 1960 p 78

VASSLYke DD H Wuand F € Mc Leav Stud os of gas and electrolyte equilibria n the blood
N\ 7 bl Chem 1923 56 760—849

WarsLre E | Carboruc acid compounds and hydrogen ton actiincs in blood and salt solutions
Buochers § 19°2 16 153—340

WreeanaT W and H J Sciatzmass Changes in the passive caton permeabality of enthrocytes
1 low electrolyte media In Regulation of the wnorganie 1o content of the cells (G E W Waolstenholme
and G M O Connor ed ) London J & \ Church I Lid 1960 p 3+

7HLSTRA W G Fundamentals and applucat ons of o nucal ox metry \ssen hon van Gorcum & Comp




Acta physiol. scand. 1966, 68, 246—254

Trom the Institute for Medical Biochem:stry Umiversity of Osto, Norway

The Action of Insulin on Glycogen Synthesis in Rat Diaphragm
A comparative study of in vitro and in vivo effects
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Abstract

Sovin, O The action of imsulin on glycogen synthesis i rat draphragm A comparatite sludy
of 1n uitro and in oo effects Acta physiol scand 1966 64 246—25+

JInsulin administered by inirapenitoneal injection 1n doses which did not significanly alter the

h A P ) h _ Far A /N

regulation of muscle glycogen synthests m cno

In 1960 Villar Palas: and Larner reported an increased actiaty of glycogen synthetase
{UDP-glucose a-1,4-glucan a-4-glucosvltransferase, FC 24 1 11 1n rat diaphragm
muscle after insulin treatment i utrs. Glycogen synthetase has been shown to occur
1n two forms, one actis ¢ in the absence of glucase-6-P (independent form, synthetase
1), and another which depends upon this ester for 1ts acusity [dependent form,
synthetase D) (Rosell-Perez ef af 1962, Iraut and Lipmann 1963;

In the cut diaphragm, enginally studied Iy Villar-Palas! and Larner, insulin was
shown to cause an increased activaty of the independent form of the enzy me, without
changing the actmaty measured i the presence of added glucose-6-I' Tlus insulin
effect was obser ed 1n the absence of ghicose or any other substrate in the menbition
medium (Villar-Palasi and Larner 1961; and no concomitant ancrease in the ussue
fevels of glucase-6-P could be detected Larner ef af 1963 It was thercfore suggested
that wsulin sumulated glycogen synthetase 1 ~ 1 conversion Ths offered an ex-

planation of the so-called “dircctine’ effect of 1subin on glcogen sy athess (Beloff-
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Chain et af 1956, Norman et af 1939, Larner ¢f a/ 1960), and suggested an abihty
of insulin to regulate enzyme actnites

The present nvestigation was undertaken to study the physiological significance
of the gly cogen synthetase actinating effect of insulin’ The main question was whether
the effect of insulin on the conversion of synthetase D to synthetase I 1n diaphragm
could be reproduced tnrue Ralaclsen (1963) observed thatintrapentoneal injection
of small quanutses of insulin into rats produced a marked stimulation of glycogen
synthesss 1n the diaphragm without any sigmficant effect on blood glucose With
this technique the effect of 1nsulin n znze could be studied under conditions where
counter actions {rom the orgamism as a whole were minimuzed

The results demonstrate that the increased actvaty of synthetase I in the dia
phragm found after mnsulin m tatro was not observed after mtrapentoneal mjection
of wsuln However, the msulin induced glycogen svnthesss, determined by the
ncorporation of ¥C-glucose, was greater under 1 ztro conditions

Methods

1861 o expeniments Rats of the local strain weighing 100—160 g and fasted for 18—24 hrs recenved
an mtraperitoneal injection of 3 ml 0 9 %, NaCl with or without msulin The myection was made
with a morphin cannula to the nght of the umbil cus The standard dose of insulin mjected was

mene the 4 L 5 Ve

P -

ton and analynical procedures
Aralyt cal techniques Glycogen synthetase was assayed essentially according to Leloir et af (1939
Details of the assay have been described elsewhere Savik ef af 1966 The results are expressed

33 #moles UDP formed per hour per g wet muscle tssu or per mg muscle prote n The synthetase I
actwvi 4 v .

.
Rluco . ..

Klycor

ally a

[t - .

™n and the supernatant neurrabized with 5 M potassiem carbonate using meths! orange as an
and c.no'r 'Glucus: '(:-f was esumated from the mcrease in absorba cr at 340 n 4 upon addition of

was .
NHUIO, Afeer centrifugat on glucose  « e com o s -, .
methor of Huggett and Nvon (1957 .

Matenals Tneutn 10 emtallzed = .

tspeafc actmaty 100 mC mmole) w .
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Tares T Acd base parameters 1n artenal plasma and in bratg ussve of rats which vere ether ymm
Jected or ingected with 2 or 3 doses of 50 mg Diamos per kg every second hour Teg 1
the totaf CO; content of the brain Pygs the mean nwsue €O, teason The standard
bicarbonate content of the tissue phase was obtained by displacing the experimenta) poraty
along the buffer curve of the nwswe 1o 2 CO; tennon of 40 mm He (scc Fig t

Arteral plasma Bratn tase
Actual Tea, Artual  Sand
Peos HCO mmales) P, HCO, HCO,
Ras PH mmHy  meq/t kg mmHe  meq/l meg/l
Vrmecred 745 02 248 Ml @65 61 153
#pnirols 1003 +19 B3R! +03 *17 +63 +01
Dramox 100 me/ 7% 20 173 1358 8z 86 tr?
kg (3 hry) *+002 19 +03 +03 18 +04 +04
Dramox §50 mg/ 722 460 7% 1586 519 178 162
kg (6 brs) 001 31 +i0 +03 x29 >03 <83
o 2
~
<
<
-4
£
15
g o conirol Fig Relalion between the mean hicarbonate content
] o Dwmm 3h ] and the tssuc GO, tergion m uninyected rats and i rats
o Damox 6h injected with 100 mgfkg (3hy or 150 ragskg 6k of
Diamox The short bars on the 40 mm Mg hine denare
10 base eveess umity
20 40

80 8
P‘COz mm Hg

L 13,850 had no significant effect on the ussue bicarbenate content Control
expenments further showed that there was po increase m the (81 brcarbonate
& after ac jamide at these equil tumes Thes nd that
the obsenved increase m the tissue bicarbonate represented an tnercase 1 the mtra
cellular bicarbonate concentranon The mechamsms behind s sncrease may be
related to the action of the carbome anhydrase 1 the tissue cells These mechanssm
are beng farther mvestigated

ted by the Swedish Medical Research Council (Project a> 14X 263 Q2 and by cnirsc
i‘?’ﬁoﬁus’mwm the Office of Naval Rescarch Department of the L S Navy and tte Ln

verstty of Lund Sweden
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Chanetal 1996 Norman ef al 1939 Larner ef al 1960) and esed an
of rsuln to regulate enzyme activites

The present imestigation was undertaken to study the phasiolog 1 1
ofthe glycogen svnthetase actis ating effect of msulin The mamn qtes @
the effect of wnsulin on the consersion of synthetase D to svatheta e [
ceuld be reproduced n 2iro Rafaelsen (1963) observed thatntrap r
of small quantaties of msulin into rats produced a marked sumul
sathe 15 10 the diaph wthout any effect on blo
th techmque the effect of mnsulin n 2100 could be studied under ¢
“ounter actions from the orgamsm as a whole were minimized

The results demonstrate that the ncreased actaty of svntheta ¢
Phragm found afier insubn 1n gatro was not obserscd after intraperite
o msuln Howeer the msubin induced glycogen synthesis detern
1corporation of 4C glucose was greater under 2 t1o conditions

Methods

tised ste

hen wa

[

ow“ ¢ ucal procedures

Dq" seal teckn que Glycogen

O3 1 6 he ady b o

i P
Y 330 cleulated

I asa

L4 6P L) 0Mme exrer o

synthetase was assayed essent ally accord ng to Lelor et al (1929
described elsewhere (So k ¢z ol 1966) The results are expressed
T per g wet musele  ssue or per mg muscle prote n Thes nthetase 1
reentage of the total activ ty (the act v ty in the presence of excess
s A% ke he nooof
a
o

.
n

0,

f.00d Samples drawn form the a1 vessels were deprote mzed w th U 33

0,y er
T of Hugy p ot J03* O glucose was determ ned n the supernatant by the glucose o dase
3o, (o8 13N %0n (1957) Prote n was derern ned a4 described by Lowrs et (1931}
Tca s g Ml zed was obta ned from No o Industr A S UDP  Coglucose
C mmole) was purchased for \ew England Suclear Corporauen LDP
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Tane § Effect of tnsulit an ghcogen svnthess 10 the solared intact daphragm and i diaphragm
11 situ, The solated diaphragms weee meubated as described under < Methods  In the 1
3¢ experinents the arumals recened tntrzpertones! syections of 2 #C W C-glucose with or
witbout msubn ¥n same samples for & of blood glucose were 1alen
60—90 mun afier the mgecuon The zmmals were killed after 130 mun Blood glucese,
amount of ghrogen and Labelling of ghcogen by 3Cogliucose were determuned 2 doscribrd
wnder ¢ Analyncal wechmques  The number of observations i grcn 1 parentheses

Expenmental condinons Ghycogen Blood glucose
1y 100 my wes ©pm /100 mg
tssuel wet tissuet mg 100 mt
raphragm » e
Control 264 ~ 32 {6) 28y = 303 (6) 143141 )
Insulin 1388 + 60 (6) 11 838 + 2330 (6) 1035 £ 26 6)
Ysalated draphragm
Controf 166 = 19 (9) 1417 x 2289
Imsubn 165 + 1819 8533 + 1320(9)

2 & Suandard ersor of the mean,

§ seose gheogen. glucote 8P phoaphoenolpirutate pyrunate kinase 2nd NADP were purchased
1 Sizma Chemical Corporation. Glscogen was passed oy er a column of ot before use Gl
wrse6-F dehvdrogenase was obtained from C F Rochrnger & Soehne Chemacal and biochiermcal
rezgents not mentioned above were of standard anah tical grade
Statustical methads Each Obscrvation 15 based upon analys s tm duplicate of muscle usive or blood
from ope ammal The nenificance of a difference benern two groups of animals was caloulaied by
“Srudent s t test P ralues were vinamed from Croxton (1903

Results

Effect of snsulin on glyeogen synthess Table 1 shows the effect of msulin on gheogen
svathesis m the nolated diapk pared with the diaph w nty In gitre
the labelling of glhycogen by MCoglucese was mcreased 6-fold by nsubn 01 L ml

Thus msubn effect was ot essenualhy d by ch she b ume
by adding substrate to che medium, or I increaning the hormone dose Imrapen
toneal myection of msuln 30 ml 100 g had a more marked effect on ghoogen
synthests Measured (30 mun afier insusin anjecnon the & 4 fing of ghcogen

1n diaphragms from sasulin treas~t 0 n 0 the controh
Thrr-—s » ‘ - u Asdemonstrat
g - «+ Wi aphragm feselled off 120 min after

s ,mewunt 3e blood glucose of msulin treated animals tested 6090 mn
aftes the wmyecton, did not differ wignaficantly from controls Table 1
Chearertenzntson of gheogen grihetase When 2 arude enzvme cxiract contaiming about
90 o, syathetase 1 was studied, the apparent K, for LDP-glucose was 9 » 10 ¢ 3
(Fig 1) Ths s smular to values previowsh reported for the rat muscle mz:*mt
({Rosell Perez o 2l 1962) Mg  lowcred the R value wihout affecting Veu.
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EDTA pH 78 The homngenate was centri- 22

j/{pmoles

10 the standard procedure, except for varying
the concentrayon of UDP glucose In some
experiments Mg»~ was added

400 800 1200 1400
I/ UDP-glucose-(M)
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- . =
for 20 min and the supernatant assayed for
glycogen synthetase according to the siandard
Procedure, excepr for varying the concentra
tion of glucase 6-P

1] 30 50 70
1/ Glucose-6-P(mM)

The effect of varying the concentration of glucose 6-P was also studred (Fig 2
The apparent K, for the actn ation of synthetase D by glucose-6-Pwas 55 « 10 ¢ M,
a value close to that reported by Leloir ef al 11959

Effect of tnsultn on glycogen synthetase The actiaty of glycogen synthetase was studied
in extracts from diaphragms incubated with insulin - Table II; Insulin caused 2
nise 1n synthetase I (rom 9 4 to 179 2, while the total enzvme actnaty remained
unchanged Table II also shows activities of glycogen synthetasc in extracts from
diaphragms after snsulin 1n fo In contrast (o the results obtained with diaphragm
wn nitro, insulin had no cffect on the amount of synthctase I The pereentage of
synthetase I was almost unchanged throughout § hrs after insulin ingection (1
The same result was obtamed when UDP-#Coglucose was used for gly
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Tasur 1§ Effect of msulin on glycogen synthetase wn the nofated mtact diaphragm and 1 din
phragm 1 sit The expersmental condiions were simslar to those desrthed 1 the legend
of Table § except that HC-glucese was onutted  Glycogen synthetase way assayed as
deseribed under Analyucal techmques  The pumber of obsers ations 15 givenan paren

theyes
Glycogen synthetase
E: 1 Tercentage of
condutions Do glucose 6 P Glucnse 6 P added Ihrm
poales UDP/g wet tissueft
Tiolated deaphragm
Controt 31 224 (9) HOO £ 74 (9 94
Ynsulin 232 34 (9) 1420 £ b3 (Y 179
Disphragm 1n st u
Control 183 221 (6) 2020 3 143 (&) 90
Irsuhn 156 £10 (6) 1775 = 153 (6 87
srnoles UDP mg protemn hr?
Controf 099 4 D29(4) 878 £ 024
puhn 087 + 043 (4 852 « 056(%)

¥ 4 sandard error of the mean
tp 00!

4]

&
o
]

Fig 3 Percentageof yatherase d and amauns
of glscogen tn ;mphmgrm afler infrpperiton
neal wyectinn of wardia tnsubin was ad
sministered according to the sandard A —

procedure and the ammals were killed

afier the wme periods tndicated Gly
cogen and glycogen ssnthetase were
assayed as descnbed under  analvtrcal
techmques  One hemidiaphragsn was
used Jor gheogen while the other was
used for enzyme deterrmnation Each
value for ghcogen represents (he mean
of 510 and each value for glycogen
sypihetase the mean of > 6 observa
twony The length of the vertical bars

CIYCOGEN (mq/q wet Jhasual
o
&
3
{GLYCOGEN SYNTHETASE 1/TOTay

shows twostandard errore of the mean §
Ghyeogen @
nattetaset Ge—
° €0 10 180 240
TIME (@}

thetase determunaunn In some of the 11 tizo experiments nsultn seemed 1o suppress
the enzvme acuvities Eable 11 Thus effect was not present when the muscle pro-
tem, rather than the wet weight of the muscle was used as a reference for the enrvme
actwrty The reason for the effect 1 supposedly an ncreased tussue werght after nsulin
amyeesson dus to gheogen accumulation
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Taste Il Amount of glycogen and synthetase I i the 103 000 x g paraculate fraction of dia
phragm muscle homogenate after msulin 1 rwo In cach expenment msulin was adrmuns
tered to 5 rats according to the standard procedure while 5 rafs recessed sshne The
anmals were klled after 150 min and hemudiphragms sere cut out and immed atels
frozen 1n liqud 0, The following procedure was casried out in the cold room (? €}
The experimental as well as the control diaphragms were pooled powdered and extracied
{1 20 wjv) with 003 M trs —~ 0 003 N EDTA pH 78 n 2 Potter Ekehjem homo-
gevizee The homogenates were centaifuged at 5 000 X & for 10 sun The sediment was
discarded while 12 ml of the supernatant was centrifuged 1n 2 Spinco uleracentnfuge
(Modcl L) for 5hrs The small sediment wa: d with 3 miof theor 1 buffer
and analyzed for glycogen and enzyme as descrbed under “Analyucal techmquey  The
number of obscrvations 1s gnen m parentheses

Expersmentst conditions Glycogen Glycogen ssntherase
pglmb percentage of I form?

Control 257 % 128(3) 1874 15(3

Tosulm 2144 2 209(3) 184 £07(%)

* + Standard error of the men

Taste IV Effect of msul n on glucose 6-P n the draphragm The experimental cond tons were as
des-ribed 1n the legend of Table T cxcept for the omiss on of MCoglucose Glucose-6-F
was determined as described tnder  Analytical techniques  The nus ber of sbsen ations
15 gven m parentheses

Expermental conditions Glucose 6P

frmoles g wet tusue
Duaphragm o s
Contral 1076 . 006(9)
Insdn i ol 9

Tsolated d aplirag
Control 010 00+ 4
Insalin 003 003 4

* & Stantard error of the n can
tp 00

The actiaty of ghcogen svnthetase m the 103000 g paruculate fractuon of the
draphragm muscle homogenate was studied  Table HI  Iny ttus fracunn t & speafic
actnan of the enzyme wa £-—9 fold higher than in the crude muscle extract While
wsultn i1 01 0 caused a 10-fold 1ncrease 1 th= amount of glycogen 1n ths fraction,
the percentage of synthetase | remawmned unchanged

The po alalits was tested that insulin ijection and subsequent sncubati &
the duphragm cught reveal a hormone effect on sunthetase | Rats w}fg. Vs
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mun after intrapenitoneal imeenion of insultn Intact draphragms were prepared and
incubated 60 min at 37° Cin Krebs Ringer phosphate buffer with glucase (2 mg/ml)
However, the amount of synthetase I was the same 1n diaphragms from nsuhn-
treated and control amimals

Effect of insulin on glucose 6 I In diaphragms m itro the glucose 6 Plevels were Jow,
and there was no effect of adding msulin to the incubatuon medum {Table V)
The bastc levels of glucose 6-P determuned 1n deaphragms frozen immediately after
exasion were considerably hugher, and close to the apparent K, for synthetase D
{Fig 2) The amount of glucose 6-P was compared in diaphragms remosed 150 mn
after itrapentoneal mjection of saline with and without msubin After ansulin the
amount of glucose 6 P was substantially increased, and reached values well above the
apparent K, for synthetase D

Discussion

The increase in gly cogen Iin rat diaphragm after t with insylin
1s well documented (Villar Palasi and Larner 1950, Danforth J965), and 1s also
demenstrated in the present work The glycogen synthetase D "7 I jntercony ersion
probably i olves phosphon latton by a specific hinase and dephosphorylation by a
specific phosphatase (Friedman and Larner 1963) Whether msulin inhibits the

1 Janase or )7 the phosph system 15 unk:

7 1n contrast to the in titro results, intrapentoneal injection of insulin did not cause
any tncrease of synthetase I in the diaphragm There are two possible explananons
for the stnking discrepancy between the 1 tuo and the i witro resufts Frostly, the
mcrease of synthetase I nught be reversed duning preparation and handhag of the
tissue Secondh, the effect of insulin on synthetase 1 thought present i witro, mught
not occur tn the intact rat organism  The removal of an organ or a ussuc frequently
causes adrenalin sceretion, muscle convulsions or anowa Adrenahn will suppress
the total glycogen synthetase actnaty Belocoprtow 1961, as well as the amount of
the I form (Larner ¢t al 1963, Danforth 1965, ‘Muscle convulsions Danforth 1965)
or anovta (Sovik et ¢! 1966) will increase synthetase I actnaty For the followng
reasons these factors were supposed to be of minor importance | The percentage
of synthetase I was found to be the same in draphragms prepared after decaprtation
of the animals and when prepared under anestheqna 2 A simiar pereentage of
synthetase [ was obsenved 1n draphragms incubated under basal acrobic conditions
3 The synthetase D - I interconersion 1n muscle 15 supposed to operate 1n minutes
rather than seconds Danforth 1965 In the present s estigation the diaphragm

was always frozen within onc minute after the animals were alled

The duphragm 1 awe 1 performing rhythmical mechameal work whereas the
wotated diaphragm 15 2 resung muscle, unless sumulated by the ssolated nenus
phrenicus However, information on the effect of mechanical work on glycogen synthe-
ase actvity 1slackueg, and st 15 at present dufficult 1o exptain the obsery ed discrepancy
petween the 11 tico and the 1 ratro results in terms of difference tn mechanical work
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The effect of intrapentoneal injected nsulin on glycogen deposition in the dia
phragm 15 dramatic It occurs with doses of insulin too small to alter the concentration
of bleod glucose The observation that synthetase 1 remams unchanged suggests
that imsulin 1 t10 can markedly enhance glycogen synthesis 1n this muscle without
causing any synthetase D — I conversion

It 15 debatable whether, i the absence of an msulin effect on synthetase I, the
effect of insulin on glucose transport (Park ¢t al 1935, Park and Johnson 1953) could
account for the increased glycogenesis It has been claimed (Norman e af 1959)
that when glucose entry snto diaphragm is mcreased by rasing the glucose cancentra
tion 1n the incubation medium, no stimulation of glycogen synthesis comparable
to that induced by nsuln occur This conclusion was based upon expeniments
1 natro, and whether 1t 1s vahid under @ rizo conditions 13 not known

Glucose-6 P might play an important role in the regulation of muscle glycogenesis
o After intrapenitoneal imjection of tnsulin the concentration of glucose 6 P
i diaphragm was raised by 50 per cent, and reached a value abote the apparent
K, for synthetase D Although formation of glucose 6 P from glycogen during prep
aration of the tisue might have contributed somewhat to the glucose 6 P levels
observed, this would not change the absolute difference obsersed wath and without
tnsulin Tt s Iikely that the change in glucose 6 P levels 1n response to tnsulin caused
a substantial nerease in the total glycogen synthetase activty
The author would like to thank Professor O Walaas for his continuous interest m the present
wnvestigation This work was supported by grants from Nordic Insutin Fund and from The Nor

wegian Council for Scicnce and The Humanities The technical assistance of Mrs A Adlerand Mrs
A Eggennik 18 acknowledged
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Tarie I Acd base parameters 1n artepal plasma and 1n brain tisue of rats which were erther urn
Jected or ingected with 2 or 3 doses of 50 mg Diamox per hg every second hour Teg, 1
the total CO;4 content of the brawmn Pigpy the mean bssue €O, fenngn The na‘r:no‘;rd
bicarbonate content of the ussue phase was obtained by displacing the expenimental points
alang the buffee curve of the tissue to a CO, tension of 40 mm Hg (see Tig )

Arteral plasana

Bram tisue

Actual Tco, Actial  Stand
Poo,  HCO, mmoles) Foo, HCO, HCO,
Rats pH mmHg  meq/l kg mmHg  meg/l  meq/l
Usungected 743 402 248 14t 465 161 153
controls 2001 *19 =11 +03 +17 +03 +01
Diamox 100 mg/ 726 420 173 158 182 86 77
kg (3 hrs) 002 +19 403 +£03 418 404 04
Dramox 150 mgf 722 460 173 156 519 1786 162
kg (6 hrs) +001 +31 10 +03 +29 03 +063
o 20
~
k3
=
i#
7 - 15
.
g o control Fig Relation between the mean bicarbonate coatent
2 s Duomex 3h and the tssue CO;4 tenyion 1n uningected rats and m raty
o Damox 6h ingected with 100 mgrkg (3 h) or 150 mgkg (6 h) of
Diamox The short bars on the 40 mm Hg e denote
10 base excess unuts
20 40

60 6
Ptcoz mm Hg

CL 13,820 had no significant effect on the ussue bicarbonate content Control
experiments further showed that there was no ncrease 1n the CSE bicarbonie
umes Thus

de at these

di that

n after acet

the obsenved increase in the tissue bicarbonate represented an increase in the intra
cellular bicarbonate concentration The mechanisms behund this increase may be
related to the action of the carbonic anhydrase 1n the tssue cells These mechanisms
are being further invesugated
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From the Dep of Phvsiol Karobnska Instrutet, Sweden

Inhibitory Action of Adrenergic Blocking Agents
on Catecholamine Release and Uptake
in Isolated Nerve Granules
By
U S von Euter and F Lusnare

Recaved 28 \arch 1966

Abstract

Evzes, U 8 v and F Lisuajko, Inkebrtary aciton of adrenergee blocking agents on cale-

cholamine release and aptake m solated neree granules Acta phvsiol scand 1965
68 257262

A senes of adrenerpc » and B blockers bave been found 1o decreaae the sefease rate of fior~
adrenaline from 2 suspension of bovine splemic nene grantles neubated m phosphate bufler
ot pH 73 The same blockers alsa mlubited the uptake of noradrenahine se parvalh depleted
nemie granules in the presence of ATP—\g 1t 1y tentatively suggested that the wteractions oF
the adrenergic blocking agents with aprake machamsms for noradrenaline m the nene granules
and at the receptac tevet wn cffcctor cclls twalve certawn cormen feausess

In the course of a study of vanous autonomic drugs on the release rate of noradren-
aline INA) from ssolated bovine spleme nerve granules incubated in 1sotonic potas-
sium phosphate at pH 7 5, @t was observed that phenoxwbenzamine PBA caused
a marhed mbubiwion of the spontaneous NA release and also minbued the VTP~
dependent uptake of NA m parually depleted nerve granules Even stronger effects
whre nonced with dichlorawsoproterenst (D11 and chiorpromazine Euler and
Lishagko 1961, 1965) In the present paper we wish fo repact the action of a num-
ber of adrenergic bloching agents, both of the ¢ and g receptor bloching senes
ont the release rate of NA and on the \TP dependeat amine uptake

Methods

Nerwe granules wese obtamed from bosme <plen ¢ nerves rther by srueering the deshesthed
flerves betwren wylon rollers or by hom gen 2aten with 20 Ulsa Jurmax apparatus fanke &
hunkel Saufen s Br b Afier removal {r ane Lsue material and larger prrucles by renmnfuga

Gon 3O min 4t 9000 » g the granufe suspensn ia the suprratant was imcabated at 20 €
8143 M pocswum phosphate butfer a1 ps 7 0 for 3090 mn el and withous e blocking drogs
i toncentrations as stated n the expe riarental part

T Abh used A4, 1, N PRA (ph o el® )
fhehlorassoproterenatt -

¥ AFNL teta piymel seand Vol €8 3
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Tamz 1 Relatne release rate {control=1) for \A an bovine splenye penve granule suspension incu
bated for 69 mun a1 20 C 1m phosphate buffer, PH 75 \fean of 2—6 expts

Molar concentranon

2x10 * Ixio s
a~renrpior blochor
SY 28 030 (025--035)
Phenax benzamne 032 (024-043)
Azapenne (Ihdar) 033 (0.29-039)
Phentolarmune 040 (014--084)
Hydergan 930 (020—035)
Chlarpromarine 047 (1expt}
Breceptor blacker
Propranolol 038 (015--058)
H 56/28 042 (033-061)
par 042 (0300 56)
Pronethalnl 049 (042-054)
Butoxamine 054 (036—079)
\ 1sppropy] methoxamine 0356 (035—079)
\f) 1998 0.86 {077-094)
N 1999 12 (11 —12)

In the uptake cxperiments the nerve granules were first parually depleted by incubation for
10 tin 2t 37 1n phosphate buffer at pH 7 5 and then further incubated for 30 mun at 20° 1n the
presence of NA (6 > 10 * My ATP (3m\M) and Mg (3 mMi with and without the drugs

Since the A release follows an approximarely exponential course the relatse release fate of
A in the presence of the drugs may be expressed as the rauo

fog NAo —log NAp

Tog Nio— log N
where \An 15 the onginal amount of NA \Ap 1s the remaining NA i the presence of the drug
and \Ag the rematning N\ A 1 the control after imncubation The acuon of the drugs on the uptake
©f \A 1 expressed as the ratio of the VA uptakes with and without the drug Lptake 1s taken a3
the net difference m NA values between the sed ments before and afier the second incubation
for 30 mm ar 20

The following drugs were used

Phenoxybenzapune {DibemsbneX Smuth hhine & French Philadelphra) pheniolamine {Rem
unet CIBA, Basel Hydergin X (Sandnz Basel SV —28 (N a naphthvimethy] Neethid
brosocthylamine (Parke. Davis & Co. Ann Arbor axspetine phosphate (I1dar Hoffmaon la

oo A v s T s e ey

'
" N -

. ) . "

. AR .

gifts of the drugs.

Results

Efferts on the N 4 release rate

The a blockers tested, PBA ph ), Hidergin, azapetine, SY 28 and chlor-

promazine, all lowered the N4 release rate from wolzted splemte nerve granules

as scen 1 Table 1 On a molar concentration basis Hydergin had the strongest

eficct while chlorpromaznne Wwas least actn e 1n thys respeet
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Taaz U Relause uptake of NA in partiatly depleted bavene spleme nerve sn the presence of 3 mM
ATP and 3m\f MgCl, and varous adrenesg ¢ blockers \fean and range (control
uptake-- 1}

Mbolar cancentranae

2xi0 ¥ 3x16 ¢
@ 5 2iplor blocker
Azapetsne 010
Phentolamine 038 (037038}
St 78 o6
Fhenoxybenzamune 062 (057-068)
Chlorpromazine 046
Hydergn 060 (033 066)
Borereptr blocker
Pranethalol 019 (007023}
ey 022 {8CR 837}
Prapranolol

025 (022-028}
H 36428 034 {02003t}

Butoxarme 045
MJ 1993 973
N sopropy! methoxamne D74 (066 081)
Mj 1998 093

Of the $ blockers tested (Table §) all had an mhubstory effect on the release rate
except MJ 1999, while MJ 1998 had a weak action only The strangest acuions were
seen with propranolol, 56/28, DCI and proncthalol at a concentratien of 3 X 10 #\

Effect of adrenergie o and i blockers on the N A uptake m partially depleted granules 1 the
fresence of ATP Alg
The results obtamed with sarious adrencrgic blocking substances on the refease
of NA from 1solated nerve granules made 3t of interest 1o study also therr effecs
on the amne uptake As shown previousty (Euler and Lishagko 1963 addiuen of
ATP greatly enhances the amune uptabe an parually depleted nerve granules and
we have studied the effects of the drugs on ths sumulated uptake

As seen mn Table 1 all of the blockers inhubsted the uptake of A m the presence
of NTP Mg All drugs except Hydergm and chlorpromazine were tested in a con
centration of 3 x {0 4 M which caused a mawimal ar ncar maumal mhibition
of the spontaneous release Hvdergin was nat tested tn a higher concentration than
2% 183 M since this concentration was ghth effectne on the imhbinon of spon
tancous release

As seen i Table 1Y the strongest an} biten effect n the A uptake was cxerted
by the a blocher azapenne and v he F blocher pronethalol The g blochers -

topropy Imethovarmne MJ 1994 and V] 1999 had only o weak effect 7 P
and Hydergin
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On prancubation of the granule suspension for 30 min at 2° C with the drugs,
the inhubitory effect on the uptake of NA was greater The most marked effects
were then observed with DCI, propranolol and pronethalol

Discussion

A wide vanety of drugs with different kinds of action have been found to wnfluence
the amount of tntiated NA 1n vanous organs after mjection (Axelrod, Whithy and
Hertung 1961) By administrauon of the drug before or after the radioactine NA
certarn canclustons could be drawn as to whether the drug caused a releasc of NA
or snhibited the uptake (Axelrod, Hertting and Potter 1962) From these studies
st emerged that among several drugs, chlorpromazine and DCI blocked the entry
of N A without causing a release
From the present, extended study 1t can be seen that inhibiton of \A release
from splenic nerve granules as well as mhibition of the ATP-dependent uptake 1s
a common property of almost all of the adrenergic receptor bloching substances
studied The term “ATP-dependent uptake represents approvimately the NA
uptake 1n she presence of ATP Mg, since the NA uptake without addition of ATP-
Mg 15 small under the prevailing condiions
o strict parallelism was observed between the effeet of the drugs on the release
‘ lfuc and that on the NA uptake Thus Hydergin had a more marked effect on the
telease rate than on the uptake, and the same was noted for \-isopropy! methox
amne The latter compound has been reported to be less acine than, for instance,
pronethalol (Hardman, Barbontak and Meester 1963) 3n ats 8 blocking action 30
wvine MJ 1998 and 1999 have been the only adrenergic receptor blockers so far
studied which exert onh a neghgible acuon on the granules Whether this 13 10
som~ extent associared with therr reportedh low lipid solubdiny 1s stll unclear
(Kvam, Riggilo and Lish [965) \o defimte fup between the phar I
cal o~ chinical effects of the vanous blockers and thesr inlubiton actuon of the NA
release rate and uptake in splemic nenve granules has been shown to occur
The two chemically closely related compounds proacthalol and propranolol
both have very marked ihibitor effects on the NA releasc rate as well as on the
\A uptake 1n the presence of ATP Mg Wath regard to thar actions i vivo pro-
pranalol 1s scported to have some 5—10 tumes stronger action than pronethalot
If1n {2t there 1s more than a fortus betucen th gic blocking
function and the effect on the \A release rate o= on the ATP-dependent amine
uptake i roolated granules it 15 tempting 1o relate it 1o a common effect on a trans
utter uptake m which possibly ATP 15 imohved The importance of ATP for the
uptake of NA has been demonstrated in different wavs Addition of ATP 1o the
ncubatian medium diminsshes or prevents the spontaneous net loss of NA frem
nene granules, owing largely 1o a compensaton uptake of NA when us amine
15 present Furthermore, after partal depletion of NA from the granules following
\ncubation, ATP greath enhances the uptake of exogenous NA Euler and Lo

.
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hagko 1963), as observed abo for adrenal medullary granules (Carlsson Hillarp
and Waldeck 1963)

The protecune effect of VA and A1P by which the NA content of the granules
15 mamtamed duning mcubation, 15 to some extent counteracted by PBA, which
although 1t strongly lowers the spontaneous release rate to about 1/8 of the controt
rate mn a cancentration of 74 X 10 4 \[ exerts a smaller protectne ® effect at this
goncentration than at 3 x 10 * M This may be explained by assuming that the
protective effect 13 dependent on an uptake which is mhibited by PBA A sull
stronger whibion of the “protectne  effect of ATP was observed 1 the present
study with propranolof 3 x 10 * M which removed about 80 per cent of the ATP
effect

As to the spontaneons NA release from granules Fuler Lishajlo and Syirne
(1963) have reported that the amune release 1 refatively faster than the accompany
g ATP release which causes a conspicuous fall m the amme ATP rauo as i

batson proceeds Prel } exp seern to wmdicate that the drugs under
study alter this ratio (Euler and Syame unpublished obs

An wteraction of adrenoly tic agents with uptake of N A 1n organs has been prev
ausly observed (Axelrod f o/ 1961, 1962 Rosell and Axelrod 1963) and 1t has been
assumed that such agents prevent the hindng and subsequent destruction of the
released tramsttter at the recepror level (Brown and Gillespie 193/ Schapiro
1958) The mcreased overfiow of transmutter from the spleen has also been wnter
preted as miubinon of renptake (Blakeley Brown and Geffen 1964 harpehar and
Cersont (1963) have concluded from thewr experuments wath vanous adrenergic
blocking agents that the ussue receptors are mvolved 1n a magor way 10 1actaung
neurally released transmitter On the other hand Burgen and Iversen 1965 find
no suppart for the view that the uptahe of catechelamines 15 expheable in terms of 2
b ading at sympathetsic @ or § recepiors

The present observations appeaz to gne the first mdication of a common antag
onsie effect of a speaific group of phar ! it

actine on the
tsofated granule system and on effector cells The results are thus suggestne of an
A uptahe mechansm bound to  receptors  both in granules and mn effector cells
whch can be blacked by the same hind of substances Whether or not the uptahe
©f NA 1 the receptor of the effector cell 13 ATP dependent 15 not expenimentalh
proven but u bias been postulated Belleau 1960 that A TP mught have an onportant
function m thys svstem.

Should & functional wmilants m the N3 sptab mecham m between serve
granules and the adjacent nnaptc weeptor pr ¢« 1o A1t th s might concessably
reflect some association between the off o recll 1 d

out growing adrenergic
avons which make contacts at an sl

tage dun g Jevelopment
Tﬁhc fesearct repocted in fhus docun e 1 spons red n part b the £ Forre OfF ¢ of Sceen
0: Re car 5 under Grant \F FUIAR o R oumh the Lucopern Qffice of Actoupres Reseasch

M Lated States Ar Fore a d by duedsh \ed cal Research Coune g
B\ 9y
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Types of Muscle Fibres in Toad Skeletal Muscle
By
Jan Lasverores and Ricuaro 8 Ssorat

Rerencd 12 Apnl 1906

Abstract

Lasieraren, J and R S Swirsr Dpes of muscle fibres i toad steletal muscle Acta
physiol scand 1966 68 263—274

An atiemgt has been mde to define the types of musele fibres present s the iliofibulanis muscle of
Yemopus e s Hstochermical stu ks were carned oat vn cross sectons of the muscle The cartation
Betneen cells in the content of fipids  DPY d and sucanic dehydh ws dated,
and on tiws basis the fibees were claBed mto three main groups Single Ining fibres represeanng
the hstocherncal groups were selected and their contracule behassous wn responsc fo electrical
stnulas on 3nd the pphtation of ACh was nwdled  The findings indicated 4 relatronshup betneen
the Bistochemcal and funchonal properies of the muscle fibres Frhres with a moderate castent of
1o d and ensymes (pale fires were fast Bibres which fangued rapudly on
Fibres w 1h a hagh coment of bpid and enzymes (dark £1

sapdly Fibies contaming no hp A

were sloa fibees Scaniag of the

of varying gross morphalogy an

8esppe end plates with esy low

au en

Amphibran sheletal muscle s g s regarded as being posed of two types of
muscle thres fast and sfow  (Tasaht and Mzutam 1944 Ruffler and Geracd
1847} \ sumulus which depolarizes a fast fibre to ar beyand a threshold causes
2 propagated electrical impulse and a twih Slow fibres howeser show no regenera

re eleetrieal acti ity and respond to a tocal depalarization with & Jocal contraction
see review by Peaches 19611 Structural differences betneen fast and slow muscle
fibres bave alo been described Page 1901 The eviderce whi b ndicates the pres

ence of these two groups of muscle fibres doey got prectide the ex 1ence of sub-tvpes
within either group of fibices nor «sen of the exstence ol enureh unrecogmzed
£roups of muscle fices Shamanina s 1962 1963 descripuon of fibres with prop

“tues mteanedate berween those of fa t and slow fibres can be wahen to be a case
" peny, ahthough the salidity of these re ults bas been doubted (Orhand 1963)

The object of the present imestiguion was w detesmine the functon
muscle fibres present i a toad sheletal muscle Fiost, the tustochems (?
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of all the fibres in the muscle were determined from cross sections of the muscle,
and the fibres were separated into histochercal groups Fibres representing the
histochemical groups were 1solated and their contractle behasiour was mvestigated
It will be shown that n Aenopus faerss the contractile properties of indisidual fibres
can be related to the histochemical properues of the fibres

Fast and slow fibres have disunctly different histochemical properues, and the
fast group of fibres may be subdnided on both histochemical and functional grounds
Ths 15 consistent with an earher finding in the frog R ndibunda (Lannergren 1963)

Methods

The expeniments were performed f not stated otherwise on the shofibularis muscle of t ¢ tasd
Aenopus loczis Both male and female toads were used of woights ranging between 40 and 80 g
e ammals were kept at 100m femperature and werc fed minced meat once a week Hustologreal
v estigations were performed on muscles excised between January and Scptember while the obser
vations of the contractile behasiour of the muscle fibres were made durng July —Scptember

Histologucal procedures
Cress sections of muscle were stamned for hipids sucame deh and diph
" diaph DPN\-draph

ruc p e were
(a) Lipids were stuned with Sudan Black B (Carleton and Drury 1957) Staimng was carned
out parth on 5 gm sections of tissue which had been fived 1n formalin and embedded 1n Carbowax
and partly on 16—~20 um sections of frozen fresh tissue
b Sucanic dehvdrogenase was demomstrated by the method of Nachlas ef af (1957
te DPN-diaphorase was demonstrated using the method of Scarpelli Hess and Pearse as described
by Peanse 1970 “tro-BT was wsed a3 the electron aceeptor
} Prior to the procedures (b and ¢ the animals were cooled to about @ C thenpithed asd an
. ihofibulars muscle was exased The muscle was then mmmeduately frozen an hiqud prog ane at
— 190 C and subsequently stored at — 65 € f ¢ periods not longer than two weeks Serial [0 20
#1T sections were cut on a cryostal and alternate sections were used [ ¢ demonstrating enzymes 1
hpsds,
p(.‘hnlmcslcnw at the end plates of single muscle fibres or on ymall bundles of fibres was demon
strated by the thiolacctic anid method ar pH ¢ = Barnett and Palade 1938
Nerse terminals were stained using 3 Rongal te 1 ethilene blue a cthod Romens 1978 on 1 lated
muscle fibres

Single fibre dussection
The excased hofibulans muscle was held by its tend ny between splt Nof norods in a shallew
Perspex dish containing Ringer s solui n Fig | %ingle muscle fibres sere then s lated wath tte
:d of finely ground forceps and scissors

hi
T, 777~

|~ Fig 1 Schrmatic drawing of the cell used for dise
to and record o7 The moscle was held briwees
eplit Mlon ronds dunng the dissect nofasingle 11
7 f ! Uher dusection the fre was attachrd (0 the gls
A s fand t and moved in the Ringerasclun n t
////%//’/ Gis o s s coveralip wan placed sver 11 11 e
Etd rod / mas fixed d rectly to a @ icrom anrpulator 2
£t was attacted Uy the n vsbde plate efa tra v
ducer which was mounted on 3 second & cr 1 0
Y pulator Flaw of Ringer 33 tution ind cated v arr ws

I

D
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A condensor system a3 described by Huxley, hearny and Purs {1962} was used to give dark

[ ERt Sk N G ey R Y i)

of 3 .

be

o

mictanope

Cwm?r o

. LY ¢ - fan -y e ausde

- PRI [

v "o, . . \
Une of she glass rods 1 {Fig $) was fixed to a micromanspulator while the second yod 1 was
fsstencd ta the movable plate of a ble-cap b fectne wransducer The traos-
A e

v £ te— e bbe was

uge had
atv and
. nt also
the duameter of the muscle Abre was measured 1o the nearest 5 gmds 15t0m o1 30 cye-prece Mmickom
tier Severst rradings were taken along the fengths of the e
Reaer & salunm

The Ringer s solution had the compontion (m\) “aCl 1520 ACE25 CaCl 20 NaHOO, 22

Na HPO, 12 NaH PO, 06 and glucose 55 When saturated with 99 0, O, and } 9 CO, the pH

of the soluuon was 7 2—~T 4 The sofutton bathing the fibre was changed perodically by allowing

fresh solution o enter at the centre of the gutter which contaned the fibse fsee Frg | owhile the

§§.‘%’ flu @ was removed by suctson The sxperments were cacned out at room femperature 21—
)

Results

Cross sections of the hofibularts muscle showed a characterssice pattern of sEnmg
that was stmslar whether the sections were stamed for pids or for ¢he enzvmes
PN diaphorase or sucemic dehyd Plate 11 & the patrern
M a secnon staned with Sudan Black B Regardless of the stammy method used
the muscle showed a perpheral zone composed mawh of large diameter fibres
fontaming a moderate number of stamned granules pale fibres and an cccentricaly
laced wner zone of fibres of smaller dumeter which nere demeh packed with
staned granules dack fibres) In the centre of the mass of dark fibres & number nf
fbres were found m which few or no granules could be demonstrated wich any of the
three techniques (clear fibres By statrung serial sections with the three technques
the staning properties of angle cefls rould be exammed Plate 2 The results of such
Sammaton are gnen ;m Table [

Sertons of the ff Af% ea n © an Black B This muscle
Vow P e . © were ¢ bus ammal
* ¢ B ‘ Xenroy were examined
i roe e kb s mu @ wenscrio gus d ptorum
I contained Yarge pate bhoes smll darx ¢ 7 A dea Bt e Fh 1 ow movic optsned
13rge pale fitrex smafler dack fhbres tu n {4 bbce

Insumman s was found daterdetar of h 7 hpid and enzsme wontents I‘E\e'-a
sheletal muscle fibres of che thad i be sepacated sne three farh disunct gre
pale dark and clear fibres \ numbee | hibres were found i the cetes © o
~

—
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PLATE 2

Frozen 20 ;m senal scct ons from en er f dark zone of | fbulan muscle 4 Sccton sta ned

¥ th Sudan Black B B DP\-d aphorase san 0g € Sucan ¢ dehvdrogenase stanng  Alternate

X ong are sty ned allow ng the same Gter  be follawed through the sect ons_Tour nonsta ned

fibres can be seen n the centre of all sec ons and an be used for or cntaton Two fibres of the ™,
WPe in enlumn 4 of Table L are nd ated by arrows and number 4 #
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ona clear fhre (Tatle | eelunn > Methylene blue OVl jue dluntat o Ftem b 1 tH
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Tastz I Properues of the different muscle fibres in the ihofibulans muscle s bamss

1 2 3 4 E)

Locavon (p=penpheral

« contrat) » ¢ I3 3

Approx. no of fibres 350 200 50 o

Drameter 1 pm 100-10  33-110  40-70 3

ATy to sain

Sudan Black B + . _— ¢
DP\ediaphorase speafic method ot s - r
SDH-pearfic method + o . e I
Nomenetature pale dark dark —

20me of the iofibylans muscle which, to some extent, deviated from
scheme The properties of the deviant fibres are gven m columns 3 and 4 ox
In Plate 2 two fibres of the tvpe 1n column 4 are indicated by arrows and numte

Sclection of single lyming fibres representing the hustochemucal groups

Indnidual kving fibres nofated from the shofibularis muscle were found to scatter
Ught to different extent when observed m dark field allumination Fibres from the
Penipheral zone of the muscle (pale fibres) were found to scatter vers hutle Iizht
(Plate ), whife the majonits of the fibres m the dark zone scattered much lght
(Flate 3B) 11 the centre of the zone of dark fibres 2 number of fibres were found which
scattered no hight (Plate 3D}

he Iightscatiering properties of single muscle fibres presumably depend on one
©F More of the structures 1n the sarcoplasm In view of the histochemrcal findings
¥ setms possible that fat droplets and mutochondria ewther separately or together
2% contrbute to scattered hight It s also possible that the myofibrillar arrangement
" be a contnbuting factor The msofibnllar arrangement however may be
discounted since scattered Light can be seen to oniginate m punctate sources The
€onelusion 15 also supported by some obsers aons of the fine structure of these fibres
*}ich show that the myofibrillar arrangement of pale and dark fibres 1 simiar
ibritla structure) Thus the most Likely source of scattered hight would seem to be
Z:Idmplm and mutochondria, and of these fat droplets are the most probable
‘h:fhm”"g t© thew refractran 17 fat droplets alone guve rise to scattered ::xg:x
Y oh € sections stained with Sudan Black B are kikels to sepsesent a ‘map of the

St cattenng properties of the fibres 1n the muscle If both fat and mitochondria
feMhibute tow ards hght scattering a effect will be obtaned, the magm-
We of which can be aumarcd’l’rcm Table 1 smce both DPN\-daphorase and
:mmc dehvdrogenase specific granules mn the muscle mas be taken to ripr:scnl

ochondna fn any case, the selection of ib .
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columns 1, 2, 5 and 5 should have been reasonably unambigous bres of the
type shown n the table, column 4, however, mav have been induded with the
fibres of column 3 or with those of column 5

In these experiments four groups of fibres were selected as shown m Plate 3 ABCD,
representing the fibres of Table I, columns 1, 2, (3 and 4) together, and 5 or, the
fibres of columns 1, 2 3, and (4 and 5) together

End plate morphology

It has been suggested that muscle fibres vith different types of end plates atso differ
m other properties (¢ g Cole 197, Hess 1960 1961 Hess and Pilar J963) The
presence of end plates of the en grappe type 1s a part of the morphological desenip
tion of amphibran slow muscle fibres (Gray 1956 Hess 1960 Page 1962) while the
fast fibres have end plates shoving the well known arbarizing pattern (eg Hess
1960)

End plates were examined on the four groups of fibres as selected by therr hight
scattering properties with the object of detecting any systematic varation 1 end
plate morphology

Single fibres or small bundles of fibres were dissected out ther hght scattering
properttes were determuned and end plates were stamned using the thiolaceuc acid
method for cholmesterases Plate 3 £ F and G shows such stamed end plates
The pictures of Plate 3 are mounted so that the two muscle fibres of each row were
from the same region of the muscle and have the same light scattering properties
It 1s apparent that indnidual end plates on the pale and dark fibres do show differ
ences 10 structure those m the dark regron of the muscle besng shorter with a tendency
1 some fibres to be bushy as in Plate 3 G The pale and dark fibres had one two or
three end plates o bemg most common

The small diameter fibres which scantered no hight Plate 3 D) and which were
situated 1n the centre of the zone of dark fibres fasled 1o show any end plates with the
thiolacetie acsd method even though the incubation umes were extended unul
the muscle tendon juncuons stamed deeply This result leads to the conclunion that
the cholinesterase actiniyy at the end plates of these fibres was ven much lower than
1 any of the other fibres \erve termunals on these fibres were successfully staned
with the Rongalite methylenc biue method Ten such fiibres cach 68 mm 1 fengrh
were stamned and all of them showed terminals of the en grappe 1ype Plate 31
There were usually three widely-spaced endings mn each fibre

The contractile properties of single muscle [bres

“The contractions of 33 ssolated muscle fibres 1n response to single and repeuine
clectrcal sumulation were recorded  \cetyIchobne was used 2 a sumulatng agent
on 2 number of these fibres The fibres were classificd on the baws of thesr Light
scattenng properties and therr localization in the muscle mto four elasses Seven fibres
were classfied as the type 1 column 1 Table I, scven as the type s column 2
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thirteen as column 3 type and six as the type in column 5 The latier tvo classes as

explamed an p 00, may have mcluded fibses of the type shown s column 4 of
Table ¥

Tustch fibres

The fibre was attached ta the strain gauge, as descnibed, and s length adjusted so
that the peak tension resulting from a smgle electrical stumulus was maximal Fig 2
shaws tracings of the mechanical responses of these fibres The top Yow s from an
experiment with a farge fibre from the penpheral zone of the muscle, 1€ a pale
§ibre (Table I, column 1) The middie cow of tracings 1s from an experiment with a
dack fibre of the type m column 2 of Table § The bottom row of ecords was obtained
from a fibre of the type sn colurmn 3 of Table 1

The left hand column i Fig 2 shows the response of the fibres to a smgle sumuhas
and indicates that all these fibres cesponded with a distnet twiech The centre col
wmn shows the tension resulting from repetiave stmulation at tuston frequency,
while the nght hand column shows 1he tension dex cloped dunng long fasung sumu
fation at a frequency of 30 mp sec Stimulauon of the fibre at a frequency of 30
ymp/sec was chosen as a standard testing procedure for all vpes of fibres hecawse
mechameal faugue could develop rapdly while the electrical unpulses w the cell
membrane did not drop out as they mar do at Ingher sumulaton rates

Fig 2 and Table §1 show thay there are differences between she three groups of
fibres 1 the tme course of the single twitch in the fusion frequency and i the
duration of mantaned tenwon dunng repetune stunulanon The ennre collecton
of fast fibres showed a wide range wn the duraton of twich tenswon Extrerne values
©f 20 and 80 msee for the contraction ume were obrancd

Aery stnking difference was found hetween the peripheral pale fibres
central dark fibres in ther sucoecnbilin 1o fatoue The nenioheral fibred

-~
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Taste 1T Characterstics of the mechanical actnity of fast fibres o” the types desenibed in table 1

Colum sn Table 1 ! 2 3

Contraction tme of twiteh (msec) 293+23 (7) 372=x20 (7) 538%435 (13)
Peak 1o half-decay ume of twitch

(msec) 343113 (7) 343425 (7) 562435 (13)
Max tetansc tension (kgfam*) 33204 (5) 31£02 (7) 31203 (1))
Tetanus 1o twitch tepuon ratio 20202 (6) 30403 (6) 37403 (13)
Fusion frequency (mp/sec) 33-60  (5) 33-48 (G} 23-33  (12)
Tension after 30 sec sum at

30/sc (per comt of iniual tengion} 3-10 (6) 52-77 (3} 63-93 (1}

“The values gnen are means 2 5 E of mean exeept for fusion frequency and tension after 30 sec sum
ulation where the range s gen

Contraction ture 1 given as the ume from the beginnung « f the mechanical sesponse 16 1ty peak
Aumber i parenthess sndicates number of fibres olsersed

quickly when sumulated repetitnely (Fig 2 G) while the dark fibres resssted faugue
(1ig 2 F, 1, The capid decline of tension occurmiag m the pale fibees was not due
to a fatlure of propagation of the action p ! Thiswasd d by recording
tenston and external actions currents smultancoushy n some of these fibres
The mean maximum tetanic tension of the whole callection of fast fibres was
r 31 02 kgem® mean ~ SE of mean, there bang no sigmficant differcnce
/f»cmcm pale and dark fibres in this respect

Stou fibres

The small clear fibres lable 1, column 5 wshich were wsolated from the centre
of the zone of dark fibres responded onby with local contractions at the cathode
when stmulated electrically 11, with the electrode arrangement shown i Lig
and the fibre at about resting length a tramn of sumuli were applied then the resuling
tenston did not exceed 3 mg or 015 kg cm® Howeser, when 2 Ringer s solution
contaming 10 ¢ g ml acets lcholine wasapplied then the whole fibre contracted rapsdiy
and held a mamtaned tension of about 4 kg cm® Fhe fibres refaxed prompth when
the acetsicholing was washied awas with Ringers solution the contractures being
repeatable AcetvIcholine caused the other o pes of musdie fibres Table I cotumns
1,2 and 3; to gne a single twatch onl

Discussion

The evidence presented here supports the broad dinasion of muscle fibres in anuran

<keletal muscle 1nto fast and slow  groups It 1s apparent however that the fat
group of fibres mas be subdivided both on bistochetnical and functonal grounds



TOAD SKELETAL MUSCLE FIBR: TYPES 273

At the present time 1t would seem to be most useful, 1n describing the fibre types
comprising the shiofibulans muscle of Xenspus, to say that there are clearly two broad
groups of fast fibres and a group of slow fibres One group consists of large dram-
cter fibres which, on the histochemical evidence, contain a moderate amount
of fat droplets and mutachondra (pale fibres), display a twatch tension of short dura-
tion and do not tension on prolonged 1 (Table 11, column 1)

A second group encloses fast fibres contaimng many fat droplets and mitochondna
(dark fibres), wath twitch tensions of longer duration and with mamtaned tension
on prolonged simulation (Table 11, columns 2 and 3) That the group of dark fibres
mght atself be meaningfully subdivided 15 possible but not demonstrated by the
present expeniments  The fibres of Table 11, columns 2 and 3 might well have been
sclected from the extremes of a population of fibres with a continuous range of prop-
eries The contractile properties of clear fibres were not studied 1n sufficient detail
to enable one ta determine whether or not this group of fibres was completely homo-
gencous m 1ts properties, but 1t 13 certam that none of these fibres propagated an
unpulse As pointed out in the Results, 1t remains a matter of speculatton whether
the fibres with the properties shown in Table I, column 4 fall into the fast or slow
groups

No fibre that could be sard to have properties intermediate between “fast’ and “slow’
was detected, even though more fibres were selected from the viciity of the slow
fibres than from any other part of the muscle (Table I, column 3)

The morphology of the end-plates on the fibre types descnbed above indurectly
supports the general conclustons Al fibres which were ‘fast’ had end plates whose
forms may be regarded as fallmg within the overall morphological vanauon of
‘twitch fibre’ end-plates On the other hand, there does exst a systemnatic vanation
1n morphology between the end plates on pale and dark fast fibres respectn ely

Acetylcholine was apphed 1n some expenments to the vanous types of fibre
Only the very clear fibres in the centre of the muscle responded with lasung con-
tractures The situation mn the frog appears to be different (Kuesshng 1964)

All clear fibres had end-plates of the ‘en grappe’ type with undetectable choles-
terase activity with the method used The Rongalite methylene blue method gave
very reproducible results and showed, on the average, tree widely spaced clusters
of endings on each fibre An estimate of the depolarization of a fibre of 8 mm length,
and a charactenstic length of | mm, by equidistantly spaced end plates shows that a
Poent s %3y deeween two end piates will be depofinized 5y an amount winctk 15
about two thirds of the depolanzation at an end plate Thus the observation of onl
three clusters of ‘en grappe’ endings on each clear fibre 1s not mconsistent with the

1dea that these fibres function cffecunely 1n the absence of a propagated impulse m
the cell membrane

Thus investigation was supported by grants from Rarolinska Insututet (“Reservationsanslaget *,

:\mhgrl ull biradeshjlp m m 4t docenter  the Sweduh Medical Rescarch Counal (Progect_»
9 ¥ 615) and “Sufiefsen Gustaf och Tvra Ssenssons munne
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Abstract

Nissev, O 1 The filtration fractions of plasma supplyng the superfinial and decp venous
drainage area of the cat kidngy Acta physiol scand 1966 68 275—285

In 23 exps_ the plasma concentrations of protem and inulm were measured 1n blood collected

In a previous paper (Nissen 1965) the occurrence of different plasma protein con-
centrations in blood samples obtamed from the subcapsular vems (by puncture)
and the deep veins (by catheterization} of the cat kidney has been reported The
concentrations were respectively 9 per cent higher and 11 per cent lower than the
concentration of arterial blood taken simultaneously

The discrepancies were interpreted as the resuls of reabsorption to the deepdrain-
age blood of some of the flud wirafiltered fram. the hiend. tras erung, the superficral
part of the cortex

In this paper a method 1s presented which allows a calculation of the filtration
fractions of the plasma flows supplving the two venous drainage areas

Anatomy

Many mammatian kidneys (including those of man dog and cat posscss two systema of v emns
2 detp and a superficial (Fig |) The former which drains the anner part of the cortex and the
medulla has a course similar to that of the anteral system However two essential differences
exist 1) the veins corresponding to the smierlobular arteries the inner cortical v eims; begin "blindlv *
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Fig I Left The two vemn systems of the at kidney Blood from
the superfictal cortex to the renal zewn passes the puter cortical and
the subeapsular veins Blood passing from the deep cortex {and
the medul,h —_ \:mch not figured) to the renal vein passes the

the cortex

. . . oo )
. . ' e . .
. . N « - - 4 “ s 1t —
. . . '
. - . ! .
. . - ' T
. f . .
the artersal system
}
Theory

The arterial inflow and the venous outflow of plasma of a drainage area in the kidney
1s called ARPE and VRPT

‘The VRPT of an area may daffer from that of its ARPI" because the rate at wiuch
plasma flurd 1s lost by yltrafiliration 1n the area may differ from that by which fluid
is reganed by reabsorpuon

The filtration fraction (¥'T) 1s defined as the filtrauon rate (F) divided by artenal
plasma flow FF = F/ARPF A 1s the plasma concentration of tnulin 1n artenal
blood, Vy the plasma concentration of tnulin in the renal venous blood from the
area in question fy; (= 103) 15 a factor correcting a plasma concentration to the
concentrauon i plasma water

Tor the area in question the inflow of inulin in the artenial plasma minus the amount
of inulin filtered 15 equal to the amount dramed away by the venous plasma flow

ARPF A — (I'F ARPI) (A f,) = VRPI V,

, .
or 1 —Fr f“=‘_RPFL‘ il
ARPF A,

* Thus was tested exprrimensally m the eat A polyrthylene eatheses the satie type as used i the
tematning expenments) was nserted through one of the two branches of the renal vemn into the
deep vemns The pressure was 9—14 mm Hg (a3 compared to 4 5 mm Hg in the caval vewn
When a beature was tightened around the branch with the catheter the pressute only rose 5

mm Hg

»
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As protein (P} for all practical purposes 1s not filtered 1n the glomerul we obtain
ARPF A, = VRPF-V,

or VRPF _A I3}
ARPF V,
Insertng 2 1n 1 yields
Vl’ VX
FF:I_(x_ _.) 1 A A (3}
MTAVITR Y
Ap

VylAy s called the fractional concentration of X

Ducussion In setting up formula 1 1t 1 presumed  that inuftn 15 completely filtrable 13 the glom

erulus und that it 1s neither synthesized, destroyed excreted or reabsorbed by the tubule These
“classical requirements to nulin are discussed by Smuth (1951) In some of my experiments both
inuhin and creaunine were used as “indicator  substance to compare the results of creatinne with
those of mmulin

L have investigated this claim using an 1mproved techmique The results constitute a part of the work
presented 1n ths re;

"l"he formulas | and 2 are only correct if a steady state cxisis for the renal interstitial fluid volumes
iy ey pa

€arc was taken to maintain constant arterial pressure and constant artersal concentrations of mnul n
(and ereatinine) during the expesrments

The renal hmph flow 15 small_approximately half the norymal urine flow {Mayerson 1963) which
15 again roughly 02 per cent of the plasma flow Furthermore this flusd 18 not tnubin and protein
free acenrding to haplan Friedman and Rruger (1943) and Mayerson (1963) the protein and
tnulin concentrations are approxsmately 05 and 07 umes the artenial concentrations Both facts

@d cate that the lymph fow constitutes only a minor source of error 1n the expeniments o attempts
were made to correct this error

‘Method

The experiments were performed on 26 cats averaging 4 5 kg 1n weight (range 30—68) They
were ancstheuzed with pentobarbital 40 mejkg 1 p plus supplementary dosest v _or with chloralose
6030 mefkg 1 p The animals who in the davs prior (0 the expeniment were fed libarately with
meat and fish were fasted for 14—18 hours prior to the expeniments These were carried out with
the animals placed 1n the supine position on a heated table The arterial blood pressure was meas
ured 16 a carond or femoral artery Approximately 25 mg hepann was injected yust before taking
the blood samples

Collection of artertal and mixed renal 1enaus blood Degradation of proten n the kidney 3 expts m chioralose
;“‘5‘ es12) The arterial blood was sampled from a caroud arters In order to ensure that the bload

from the twa venous draimage areas was well muxed before collect n the blood was first led through
(.18 ;Z“f‘ PV Cube through whch 4 6 p ns had been thrust 1o produce turbulence The tube
™

' m) connected the imfenor caval sein just distal to the kidneys with the same veia proum
‘h (0 these Ths by pass produced mirumal stasia of the kidneys While mserting the PA € tube
the renal blood was temporarily fed througt a 3 de branch of the tube to a jugular veun 16 3vo d anv
interruption of the renal blood flow The blood fram the inferior extremities was led to the other
Jugalar vein

' two samples
of015,-030 mlvpe-

re collected s mullar comsly by a mut

be roller pump (Desa
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2 ¥ 35 ml were collected During each sampling period the druresis and the renal plasma flow
were determined, thus the rue of the fractional protem concentration of mixed renal venous plasma
caused by Ia:! of urine could be allowed for RPF was measured as the excretion ratep syt doseded
t;i APaH—VPuL, where VPAH In this case 1s the PAH concentration in the muxed rensl venous

asma
b RETEEN P

mg

B A Ut Y f f

ureter, 1n 4 expts the ureter was catheterized to ke ne cle:
AR il ep the urine clear of the shight hemorrhage ariing
In 3l the experiments a prming dose followed by & constant 10fusion (@ 4—0 5 mifmn} of wmuhn
n 09 per cont saline was given m a jugular vein In additton 1n some experiments creattmine
glucose P sodum or 7 was
results fram a few periods in which an osmotic diuresis exceeding 0 2 mijmin from the experunental
kidney was provoked arc excluded the subject of oymotic dirchis 1y treated in 1 subsequent paper
Small doses of donor blaod were grven if the blaod pressure shawed a tendency to f1ll
At the end of the cxperiment the kidney was mspected to determine the posinon of the deep
catheter and to disclose any Jesian of the kidney tissue made by the catheter A lesion in the super
fictal cortes was observed only once (the corresponding data were discarded) n the deep regions of
the kidney no lesions were obscrved
) Iralyses The protetn was determined in dupheate by a biuret reiction (Gornall Bardawill and Dy
vid 1919 uning 100 pl plasma for cach determinauon The standard deviation (SD) of che singte

g d from duplicates (SD ‘i_"') was 0 6 per cent of the mean (20 10
m

AN deproteinizanons were made in duplicite two determinations were made from each depro-
teimzed sumple

Inulin was analvzed by the method of Bojesen 1932 ustng 1 5 the volume of the original procedure
100 pl plasma was used for each deproteinization The coeflicient of vanation of the single depro.
temmized sample was 08 per cent (2n 1561 Glucose brought about an extinciion of 1 per cent
of that of inulin a correction for this was apphied with low inulin coneentrations or hrgh glucose
concentrations or both

Creannine was analyzed according to Peters (1942) modification of [afle s reacuion usng 500 ut
plasma for each deprotetmzation The coeflicient of sarration was | 0 per cent (2n 152 The
plasma recovery was determined for cach analyucal batch normally it was between 87 and 90 per
cent {range By 100

Glucose was analyzed by an enzymatic method (Bergmeser 1963 using 100 pl plasma per depro-
temazation  The rocflicent of vanation wis 06 per cent In 15H Huorde admicture &
the blnod samples was not used a3 the salt would produce osmouc reduction of the red cell solume
thus producing 3 plasma dilution To mimimize the ensuing degradation of glucoe the samples were
centrfuged smmediately afier the petiod

The coeffictent of sartaton due 1o the analytical error) on the final expresson Y 1Ty tef appen
dix) was of 2 reasanably low value (abaut 4 per cent _firstly because the derermunatic ns were at
wavs performed in dupheates  this reduces the eoefficient of vanaunn of the proten and imulm
determinations by the (actor 1 42 in the double deiermmations Secondly becguse the ven us
and arteral plasma concentrations used 10 the FF expresston were alwyyy denved fram the vame
analvucal batch {and thus allowing the standard deviation ta be caleulated from the duphieates
Calculavon

The fractonal SD of the expression

FE fw

Sede Vivi oy MM
VPR Mede

may be calculated wsing 030 35 a representatne value for this quaniny an 1008 ay a suital e
coefficient of varation of both analvses
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The fraenonal 8D of VijAg and Y pfAvas
(i G008+
0o (~—~a}'=om
V2 42
The fracuonal SD of (VA1) {Vp/dp) s
V{6 008} -+ {0 008} == 0 D03
The “sbsolute” 5D of 1 ~ (VrfA1) {VRiAs) s
670 (00082
2nd the feactianal S of the same expression
87 D008 (2
A

2

=006

In the final raus F¥p Ffg the factor {ffis caveels out $o the fractanat $D of FFp FFs will be
VO GIEY (0 GI6)F = 0026 (2 = 0097

Results

Cellection of artenial and myved venal venaus blaod  Degradation of proemn in the kidngy  The
fractional protemn concentration (VyfA;) was determined n 32 periods of 3 expen-
ments In 23 the blood pressure varied at the most 20 mm Hg wathin the persod, and
the blood pressure level was evidently above the Tower hnut of the autoregulaton
range of the renzl blood flow When these conditions were not futfilled the number ss
given 1n brackets

Furst experiment 1 003, 1 007, 0993, 1 001, 1 003, 0 995, 0 989, (0 986, (0 996),
(0972

Second expeniment 0994, 0989, 0976, 0994, 0987, 0982, (0993), (0 993),
(1 002), { 015, (1 023), (8 990)

Thid evperiment | 003, 0998, 1 002, 0997, 1001, 1000 0990 0987 1003,
0997

The average figurs for the 23 pertods was 0995 The corrrction for the loss of
urme, to be sub d from the fr 1 conc averaged 0002 m the 3
expenments
Collectean of artenial blood and of renous Blood from the trwa dranage arcas | Companson
betuceen the handing of tnulin and creatinwwe i the krdney The resudts ave densed from 39
penods i 10 expenments The aserage clearance of mulin for the experimental
Midney was 76 mifmn wange 23138 The average creatmine fo mulin clear
ance rato was 094, SD 010 1 — 37 It 5 signeficantly Iower than § 00 1p
0001, Student’s 1)

A seasonable agreement ewssted betneen the creaamae to nuhn clearance ratios
and the ratios between the creatmene extracuon fractions and the nubin extrachion
fractons for the two drainage aeas [ 1 VA toVy N L, Thusthe
™ean tauo for the superficral are1 was 094 SIY 003 n = 39 and for the deep
arca 888, 8D 007 (n =37 Mialue of 23 wa ¢ mirted in the ralevlanon of the
former mean The means are sge hoandy dower than 100 p 2001

“The range of the arterial pla me ¢ ncearauons (f nuhn was 11—83 mg 100 ml
{mean 39) The FANgE A hm ne e ma mamaas e e e AT 8 e 100

18
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2 The filtered fractions FFg and FFy of the two dramnage areas, caleulated from 75
peniods 1n 23 expenments, are presented m Iig 2a The average [Fg was 034
For FFg values i the range 0 1—02 the mean FI(FF ratio was 07 For ITs
values in the ranges 02—03, 0304 and 04—05 the corresponding mean I'Ty,/
FFg ratios were 080 + 002 (SE), 086 4 003 (SE) and 088 4 002 (SE), the 3
Jast means were significantly lower than 100 (p < 0001) The av erage FF,/FF
for all the penods was 0 85

In 10 expenments (43 periods) both creatinine and mnulin was mfused The
FE,/FFs calculanons based on the creatinine (and protein) concentration vielded
an average value of 0 74 (Fig 2 b)

3

Discussion

Degradation of protetn 1n the kidregy The expeniments showed an average fracuonal
(venous/arterial) plasma protemn concentration very near to 1000 (0 995) This
finding 1s 1n agreement with Lathem and Benjamin's (1956) observation that no
a\ differences for protein could be demonstrated in the dog kidney Considering the
magnitude of the renal plasma flow the results are consonant with the facts that the
degradation rate of plasma protein n the whole orgamsm s only about 6 3g/kg » day
(¢f for example Jarnum 1963) — and that the degradation occurs only to a mnor
extent (below 10 per cent 1n the hidneys {Ratz, Rosenfeld and Sellers 1960 Ratz
Sellers and Bonorms 1964) Thus protein 15 not degraded :n the kidney to such an
extent that it tnvahdates the use of the fractional protein concentration in the for
mulas

The reason for renal a + differences of 1—5 per cent of the artenial concentraton
measured by other authors (Gerbs 1851 Harms ef ol 1962) 1s probably a dilution
of the renal captllary blood by interstual flud The cause of dilation 1s the withdraw
al of rather large blood samples, resulting 1n 2 fall in arterial and renal s cnous pressure
(blood 15 collected from the renal vetn) Renal vasoconstriction may also cause a
flnd displacement from the repal sntersutial spaces to the capillaries A dilution
was ot 1 1n dogs 1n ¢ d form by Heimburg and Ochwadt (1961) Iy
lowering of the blood pressure in the abdominal aorta or by 1+ injection of adrenahn

Companison betucen the renal handling of wnulin and creatimne One group ol authors
(¢f Smuth 1951) has obtained rather good agreement between mulin and creaumine
clearances m dogs and cats Agreement, howeser, was not obtained by Eggleton
and Habib (1921 and Peters 119631 With low muhn concentrations Fggleton and
Habib (1921) found that the nuhn clearance was the larger with lugher concentra
tions the creatmine clearance was the larger Opposite results were obiained by
Peters

Ladd, 1addlc and Gagnon 1936 obtained a mean creatimine 10 inulin elearance
rano, sgmficanthy below 100 094 SD 003) in the dog They concluded that
transecllular back diffision of creatmne takes place Levinsky and Berhner 1939
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£ig 2b Results based on the fractional ereatinime and proten concenrranons. Symbols as m Fig 2a

present evid: far back difft of from the ureter and suggest that
this process 1s one of the reasons why a ratio below 1 0013 obtamed An average rauo
of 094 has been found 1n the present work

In micromjection expeniments i the rat Bauman ef af (1963), Maude et af
(1965) and Gottschall, Morel and Mylte (1965) have shown that muhn s not re-
absorbed 1n the tubules

1218 reasonable to presume that a creatinine to nuhin clearance ratio below 100
15 the result of back diffuston of the smaller creatimine molecule, and to rely on the

p that wulin el is 2 measure of the glomerular filtrauon rate

The filtration fractions (FFy and FFy) The FFg (S for superficial dramage area) aver-
aged 0 34, vung inulia as the indicator The average FFp/FFy calculated for vanous
vanges of FFy values was consistently below 100 A ratio of 0 85 may be used as a
representative value {¢f results and Fig 2a) FFp/FT values below 1 00 were also

obtained with as the ind b: (Fig 2b)
The question may now be raised 15 the differeace between the filiranon fractons
of the two areas pl: by distnct diffe in the structure of the two areas

The FF of the plasma entering a glomerulus 15 a funcuon of the colloid osmoue
Ppressure of the plasma, and the hydrody namuc resistances of the afferent and eflerent
vessels and of the membrane of the glomerular caprllarics also the rate of reabsorps
tion of flurd by the pronumal wbule s probably an wnportant factor Bojesen 1954,
Rruhoffer 1960)

When vascular by-passes of the glomeruls are present in an area the FF of the
area wiil not be determuned solels by the I'T of the plasma entering the glomerul,

but the fracton of plasma trasersing the
factor
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Now, assuming that the FI of plasma entering the glomerular capillaries are
rdentical in superficial and deep glomeruli but that some plasma by passes the deep
glomerular capillaries we may use the equanion

Fy(ARPF, — ARPFy,) = FF m
where ARPFy; 1s the by pass flow The results of the expenments yielded (using the
representatine value of 0 83 for I'F,/FFy)

Fy/ARPF,, = 085 I (I
II divaded by I ginves
ARPF,JARPF, — 1 —085 =015

Thus the by pass flow should constitute a fraction of 015 of the plasma flaw
supplving the deep area Thus 1s approsimately 15 per cent = 6 per cent of the
plasma flow supplying the whole kidney as the ratio ARPI,,/ARPF; 1s about
and therefore ARPF/(ARPF,, + ARPFg) —  The figure | 15 derived from the
two facts 1; that the fr 1 protemn ¢ (Ve/Ap} of the superficial
and deep drainage plasma averages 109 and 089 (\issen 1963) and 2} that the
muxung of these plasma streams must yield plasma (in the renafl vein) with a fractional
protein concentration very near to 1 00 The ratio between the two enous plasma
flows DS 1sthus 109 100; 100—089; and the rato between the artenal
flows 109—100 089 100—-089; 109 —

Vanous by pass vessels situated outside the renal corpuscles of the deep cortex

/I\a\c been described  these are the coiled artenes of the renal sinus the arteriolac
reciae verae and the Isaacs Ludwig artenoles The first svessels are aglomerular
branches from the renal interlobar or arcuate arteries which partly end in the
capillany plexus of the calycine mucosa (v Kugelgen and Passarge 1969, and partly
supplement the vasa recta system supplhying blood to the papillary zone (Baker
1959 The artenolac rectae verae are aglomerular tvpes of arteriolze rectae spunace
the latter forming the principal supply 10 the medulla The Isaacs Ludwig artenoles
are branches of normal afferent arterioles cnding 1n the pertubular capillany
plexus or as arteriolac rectae verae For details the reader 1 referred to Selkur
(1963) « Kugelgen et al  1929; and Smuth (1951) However thesc three kinds of
aglomerular s essels of the normal kidney are rare so rare that it 1s difficult to imagine
that about 6 per cent of the renal plasma flow passes through them

Are ehere then —wande the corpusalerof the deep covtex — by passyesselsof greater
capacins ? the works of Zlabek (1957) Ljungqust and Lagergren (1962) and Gran
berg Lagergren and Ljungguist {1964) offer snformauon on this subject Zlabek
{1957) made polvmeths Imetacrylate casts of the vessels of 3 human lidneys ages
10, 18 and 38 vears Juxtamedullary glomeruh were defined as those posscsang an
artensola recta spuria Out of 62 normal (non degenerated) juxtamedullars glomerub
56 possessed a wide was efferens (of about the same width as the vas afferem

1n 26 out of these 56 glomerul: and 1n none of the remmining a wide “short-circmt
between the afferent and the efferent arteriole was cleatly visible on the surfice
of the glomerul In the remaning 30 glomeruhi a short circwit could nat be absened
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by direct inspection, but 1 two of these a short circwst was observed on closer ex
armnation, the author believes that all juxtamedullary glomerul with a wide vas
efferens possess this short crrcut placed superficially or deeply 1n the tuft The ob
senation, that the efferent arterioles of the juxtamedullary glomerult are wider
than those of the rest of the glomeruli, was already made by Tructa ef of (1947)
Christensen (1952) could not affirm the obseration however 1t was reaflirmed by
Lyungquist and Lagergren (1962) and Zlabek (1957)

Lyungqvist and Lagergren (1962) investigated the anatomy of the renal vessels
by ster phic and hustol hmques They found that degenera
tion of the justamedullary glomeruli owing to age produces atrophy of only the
capillary tuft while the contimmty between the afferent and efferent arterioles 15
retained and an aglomerular arteriole with an artenola recta vera 1s formed In
parth degenerated, justamedullary glomeruls the short circuit may be seen distinctly
Degeneration of other glomerul,, however involves atrophy of the efferent vessel
the glomerular tuft and the afferent s essel, i one stage of the process the latter 15
seen as a thin, blmdly ending twig Ljunggvist and Lagergren (1962) beleve «f atthe
differences between the degencration forms are caused by the normalhy occurring
short eircuts deseribed by Zlabek {1937)

Zlabek s (1957) short circuts, the arteniolae rectac verae and the coiled arterses
supphy the medulla These yessels would probably be adequate anatomical counter
Parts to the low IF/ET, since a plasma flow through them of approimately 6
ey cent of the total renal plasma flow would not — a prior1 — be unrecasenable
A medullary flow of 6—8 per cent has been found in dogs by other authors Deegen,
Brechtelsbauer and hramer 1964)
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The Relation between Reabsorption Rate and Filtration
Rate in the Superficial and Deep Venous Drainage
Area of the Cat Kidney
By
OLe T Nissen

Recenved 15 \pril 1906

Abstract

Nis £, O 1 The relation betueen reabsarpleon rate and filtration rate 1n the superfical and
deep tenous drainage area of the cat hidney Acta physiol scand 1966 64 206—291

In 23 expts 1 cats the phsma concentratians of protein muln and glucose have been mesure |
in blood collected simultancously from an artery and from subcapsular and deep semns of the kid
ney For cach venous dramage area 1t 1s possible to calcutate the rati> Feabsorpti n rate filtraton

'
. . \

. . .. N
complicated pattern emerges for the drainage of the reabsorbate from d terent tut ule segments t
the vein svatems

In a previous paper (\assen 1966, the author presented a method for the determina-
non of the filtratan fractions of the plisma supplying the two venous dramage
arcas of the cat kidney  The calculations were for cach arc based upon th ¢ concentra
nons of inulin and protein 1n the venous plasma relatne to those of the arternal
plasma

In the present paper a formula s given that expresses the rate of tubular reabsorp
tion a4 a fraction of the glomerular ultrafiltration 0 the 1rea Another equition gues
therauo reabsorbed to filtered amount of a substance inanarea The renl handling
ol glucose 15 studied on this basis

The drainage of the reibsorbed flud from differcnt pasts of the nephrons to the tvo
van systems will be considered n some detall

nor
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Isolatng the unknown (reabsorbed amountffiltcred amount) and tnserting for-
mula I and 3 yields

R.Rg _ (VRPF/ARPF) - (Vg/Ag) + (T/ARPT) - £, —1
Foiy-Ag (F/ARPI) I,

R-Rg _ Volds— VA,
Tefy-Ag Vpldp— VA,

Doscyrrion The of formula 4 @ syt tec error m formula 5 and G In
the superficial venous plasma the fracuanal concentration of protein (V'p/Ap) and of ynulin
{V1JAD) amounts to about 1 10 and 00, respectively Thercfore the RF of the superficial aren 1s
overesumated by 1—2 per cent by the smphfication Conversely, when the deep venous plasma has
a fractional protein and inulin concentration of about 8 90 and 0 65, the RT will be underestimated
by 1{—2) per cent

Hawever, an ! fact tends to p for these errors In the superfi
plasma x}:z concentration of sodium with matching anions 15 1(—2) per cent lr:s ﬁ;;c::l;:;:‘:::

A e PSR PR S L .

or

U]

cent -
The “stmphfication error™ and?the “asmatic error * parcly cancel each other reducing the
systemause error of the RF to 0 5—1 per cent (Nesther formula | nor 715 afected by the two erron
because the simphfication 15 not introduced and because the osmotic error changes (he numerator
and the denominator by the same factor since the red cell membrane in the cat 1s impermeable for
protein inuln and glucose (Rozava 1914)
For a further discusmion of methodologtcal errors, see Nissen 1966

)
/
Method
e ot ta mmmprend w ah g g sy orig nate Fram 3 seties of exocriments partly described n two

m Nusen s

In addition 1o 1nuhin 1n 09 per cent NaCd creatinme or glucose was alsa infased (v in some ex
perimsents In other exgertments the snmal was loaded with p-aminohippurate sodnm phosphate
or phloridzin The results from a few penods n which an osmouc diurens exceeding 02 mi min
from the experimental kidney was provoked are excluded The subject of osmonic diurems will be
treated 1 a subsequen paper

Results

“The fractional concentrations from a single experiment of snul, protein and glucose
1n blood coliccted from superficial and deep veins are gnen in Fig 1 Below the
abserssa the resulis are tabulated A nise (29—5% mg per cent) o the fevel of the
plasma inulin concentration was produced between period 3 and 4 RUF fformult
6 m “theory™} refers to the ratio between distances on the graph, e g for period
ane RyfFg equals afb The fracuonal concentrations of anulin and protein in the
superficsal drainage plasma were higher than the respective fractional concentrason
in the decp plasma [ Fg was greater than FFpy (Nissen 1966) Turthermore RF, Iy
was always below 1 and RI,/EFy, above 1 Thus fact together with the observation
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that the ritio reabsorbed amount 1o filtered amount of glucose 13 genernlly 1bove
1 for the supcrficial area and below ) for the deep area, will be discussed below
The rise 1n the plasma mubn level did not produce any changes in the results

ROTE = RII In Lig 2vall the RI/ED values e given ustag sultn as the mde
cator substance (23 expts, 78 periods) Issentialhy the same resuhts were abtaincd
ustng creaunine — byt fewer periods (46) were made with this substance (10 exprs —~
g 2b)

,) With anulin as the indicator the average values for RY i1 an the 11 sanges
01-02,02-03 0304 and04 -03were07 079 079 and 0 77 the standard
error (SL) of the last three means was 0 01 The nerige vatues for R, 11, i ihe
corresponding 11 ranges were 19 137 123 and 133 fhe SI of the tast three
means were 003 002 and 003 All the RE, ¥, and RE |, 11 ranos where S 1
stated arc bdow ) and above § forp 000! Studem s vy

Glucose In 76 penods of 19 expts the glucase threshsld was not exceeded 1 th
ratio excreted filtered amount of glucose was below 0 0]

In these periods the ratio reabsorbed filtered amount for the supertirdd e wer
aged 113, ST = 001 Jor the deep aren the average salue wis 081 ST 601
The twa means were different from 1 00 p -~ 0001 fig 3

Discussion

Two major findings will be discussed Lirsthy that the reabsorptinn rate 1 lower than
the filtranon rate in the superficial dramage area and thit the opposte pplics to
the decp arca (hg !and 2 Secondly the paradosica) finding that the rno
reabeorbed/filtered amount of glucose 1s above 1in the superhienstare and below §n
the deep area

Asan inteoduction a short summary of renal analomy will begnen The borderhne
separating the two dramage arcas s indicatedin Lig + by the upper thin horzontal
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hine The border of the medulla ss marked by a thick ine Alf nephronsintheladney
are symbolized by two neph the corpusculum of one fying 1n the superfiaal
cortes, and that of the othex in the deep cortex The pars convolura of the proximal
tubule 13 honzontally depicted {the “loop” of the proumal tubule of the deep glo
merulus 1s referred to later an the paper) From the end of the comvoluted tubule
the pars recta stretches to the medulla ‘The pars recta becomes the thun Timb of the
foop of Henle at the transition between the outer and inner strape of the outer medul-
fary zone

Al the loops of the cat kidney are Jong, viz they reach o the wner medulla
Where the latter borders the outer medulla the distal thin mb conunues i the
thick himb of the Joop of Henle The thick imp passes out mto the cortex and after
rungsng a course close fo ats corpuscle, 1t 1s gradually conserted into an wmial and
proper collecting tubule The majonty of these transittons are sutuated 10 the most
superficral part of the cortex ~— this applies even 10 nephrons with deephy I ing cor-
puscies Thus most of the nephrons possess not only a “medullary loop but aksa
a“cortexloop” From an anatomscal aspect considerable smportance has been attach
ed to the description of these cortex loops m different species ( Peter 1927, Vollen
dorfl 1930, Sperber 1949

From this provisional scheme 11 1s reasonable to assume thag the flurd uhrafiltered
from the blood passing the superficial area 1s partly reabsorbed into this bloed and
pardly (in the foops of Henle and the collecting tubules; 1o that wayersing the deep
area, further that the flud ultrafiltered from the deep blood 15 reabsorbed partly
mio the deep blood {in the provimal tubules, loops of Henle, and collecting tubules}
and partly e the supesficsal biood (by the cortex loops and the upper past of the
collecung tubules} It may be presumed that the flwd volume ultrafiltered super
ficsally and reabsorbed profoundis exceeds the solume ultrafidiered profoundly and
reabsorbed supechicialls, as the provumal twbules constitute a considerable part af the
“meduliary  loops, the fewer and shorter cortex loops consist of distal tubules and
coflecung tubules This view 15 consistent with the finding of & R F ratio (ef appen-
dix) below 1 1n the superficial area and above 1w the deep area

However, the model as descnbed so far cannot ¢xplain the fact that more glucose
s reabsorbed than filtered in the superfictal area, and tice versa in the deep
area (Fig 1 and 3) iz of the view that glucose 15 reabsorbed merely 1n the proxumal
tubules holds good then the rauo reabsorbed amount fltered amount of ghucose in
the superficial area should be 1 or less The value § would occur if the reabisorption
of the glucase flicred i the superfictal area was completid i those parts of the prox-
tmal tubules, which are surrounded In blood dramed b the superfical vems In
this case the rato reabsarbed am umt filtered vmount of gluacose in the deep area

would adopt 1ts muumal value wiach s aba 1 a long as T gluense 15 ot ex
ceededn

£ seems unfskely that a comyraon o sntheses | ghucose quanitatneh 1 respon
sble for the connderable doviaw ns fthe rase ff m 1 From a2 quahtann e pomt
o view such an rxplanation seems cqnadh wnbkel bacsuse 1 would be necesarie
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Fig 4 Model of the nephron popuhion The

J nephrons ate representcd by onc symbolizing

= D those onginating in the superficral drunige
area another those originating in the deep are1

™ 1o assume that a conversion took place in onc area (the deep one), winle asynthesis
+ occurred stmultancousls i the other The hey to the problem may lie 1n the locabs -
. /'ton of the tbules belonging to glomeruls situated along the border, separatng the
two dramnage areas Anatomusts Peter 1927, v MollendorfT 1930} aften emphiasize
that the glomerulus of the mammahan kidney 1s situated profoundly (centrally)
to the attached ball of the proximal tubule Irom the descripuons and drawings of
these balls of the cat (Peter 1927, 1t may be deduced that the proxtmal tubules of the
mddle part of the cortex often have their loops Iving 1 0—1 5 mm n the superficial
direction from the attached corpusculum  The total thickness of cortex 15 4—6 mm
Now 1t can be seen that a certain number of borderncphrons are filled with a
fluid ultrafiltered from the plasma that supplies the deep drainage arca wlnle the
proamal tubules of these nephrons are partly bathed 1n plasma, that 1s draned by
the superficial vesns The exastence of these nephrons is indicated in Tig 4 by a loop
of the proumal tubule extending into the superfital area

A ratio hetween reabsorbed and filtered amounts of glucose abose | for the super-
ficial area and below I for the deep drainage area mv now be explained sz at

results from a reabsorption nto the superficial plasma of some of the glucose ultra

filtered from the deep plasma in the glomerul: of the border-nephrons  If any gl
cose was reabsorbed 1n the cortex Ioop, these formanoens might alsn account ar

Jeast parually — for the deviations of the rauo from 1

The itratubular transit of glucose acrass the border averages 13 per ceat of the
amount of glucose filtered 1 the superficial area treiby Gfiler G 113 he

great majonty of these proxamal loops of the borderhine were probable saturred in
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respect ta glucose transport as the plasma glucose ns were hagh, although
they did not exceed the plasma threshold (Fig 3) Further it 1s probable that some
proportionality eusts between the glucose transport capacity and the rate of flud
seabsorption of the proximal tubule mass Acceptng this 1t may be suggested that a
reabsorbate volume amounting to roughly 10 per cent of the superfical ulteafiftrate
13 transporied from the deep to the superfimal avea by the border-nephrons

Thisestimate makes it possible to give a rough quantitati e deseription of the han
ditng of the volume, ultrafiltered m the superficial dramage area

Assuming the ratio RgfFg to be 078 (p 5}, per 100 ml ultrafiltrate of the super
ficial area, 78 mi are reabsorbed by the tubules of thas area About 10 mi ongmate
from the proximal foops of the border nephrons and thus they are ultrafltered by the
deep glomeruh The rest, 68 ml, are prowmal reabsorbate (ultrafiltered super-
ficrally} plus distal reabsorbate from the cortex toops and the collecting ducts situated
1 the supecficial area (Fig 4) Presurang the latter reabsorbate volume to be 3 ml
{ef for example hruhoffer 1960, p 250) 1t will be seen that approxumatehy 68 — 3 =
63 i of the 100 ml filtered are reabsorbed by the proumal tubules of the super
ficra) area The g 37 mb, are reabsorbed by the Ioops of Henle by the rest
of the dustal tubules, and by the collecung ducts a menor part 15 excreted as urie

On the ldney surface 55 to 60 per cent of the provimal tubule length was acces
whle 1 the micropuncture evpenments of Walker ¢ of (1941} m the rat and
Clapp Watson and Berhiner 1963 m the dog From these works and from that of
Peter (1927) 2t may be worked out that about 3/4 of the length of the proximal
tubules of superficial ongin he n the 3 14 area, a barderhne
w the imddie of cortex If the view set forth by Walker ¢ af (1941) that the reabsorbed
amount of fiwd per length umt of proumal tubules 1 constant throughout the
tulrudes, then 100 — (63 4/3) = 16 mi would be handled by the diszal rabules

Appendix
Defimstion of Srmbols

D202 8 ~ Subscriprs ecferning to deep and superfic al renal venaus drasnsge area
= Arterral renal plasma flow supphing a venaus drarmage area
\RPF A enous repal plasma fow Isaving 2 venous dranage ases
4 = Volume ultrafltered per wme umt m 2 tenous dramage area
=\ olume reabsorbed by the tubules per time un ¢ 1 3 senous dramIge ares
133 = F ARPF = filration fract 00 n a drawmage area
c\ = The plawna concemravon of a substance . arser o BYrod
N = The plasma concenration of a substan ¢ N n enous bivad ff m 3 dra nage ares
}M ¥\ = The fractonal conceatrauan N
H P G = Subscnpes referning to muln proe and o we
W ~ 1 safacior which corres s 5 plas a ot fasubstan ¢ 1he concenmaton
of the Jubstance n the plus  water
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The Action of Adrenaline in Cardiac Muscle II.
Effect on Oxygen C: ption in the Asystolic Perfused Rat Heart

By
Axtox Hatge and Ivar Ove

Recened 23 Aprl 1966

Abstract

Haor A and I Ove The action of advenabne 1n cardiar muscle I Effect on oy gen
consumption an the agystoli perfused rat heart Acta physiol scand 1966 64 295--303

Ovvorn cane mae m Al Al sed At aaa T cee s AN o 2 M ASE il e g

which direcily or mdirectly are stmulsted by adrensbne

Adrenal

the oxygen ¢ of cardiac muscle {Barcroft and Dixon
1907) The merease can only parually be accounted for by an inereased stroke work
aud the term “oxygen waste™ has been intraduced to descrbe the excess increase
owgen uptake (Raab 1962) The *ovygen waste * aught reflect cxther an increase m
“ontractile actvaty whech does not result 1 increased pump work { mternal work™}
O adurect effeer of adrenaline on cardiac metabohsm, or both An merease 1 cardiac
oxygen T after adrenaline during exp I asystola n the perfused
vatheart has been deseribed by Challoner and Stewnberg (1965} and by Hauge and
Ose (1966} In the present work the cajorigemc effect of adrenaline has been studied
under various types of expertmental asvstoha and an effort has been made to
clucdate the mechanism myohed w dus adrenergic response

As working hypotheses the following possihle mechanisms were considered

! 1€ the supply of oxygen or odizable substrates is ratelimung for oxdative phos-
phonylation, the calorgenc effect of adrenatme might be secondary to erther an
\nereased coronary flow or 1icre ssed bl of b {hipo-
huc and ghcogenolyue act
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Fig 1 Perfusion arrangement The
perfusion method pres iously de-
sctibed (Oye, 1963) was madi

fied o allow continuous record-

mg of coronary flow and p0y,

The coronary efluent 15 gyectrd
through the open pulmonary ar-

tery anto the closed chamber
which the heart s mounted and

flows through a rigid tube (sur-
rounded by a watergacket) inta
which the oxygen micraelecs

trode 13 closely fitted through

a side tube Tinally the coro-
nary effluent flows through a
photo-electric dropeounterftom

| which 1t 1s pumped back to the
top of the oxygenator Arrows
show flow direction during ane

li 4 terograde perfusion (tube to upe
B perreservoir clampedat  and
broken arrows show flow direce

on duning resrugrade perfunon
e ruwe  ($ube t0 lower resersoir ¢lampe
cdat A

CoROmaRy Fiow
cicuir

2 If the oxidatne phosphon lation s limited by the rate of energy uthzauon the
calongenie cffect of adrenaline might be secondary 10 either an increased uuhea-
4 ton of ATP, or to an ‘uncoupling’ of the oxidatine phosphanylation process
Expenments were designed 10 examine the main determsnants for cardiac oxsvgen
consumption duning assstoha, and posable target systems through which adrenalime
mght influence these determinants are discussed

Methods

Rats of boths sexes aboue 300 g local stramm, oniginally Wistaf were used The hrarts were excised
under ether anesthena and perfused by the method developed by Morgan (1961 a3 previsuity
described Oye 1903 This perfusion techrique involves cannulation of the left atriam a3 well ay
the sortz [he left atruen o connected (@ an overflow reservins 3 em above the bevel of the heant
and the aorue cannula s connecred 1o 4 semifar reservons 75 cm above the heart When the b
1rading to the left aterum 18 apen perfusate wall enter the heart through the leftatrium and 1 pump-
ed by the heart 1o the upper resersorr thys allowing the heart to perlrm a physiologaeat 1y pe of
work in tirs {anterogsade perfusion (4 ken the tube leading (0 the left atrum 1«1 sed the perfusare
will fow setcogradels through the anrta and roronany vascular bed avin a clasucal Langendurty
Wpe of petfus on tetsogcade pecfusion Tn both cases the coronary effluent i expeiied through the
night ventnicle into the clted chamber where the heart w mounted In arder 10 meavure cardia
axrgen usage the perfunon areuss was mwocified as shown an b1z 1 allowing continuous recording
of ceronary pO, with a Ulark nxsgern micro cleetords and a Beckman Physiologscal Gas Anah rer
\fodel 160 Caronan flow was measured with a Palmer phototranststor drap counter Infl w pO3,
was measured by meounning the oxsgen electrode m the raervr connreted 1o the defi ainum
Oxygen consumpuon was caleulated from the arien vvenous B0, difference and thr e
eolubiliry comstant thmbren ef o 19,7 The potfusate was 3 modified Rrebs Ringey bicarty naee
buffer ($3ve 1963 gassed continuoudy with 93°  onygen and > carbon dmuatr The b iy
containett 1 per cent atbuinin travene fraction V- Sigma and 10 mM gluccar (Hher addite ps air
stated under rosults The total solume of perfissate war 10 ml and the temperature waskeyr oo
.

”Iﬁn‘x’!‘c was measstred earvmatically with lactate debydrogrnaw and S AD sconrding ¢ B oo
(4963, Glyccrol wa mezsured according 1o Burtwn 1957
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Fig 2 Oxpgen consumpion (Q0, — @ —) ¢oronary fiow (— Wl —) and artertovenous pO, difference (ApO:
— A ~) duning anterograde and retrograde perfuston
After 20 mun of anterograde perfusion flow dircction was changed to retrograde perfusion {no
pump work done by the heare) for five tun (R) At 33 min 3pg adreaaline was added As shonn
v the figure the increase 1n Qog 1n the periods of and (R)
perfusion 1s mamly due to an increase n ApO,

Adrenaline butartrate (Rhone Poulenc) was dissolved 1n 09 per cent sodim chlonde containing
1m\ EDTA and stored frozen The adrenergic seceptos bloching agents used were phentolamune
(Regnin® * Ciba), propranolol (Tnderalk 1C1) and dic [ hanol
{DCI Aldnich Chenucal Cp Inc) The procananude solution used was the commercial prepara
tion Pronesty1®, Squibb

Results
O2xygen consumptron 1n the working and arrested heart

The average oxygen consumption of the 1solated, working rat heart at 32 C, under
the present experimental conditions, was 0 56 ml mn per g dry weight or about
13 mlfmin per 100 g wet weight, (the wet weight/dry weight ratio 1n hearts perfused
for 30 min being about 4 5) Fig 21llustrates the typical change 1n oXygen consump-
tion (Qo,), coronary flow and arterio-venous pO, differences (IpO,) when the flow
direction of the perfusate was changed from anterograde perfusion to retrograde
perfusion, before and afier the addition of adrenaline During the period of antero
grade perfusion the left ventricle contracted against a diastolic pressure of 75 cm
Perlusate Duning the penod of retrograde perfusion the perfusate was flushed through
the aorta and the coronary vascular bed The left ventncle was not filled during the
duastole, and no external work (pumping was done as shown by no increase in the
recorded aortic pressure during ssstole Usuait no change in rate or rhy thm occurred
when the flow direction was shafted from anterograde to retrograde The mean value
for oxygen consumption during retrograde pertusion was 70 per cent of the oxgen
consumption during work

\ further decrease 1n oxvgen consumption occurred when the hearts were made
asystohic by increasing the extracellular potassium concentration by adding sodium
atrate or by the use of procamna e The avemn concimnsnn o

wne acceralia
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Tante 1 Oxygen consumpt on in perfused hearts during work and in the non work ng state The
Tearts were perfused by anterograde perfiss on as descr bed ynder methods for 1520
M 0 in order to obta n steady svalues for coronary flow and pO, Asystol a was nduced by
cxchang ng 10 ml of th ¢ perfusate with 10wl ofa s o far med uman wh chpotass miad
been subst tuted for sod unt ge ng a fnal concentrar on of 3§ me | i of potass un (group
1) or bytheadd tonof 2 ml | Myod umc trate 1o g €3 Fral concentrat on of 48 M
(group 11) or by add ng 02 g proca nam de to make 15 mg/ml (group 11I) Dur ng
a5)3 ol a 1} ¢ hearts were perfused setrogradely througt (e aorta In gro p I\ setr grade
perfus on was establisf ed by clamp ng tf ¢ tube fead ng to the left atr um

Oxygen cons  npton

P ——
Exper mental Cond t ns dur ng Contro] Lxper mental
group esper mental per od per o per od

Or 19 ml per 0 per g dry we ght

I Arrested w th potass ym (17 050 003 016+ 002
u Arrested w b pronestyl® 8 05 _ 003 027 + 004
m Arrested w th ¢ trate § 057 005 038 002
n Revers on of flow to retsograde

perfuson 4 058 oor 041 on2

) of
] SNee—an, ?
5 Fg 3 Oupen conump an
;.n.s -E [ ] and pulie pioue
o \ ST & ~  before andafte theod
% 8 dian of 0dum c ate fnal on
£ centaton 39 mAf at Zmn a
g 50 Adrenalne 3¢ waradlel
)3 at2ynn At3amn b G100
sw g M CaCl, was nfused un {dte
pubse prenure reached o al
8t 20 fevels Afier alrenatpe 0
nereased an 1f £ avys of ¢ as well
ol T A o 3 ntew rkngsate
] 1 n &0 0
* L4 > mn

depended on ti ¢ method used to arvest the heart Table 1 In}carts arrested wath
atrate addition of CaCl, restored contractiony and brought oxygen cor sumpticn
tocontrollesels Fig 3 In hearts arrested with potassium or procamamide centrac
yons and OXsgen consumptinn were restored on sencwal of the perfusate

The possibshity 1h at coronary flow per se 48 a determinant ¢ Qo, dunng asystahd
was tested by adding adenosine which 1s Lnown 1o red ice resistance o flow () row,}

I mmole | of this nucleosde increascd

the oronan vascular bed  Berne 1964
s cd

flow rate 1 bearts arrested with potassium 10 an extent which resuylted 1n a ra
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Yig 4 Effect of dunsirophenal

ygen consumption (~— @ —) and pulse pressure (~ () —) 10 a heart arrested wuh high
concentrations of potassium At 16 min infuston of the potassium buffer was started At 20 mun
dimutrophenol {final concentration 1 m\1} was added to the perfusate

Qs X
Tas)  easd
=
B
204
]
E
Em
&
Fig 5 4 g %
Dprcal expersment showing the effect of adrenaline on 2,02 Pgpra—
u)_;;n consumption dunng asystolia & S~
€ heart was arrested at 15 mun by increasing the qt
Rﬂl';;!mm concentration as described under “methods
min 10 ug adrenaline was added to the perfusate °
0 10 20 0
Mo

Qo: despite decreased arteniosenous pO, difference However, when the flow ratc
was kept constant by 33 1 1. of the p rate, was
withow effect on oxygen consumption The nucleotides 2 -AMP and cvchie 3 5+
AMP had effects sumilar to adenosine

Addwonat supply of substrates (5 mmols each of pyruvate, lactate and beta-
h‘d“")\ml)ntc) was without significant cffect on ovygen consumption of the
amested hearts Since the albumin wed contamed a substannal amount of fatty
3tids, the effect of substrate addition to hearts perfus=d for some ime in the complete
alrence of substrates was not tested

The rapid adjustment of Qo, to changes m the physical actnany indreates that
energy utihzation 15 a main determinant of Qo, 1n the 1solated perfused heart
Restrietion of oxygen consumprion by the rate of ouidatne phosphonylanon persusts
350 1 the agystohc state as demonstrared by the dramatic effect of agents which
uncouple ovidatine phosphorlation Tig 4 shows a typical expeniment with a-rela-
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vat heart, st appears unhkely that the rapid calongenic response observed m our
expertaients are secondary to the gly coly tic or hpolytic cffects T does not exclude
the possibility than an increased amount of free fatty acids contributes substantiathy
to the calongeme effects of adrenatine duning longer penods of perfusion

A role of coronary flow as a 4, of oxsgen je duning exper
mental asystolia was revealed by the use of adenoane and the related nucleotdes
5-AMPand 35 -AMP However, the cafongenic effect of adrenaline did not depend
on an nerease i coronary flow and was found to be present even when adientline
caused 2 marked decrease in flow

If cardhac metabolism 1s snterfered with, loss of the functional properties rapudly
occurs (Bing 1963) The reversbihty of the present preparation from the asystohe
to the working state indicates that the essental metabolse processes were muntaned
duning the pertod of asystoha and it 15 reasonable to agsume that they were more
or less subject to the same bauc control mechanism as in the workng heart The effect
of 2,4-cdinitrophenal shaws that the respiratory control through oadatae phosphiory -
lation g 1 Und-rsuch d i energy expenditure leads to mcres-
od oxygen convumption by increasing the amount of ARP and P, available for axida-
tne phosphorylation  Adrenaline s known to stmulie biochenucal reacuons that
use ATP 1n non working tissues A well known eximple 1s the phowphonsfation of
phosplionlase b to form phaspharylase a threbs et of 1964) In this process 4 moles
of ATP are used to comert 2 males of phosphory fase b to 1 mole of phosphonylase a,

)and 4 moles of ADP are formed  Phospharyfase a 11 raprdhy dephia phornited by a

phosphatase ta form phosphonlase b and I, the net result of the eycle bemg the
formaton of 4 ADP and 4 P, Glycogen synthewase (Roselt Perez and Lamney,
1964 and posubly also hipase Rszick 1963) are subject ta sirular phosphors lation
processes which appar 1o be sumulated Iy adrenaline Adrenabine thus snoreises
the cnergy expenditure not onh in the eontracting muscle but abo sn the anstohe
heart The motropic and chronotropic effects s the beatng heart as well s the
wunation of contractiens dunng expenmental asvstohia can be regarded as represent
wy a direct or mdurect sumutanon of reactions whick require enerey dncreased
ATP uulization appears 1 be 2 common denommator for the vanous expressons of
adrenergc sumutanon of cardrac muscle This apphies to the metabolic v~tons of
adrenahine as well as to us effects on the phyaical actiaty of the muscle It thus seemy
Justified to explawn at least part of the calorigenie cffect of adrenaline dunng expent
mental asvstoha as sccondan to tncreased wtdazatan of APty scveral separate
reaction systerns all of which cantribute to the basat encrgy expendinuse of the hewrt

Tt »work was suppe ried by 5 grans fre m Norduk Insulys T o ar d frm et N rshe R4 ¢ $heree
og harnkdommer
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Importance of Tissue Pressure for the Fluid Equilibrium
between the Vascular and Interstitial Compartments
in the Small Intestine
By
InGFuaAR WaALLENTIN

Recenned 25 Apnil 1856

Abstract

Warrrsmin, 1 Importance of tissue pressure for the flud equilibrium betueen the tascular
and snterstiticl compertments wn thy small ntestine Acta physiol scand 1966 68,
304 315

The effect of . - P
was viudied 0 . P .

capillanes b . . .

state wes reac " L} . - ] . -

10 2 shift of the Starlng rquibbrum, an indireet method was used consisting of stepwise raming
and Lwenng the venous pressure During thn procedure e rate of net floxd transder upon a given
senous prewure bevel cnuld dffer very tuch depending on whether (s pressure evel was reached
from 4 lower or from a hugher venous outflow pressure The transcapillary Drces_responsble for
thete differences of net fluid trander amounted 10 often more than 10 mm Hg This means that
aume factor of factons mvolved 1 the Strling equilibrium must have changed by this amount
1t 13 suggested that sncreasng ussue pressure 1 the most important counterfirce during outward
filtrauon. causrd by 4 sudden rise of the senous outflow pressure Evsdendy the small intestne 15
quite well protecied 2gainyt edema n spate of @ very bng transcapillary filtration capacity

The relauonship between imosunal blood flow resstance and capillary filtrauon
eoeflicient 1CE G was descrbed 10 a previous paper 1§ olkow, Lundgren and Wallen-
tin 1953, The wmall intestne was shown to hase 4 bag capacits for flurd tramsport
over the capiiian memirane CF C, calcufared for (e mucosa porgon, dppernsd
10 be 1n the magnitude of Im! sun ~ mm Hg 7 100 g tssue; av maxsmal sasodila-
tation, a figure 1n the range of the glomerular filtration in the human kidneys The
snaximal blond flow in the mucosa was deduced to be about 300 ml oun ~ 100 g
uscue), 2. some 10 umes that of a skeletal muscle

The Ing capaaty for capillary transfer in the intestine seems to be well surted for
the spearalized functions of the mucosa as regards secretion and absorpuion It
implies, however, 2 potenual danger that even shight mereases 1 mean capillary
pressure might rapidly cause an extensi ¢ intesynal edema

304
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Fortunately, the control of the mean capilliny pressure i the mtestine seems to be
eviremely good

1 Differences 1in hydrostatic pressure n intestnal capillaries, depending on the
position of the 1ntestinal 1oops in relation to the heart, are counterbalanced by similar
hydrostatic pressure diffe m the sur bd !

g ntents,

Pp
the tendency for poohing of blood {Rushmer 1946) and also flurd losses owng to
increased filtration

2 The autoregulation of blood flow for different arterial pressure lesels 1s pra-
nounced (Johnson 1960, 1964) and seems to be more adapted for regulation of
capillary pressure than for putnitional blood flow (Johnson 1964)

3 Changes 1n vasoconstrictor tone, whether these changes are induced reflexly
{Qberg 1964), or by of the sympatt fibres (Folkow
et af 1364 a, b), do not modily the transcapllary flusd balance 1 the mtestmne,
indicating an unchanged mean capillary pressure In the skeletal muscle on the
other hand, increased vasoconstrictor tone lowers the mean capillary pressure,
which causes an often extensive absorption of flrd (Mellander 1960, Oberg 1964)

If, on the other hand, 2 prmary nse m venous pressure oceurs, acti ¢ vascular
adjustments have far less chance to counteract the mfluence of the senous pressure
nise on the capillary pressure level There must be many situations tn «hich venous
pressute really becomes rassed, 2s 1n portal hypertension due to hver crrrhosis,
nght heart msufficsency, subcl 1 and manifest ) 1leus, et Of course,
1t must be remembered that several other factors, besides the capillary pressure,
detcrnune the transcapillary flurd balance The well known Starling equilibnium
imphies that the mean hydrostauc capillary pressure minus tssue pressure equals
plasma collord osmotie pressure minus tissue colloid osmotic pressure when no net
transeapallary transport occurs Therefore if mean capillary pressure s rased, st
will cause an outward filtration, which theoretically produces a lowermg of the
coltord osmote Ppressure m the mtersuihal fluid, an snerease i the plasma colloid
osmouc pressure and an ncrease in tssue pressure, all events which will counteract
further filtration

It was Jor such reasans considered to be of interest to know what happens in the
v pitlary filt absorption exct duning prolonged increases in venous
outllow pressure, and to discuss the relatrve mmportance of the different factors
the Starling equilibrium

Methods
The war 31, B 1 mdeern and Wallenun (1963 and this
CE ) cats weighing 2—+
° . mented as required)
g . . of the small intestine
-

Aier hepannszation
wentenc vein dratnng the intest nal segn ent and 1 hmph giands was rannulated
et venous outfow passcd an optical drop recorder-ord matc-wrder un t alter which 1t was
el to the ammal The intesune was autoperfused + a a polyehyiene tube from ane carond
“:vy 10 the superior mesenteric arterv The intesunal ped cle was divided sa that the preparation
wtally denervated Artenial blood pressure was measured from one femoral artery The VN0t
«

the superiar m,
and the vene

A=8201 fc1a phynol seand §ol 22 0 Sy
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ARTERAL BLOCD MO
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.nUlmn x 100 g) ;81
RADOACTIVITY, 2B
cpm 23

TIME, 1 min Tt T T

Fig 1 Cat2 kg Effecas of a prolonged penod of raised venous outflow pressure on tissue volume
2nd on the regional blood volume (the cune of radioactvit

Note that the volume increase representing the outward filtrauon, 15 decreasing gradually,
reaching a new sovolumetric state after about 8 min

outflow pressure measured with a sahine manometer could be set at anv desired level by adjusting
the height of the tube end which dramed the drop recorder The mtestine, now only connected to
o A 5 e P Eri
o o . .
. v B . -
. f . .
The temperature of the animals sas matntamned by an electnc beating pad and an snfrared lamp
Great care was 1aken to mamntain a constant temperature for the infesunal preparation m the
pletysmograph
Intestinal lymph was collected 1 3 cats A polyethylenc catheter was inserted in one of the biggest
Iymph vesscls 10 the pedicle and the lymph was collected for periods of 15 or 30 mun at dufferent
venous ourflow pressures

Lo e meareees fram chanmee 10 the remana] blasd volime an
' . . . .
. - . . .
. . - L N s P
. . o 0 o .
. . . ' : '
. s . - '
. . . -
20,000—3,00 cpus
Results

To determne the capillary filration coeffictent (CFC) venous outflow pressure
is raised for a relaunely short penod, 11/2—3 mm Thus produces an initial rap:d
n ¢ in the intesynal volume, due to venous distension, followed by a slower
phase of increase, duc to outw ard filtranon The filtration slope 15 proportional to
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ARTERIAL BLOOD 18
PRESSURE mm Ha

CHANGE OF TISSUE & f—r M
VOLUME mi/I00 9 ﬂ N
88, e hy0 <o .20 0 [ !
BLO0D FLOW 0
miAma .« 00g)

TIME | mp T ™ LEER S St s S Roe Bk B B fus o T T

Fig 2 Cat 23 kg The venaus outflow pressure 1 raised stepwise by 10 cm Water and thereafter
lawerrd again Note the tendency for the intestinal volume to level off towards an moxolumernc
state both at raised 3nd lowered venous pressure

the rise 1 mean capillary pressure and the capillary surface area open to Aow and
hence for filtration However, 1n the present imvesigation when the perod af m-
creased outflow pressure was prolonged, the filtration rate decreased graduall
and often ceased more or less completely within 10—15 mm This typrcal response
can be seen in b1g | where the outflow pressure was raised by 20 em water In this
case the reactivity of the resistance vessels and precapillary sphuncterswas dunished
bya constant intraartenial infuston of 1sopropy! noradrenaline (Pafadnn, AB Hassle)
a0 8 pg/mun The changesin radioactivity emutted from the Crét labelled erythrocytes
ndicate that the blood content in the preparation increased when the venous pressure
was rased, first very rapidly and thereafter at a slower rate durmg 40—50 sec,
tudicating an obvious delayed compliance of the capacitance vessels Durmg the
rest of the perod of rassed venous pressure 2 fardy small and steady inerease in
radioactnty 1sseen In case this imcrease also corresponds to increaung blood volume
t amounts to only 1520 per cent of the simultancous increase 1n tissue yolume
Another possibihity 15 that 1t corresponds ta small areas with very slow blood aircula
lon, ¢ ¢ mesenterial fat ot aveas close to the hgated ends of the intestine The record
of tissue volume change, on the other hand shows that the filiration 1 decreasing
gradually duning the whole peniod, reaching a new 1sovolumetric state afier about
67 min This means that a rise of 20 cm water m venous pressure, corresponding
toabout 12 5 mm Hg rise i mean capillary pressure (Folkow, Lundgren and Wallen~
tim 1963) and a £l was gradually balanced by some force
Provided that no gradual shift in vascular tone changing the prefpostcapiflary resist-
ance ratio occurred, some of the other factors of the Starling equilibrium must have
been changed Tius tendency to level off gradually was seen both when raising and
owering the venous pressure as dlustrated in Fig 2 Here the outflow pressure was
sed 1 steps of 10 cm water and then lowered again Thus, normally a new 1sovolu-
metne state was ultimately reached even when stepwise increases m capiilary pressure

were performed Sometimes however a small volume mcrement, about 5—10 per
ent of the imnial outward fil

c d ev en after a prol d persod ©

":P'""} pressure, passibly reflecting filtratton from serosal and mucosal M

@it amount of which 18 dependent on the degree of hyperemia 1o o
o~
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ARTERAL 8000
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30000.
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TME, ) min

- A aajaTe e,

volume

Observe that 1n case of no counterforces against the filtration each pressure level should cause
the same amount of outward filtratron independently whethier this pressure level was preceded by a
lugher or lower venous outflow pressure

a filtration loss can, of course, not be counterbalanced by # ¢ increases 1n tissue pres-
sure or by dilution of interstiial protetns It should perhaps be mentioned here
that cats with infections, especially ! ones, often developed di ded, ede-
matous intestmes, and in these cases rapid and fairly stable volume increases occurred
whenever venous outflow pressure was kept increased Cats, with evidence of such
a pathophysiological disturbance of the transcapillary fluid exchange, could there-
fore not be utilized for the present purpose, where i the first hand the normal reac-
tions were to be studied
Fig 3 shows what happens when the outflow pressure 1s increased n equal steps
lasting about 3 min and then lowered successively agan It 1s obvious from the
figure that any level of increased venous pressure causes filiranon duning the way
up, but an absorption of fluid during the way down The radicactivity levels show
that the blood content after the penod of delayed comphiance (40--50 sec) 15 fairly
constant at most pressure Jevels Where obvious shifts in blood volume occur,
¢g at 20 cm water, these changes are corrected for during the evaluation of the
filtration slopes These corrections are, however, quite small The slopes at each
venous pressurc level, corresponding to filtration or absorption are plotted in Fig 4
and constitute, when connected, a charactenstic loop, which was obtained every
ume the venous pressure was raised stepwise and thereafter lowered again, as in
Fig 3 The increase of filtration between each step from + 5 to + 20 cm water
15 faurly constant, indicaung that also CFC 1s nearly constant during this pertod
“The intersections wth the abscussa denote zero slope, 1 € when no filtration or absorp-
tion occurs, and show that 1sovolumetric state can be reached at different levels of
venous outflow pressure, 1n this case more than 15 cm H,O apart, during this run
¢ raising and lowerning the venous pressure The vertical distance between

of stepwis
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Fig 4 The slopes of filtration or absorp-
won from Fig 3 are plorted and con
nected to make a Joop On each level

of venous cutftow pressure twa values FLTRATION )
are secn, one representing the outward  mM/mm + 100g]

filiratton when the venous pressure is
rased the other representing the ab- 08
sorption when the pressure s thereafter 06
lowered Zero slope e the movolu o
metnic state ss reached at different

levels more than i5 cm apart The 02
vertica) distance between the two parts
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of the loop represcnts the difference in
net fud transfer at each pressure 02
level At + 10 cm water ths difference 04
amounts to 085 ml(nua X 100 g} o6
When donded by the simultancous

CFC 0064 mlj(min x mm Hg x 100 0B
&) the corresponding change m the
Starhng equilibpum  m this case 13
mm Hg 15 known

Fig 5 Eachloop A Band C, are plotted staular
tothe loop 1n Fig 4 Loop A represents a contrel
run of stepwise changing the wenous outflaw
pressure as n Frg 3 Thereafter a profonged out
ward filtration was caused by rasing the venous
pressure by 13 cm water during 7mum (Notshown
m the figure) Loop B represenung a fun just
afier the venous pressure was lowercd again
shows that addinanal filling of the wssue spaces
with filtrate d splaces the loop to the right 20 mun
ater when the flerd fittered duning the Jong 1
traton period was absorbed agam a new run
{lo0p @) was_almost identical with the control
R v

ABSORPTION
/e 009

«20
bR, om0

the two parts of the loop evpresses the difference m the rate of net flud transler
21 the same level of venous outflow pressure When this difference is dicided by the
CTCobtamed at thesame level, the carrespondiag change w the Searlng equilibnium
which could evplam this differcnce 15 known In Fig 4 the maamal difference
i net Rwnd transfer 15 obtamned 2t — 10 um water and amounts to 0 85 m} {mm

100 g ussue), CFC s calculated to 0064 mi min

mm Hg < 100 g tissue)

Thognesn this particulir expersment a figure of about 13 mm Hg pressuredifference
in the Starling equilibrium T he mean value of the maumal differences for 44 loops
from 11 cats was 91 + 233 SD mm Hg Thie must mean that exthét the ussue

Pressure has increased orjand the mtersutial colloid osmotic pressure

.

dro-
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static capillary pressure has decreased by 2 corresponding amount Any of these
factors alone, or 1n combination, can, of course, be responsible here There are no
reasons to assume that the colloid osmetic pressure of the blood has changed to any
agmificant extent (sec below)

Intraarterral infusions of papaverine HC, i doses sufficiently hugh to ehmimate
completely the tone and reachwaty of the resstance vessels (1—~3 5 mg/min) did
not change these loops or diminssh significantly the maximal dufference mentioned
above Thus proves that the mentoned events are not consequences of slow vascular
adyustments causing capillary pressure changes, but reflect changes of either tssue
pressure orfand intersttial collowd osmotic pressure

InTig 5 each loop {A, B and () represents a run of stepwse ratsing and lowering
venous pressure asn I'lg 3and 4 After a control run (loop A), the venous pressure
was rased with 13 om water, producing an outward filtration, which after 7 mn
had decreased to about 12 per cent of the 1mtial value (Ths Jong filtration period
1s not shown 1n the figuse) After lowering the venous pressure again, new runs were
performed, first immediately (loop B) and then 20 mun later, when the flurd filtered
Just before loop B had been absorbed agam (loop C) Obvviously, the vertical distance
between the pants T and I1 of laop A as compared with pomt I of loop A and point
111 of loop B now ndicates that the difference between two different slopes at the
same outflow pressure can be augmented further, m this case from 8 to 10 mm Hg,

*~ by additional filling of the intersutial ussue spaces with capdlary filtrate The dis-
- placement of the 1sorolumetric state to higher venous pressures (e the intersections
,/\uth the abscissa) 15 of course a reflection of the same phenomenon

The mean imntestinal lympb flow measured n 3 cats was 0 55 ml/(30 nun x 100 g
intestine), snereasing to 1 10 mly30 mm during an increase in venous outflow pressure
of 20 cm water The corresponding mean outward filtraton was 7 5 ml/(30 mun >
100 g) Tt is important to stress that allowing for the dramage of lymph did not
change the configuration of the volume recordings as seen 1n Tig 1

Discussion

The experiments show that the intesune has a great capaaity to neutralize constder-
able changes m capillary pressure E ¢ in g 1 anew wovolumetric state was reached
6~7 mun after the venous outflow pressure was raised by 20 cn water Johnson
and Hanson (1963} came to 2 symilar result with therr isogravimetric technique
They plotted the weight changes after elevating the venous pressure on a sesmloga-
nthmic scale and found two distunct phases, a rapid one which they interpreted as
correspondmg to the venous distenston  and a slow one corresponding to the
capillany filtration The rapid phase had a ume constant of 109 sec, which means
that after 3 tme constauts, ca 33 sec, 95 per cent of the venous filling was completed
and after this tme the volume increase consisted mamly of filtration This agrees
very well with the present sesults where the same phenomenon 15 seen during the
first 40—30 sec on the istope record of the blood volume Johnson and Hanson
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did not discuss 1 their paper why the filtration also decreased exponennially, but
n alater paper (Johnson 1965) 1t was explamned as due to dilution of the mnterstitial
protens {see below) As, however, several different factors may contribute to ths
new Starling eqmlibrrum at a hugher capillary pressure level, such factors will now he
discussed more at length

The tenous artersolar response Vwhen the portal venous pressure was elevated 1n dogs,
the blood flon decreased relatvely more than the perfusion pressure Johnson (1959,
1960) showed that this was caused by a myogenic respouse, predormmnantly of the
precapillary resistance vessels, which constricted when they were stretched by
the raised pressure This by now well known response of many different types of
smooth musele to stretch was ongnally suggested for vessels by Baylss (1902}
Two different effects of this s enous artertolar response are posstble 1 The precapil
lary constriction 15 effective enough to again lower the rased capillary pressure,
caused by the primary rise m venous pressure (Johnson 1965) 2 The precapillary
sphineters, which are known to be especially sensitive for pressure chaunges Mellan-
der, Ohcrgand Odelram 1964}, constrict and therefore reduce the perfused capillary
surface area, as determmed by CFC Such a reactton will reduce the extent of
autward filtraton even mn case the capillary pressure rise would reman the same
Howeser, 1t will not abolish the outward filtration except for the case thatall capil
lanes become closed and the direction of the net fluid transfer can never be reversed
by any changes m CTC In general, 1t seems unlihely that a myogemc response toa
sudden stretch, or unloading, would have a time course so prolonged as to gue the
smooth changes in filtration rate seen 1n Fig 1and2 However, evenif these myogenic
FESPOnSEs are very important per se for counteracting primary changes in capillary
pressure, they can not be mgnificantly involved 1n these expeniments for following
Teasons

Ysopropy) noradrenaline was always mfused 1a mn such concentratons as to
depress wmarhedly, or even eluminate entierly the reactivty of the resistance vessels
and venous arterolar respones were therefore not seen n the present experiments
Ao papaverine HC) 1n doses which are considered to abolish all vascular reactrvty
{Mellander and Lundgren 1966) did not decrease the maximal difference in net
fud transfer at the same outfiow pressure Moreover, in case there was some reactn -
:(y Ieft after admimnistration of these drugs st would then be expected that these
actne adjustments would be of largeh the same magnitude at equal nses of capil
1ary pressure, whether these rises occurred during the phase of filtrauon or the phase
of absorpuon of the Joop It follows that such actne adjustments can not explatn
the considerable difference in drrection of the slopes

Masma collord osmatrc pressure A 3 kg cat has a plasma volume of about 150 ml
{Hambn ang Gregersen 1939 The intestinal secuon used dunng the expennments
wetghed about 40 g and accumulated a masimum of 2—3 ml filtrate during the
phase of outward filtration when a run of stepwise mereased venous pressure was
pecfurmed Even in easc the hltered flurd was totally protein frec the plasma pro-
0% would become only shghth concentrated by this flid loss, correspending to
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an mcrease 1 the plasma colloid osmotic pressure by less than 0 5 mm Hg, a figure
without significance for the present problem I urthermore, any increase i concentra-
tion of the plasma colloids will cause an sward absorption 1 other vascular beds,
which will dilute the protewns again, thereby opposing the tendency to change the

plasma colloid osmotic pressure .
Tissue collord osmotuc pressure Dilution of the interstitial protens low ers the interstitial
colloid osmotic pressure and an cl d mean hyd 1¢ pressure in the

capillaries Johnson (1965} reported that the dog intestine became ssogravimetric
at any venous outflow pressure between 0—18 mm Hg, and suggested that this was
essentially due only to the dilution of the interstittal proteins, since tissue pressure,
measured by a needle technique, was not affected even by large changes in venous
pressure This wall be commented on below
The present experiments have shown that differences in net fluid transport at
the same venous outflow pressure correspond to a maximal change of often more
than 10 mm Hg (maxmally 14 8 mm Hg) in some factor, or factors, of the Starling
equbbrium However, the effect of lowering the ussue colloid osmotic pressure must
be himited by the imtial value before the dilution This value must be very varable
durning diffe fi 1 mn the but a mean value of about
5 mm Hg was considered reasonable by Landis and Pappenheimer (1963) Esven if
the tissue collord osmotic pressure in the intestine was considerably higher, theoretical
difficulties remain  Assume for a moment an interstitial colloid osmotic pressure as
Jugh as 15 mm Hg, which corresponds to a concentration of about 5 g of protein/100
#ml To lower this pressure to 5 mm Hg the protens must be diluted to 2 g/100 m!
(Landis and Pappenheimer 1963) a dilution of the interstinal flurd approximately 2 5
times In the present expersments the difference mn fitered fluid on that level of
outflow pressure, which had the biggest difference in net flurd transfer, was very
seldom roore than 1—2 5 ml per 40 g intestine If a decrease of nterstitial colloid
osmotic pressure was the only factor involved, 1t would mean that only 067—1 67
ml per 40 g mtestine (= 1 7—4 2 per cent) 1s interstitial flmd an improbably low

figure
Moreover, 1t 1s very difficult to assume a mean value of protems 1n the 1ntestinal

flurd as high as 4-—5 g/100 ml Morrs (1956) collected intestinal lymph from cats
and found a protein concentration of 4 19 + 0 29 g As i other ussues the concentra
ton of protems 1n the lymph ought to be considerably higher than that of the nter-
stittal flud Landss and Pag h (1963) calculated that the 1
praduced capillary filtrate i a resting antmal was at an average at least 5—10 umes
greater thau the average lymph flow Tor many reasons therefore, 1t seems imposssble
\hat dstution of the interstitial protemns could be responsible for more than 4-—6 mm
Hg of the deduced maximal difference in the Starling equibibrium Ths Jarge duffer-
ence up to about 14—15 mm Hg was, as mentioned, dcduccdlfrom loops, as iltustrat-
edmeg Tig 4, where both the amount of filtered flutd and CFG are known
The ssue pressure As mentioned, Johnson (1964) did not find any increase in tissue
pressure with the needle techmque By a sumlar method Meyer, Nordherm and Ballin
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{1962) found that *he -+
&id not merease du v v uun Hg,
butwereased igmific ., wuniig theedema of endotownshoch Haweser, the methods
'S feasure tisue presswit by needle technigues have been enunced for many
reasons perhaps the most amportant one is the fact that even the finest needie x
several hundred ties larger than the ussue spaces, where the pressure should be
tecorded {McMaster 1946, Guyton 1963) When the connectn e tissue 1s disrupted
byheavy edema then the spaces ave probably more adapted to the recording needies
On the other hand 1t 1s stated repeatedly that in many tissues autward filtranon s
counteracted by an wncecanng tisue pressuce (Landis and Gibbon 1933, human
forearm, McMaster 1946, mouse skin, Kyeltmer 1963, cat skeletal musele Theoret-
wally, an increasing tissne pressure seems to be well adapted to the purpose of
Pratectson agamst edemna The smaller the o cran &7 .
the mterer + 1 &
when the - ph suilt yuantittes other corrections
willappe.. \laMaster 1941, 1946) Perhaps such a thsruption of tissue vpaces tan
explain why, s anfectious ntestines, wmcreased venous pressure causes outward
filtration durmng very long ime Tissue pressure can reach high values McMaster
(1946, mouse skin} and Landss and Gibbon (1933, human forearm) found tssue
Presures up to about 25 mm Hg wah prolonged fil When el of
Venous outflow pressure with 20—30 cm H,0 can be counteracted so that the out-
ward filtration ceases, 1t seems very unlkely that this can be explamed wnhout
considerable contribution of a rassed tissue pressuce

In the present myestigation the Tymphatics were ligated in most cases (as
Johmson’s experuments) and 1t 15 technscally dificult 1o record lymph flow and satestt
hal volume smultaneously It may then be questioned whether the assumed nse
’n tissue pressure 15 sumply an arufact crused by the accumulauon of lvmph Huid
Ttisawel known fact that rased venous pressure will mevease the rate of iymph
Production Howeser, 1here 1s usually a considerable delay before the rate of lvmph
flow tncreases 1o an extent that equals the rate of autward filtranon \orrs 19364
found an intesunat lymph flaw in cestng cat of about 4 i per hr After raming the
Portal pressure with 12 em water it tacxeased to 6 wl per hr but necded 60 mun
¥ reach this value During the first 15 min pertod 3t amounted onh to about 4 2
mlper hr, ve an ncrease with 03 per hr for a nse of 12 cm water = D008 mi
Permin Assuming 100 g miestne and a mean CFC of 0 19 a rise of 12 em water
™ olitflow pressure, corresponding ta ~ 3 mm Hy increase m mean capiflany pressure
“hould canse an outward filtravon amounting to 01> 72 mm Hy — 1 13 ml
PeT mun of na counteracting factors became econdarh myohed

Smee Morns® data were vers evtensne Iymph was collected in onh 3 expernments
10 the present sy sshere amultanecushy ussue volume was recorded The
Tean nise wm iyaph flow ws 9 02 ml per 30 m y for 20 an elevanon i venous
Pressure, a figure quite comparable with thoe gnen by Morns There i 50 grea
dscrepancy between the calculated outward filtravon i case no counterl
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are involved, and the corresponding measured increase i lymph flow, that ligating
the lymph vessels can not be an important cause for the increase i tssue pressure
deduced within persods of 10—15 mun, when venous outflow pressure was rased
The present iy estigation has shown that the intestine 1s fairly effecuvely protected
against edema during ancreases 1 venous outflow pressure, in spite of a very big
capacity for net fluid transfer across the capillary wall Differences in the Starling
equilibrium up to about 14—15 mm Hg was deduced by the method of stepwise
rasing and lowening the venous pressure It scems impossible to explam th s differ
ence without assurming anincreasing tissue pressure when flusd 1s filtered mto the tissue
spaces In the hving animal, however, more mechanisms than tissue pressure and
ussue colloid osmouc pressure, eg the venous arteriolar response, certamnly play
an important role i decreasing the potential nisk of having the big capillary transfer
capacity necessary as 1t s for the primary functions of the small intestine

This studs was supported by grants from 4ir Force School of Acrospace Medicme under Contract
AF 61(052) 732 through the European Office of Aerospace Research (OAR) United States Aur
Force from US Public Health Service (HE 0675 03 06) and from the Faculty of Medicme,
University of Goteborg
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Abstract

Huikko, M, P JourrsLa and N 1 Karwr Lffect of Finnish batk (Sauna) on the urinary
excrelion of noradrenaline, adrenaline and 3 methoyy #-kydroxy-n andelc aud Acta
physiol scand 1966 68 316321

Yor the prosent work the urinary excretion of noradrenatine adrenatne and 3 methoxy 4 hydroxy
) Twer won o) h ang s me
’ 0

Many authors have shown that unnary excrenon of noradrepabine increases as a
result of physical effort {Euler and Hellner 1952, Kark: 1956), but also 1n situations
of emotional tension anger or aggressions without physical exertion (Elmadpan
et 2l 1958, Levi 1961, Adrenaline excretion may also fise i these situations, though
1t 15 specifically increased by amaety unpleasant emonons and stress from work
{Luleret ol 1959, Pekhannenetal 1961 Levs 1961,

On the other hand a pleasing stwsation such as watching a sceme film has been
found to reduce significantly the excrenon of adrenabme and noradrenaline (Levs
1963)

The Ninnwh sauna offers a speaial field for the study of catecholamine metabolism
Almost every Finn takes a sauna oace a week The magorety find 1t emotonally a
pleasant, relaxing experience, but it produces magor changes 1n the circulatory
system The penod spent 1 the sauna usually ranges from 30 to 60 min According
to Exsato (1956), body temperature, recorded rectally, increases by 1—~15°C due
to the heat of the surroundings Cutaneous blood vessels are dilated, and penipheral
resistance falls sigmficantly Cardrac output in healthy subjects mncreases by 73 per

316
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Tasiz I Excrenon of noradrenaline adrenal ne and 3 methoty-4 hydroxy mandelic aid dunng a
Finnush bath (sauna)

3 methovy 4
hydroxymandelic
Doradrenaline Adrenaline acid exerenon Pulse beats
. cxereton ngfmuin excretion ng/min  pg/mun per min

Group  gect  Control Sauna Control  Sauna Control ~ Sauna Control  Saupa

1 1 665 71 85 60 74 82 124
(Controls 2 91 77 31 121 39 34 52 124
alter 3 133 819 62 141 42 39 75 122
sun) 4 81 358 130 69 30 43 76 120
5 246 665 61 61 63 60 90 130
6 361 478 ns n7 37 44 72 120
7 320 420 30 50 44 48 - -
8 660 540 60 105 47 36 - -
s 510 513 37 57 62 42 62 86
i 10 403 330 84 210 38 53 80 83
(Contzals 11 406 269 66 171 36 44 72 134
Mhs 12 234 430 76 130 32 69 52 140
later) 13 360 258 48 58 ~ - 74 s
14 390 396 95 69 ~ -~ 62 82
15 351 582 16 us -~ - 96 140
16 180 282 54 38 -~ - 0 9%
17 292 385 68 55 17 32 - -
18 195 231 55 64 18 32 - -
Meanand 306x 466+ 70%& 96+ 42+  46x 725 M5+
SEV 34 41 07 11 03 (21 34 33

cent, and pulse rate by average of 61 per cent Systolic and dastohe blood pressure
remam practically unchanged

In the present work the changes i the unnary excretion of noradrenaline, adrena

Ine and their major metabolite, 3 methoxy-4 hydroxy mandelc acid due to the
%auna bath has been studied

Material and Methods

:“‘i expenment comprised 18 healthy male subjecrs mean age 24 vears all of whom habitually
00k the sauns where for this study they stayed 20—40 mun at a temperature of 70—80 C and
relative humidity of 20—40 per cent

Ore starung the bath the restng pulse rate blood pressure and subl ngual temperature of 14
te5t subjects was tecorded These recordings were repeated in the sauna after 20 min immediately
o0 leaving the sauna and 20 min later

“er T« test subyects empe ed their bladders
- . - Unine passed during the 3—3 hrs
i . «  re collected dunng the 2—3 hrs

. . other 10 subjects during a
€Orresponding 10 that of the sauna 2¢ brs Later o
-



318 M HUIKKO ET AL
CHANGE OF PULSE RATE
stars 1o g

reran )

CHANGE OF WORAORENALINE EXCRETION
HGIMN f0

CHANGE OF ADRENAL NE EXCRET ON Fig | Changes in the pulse rate poradren-
NINW 20 aline and adrenaline excretion in 14 test sub-
+H 417N N Jects duning a Finnish bath (Sauna)

= ©r

The pH of the collected urine sample was adyusted with 6 N hydrochloric acid to about 3 and
, the specimens were kept in the 1 the d wer i At this pH

and temperacure the catecholamme content remains constant over long pertods (Rarke 1926,
Euler and Lishajko 1961)

The method for of 4 tine and ad described by Crout
(1961) was used This method consists of adsorption of catecholamines in alumina at pH 84,
clution with 02 N acetic acid O!ld?llcl‘l with 1odme at pH 6 5 and 3 5 into ammochromes and

v B N P S h ie ~n

3 methoxy 4 hydroxy mandelic acid was determined according to Pisano et al (1962) by extract
ing the metabolste from the urme oxidating st with pertodate into vanidbn and measuring the
ranitin content with spectrophotometer at 360 mye A standard of 10 ug 3 methoxy 4 hydroxy
mandelic actd was carried through the entire procedure in every series

Creatinine was determined from the urine of 6 subjects using the alkalne prcrate method (Reiner
1953)

Resnlts

A Exeretion of noradrenaline, adrenaline and 3-methoxy 4 hydroxy mandehc anid into the
urtne

The mean value of noradrenaline excretion for control group 1 (alter the sauna) was
273 4 72 ngfoun and for control group I1 (at the same hour 24 hrs later) 332 +
3 ngfmun The difference between the readings for control groups I and II was not
signsficant and therefore the mean of all control readings was used Average excretion
of noradrenaline mto unne sncreased dunng the sauna, from the mean control
value of 306 = 3 4 ngfmn to46 6 L 4 | ngfmun (Table I} This change s statisti-
cally sigmificant (P < 002) Adrenaline excrenon rose from 70 & 07 ngjmin 10
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96 ngfmn, the difference 1s significant (P < 003) The control vafue obtamed for
3 methoxy-4-ndroxy mandelic acid was 42 & 03 agfiun and the sauna value
46 + 04 ng/min The difference here 1s not significant {P «< 0 3)

B Change in pulse rate
The restung pulse rates of the subjects ranged from 52 to 96 beats per munute, the
average was 72 beats per munute Durnng the sauna, all test subjects showed an
wnerease 1n pulse rate, by an average of 43 beats per munute (P < 0001)

The change n the excretion of hol 1t the 14 different test subjects 15
shownan Fig 1 1n the order 1n which the pulse rate increased

G Blood pressure

Changes 1n the blood pressure duning the sauna were shight Control value recorded
in sithing position ranged from 110/75 to 155/100 mm Hg, and the meap value was
130 82 ;om Hg The systohic pressure rose in the sauna by an average of 16 mm Hg,
while the drastolic remamed unchanged

D Body temperature

Body temp s ded subl. 1y, d 1 the test subjects by 0 1—
03 C

E Creatinine excretion and catecholamunes

The creatinune values of test subjects 16 averaged 55 8 mg per hr durning the control
period and 72 0 mg per hr in the sauna, there was thus a disunct increase The
increases in the catecholamine excretion per time umit and per creatinme excretion
“ere approumately of the same order the total catecholamine excretion per tune

unit increased as a result of sauna by 155 per cent and per mg of creatinine by 140
per cent

Discussion

A comparison of the changes noted 1n circulation in this study, wath Esalos 1956)
findings, shows that he recorded an rdentrcal rise in pulse rate He also showed that
thesystolic and drastolic blood pressure of a healthy subject remained, on the average
unchanged 1n the sauna, while the present authors recorded a shght nse m systole
blood pressure The recarded control values for catecholamine excretion correspond
12 magnitude to those mentioned by other authors T¢ was also found that the control
values taken immediately after the sauna sample and those obtaned on the following
92 3t the same hour were not sigmificantly different This agrees with the findings of
Rarki (1936) who stated that the excretion in the same person remains nearly
constant at the same hours on different davs

Beanng 1n mind the circulatory changes winch are shown to be produced
body heating, anc
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present results which show that the sympathetic tone 15 involved in the sauna seem
logical Asaresultof surrounding heat the temperature of the skin increases, and due to
reflex release of v tone the blood flow increases (Roddic etal
1926) Apparently the widening of the vascular bed in the skin ts compensated for by
vasoconstniction in other areas to maintain blood pressure homeostasis The observa
tion that blood flow through internal organs diminishes during body heating supports
this view (Grayson 1931} The circulatory changes are transmitted by sympathetc
nenves, this lugher level of actinaty leads to an increased liberation of noradrenaline
from nerve endings and an increased excretion 1n unne

Although factors known to increase adrenaline release are shght or missing, the
shight increase 1n adrenaline excretion indicates that also adrenal medulla is sumulat
ed The percentage of adrenaline from total hol was practically the same
1n sauna samples as n controls

The excretion of 3 methoxy-4 hydroxy mandelic acid has been found to reflect
short term sympathetic activaty less well than does the excretion of free noradrenaline
and adrenalme {Luler 1964) This was also revealed by the present study in that the
ncrease in the excretion of 3 methoxy 4 hydroxy mandelic aad was distinctly
smaller and was not statstically significant This phenomenon 1s attributed to the
relative slowness of 3 methoxy 4 hydroxy mandelic acid excretion (Euler 1964)

Lauttle 1s known of the part played by the kidneys i1n the excretton of catecholamenes

. and their metabolites but more of the wmnfluence of the sauna on renal function
Karvonen (1954, 1955) has attributed reduced urine excretron in the sauna to an
/'ncrcascd hiberation of anudwretic hormone A sauna bath of normal duratien

reduces glomerular filtration slightly but plasma flow 1s affected more deeply
(Haapanen 1908) Those changes are constdered to be due to the constriction of
efferent glomerular arteries and are simlar to the changes produced by mjectron of
vasopressor substances Whether or not those shght changes in renal function i the
sauna affect the excretion of catecholamines remains to be clucidated
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The Effect of DOPA on the Spinal Cord

3. Depolarization Evoked 1t the Central Terminals of Ipsilateral Ia
Afferents by Volleys in the Flexor Reflex Afferents

By
N E Aw~pen, M G M Jukest, A Lunpserc and L VykLicky?
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Abstract

The effect of DOPA on the spinal cord 3 Depolarization eroked tn the centrol termunals of
1palateral la afferents by volleys wn the flexor reflex afferents Acta physiol scand 1966
68 322—336

In unanaesthetized spinal cats injected with | DOPA volleys m the fexor reflex afferents (FRA)

\ /c\okc a long latency long lasting dorsal root potential (DRP) Measurements of exciabiliy of
uspilateral primary afferent termenals show a corresponding depolanization of fa but not Ib or
cutancous afferent terminals \olleys in the FRA have no effect on Ia afferent terminals in the
aormal acute spimal cat presumably because the neuronal pathwav transmitting the effec from the

o Seuigspmaleat pleTE e A DA Dmp Ta a e od

DOPA and 1s probably caused by a removal of degolarization

In the acute spinal cat Ia afferent terminals are depolarized by volleys in Ia and Ib
prmary afferents, especially from flexor muscles (Eccles, Magni and Wilhs 1962),
but not by stmulation of the flexor reflex afferents (FRA) Volleys 1n the FRA
normally produce some depolarzation of Ib termunals (Eccles, Schmsdt and Willes
1963a) but thew man effect 15 that exerted on their own termunals here presynaptic
hibition acts as a negatne feedback (Eccles, Kostyuk and Schrmdt 1962 Eccles,
Schrudt and Y4:lls 1963b, Lund, Lundberg and Vyhhicky 1963)

The depolarization of primary afferent termunals 1s profoundlv changed after
1ntravenous myections of /3,4 dihydroxyphen; lalanme (DOPA) The normal dorsal
root potentials (DRP) evoked by volleys in the FRA are depressed but an additronal
DRP appears which has a Ionger latency and a much Jonger duration (Anden et al
+ Sir Henry Welleome Traselling Fellow Present address Department of Vetermary Physiology,

burgh Edinburgh
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Fig 1 The effect of DOPA on the DRPs evoked from the FR A The upper traces show the DRPs
recorded from the most caudal dorsal roottet in L§ the lower traces arc recorded from the I 7 dorsal

“pp LS 10 aU URPs

1966a) In the present paper 1t will be shown that the late DRP s caused by depolariza-
tion of the termenals of Ia afferents, therefore a presiously undetected neuronal
Pathway exists i the spmal preparation, which permuts depolanzation of Ia termemnals
by volleys i the FRA Some of the results have been briefly reported (Anden efal
1964)

Methods
The experiments were made on unanaesthetized spinal cats as described by \nden etal (19663)
(Elxgc;gx)huuy measurements from primany afferent terminals were made as deseribed bv Wall
The following abbresiations are used dorsal root potenual DRP primary afferent depolariza
Yion PAD posterior biceps semitendinosus  PBSt anterior biceps semumembranosus  A\BSm
Plantans 1, ‘gastrocnemius saleus G S posterior hnee joint nerve J sural Sur flevor refles
Wlerents FR\

Resnults
U The DRP; evoked from the FR.A after DOPA
Trains of volleys were employed to cvoke the DRPs shown n Fig | The control
records A-E, before DOPA was guven, show the normal early DRPs wath a duration
of about 200 msec DOP\ reduced the carly DRPs from cutancous afferents (F)
and from high threshold muscle afferents (1 and L but a late DRP appeared whose

lateney 15 about 100 msec 1n 1 and 150 meec 1n ] Records b and L taken at slower
*pecd show the long dur e wrmn oaa ns  wrm
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1

Jow threshold cutaneous afferents did not evohe the late DRP, 1 appeared onh
( when the sumulus strength was rassed to about twice threshold Vollevs in group I

muscle afferents never produced a late DRP and the muscle nerves usualls had 1o be
sumulated at a strength of 20—30 times threshaold 1n order to evoke the late PAD
However, sometmes a Iate DRP could be evoked from group 11 afferents and oc
casionally from very low threshold group II afferents (Fig 6)

Inafew of the expenments the late DRP failed to appear afier DOPA had been
gwen Tt is of interest that 1 those expeniments DOPA nesertheless effectvely de-
pressed the early DRP evoked from the FRA

2 The recspient primary afferents

Emmbnhq measurements were made to disclose which pnimary afferents were
depolanized when the late DRP was evaked afier DOPA had been mected In the
evpenment of Fig 2 the tp of the sumulating mucroelectrode was located the G S
motor nucleus and the antidromse Ia volleys recorded penpherallv m the G S
nerve After DOPA a traim of volleys in high threshold muscle afferents increased the
excitabitity of the Ia termunals The latency and tume course of this increased excitabr

$ty parallelled the late DRP evoked by the same train of volleys There does not
seem to be any difference 1 receptiveness between Ia terrmnals from estemsor and
flexor muscles, 1 the same expertment an equally large increase i excitability was
found in the termunals of Ia afferents from the flexor PBSt (cf’ Fig 9)

Fig 3 dlustrates an experiment m which the excriabihity of primary afferent
termunals was tested with the up of the sumulating electrode n the region of the
intermediate nucleus of the spinal cord, where the evtracellular focal potential
evoked from [a and Ib afferents was maxinal The group I volley from PBSt had
good separanion in 1a and Ib components { A D) and the antidromic spihe evohed
from the mtraspinal sumulatng electrode and recorded mn the PBSt nene had a
double configuration (E) The early component of the anuidromc spihe was a Ia
volley, as shown by its abolition (record G and 1) when a colliding maximal Ta
volley was evoked from a second pair of electrodes on the PBSt nenve The remarning
anudromic volley was m Ib afferents as was proved by its disappearance with a
maximal group 1 colliding volley A train of volleys in hugh threshold muscle afferents
which produced a late DRP (E) did not change the size of the 1b antudromic test
volley {H and cune) Hence there was no mcrease m the excrtabiity of the Ib
termmals corresponding n time to the late DRP The effect 1n J at a short con
dumnmg testinguntersal the ume course of which can be seen in the early part of the
curve, 15 the normal effect of group Ib muscle afferents  Eccles ef ol 1963a) and shows
that it was possible to obtan an increased excrtabulits o Ib afferents in this expen
mental situation Hence there 15 no evidence that a PAD m b afferents contributes
10 the late DRP after tnjection of DOPY Tig 3 T shows the ncreased exatabr
Ta afferents when the test stmulation was apphied in the regron ol the  +
nucleus It 1s bikely that the mcreased excrtabilits in this case was caused 7
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Fig 4 \easurement of the ex
atabhty of cutaneous afferent
terminals when condisioned by

DOPA. 100my/kg
volless n the FRA after DOPA
Record A shows that 2 long 55+
ltency DRP (upper trace) was AR S858 Bl Gs5g ¢ . st
eoked from bigh threshold “ % i

muscle afferents after ingection

=k

of BOPA (100 mg/ig), the fow
% of fast

200msec

eri1afes are recarded from the
L7 dorsal root entry zone Re
cords B D show the antsdromic
volley recorded from the sural
Berve evoked by local stimula
ton within the dorsal horn
where the extracellular mono-
vnzpucfocal potential obtained
by stimulation of the sural nerve
%3as maamal  When cond:
toned by volleys m the high
threshold affercats of the G §
ferve the test antidromic volle

‘1!-
B wncreased at short condition N .
9 test ntervals (B), butnot ar g0 \_l=;—l.-._~__l_,__._
longer tntervats (C) correspond -
g iothe late ware mthe DRP, 90
the time course of the wcreased T

r — T T T o
;xm.xbllny 15 plotted as 1 Frg [+) 00 200 300 400 500  60OOmse
L]

G-S 55x threshold = Sur

Synaptic effects on the ¥a termimals in this region The PAD 1n these more dorsally

focated Ta terminals may ery well gue a major part of the late DRP
The excitability of

afferent Is was tested by sumulation through
anclectrode whose tip fay at the lesf in the dorsal horn where a large monosy naptic
extracellular focal potenual was evoked by sumulation of cutancous afferents In
Fig 4 there 1s an instial increase 1n excitabilits caused by the early PAD from Ib
afferents and from the I RA (cf Lecles ef af 1963b) but there was never any mereased
c¥citabulity sn cutaneous afferents durmg the late DRP N\o attempt was made t0
fud out whether hugh threshold muscle aff are depolarized from the FRA
during the Jate DRP However, this seems unltkels smee cutancous afferents and bigh
threshold muscle afferents usually recenve simlar effects ffom the FR A Hence our
fmdmgs suggest that the late DRP evoled from the FR \ after injection of DOP A 1s
taused exclusiely by a PAD in Ia afferents

In some expersments sumulation of the FR A evoked a late wave in the DRP and a
long latency discharge in the ventral roots without ans DOP\ being given 1n addi-
fion there was alwavs a depression of the usual short latency effects from the IR 1
Measurements of the excjtability of the termunals of 1a 1b and cutancous affesents
showed that, at a ume corresponding to the late DRP the exctabihity of the la
termunals was increased by volleys 1 the ER A but not in group 1 afferents No

Totted
allerents of the G S The time counc of the increased excitanion of 1b afferents ss pl

2 Time ;Sbm::::‘nr the lef hand secords af E-T1 s shomn on G and for the Jef hand
MmlandJin 1 Al right hand records in E } were taken at the Dister speed n}
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(67 mg'kg) and demonstrate the appearance of the late DRP with actvauon of the FRA (G and
the mcrease of s latency s sumulat on strength was moreased (C-E} This latter effect was not so
ourked (H J; after an addmional 33 mg DOP Afkg had been mnjected, Records b O were taken 2
bhrs later when the effects of the DOPA injections had wom off and no late wase could be evoked
by actisauon of the FRA. Tirae scale appl es 10 all records voltage cat bration to all DRPs

mcreased excitability of Ib or cutaneous afferent termunals at this Jatency was found
It seems that under some condittons modificattons of spinal reflexes may occur 1n the
™ normal acute spimal preparaton which usually only occur after nyecton of DOPA

/13 Ininbitton of the late DRP
Fig 3 shows that the latency of the late DRP 1s prolonged when the strength of
stmulation s increased  After myecuion of 67 mg kg of DOPA the magnstude of the
late DRP increased somewhat when the sumulus strength was rased from 98 to
21 6 umes threshold D Wath further wincrease of the sumulus strength E - the most
marked effect was a prolongation of the latency but there nas also some decrease of
the szze of late DRP F [ were taken after an addiuonal dose of DOPA 33 mglg
The DRP evoked at 9 8 umes threshold in H was almost the same as in C but with
ncrease of sumulus strength in T and J the prolongation of the latency although sulf
present, was not so marked as in D and E Furthermore there was no decrease of the
fate DRP o J when the sumulus strength was rassed to 44 tntes threshold Records
K O were taken 2 hrs later when the cat had recovered from the effect of DOPA
‘The early DRPs from the FRA had increased shightly and were not followed by late
waves The decrease in magnuude of the late wave with increasing strength of sumu
lation may be more marked than m Fig 5 In the expernment of bag 6 the fase
DRP was evoked from Jow threshold group 1T afferemts B, and when group T
afferents wese alsosumulated D the late wate was almost abolished Corresponding
Iy there was a removal of the increased excrtabilns 10 the fa afferent termnals with
snerezsed steength of simufation (lower records  Irom these results 3t 15 nferred
that sumulation of the FRA not anl evokes the Iate DRPs but can also inhibst them
Another indicauon of this minbition 15 green with prolanged repetitne sumulation
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fn‘!ml e cfect of prolonging repeutive sumulation on the latenicy and amphtude of the Jace war &

fihe DRE.cvoled after DOPA Upper traces show the DRPS, lower races the potentials recorded
tonbe dorsal oot entey zone, evoked by sepentive sumulation of the G-5 nerve ar 45 umes
a

e payalier injection of DOPA (67 me(ke) Note both the wcrcase in latency of the lae wave
o Dnand the decrease un arplitude. Same tume scale for all records, the voliage scale appites
s

olthe FRA Fig 7 shows that whatever the duraton of the repetitin e sumulation the
Tate wave 1s not evoked unul after of sumulation, and 1t also

that white 4 short tramn of volleys in the FRA may evohe a substantial late DRP,
"nereasing the length of the tramn may decrease the amphtude of late wave

& Bopespolanzation of primary afferents after DOP-A
':'hm 1s sometimes evidence that after injecnion of DOPA volleys i the FRA produce

Positne DRP In Fig 8 DOPA as usual depressed the early DRP evoled from the
0{“{: and produced a late DRF However, mterposed betw cen these two components
YRAC DRP there was akso a pasttise patential which was clearly evohed from the
e stace there was hardly any pasitnies from group 1 afferents (D) but an i
o ::g eflect (tn E-G) when the stmulus strength was increased Record G st
oft @ positine DRP can akso be evobed by a single valles in hegh threshold

erents, but in thus case 1t was not followed by a late DRP 4
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Fig 8 Postvity 1n the DRP evoked from the FRA after DOPA_The upper traces show the DRPs
the lower traces are recorded from the dorsal root entry zone The Pl nerve was stimulated with
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Fig 9 The correlation after DOPA between the positive and late negat ve waves t the DRP and
the excitability of Ia afferent termunals Upper traces of records A G show the DRP evoked by
sumulation of the G-S nerve to activaic hugh threshold afferents before (Aj and after (B C) mjec

tion of DOPA {100 mgfkg) the lower traces arc recorded from the dorsal root entry zone Tl?egra;:h
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. ngth
that
* and
Jate negattve waves 1n the DRP (cf cuneand () Jimescale the same lor A and b voiage aubra
tion apphes to all DRPs
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lower fraces are recorded from the dorsal root entry
zone The upper curve shows the time course of the
mctease 1n excitability of the termmnals of cutancous
alierents f the sural nerve when conditioned by volleys
in the high threshold afferents of the ABSm nerve plotted
?s m Fig 2 The test anudromuc volley was evoked by
s:::",?"mm ::;hm the domlrhom ;}rhe lower turv]e
© excrtability changes of Ia afferent tecmunals -+ G-Sla
o the G § nerve with the same conditionng volleys The 507 A:Sm 6-st
it anudromic volley was evoked by local stmulation i
within the G-§ motor nucleus The decreased excitability
Lorresponds well in hime to the positvity m the DRP (B)

f:'&ec me scale for A and B, voliage calibration applies

o._mo—[——!—r—-
(4] 300 400 SO0 msec

Exaitability measurements have shown that the positine DRP 1 assoctated with a
decreased excrtabilits 10 Ta affeent termnals In Fig 9 a train of sollevs in tugh
threshold muscle afferents gis es an smitial decrease wn the Ta excitabilies followed by
the later long lasting mcrease On the other hand, no decrease 1 exatabilite was
observed 1 Ib or cutancous afferents during the postne DRP

¥ig 10 15 from an experyment 1n which the postine DRF evoked from high
threshold muscle afferents was exceptionally large and not followed by a late nega
the wave The exotabilin measurements m the lower curve show a long lasting
decreased exestability 1n Ta afferents whereas in cutancous afferents. upper curie
there 16 only the early increased exettabulits, with no cudence of 2 liter Qecrease
1 exertability: Stnce there was no late negatine wave in this experument 1815 assumed
that record B and the lower cune give the ume course of the pnmary afferent hyper-
polanization when not mterrupted by the fate PAD Fig 1! s from anather cypen-
ment in which again there was a predomnantly posittse DRP evoked from the FR *
after DOP\ had been ijected A and B) The group I volley from PBSt had
«eparation into la and Ib components {C), and the antidromic volley n{‘
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Fig 8 Poswity 1n the DRP evoked from the FRA aftcr DOPA_The upper traces show the DRPs
the lower traces are recorded from the dorsal roat entry zone The P) nerve was stmulated with
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Fig 12 A schemaugc representation of the neurd
nal pathways snvolved in the depolarization of Ja
afferent termmnals cvohed by stimulation of the
FRA Pathway A 1s actnated in the acute spmal
cat and inlubits pathway B so that normally no
depolatizatton of Ta termimials results from actia-
ton of the FRA The black interneurone 1s inhi~
betory but 1t 1s not known if 1t operates postsy
napucally or presynaptecally by depolanzing the
termsnals of mterncurones Pathway A can be
P:Y‘E‘liﬂllor‘complett]y suppressed by anjection

for the depolarization of Ia termnals evoked by
acthation of Ia afferents, it may share inter-
neuroncs with pathway B (sce Discusson) A
aingle interncurone in the diagram may represent
a chain of mternevrones

terminals (Eccles 1964) This selectine acuon is completely reversed durng the
late Jong lastimg DRP evoked [rom the FRA after 11 iyecuon of DOPA onl
Ta afferent termunals (from flexors and extensors) are depalarized and there s 10
effect on Th or on cutancous afferent termunals To judge from the size of the DRP
and the exaitability increase this PAD from the FRA may be as large as that evohed
by volleys m group I afferents from flexors (Eccles, Magns and Walls 1962) The
latter action gaves presynaptic kb of tr from Ia afferents (Frank
and Fuortes 1957, Eccles, Eccles and Magni 1961) and 1t 1s assumed that the PAD
evoked from the FRA alo has an inhibitory effect on transmussion from 1a alferents
The fi ! fi of this inhibitory action 11 motor regulation will be
considered m a forthcomng paper on the late reflex activation of motoneuronss,
which can be evoled after mections of DOPA (cf janhowsha ef al 1963, Lund
berg 190, 1966) The mam obyect of the followmng dicussion 1s to consider
why volleys 1n the TRA have no cffect on Ia afferents 1n the normat acute spmal
prepasation and how 1t comes about that there 15 an effect after DOPA has been
gnen It 1s postulated that this problem s essentrally one of nhibitory interaction
between spmal reflex pathways from the FRA

The neuronal inkage between the TRA and primary afferent termnals 1s shown
schemancally in Tig 12 Wathous DOPA volleys in the FRA gne a PAD in their own
termmals (Eccles, hostyuk 1nd Schomdt 1962 (hrough the interncuronal pathway
marked A B mdicates the interneuronal pathway from the FR\ to la afferents
disclosed by DOPA and wiuch 15 responsible for the long fatency PAD This scheme
makes no attempt to account for the fact that exaiatory and mhibitony effects of
ey different latencies and durations may be produced this problem will be
discussed 1 a later paper Our results indicate that there 15 no transmission IR
pathway B when A 1s actine and rxce 1er5a NO transmusion pathway A when B 18
active This interrelatronship suggests an mhubitory mteracton between pathuway
A and B One possthility would be that DOPA faciluates pathway B (which it
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not function without a facihitatory support) and that when this pathway 15 actine
1t mhiints pathway A However, the alternative linkage of an inhibition from A to
B 13 shown in Iig 12, tlus hypothess is preferable for the following reasans
1) DOPA may occasionally depress the short latency path A without opeming
pathway B, hence the depression of A does not seem to depend on activity n B 2) On
ncreasing the 1 gl at s observed that the effect via pathway
B s decreased (Iig 5 and 6), 3) Duning prolonged repetitive strmulation of the I RA
transmission 11 B s depressed (11g 7) All these observations would be expected with
the direction of inlubitory interaction indicated 1n the diagram of Tig 10 but are
ifficult to explan by an inlubitson fram Bta A
1t has been suggested that DOPA modifies the effects of volleys in the IRA by
Liberating transmitter from a descending noradrenergic pathway, which bl
transmussion 1n the short Jatency paths from the FRA (Andén ef al 1966 a, 1)
Engberg and Ryall (1965, 1966) have postulated shat noradrenaline 1s an inhibstory
transmtter in the spinal cord and that the descending noradrenergic pathway
mhibits transmission in the short latency 1RA pathway by a monosynapuic action
It 13 now suggested that DOPA acting through the descending noradrenergic system
inhibits transmussion an pathway A and 1n doing this removes the mnlubitory effect
on pathway B thereby permitting transmission via tlus pathway from the IRA to
Ia afferent terminals It 1s necessary to emphasize the tentative nature of the hypo
thests that DOPA acts via a descending noradrenergic pathway (cf Andén et ol
1966 b), further 1nvestigations are required to establish the exact mechanism of s
™ action, but a detailed knowledge of the mechamsm by which DOPA acts 1s not re
yuired for the discussion of the main problem which 15 the interaction between
7/paths A and B1n Tig 12 The unportant factor m releasing path B seems not to be
that DOPA 15 given but that transmission 1n the short latency path A 1s depressed
This 1s mdicated by our finding that a late PAD 1n la aflerents was evohed from the
IRA 1n two spmnl cats to which DOPA had not been gven but in which transms
sion 1n the short latency pathways from the I RA was depressed for unknown reasons
It should however not be assumed that any depression of the short latcney path
from the TRA will necessanily give a release of the pathway from the IRA o Ta
afferents Tor example there s usually no release of transmission in the latter pathway
during the tonic decerebrate infbition of transmission in the short latency paths
from the TRA (Eccles and Lundberg 1909, Carpenter ¢f 2/ 1963) The explanation
may be either that in this state there s descending inhubrtion both of pathway A
and B or else that the first interneuronal relay (not shown i Tig 12) 1s common
for both thesc pathways and that the decerebrate inhibition 15 exerted at ths level
1f s0, the release of transmisston from the TRA to Ia afferents should only occur when
the second order mterneurones in the short latency path from the I RA arcinhulnt
ed The reason why 1t 1s tmportant to consider different schemes for the interncuronal
linkages from the I RA 15 the accumulaung evidence that there are several descending
pathways controlling transmussion from the 1 RA fLundberg 1966) Because of the
nterncuronal reflex pathways the significance of a

interacuion between the various o
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descending facalitatory or inhibitory system may depend entre 1 where in the
mterneuronal chamn the effect 1s exerted

According to Fig 12 interneurones n path B recene both excitation and mhiby
ton from the FRA In recent experiments intracellular recording trom intrrneurones
has demonstrated that many interneurones recene postgnaptic inhubitior from the

FRA, ¢ e of and it from the FRA was observer 1n seseral
interneurones (Hongo, Jankowska and Lundberg 1965, 1966) but there mas probab
h aho be p 1pi hub: through depol 1on of synapuc termmals from

wterneurones (cf Lund ef af 1965) Inhibition of pathway B 1s aho of mterest mn
relaton to the long latency of transmisston from the FRA to Ia afferents Transmyssion
n pathway A 15 presumably only partially whibited by DOPA and a sunchropized
volley 12 the FRA may delay transmission through pathway B by means of the
inhibition exerted from 4 1n Fig 12 The observatron that an increased strength of
stimylation may prolong the latency of the PAD 1n Ia afferents suppores this inter-
Pretation This interpretation implies that the mhibiion of the late DRP g 2
2nd 6) 15 an nd of the ihibitory mect that normally prevents the pro-
Suction of the late PAD 1n Ia afferents

The mhibutory effects are probably also sigmificant i relaton to the selectne
l")Ptr;mlanzmg acfion 1 Ta afferent termsnals that volleys m the FRA may have
after DOPA (Fig 8—11) If for some reason there 1s a continuous activity tn pathway
B the fa afferent termunals may be hept 1n a depolanized state Under such condi-
tons the mbubitory effect from the FRA via pathway A may stop the actnity n
Pathuay B and thereby repolarize the Ia afferent termmnals Similar mechamsms
have been proposed as explanations for the primary afferent hy perpolanzations evohed
from G fibres {Mendell and Wall 1964) and from the bram stem \Lundberg and
Vykieky 1963, 1966)

One problem remarns to be discussed in relation to inhibition of transmission to
Iaafferents Fig 12 G shows the pathway by which Ia afferents may produce PAD 1n
Ta tecminaly Transmussion i this pathway can be very effectnely inhibited from
the TR\ (Lund et af 1962) thys imbatory effect 1s not indicated m Fig 12, where B
2nd C are shown as separate pathways, but they may hase interneurones in common
nd, 1f s0, 1t should be cansidered 1f the mbubitory effect of Lund ¢t af 11963) on
Pathway C may be identical vath that exerted on pathwav B in lig 10 In this
onnection 1t 15 of mnterest that also the mhibitory effect of Lund e al 1962) 15
depressed after DOPA

g:h{x‘ work was supporsed by the Swedish Medical Rescarch Gouncil {Preject o 14\ 9401 and
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The Effect of DOPA on the Spinal Cord

4 Depolarization Evoked in the Central Terminals of Contralatcial Ia
Afferent Terminals by Volleys 1n the Flexor Reflex Afferents

By
E Janrowswal, S Luso and A Luspmere

Recaived 4 May 1966

Abstract

Jasnowska, E, S Lunp and A Luvbeere The effect of DOPA on the spul
cord 4 Depolanzation evoked 1 the central termnals of contralateral la afferent tevm:
nals by vollers i the flexor reflex afferents Acta physiol scand 1966 68 337—3+41

if;;r mjection of DOPA im unanaesthetized spinal cats volleys in the firvor reflex aflerents (FRA)
ool ! Lrener

h of contra
er cutaneous
ater to contra
Tater

In previous papers 1n this senies 1t has been shown that after an 1y njection of
134 dhydroxyphenylalanine (DOPA) volleys m the flexor reflex afferents evohe
a late 1psilateral dorsal root potential (DRP) which is caused by a selectve depo
lanzation 1 the central terminals of Ta afferents (Anden et al 19662 b) In the
Present paper 1t will be shown that after DOPA vollevs in the FRA produce similar

cllects on the 1 1 side The exp al procedures have been given i
the previous papers

Results

The DRPs in 11g 1 are evoked by short trams of sumuli After an intravcnous in-
Jection of DOPA the short latency DRPs evohed from contralateral cutaneous
aflerents (F) and high threshold muscle 1—J) are depressed (cf Anden
# al 1966a), but volleys in these afferents now produce a late long lasung DRP,
“hich resembles that evohed on the rpalateral side « \nden ¢t af 1966a, by The
Contralateral Jate DRP was never cyohed by vollevs in group 1 muscle afferents
Put could sometimes be produced from low threshold group 11 afferents {record **

M .
Ei“RO Unesco fllow  Present address  Department of Neurophywology Nencks
Perimental Rology  Warsay, Poland f
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Fig 1 The effect of DOPA on the DRP evoked from the contralateral TRA The upper traces
arc DRPs recorded from the most caudal dorsal rootlet in L6 the lower traces are recorded from
the L7 dorsal toat entry zone Records A—E were obtamed before and F—K after an mtravenous

inject on of DOP (100 mg/kg) The
- S R

same fime scale for all records

0oPB 100mg/kg

a ool 3 W
————

A ©GSIBS B
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cunlrﬁlal’nal sural nerve (co Sur) was sumulated in A and

Fig 2 Asm Fig | but recording after
P~ DOPA had been gien andstimulat on
of the contralateral hamstring nerve

—— (co H)
200msec
DOPA  67mg/kg
73 C % D, 60
N NV J\/\.\
v v v
pte; C

Fig 3 Asin Fig ! but recording after DOP 3 had been given and stimulation of the contralateral

gastrocnermus-soleus nerve (co

although n man) experiments 1t was necessary to sumulate group I afferents

Inrecord I Fig 1 a maximal con

tralateral late DRP was evoked at astrengtliof 4 2

times threshold and when the stumulus strength was rarsed there s an increase of the
latency and a decrease of the magmtude (J and k) An even more pronounced
reduction with increased sumulus strength 15 shown i [1g 2 m which a late DRP

15 evoked in B and abolished m

C when the stumulus strength is ratsed from 102

ta 41 fumes threshold The corresponding lower records (L and I) show that with

single sumuli of the same stren,

gths the late DRP appears when the strength s

raused from 10 2 10 41 umes threshold ‘The opposite effects in B, Cand E T support
the assumption that volleys 1n the same afferents can produce and mhibit the late

DRP {¢f Anden ef ol 1966 b,

Tig 3 tlustrates an experiment m which the late
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Tig 4 Measuremeat of the em s M RS |
<hange an excitabulity of Ia af a e i
fesent termunals by volleys in " St S oA
contralateral curtaneous affer. ot
#ots before and after DOFA .
The upper 1races 1 A and D /
scDRPsrecorded s big 1, - o o] g "
the Jower traces 1p Al Tecords  popn A s e
are from the L7 dorsal root  $Tmgng - png —_—
entry zone The upper tracessm A
B C, E and F show the anu Saesn
dromic salley recorded n the  *% ® vetem on
S nerve when us 1a afferent
feunalt were  sumulated
shrough 2 mucroelertrode,
whose tp Jay in the G-S
motor nucleus For each curve :
the abscisa shows the interval !
between the first conditiontng
volley and the test volley, the
ordmate the percentage change
m the amplitude of the condi
toned antideomic volley, taking
the unconditianed response as
0% A~C and the upper
rve were obtaned  before
DOPA, BT and ihe lower
<urves after an intravenous in
Jection of DOPA (100 mglfkg)
B and B show the uncandroned -
et response in fa afferents. —r——
The cffect of = trawm of conds T J B ek o ome
#oning volleys 1 the co Sur 1 by the
thown by the wighe hand records m € and F Conditionsng tesung intesval i xhlg';l ‘{h he
umultancously obraraed slow left haad records 1n G and F_Observe that before DOPA e
¥ & small late wave 1n the DRP and a corresponding slight increase m the 1a excitaby iy
and that thes efirets ncrease markedly after DOPA For comparison the lower ulrw:-\i;b»l (l e
€ect (x) of the same tram of volleys in the ipsilateral sural nerve (1 Sur) The vatage scale refers
12 the DRPs The cord dorsum record in D was taken at a higher amphfication than wn A 'ﬂéc
time scale for A, D and Yeft hand records in G and F 15 gaven an F and for the other records

e
3 Zo0maee

3

x

2
%

DRP did nat decrease when the sumulus strength was rased to actvate hugh thresh-
old group 11 muscle afferents

Wall's (1938) technique of measuriug the excrability 1n afferent termmals was
employed to find out m which afferents the late depolanization 1s evoked on the
contealateral side It was a consssiens finding that the exciabihty mereases i Ja
afferents (flexors and estcnsars Fig 4 shows measurements, before and after
DOPA, on fa terminals 1n the G S motor nucleus Tn this case volleys i the
contralatesal sural merve evohe a shght Jate mcrease of the excrtability even before
DOPA and carrespondingle there 1 also a small late wave 1n the DRP (A) After
DOPA the late ware 15 more pronounced and the condtetoning volleys i the contra-
lateral sural nerve now give a larger increase in the excitabshity which follows the
intal decrease (@) Tor comparsson 15 alo shown the effect evoked from the p-
silateral sural nenve (¥) A contralateral small late DRP and a correspanding
merease in the Ja excitabibty was found rather often m acute spinal cats w*
had not been smyected wath DOPA Similar findings were occavionalfy
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\
DOPA 100mg/kg Fig 5 Measurements of the ex

cability of cutaneous Ia and

A wSw28 8 lestS? € €0 Sur olest D 1Ib terminals when conditioned

by volleys 1n the contralateral
Vo Y A N FRA after DOPA A and L are
v——w-"l DRPsrecorded asin Fig | The
lower traces 1n all records and
also the upper trace i H are
from the L7 dorsal root entry

€ QK0 F o ATl test S [\ @Hetest conc The antidromic test dis
“ o0maec charge 1n B—D s recarded m

mﬂ e Thad the cutaneous superficial pero.
a2 _\/— «/— neal nerve (SP) 2nd evoked

Zmwc  from a mucroelectrode, whose
tp lay 1n the dorsal horn where
4 maximal extracellular focal

H FESt | e .
Iy ] o test coHtest K potential was recorded from the
- i 1 SP nerve The unconditioned
test 15 shown 1n B a train of
f“k’\@f — —  condioning volleys n_the co

Sur has no effect (D) The con
ditioning testing interval 15
shown in € In E—K obtained i another the tip of the clectrode
was in the mtermediate nucleus and the antidromic volley recorded in the PBSt nerve G shows
the facilitatory effect of conditioning volleys 1n the co H at the same strength a3 1n F, (unconditioned
group I test in T} In I—k a mawamal Ja volley from the PBSt nerve 1s collided with the ant

amsec

bt ws v o s 1 rau i ' ’

&

)(he 1psilateral ssde (Anden ef al 1966b) but 1t 15 not known why without DOPA
the late effect to Ia afferents 1s more frequently encountered in contralateral than
1 1psilateral Ia afferents Crossed cffects to Ia afferents from the IRA were not
found by R M Eccles, Holmquist and Voorhoeve (1964a) but this 15 not surprising
since they worked on preparations under \embutal anaesthesta and the late waves
are pletely abolished by 5 mg Nembutal 1 v

Fig 5 illustrates excuability measurements from 1b afferents and from cutancous
afferents B shows the unconditioned test discharge evoked by mntraspinat sumu
lation ol cutaneous afferents Conditioning vollevs 1 a contralateral cutaneous
nerve evoke a late DRP (A) but does not change the test discharge (B) F shows
the unconditioned antidromuc group I volley evoked from the mtermediate nucleus
When conditioned by volleys in ugh threshold muscle afferents the test discharge
15 increased 1n G This mcrease 15 due to the rased excitalulity in Ia afferents be-

cause when the collision techmque 15 emploved to evoke 1b test the same condi-
tioming volley has no effect (1 and K

Discussion
In the normal acute spinal cat volleys in the FRA evoke an early contralateral
DRP which 1s caused by 2 PAD 1n cutancous afferents {probably in the TRA}
and to some extent i 1b afferents, while there 1s no depolanzaton in Ia afferents
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R M Cecles e aof 19642, b} After mjection of DOPA the early contralateral
DRP from the FRA 15 depressed (Anden et of 1966 a} and volleys m the FRA evoke
2 late fong lasting contralatera) DRP (Fig 1=-3}, which resembles that recorded
on the spsilateral ude (Anden et of 1966 b} Ths contralateral Iate DRP 15 caused
bya depolanization 1n Ta afferens termunals and there was no trace of a depofanza-
tion i 1b angd afferent t Is App y there 1s a selecuve pathway
from the FRA not only 1o ipulateral {Andén et a? 1966 b) but alo to contralateral
1a afferents Since also the short lateney effects from the F: RA are bilaterat (R N
Eccles et of 19654 2, b} the generalizing postulate ss forwarded that the effects fiom
the FRA ¢ prmary afferents are bilaterat

Evidence has been presented (Fig 1 and 2) showtng that the crossed pathuay
from the FRA 1o 12 afferents 1s under the same whibitory wfluence from the FRA
as the cortesponding 1pailatera} Pathuay {Anden o of 1056 b} By analogy it 1s
suggested that vthoug DOPA ako the crossed pathway 15 mhibited by actnaty
n the short fatency path from the FRA and that DOPA by depressing transnussion
10 the fatter Path releases the Jong latency path from thss mhibrtory control

Rl be shown in & forthcomung paper 1n thus series that knowledge of the natuee
of the contratateral Iate DR? 55 essentat for the understanding of the mechanism
for FEaprocal actnaton of flexor and extensor motoneurones from the FR.A after
BOPY for Prebannary report by, Janhowsha o ot 1965 Lundberz 1965 1965,
This wo k. WBX 3apported by the §

wad sh \edycat Councit (Progect o N9 0 and 024
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Monoamine Oxidase Activity in the Bovine Splenic
Nerve Granule Preparation
By
R H Roruand L Srjarss
Recerved 6 May 1966

Abstract

Romt, R H and L Stjarne Monoamune exidase acterly w the bovine splense ner e
granule preparation. Acta physiol scand 1966 68 342--346

Monoamine oxidase (MAQ) acuvity was dnnmmcd m fracuons obtamed fram bovine splemc
pene with bath (D) and (VA as DA wasfound to be a much
bester sutstrate far MAOD lhzn “A The bulk of the \l A0 1 this preparation was found i the
nerve granule fraction which by clecison microscopic evaluaton scemed to e fargely free from
witochondeal contaramauon  Thewe findings suggest that havine pienic nerve in addiion to
smutochondrial bound MAO abso rontains a form of MEAQ with a substrate preference for DA
which scems to be asotiated wih the nerve granules

}

In work currently under progress in thus Jaboratory, DA § H? has been routinely used
to quantitauvely and guahtatnely evatuate the f-hydroxylation step s the synthesis
af NA m bovine splenit acrve granules (Syarne, Lishagko and Rath, 1966 1t was
therefore considered desirable to also imestgate the relative acussty of MAQ present
0 tins preparation, since the labeied amme maght be degraded o some extent by
this enzyme It has been prevsoush assumed that httle MAO actweity s present m
the bosine spleme nenve granule preparaton stnce balance studies i ofsing the
retease of NA from nene granules indicated that mast of the WA loyt from the
granules over a } hour period at 20 € way recovered as sngact NA n the super
natant {Euler, 1961) However, 1t1s alsa known that DA 15 a much better substrate
for BMTAG than 13 VA « Heacr, 199) and iierefore 41 4¢H may play a more prommrent
role m regulation of the level of this monoamue an bovind splenic aurve

“The present imvesigation indreates that not anly 15 there substantal MAO artivity
present 10 bovine splenic nerve but that a large portion of this acunaty appears ta
sedement wish the granule fraction

Methaods
Tresh bovine splemc nerwe ussue was obtamed from the staughter house, carcfufly
d d free from tsssue, and | g $at0—5 € nsotonic po-

342
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tassm phosphate pH 7 5 (10 g/30 m!), exther by meansofan Ultrs | rax apparatus
orby squeezing between nylon rollers The whole nerve homogentte 1 press=d juc
was then centnfiged at 8000 x g for 10 mun and the pellet discarded The low
speed supernatant which contans the specific NA stoning nerve granule was used
for the experuments In some cases the granules were separated bs cennt 1grag the
supernatant at 50 000 > g for 30 mun The granules obtamned were then re sspended
m an equal volume of 1stonsc potassium phosphate

One to 2 ml of the ahove prepared g les or les were
weubated at 37° C 1n a centrifuge tube for varying time mtenals and \\nh dafferent
substrate concentrations of NA and DA In all experiments the tubes contained 1 uc
of trmum Jabeled DA (New England Nuclear Corp, 34 dihydroxs vhemletinl
V' amune HBr, spact = 50 mcfmM) or 15 pe of H'd 1 NA New England
Nuclear Corp , pursfied prior to use by 1on exchange column chromatograg 1+ sp act
=7 ¢/mM) The reaction was termunated by the addition of 0 2ml of 2 M perchlone
acxd and the tubes were placed in an 1ce bath The suspension was newahzed to

about pH 6 by addwtion of p b and then ceatrifuged at 30 000 ¢
for 10 min at 0° C to remove the precipitated protemn and perchlorate The super
natant was then o { 1nta stoppered glass tubes 200 mg of Dowex 20

The tubes were shaken in a mecharucal shaker for 15 rumn to assure quanbiative
adsorption of all the ammes and then centrifuged at 2000 RPM for 5 man to obtain
aclear supernatant One hundred gl of zhc supernatant which contams 1he deaminat
ed bolites was taken for rad ed Control tubes were precipitat
ed with perchlonc acrd before addition of the radioactive substrates and then carried
lhrough the dentical procedure The radicactnin was determined by countmg
the samples 1n 2 Packard T Carb hqud scinnlt P The I
Mixture consisted of a 7 3 toluene absolute cthanol solution contaming 4 g of 25
d phenylovazole and 100 mg of 14 bus {2 (4 methyl § phentloxazolyljbenzene
Tter of toluene Quenclung was montored by nternal standards

Results
Prel

nary exp p €M tryptamune for MAQ determinanion accord
g 1o the method of Wurtman and Asclrod 1963 1n homogenates (rom bovine
splerue nerve prepared by the Ultra Tusrax method demonstrated that about 60 ¢
of the MAQ 1n this preparation was present w the Jow speed supernatant Further
“xperiments were undertahen to clanfy this finding

Instially experiments were tun to determune how long the M AO actiity remaned
linear When exther DA or NA was used as a substrate 160 amoles ml it was found
that the MIAD actiminy m the low speed t prep d hinear
for at least 16 mim A shorter tme 1ntenal of & mun was chosen to study the effects
of increasing substrate concentration on the rate of dearmnanon Iig 1 shows the
vesults obtaned with splemic nerve low speed supernatant In this preparation the
MAO seemed to be saturated at a sul. on of 320 lesjrnl when
aither D\ or N4 was used as a substraic The rate of deammanon pf NA 1
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DOPAMME g asATION
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o [} s range of thiee determ nations

strate concentration of 320 nmoles ml (1 ¢ when the enzyme appears ta be satuvated)
was onh about 1 5 of the rate of DA deamination

The resuspended granule fracuon contamed over 50 °g of the MAQ activity of the
fow speed supernatamt (¢f Tig 2) Pargvhine {Eutonyi®) a1 a concenuanon ot 5 >
10 M was found to be a potentinhiintor of the NAQ acinvty i both systems stadied
At this concentration the mlubitary, effectinonn ¢

« utsuns are summarnzed w Dig 3
2 gianufe {raction oblained by this procedure was also taken for electrenmicro
scopic analysis According to electron microscopic evidence (¢f Iig 4 thus prepara-
tion appears 10 be stnbingly homogenous and apparenthy argdly free from con
tamnatien with mitochondna The results on the distribution of MAO obtawed
with thus pressed juice preparation are similar o those obtained with the fracuems
prepared by the Ultra Turrax method and agatn demonstrate that a large percentage
of the MAQ actiwity 3¢ bound i a partculate (raction which appears morphologmeally
Aifferent from mitochondria
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Discusston

The present experiments demonstrate that the granule fraction obtained from bovine
‘Plenic nerve contains a substantial 1mount of MAO actvity The MAO present
shows a substrate preference for D\ over NA despute the fact that D\ 1 H? was used
© measure the activity It would be expected that some 1sotope effect should be
Appirent with this substrate (Belleau and \Morin 1963 and t! erefore the rate
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deamination estimated for DA 15 probably at best a low estimate of the actual rate
of dearination of unlabeled DA

Blaschko, Hagen and Hagen (1957) have demonstrated that the majonity of the
MAO 15 mitochondrial bound and can be separated from the amine granules by
denstty gradient centnfugauon The electron microscopic observations on the
bovine splenic nerve granule fraction, however, seems to suggest that the MAO that
follows the granule fraction s not present 1n normal mtochondna, since these are
almost completely absent in this preparation However, the possibility sull remains
that some sort of specialized mitochondria exist in this preparation with morphology
similar to that of the amine contaiming granules Iurther iny esigations are now under
progress in this laboratory i an attempt to relate the NA, ATP, protein, succime
dehydrogenase, f-hydroxylase and MAO content of the various fractions of bovine
splentc nerve | s ol d by density it centrifugation

“This insestigation was supported in part by a Public Health Service fellowship 1 T2 GAL 30 064 01
(R R ) from the National Institute of General Medical Seiences and grants from the Swedish
\edical Research Council projects No 14 %9702 (U S v T jand 14 X 62501) (L S) which
are hercby gratefully acknowledged
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cvared contractle elements could be mensreey 1sh 1he aid of thas fenaih the length tennian
e escufar murcle in untreated and adrenalie teeated vessels nas stadicd The msele

L’;‘:dm of the elasue and mechameal condstions of the vessel wall, certam proper
© encountered that may be aseried to 1s contracule elements and others that
8 bt asenbed 1o, the efastie and collagenous efements s in the case of sheletal
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xr::::: 1) the contractite clement 2 the elastc camponent comtuned sersally mtlh
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he vessel walt The,contracule eltment ol rously consists ¢~
T2t probable ™ M cmonth mucrte tncabar w it .
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ig 2A Tension curve for vascular specimen m
which the length was quickly increased from 11 0
o A 4

mm . n e

tion At the arrow the specimen was lengthened
from 110 to 12 0 mm, whereby the tension rose
10 approximately 40 gwt This was followed by

rhythmic “stretch

gwt

200! ‘ A

S
S
gwt

.

.

.

,

:

:

EH

:
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response”

Fig 3 Length tension curves in threc
different specimens from the same ves-
sel on successive extension Adrenaline
(A} maconcentrationof § % 10 ¢ was
added and the masimal tension m-
crease was noted The adrenaline was
then washed out and the specimen was
stretched 2 mm After 30 min A was
agan added and the procedure was
Pocivioryy SN Y P

O QO _z2nd A———A) were
suspended in N,-gassed solution (ADR-
Ny}, the relaxed lengths were 16 0 and
145 mm respectively

The dotted line (ADR Ny 15 the
tensiondifference between A and IAA
treated muscle (= active tension)
Spont Ny denotes the 1unal tension mn

before additton of

after A 15 caleulated here as approximately 2,100 gwtjcm® The load at refaxed length (10 gwt)

was calculated to be 130 gwtjem?

length of the spectmen between the ponts of attachment was 5 + 2 = 7 mm The length and ten-

ssom of the speaimen could be determined simultaneously 1n this way
“The tension 10 the vascular specimen was measured with 2 Grass force transducer FTO3 and
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Determination of the length tension urce
The lesgth tension rel was d d In untreated and adremine | 4)-treared vascular
* 5 S SR v and

f . . sere

. . on
R . sion

development after treatment with A was determmed as 1 point (2), the specimen was extended
sepeatedly, by 1—2 mm at a tume, before A was added It was only stretched sufficiently for the
maximal momentary tension wcreas: ta reack 200 gwt When the tenston had decreased and alter
10—20 min, had become stable at a lower level, the vessel was again stretched untl the dessred
length was obtained and the tension had stabilized at a new level In this way astempt w1s made to
climiagte from the calculations the tenston mduced by viscous tesistance of the vascular muscle on
changes in length

The contraction of the vesse] was 1nduced by A n a concentration of 10 * thus concentration
baving a maxymal tension increasing effect In order that A should not be oudized and exert &
Progressively diminishing effect, several Were p under

¢ maximal contraction intreasing effect of A was somewhat greater in oxygen thanin \, (Fig 3)

Musele length at mactreated contractile elements

however, the specimen was allowed to relax overmight and ats length was measured about 16 hrs
after the addition of d acid The length curves of the specimens after 4 and
16 hrs' treatment with monowdoacetic acid showed sumilar courses

Th of ad ‘ TP) and creatme phosphate (CrP) in vascular
muscle were determined accordimg to the method of Adam {1962)

Results

The concentration of energy-nich phosphate compounds wm untreated and monoodoacetic acd-
treated tascular muscle Vascular muscle which had been immersed m the tssue bath
for 30—60 min at 37°C 1 Tyrode’s solution contaiming glucose and gassed with
95 % O, 4659, CO,, contained on the average (n = 18) 091 & 0 10 gmoles
ATP/g wet weight and 066 + 009 umoles CrPfg Alter treatment of the specimens
with 0022 M monoiodoacetc acid for 8—24 hours 1n Tvrode’s solution gassed with

Ny, they were found to contain nesther ATP nor CrP Since with the analysis method
used ATP of CrP could be d d 1m as low ¢ as 0 02 gmoles/g,
the concentration of energy-nich phosphate compounds 1n the doacetic acid~

treated specimens was reduced o below 139 at least, of that in the untreated
Specimeny

Ruigor mortis i 1aseutar muscle A sinated muscle that completely loses 1ts ATP
content develops rigor mortts so that tension occurs on stretching of the muscle
(Bendall 1960) Ve have attempted to demonstrate rigor mortis 1 vascular muscle,
but have been unsuccessful In these expeniments maximal 1sotomic contraction was
tnduced by A 1n one vascular specimen so that its length was about 30 per cent of the
relaxed length Monoodoacetic acid was then apphied to the maximally contracted
Speamen which was left with no load applied Afier 16 hours the length-tension
funve was determined Tension developed at the same length as an the vascu ar
!pccimcn which was slesady avtandad on we calao 3 T i tfo aio i an
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monotodoacetic acid No signs of nigor mortis were seen, and 1n this respect vascular
and skeletal muscle thus seem, 1n principle, to behave differently

The length-tenston curie in untreated and monordoacetic actd-treated muscle
Fig 3llustrates a typrcal experument in which the untreated vascular specimen was
slowly extended by 20 mm at a tme The tension rose considerably at first, and
then rapidly decreased (I'ng 2A) When the viscous resistance of this vascular tissue
had been overcome, after 20—30 rmn, the tension become stable at a hugher level,
the value of which 1s given in Fig 3 spont-N, The length of the vascular tissue
15 given m per cent of the relaxed length (sce below) With increasing length the
tension rose hyperbolically
The specimen was then shortened so that the tension decreased to zero, after which
1t was treated with monolodoacetic acd The length tension diagram was then
determined 24 hrs later (curve IAA) The length tension diagram after monotodo-
acetic actd was deviated markedly to the night, 1 w towards greater lengths Another
difference was that as long as the monoiodoacetic acid treated specimen was only
loaded with up to 50 gwt, there was no lengthening of the vessel The tension was
constant from the start, and no viscous resistance occurred However, when monorodo-
acetic acid treated vascular tissue was subjected to tension exceeding 50 gwt, a
lengthening occurred and a viscous resistance was noted On successive extension of
« the vessel the tension curves even lav above that obtained with subsequent successne
shortening, 1 ¢ hysteresis occurred At 1020 gwt, however, the curves again con-
<erged on repeated extension and shortenmg of the vessel (Fig 7)

Muscle length at nactizated contractile elements At a tension of 10 gwt (about 100150
gwtlem? cross section) the monolodoacetic acid treated vascular tissue therefore
exhibited a constant length which r | h d both on
and shorterung The length of the d acid-treated sp at 10 gwt
has therefore been taken as reference length i the following, 1t 1s denoted as * relaxed
length”, and other lengths are gnen 1n per cent of thrs measurement

Length-tenston diagram after adrenaline Fig 3 shows also a typical expermment where
yascular specimens fat different lengths) were contracted with A and the tenston was
related to the muscle length in per cent of the relaxed length The effect of A was
first determined on the Iy contracted sg after which the speamen
was extended successively before each new additon of A Three different specimens
from the same vessel were studied 1n this experiment, two under anacrobic and one
under aerobsc conditions The spontaneous tension, 1 € the tension befare the adds
11on of A, o the two anaerobic speaimens 1s also gnen in g 3 The difference between
the cun es for spontancous tension and tension after addition of A ghves the increase

m tenston which can be ascnbed to A Also shown in Fig 31s the Iength-tension
diag alter of the with doacetic acid It 15 Iughls

prd

- . +
probable that the tenston differences betw een the curves for * monoodoacetic acid '
on the cne hand, and “spontaneous tension” and “A', on the other, can be ascribed
1o the contractle elements As seen in the figure, the tension ncrease after A was
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Pig 4 Length tension diagram of two speen rens from
the s3me vessel In one of them (O———0) the
fgontincous tension and the tension after additson
o A were rerorded on successive extension of the
*peaimen 1n the other the terision on successtve short
@ngwasrecorded (O« Q)
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Fs 5 Differencein tensonbe =

e LENGTH Y
Iween A induced and spontane CECREASNG \
Sustension in the experiment at
lustrated in Frg 4

kg 5 2 R

LengTH wdw cenr
mavumal at the relaxed length, when 1t reached a value of approamately 2 000
utfere? crovsection In <keletal mascle the maximal tension development ts approx
mately 2,000~-3,500 gutfem?® Wilkie 1954 Ramsey 1960 At 2o 30 per cent
ofthe relaxed length vascular muscle 1s no longer exert an tension but seems to be
maximally cantracted In other respects the lengrh tenston curve after treatment
vith A followed the same course as has been desenbed for sheletal muscle Walkae
1954) and smooth muscle such as rabbt wserus Csapo 1960, and taema coht
(\aberg and Asxelion 1963 The masimal <hortemng of the vascular muscle i per
cent of the relaxed length was the same as ha been reported for shefetal muscle m
Pereent of Ly, Ramsey 196t

Frg 4 illustrate- an experment 1n which tvo different specimens {rom the same
ossel were studied one on successive extension and (he other on successi ¢ shortemng
The length tensian curve with stepwise extension lay considerablh above that with
successive shorteryng When the tenuon increa ing effect of \ was determined m
welaton (o the spontancaus tenuion, howerer, the ncrease was found 10 be almost
the same 1n the o specunens Tig 5) The cumes showed a level masmym
73--100 °, of the relazed length

,
[P o U
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* ) fizg &  Acuve state  determined by trachon
i ® 3 release Adrenalne (1 » 10 4) was 1dded toall
g, 1 { specimens at time @ Meer 6 30 GO and 80 mn

the specimen was extended 2 mm but so slonly
that the tension tncrease never exceeded 200 gwt
When the tenson had begun to dim msh the
10 tength of the vessel was rapidly adjusted The
T increase of active tens on after 30 mm was re
o T corded The figures denote the tenson acrease
in gwt after treatment with A before and afier

tract on releass

Deters vation of acte ¢ ¢ te In attempts at determining the active state of vascular

uscle we first tested the  qurch release  method of Ritchie (1934 Wath this method
the isometricaily contracted muscle was shortened 1—2 mm by nghtening the micro
meter screw 1—2 mm within | second so that the tension decreased to zero Ihese
vessels had a maximal 1sotonte shortening velocity of approxmmately | mm mmn It
was not necessary thercfore to “release the muscle vens rapidhy for avordance of
acuve shortemng The extent to which the muscle regamned its onginal tunsion was
then observed This procedure was usable but had certam disadvant iges In vascular
muscle the serre elastic component was se large that the muscle had to sherten about
2 mm {1520 per cent of the relaxed tength for the tension to decrease momentarily
to 0 gwt In sleletal muscle the serie elastic component 1s reported v Hilt (19 0)
to be 3—4 per cent of I At the shorter length the maximal tenston development
of the vascular muscle was considerablv reduced ¢ 1g 3) in comparison wath the
greater length The muscle never therefore regained its orugmal tension after quict
release VAsth thus method the exustence of an actrve state could be demonstiated but
sts mtensity could not be determmned In an atternpt 1o chimate this source of
error the  quick release  techmque was combmed with prelumimary extension of
the muscle, and the active state was determined by traction refease  Vynth ths
method the muscle was extended 1mtiathy 1—2 mm This was done over the courte
of 1—2 smuns and care was taken that the tension sheuld not exceed 200 gwt {1ig
6) When the decrease i tenston had begun to dimmsh and the tension was onls a
little greater than belore the muscle was lengthened quick release (1—2 mm) to
the origmal muscle length was performed Wath this the tension fell to a level below
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the original but then rose, first rapdly and then more slowh «a h a constant
levelafter 10—20 mins (Iig 6) The increase m tension alte  u ck release v as
asumed to reflect the degree of actic state of the muscle

The risk with ths procedure was that estension of the muscle m »l t protohe

stretch response  and create an actne state where none evisted pre sh H
ever 1t seems to be difficult to provoke a stretch response in these ves el 11, 24
Under normal conditions the tension never rose above the level that + induced
by the extension and the final tension was not reached until 20—30 mur  feer this
extension In expennments vhere the muscle was suspended for 24 he n Ca  free
Tyrode s solution however a stretch response was induced Exter 1on of the mu de
after this treatment tnduced an active tension wncrease which mark dlv exceeded
that induced by extension (Tig 2 B,

Another question was whether traction release 1 any way reduced tf  reactinies
of the muscle One 1solated traction release did not affect thevascular 1 iscle The
contractile effect of A was the same before as after a traction release In 1scae \
v a3 washed out between the eaperiments V\ath repeated traction release t thesar e
muscle specimen 1n the constant presence of A however the development of act
tension successnely dimimshed

letue state w the vaseular musele It seemed lughly probable that the difference in
tension between A treated and monotodoacetic acid treated muscle could be ascribed
to the contractile element But was tlus tension due to an active state or was it de
pendentona tomc or catch mechamsm m the vascular muscle? This problem
v a5 of especial interest since previous eperyments on rascular muscle we had
found that on 1sometric contraction induced by A the energy requirement 1 as 3—*
umes greater during the phase of contraction in which tension was being increased
than when a constant tension level had been reached (Lundholm and Mohme Lund
holm 1965) On mvestigating the encrgy requirement on 1sotoruc contractton of the
vascular muscle we found that this requirement mereased during the shortening phase
and then returned to the basal value (Lundholm and Mohme Lundholm 1962 i
spite of persistence of the 1sotonic contraction If a parallelsim was assumed between
the energy requirement and the intenstty of the acin estate these results conld indicate
that during the later stage the degree of actve state had decreased and a catch
mechamsm was possibly n uperation

The degree of actne state with continuous nfluence by A 15 shown in hig 6
After traction release the mcrease n tension from the mtital value after 6 30 60
and 90 mmns treatment with A was of the same magnitude as the imual tension
\ncrease on additon of A The absolute tension developed by the muscle was
however lower afier traction release when the mutial tenston lay at a lower level
The resules indicate however that the degree of actne state was unchanged on
continuous treatment with A

\nother mteresung question was whether the spontaneous tenuon noted 1 thow
muscle was a conscquence of achive state or was due to a more passne

mechanism 1

TN
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TENSON gwt

i LENSTH PER CEXT » = B
Fig 7 Spontancous tension and active state Curve | spontaneous tension of the vascular specimen
on successive extension by 2 mm cach ime Curve 2 the tension finally descloped by the specimen
30 mun afcer tracuion release The tension differences between (2) and (3) may be ascnbed 10 an
acuve state  Alter d. acd tho lengih tension determinanions
were made (a and by

Traction release was thercfore also performed on untreated vascular muscle at
different lengths 1 an attempt to answer this question The results are shown in
\Flg 7 In thss figure, “1” 1s the imtial spontancous tension, “2 ° the tension regamed
by the muscle after traction-release and 3™ the lowest tension exhibited immediately
,.','/gﬁcr release The differences between ‘2 and * 3" should therefore reflect that part
of the spontancous tenston that resulted from an actne state As may be seen, the
spontancous tension. could be ascribed partly, but not sholly, to an actne state

Discussion

Relaxed length af inacti aied contractile elements One important question in & aluating
the signification of relaxed length was whether monotodoacetic 2cid i the con
centrauton used only influenced the metaholism and thereby the contractle state of
the vascular muscle, or whether 1t also affected the elasuc properties of the essel
wall by means of a physico-chemical process Several factors support the former idea
1) the final length attained by the muscle when loaded rsotonically during treatment
with monciodoacetic acid was the same as that observed when the metabolism was
inhibrted by total lach of substrate 2) in taensa coli a relaxed length can be induced
by total inhibition of the electrical actnaty of the memt withA M Joacettc
acid did not cause Jurther lengthemng of adrenaltne treated tacma colt Aaberg and
Axelson 1965) 3) normal vems from man were relaved by monoiodoacetic aad,
arteose vems which almost completely lacked smooth muscle were not relaved by
this substance {Jonssen and Ahrenander 1963
It seems probable that monoiodoacetic acd relaxed the vascular muscle by
snhubition of the metabolism, and that the lengrh tension cunve obtained here reflect-
ed the condmions 1 vascular muscle where the contracule elements were mactivated.
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Ttshould be possible 1n an mactive muscle to establsha certa « ~rence or restng
length But, as seen 1n Fig 3 and 7, this length depended on th 1 applied 0 the
muscle The length at a load of 10 gwt (approvimately 130 gwt cm? cross sectur
“aschosen 1n view of the fact that at this length and tension no hvstere  ~ccurred ¢
fepeated extension and shortemng At this length the sometric tensio Wwas at it
maumum (dotted line Fig 3) and agreed 1 this respect with L, 1 ske  al muscl
(Ramsey 1960)

Adetue state If the length-t cune after with
teflected the conditions of the macuve muscle, the sascular muscle under normal
conditions 15 always contracted to some extent But did the contracted state of the
muscle result from an active state alone? The increase in tenston after treatment with
A nas probably due to an active state since the muscle regamed ats wnsion after
tracy } The energy util was also increased when the musrle con-
tracted 1sometrically after A (Lundholm and Mohme-Lundholm 1965

The absolute level reached by the tension after treatment with A was acpendent,
however, on the mutial spontancous tenston of the muscle (Fig 4) The spontanec us
tension and the tension resulung from A pp d 1o be ¢ 1 The
tpontaneous tension was, in turn, probably duc 1n part to un actiy ¢ state, especially at
greater lengths (Fig 7) This indicates that the active state induced by A, and the
Spontaneous actne state of the muscle, would be added together This suppositton
that active state of different ongin may he added 1s not improbable W hen the con
centration of A 1n the suspension solution of the vascular muscle was successn ely
mereased until further increase in concentration gave no rise 1n tension, a further
tenston ancrease could be mduced by histamune andfor K 1ons

The interesting question of whether the degree of active state in these expeniments
was due to different degrees of actnation of the ndividual muscle cells or to the
fact that different numbers of muscle cells were maximally activated, will be discussed
in alater paper

doaretic acid

Another question was whether the increase in tension of the contractile elements on
successive extension of the vascular muscle could be ascnibed to an active state alone
or whether a more passne tonc or catch mechanism was a contributory cause
We refer here 10 the temmon shown by the muscle in a steady state after 30 min 1t
s¢enn Fig 4 that the tnvon reached by the musele at a certam length duning treat
ment with A was conuderably higher in the experiments where the muscle was
successively extended than when 1t was successivels shortened On traction relcase of
untreated and \ treated muscle (Fig 6) the tension level before tracuon was higher
then that finally attuned by the muscle after release These evpermments may indicate
the presence of 1 catch * mechwnism

The monoiodoncenc acd treated muscle showed the same tension on extenston
and shortentng as long as the masimal tenson did not exceed 50 gwt The monotodo-
acetic treated vessel did thus not show vicous propertics in this tension region
When the series elstic elements was elimnated there was no *catch  mechanim
present With Ingher tenstons, hawever there appeared a viscous reastance

N N
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tension difference on extension and shorteming of the monoodoacetic vessel which
was reflected 1n the hysteresss of the length tension cure (Lig 7)

At a hugher tenston than 50 gw t st 15 probable therefore that plastic length changes
occur 1n the senie elastec andfor parallel elastic component of the vascular muscle
tissues, which may explam some of the observed tension differences [ these plastic
changes can fully explamn the tenston differences in Tg 4 15 uncertain Tirstly, all
specimens were subjected mmtially to a tension of 200 gwt which was then not
exceeded, 1n an attempt to eiminate further plastic changes from the start Secondly,
tension differences occurred on traction release of untreated muscle even 1n cases
where the maximal tension was not greater than 50 gwt The suggestion that normal
vascular muscle has some  catch™ mechanism can probably not be excluded, there
fore Its eventually connection with the ‘viscous resistance ’ of vascular smooth

muscle 1s the subject of further studies

Comparison between vascular and skeletal muscle

Certamn fundamental biophysical preperuies are common to both vascular and
skeletal muscle Vascular, like sheletal muscle, 1s able to contract to 2030 , of its
relaxed length The length tenston diagrams follow sumilar courses The 1sometric
tenston per cm?® cross section which can be produced maximally by a vascular muscle
R of the same order of size as 1n skeletal muscle Also, the energy required to produce
certain tenston 1s sunar n the wio types of muscle (Beviz ¢f ol 1965)
yThere are certamn essential differences, howeser Rigor morus ts not scen 1 vas-
« cular muscle on the disappearance of ATP Series elastic components is 4~—5 umes
greater m vascular than 1n skeletal muscie The rate of contraction 15 about 100
tumes lower m vascular than mn skeletal muscle Normal artersal muscle ss always
more or less contracted and in an active state On isometnic contraction of a nor-
mal vascular muscle an increase occurs mn the degree of active state but there 1s no

change from a resting to an active phase, as in skeletal muscle Terms such as

ung length and resung metaboksm

muscle

* res-

strictly have no sigmificance for vascular

We are indebted to the assstance of Mr Andras Beviz Aiss Inga Johansson and Mr Nandor
S amos Financial support was provided by the Swedish National Assocration agamnst Heart and
Chest Discases and the Swedish Statc Medical Research Council (U 285)
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Abstract

Risisen, T and £ TasKINEN  Reserpine and gastromtestinal mucosal mast cells Acta
physiol scand 1966 68 360—364

Rats were mjected intra-abdommally with 2 mg'kg of seserpine once, 5 trmes and 9 temes at 12.he
mtervals. 4 hrs after the last injection the rats were hifled and the mucosal mast cells of the stormach

Reserpine does not appear to cause changes i the peritoneal mast cells of the rat
(Bhattachana and Lewss 1956, Padawer 1957), thought the 5-hydroxytry ptamine
content of the mast cells decreases 1 Moran and Westerholm 1963, Nor does reser-
pine cause morphologic changes 1 the mast cells of the subcutaneous connective
tissue of the rat although therr content 1ly dechines ( Parrati and West
1957)

The mast cell profiles of human gastrnic mucosa concur with the mucosal hsta-
mine and serotonyn densiies The ratio between the concentrations of these amines
m the human gastric mucosa 15 13 1 Murray Wylhs 1964, and in the rat 15/1
(Nikodyesic and Tragkos 1963 , the affimity of serotomin for hepann 1s considerably
smaller than that of bistamune  Selve 1963 For the rat skin the raua betwcen the
hstanune and serotonin concentrauons 1s about 30, but 1 the wall of the gastromnte-
sunal canal 1t vanes from 4 0 8 Talfort and Eest 1960

Mast cell granules store and suntheuse not only polvsacchandes but also hista-
mine and serotoun The amount of serotonn decreases in the skin Parratt and West
1957) Total release of serotomn happens 1n a mast cell population with 2 10 *
Af concentration of reserpine  Carling, Fischer and Grarman 1964

The mucosal seratonin content appears to remam unchanged 1 the gastric mucosa
increases (Fmis 1963) As

of the cat dunng reserp whereas sccrets
1 Asded by a grant from the Sigrid Juselras Foundation

360
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RESERPIN AND MAST CELLS
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Fi8 1 The columns 1n the diagram indicate the count of mast ¢ells per 20 visual fields  the gasnc
'y and m the jejunal mucosa of rats

Jepmat mucosa

carler studies have shown that rat gastric secretion during Shay higature 15 affected
by the different phases of the gramulation of mucosal mast cells (Haikonen and Rasa-
et 1969), the authors decided to study the reactions of the mucosal mast cells
dunng the reserpmisation of rats

Method

Male rats of Dawley Sprague stram, aged about 5 months, were used m the study
They were kept 1n the laboratory o ordinary mived rat diet and water ad Iibitum
The rats were mjected with 2 mgykg of reserpine (Serpasil, C1ba) once 2 umes and
9 tmes at intervals of 12 hours The wnjection was g en intra abdommally

The first group consisted of rats mean weight 332 g the second of 7 rats of which
one died, mean weight 269 g and the third of 8 rats of which 3 died mean weight
Qig The controls, 7 rats were given no injections 1heir mean weight was 357 g

*+1irs after the last injection the rts were bled under light ether narcosis Immedia-
tely afterwards, samples were taken from the gastnc and jeyunal mucosa mounted
8 a small prece of cardboird and hxed n fresh 4, basic lead acetate After fxation
sections of 10 4 m thichness were cut verucally to the surface of the gastric mucosa
and stained 1n 1 ®o tolwdine blue aqueous solution The mast cell count was per-
formed in the superficral part of the gastric bods mucosa and the mean height

ofthe jeyunal mucosa trom the zone richest m mast cells per 20 v1sual fields by means
of ol immersion

Results

Reserpine did not seem to cause changes in the gastric and duodenal mucosal mast
wellamounts 4 birs after 1ts admimistration (Fig 1) ARer 5 injections over a penod
more than 2 days (52 b *he mombar af caciees o

R NP
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Fig 2 Fig 3
Fig 2 Loss of metachromatc maternal from the mucosal mast cells of gastrc mucoss afier four
days reserpinisation of rat Magmfication 300 x

Tig 3 Submucosal connectve issue mast cells in the gastric wall of reserpimised rat The mast eells
contan profusely 1 granules 800 x

. (P < 0001), decreasing further in the course of over 4 days (76 hrs) to 10 per cent
of the control value (P << 000I) (I'ig 2) For the mast cells of jejunal mucosa the
comparable decreases ranged from 50 to 60 per cent (P < 0001)

Unlshe the mucosal mast cells 1n the stomach, the mast cells of the submucosal
connectve tissue of the rats mnjected with reserpme displayed no features suggestive
of degranulation even after 4 days (Iig 3) The rats were almost immobile after
the reserpmne injection and became increasingly exhausted as the reserprmusation
continued, they had no appetite, and one rat in the 2-day group and 3 1n the 4 day
group died The stomachs of the rats grven reserpme contamned bloody gastric secre-
tion, with the exception of one case 1n the 4-day group

Discussion

Unlike the mast cells of the connective tssue (Parratt and West 1957) and pen-
toneal mast cells {Bhattacharya and Lewis 1956, Padawer 1957), i the gastric mucosal
mast cells especially, but also m the mast cells of the jejunal mucosa, reserpine
provokes degranulation  Gastric mucosal mast cells seam to be extremely prone to
lose thesr metachromatic material under the acvon of glucocortcords, ACTH,
acute stress and irradiation (Rasanen 1961, 1963) It 1s possible that the amount of
heparm mobilised 1n the urnine duning postoperative stress, which 1s four umes the
normal quantity (Mestel, Neuhof and Rosenfeld 1965), 1s mobshsed chuefly from the
liberal number of mast cells 1n the gastric mucosa

Reserpine appears to be one of the most effective 5-hydroxs try ptamine releasers
in the central nervous system, the effect 15, however, inhibited by monoamino-
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oudase inbubitors Reserpine temporarily nullifies the ability of 1 ain tissue to store
serotonin Gastrie mucosa has an about 8—10 tmes higher seratenin concentration
than the brain and the rat gastnc mucosa 15 capable of storing 3 maimfold quanurs
of exegenous serotorun without any changes m the histamune concentritons Nibe
dgevic and Trajhov 1963)
The fc of end

1n the gastric mucosa 1> probab a b el
Process as the turnower time of radioacin ¢ serotorun in the rabbitt 1s shor <t 1n the
g e mucosa (10 hrs), 17 hrs in the wntesunal mucosa and 33 hrs in the spleen
ard 1n the platelets (Udenfriend and Weissbach 1938) The shary arcreae n the
«rotonin concentration which occurs m portal blood under shota nuv be cau ed
b the argenttafine granules of Kulischitzhy’s cells or by platelets ~ ark Hicen
ard Fellman 1964) and also by the serotomn which 1s released from atrell
ofthe gastromtestinal canal

In addwtion to histamine, serotorin 1s probably released from the d nuly
mast cells of the gastnic mucosa under reserpine action Scrotonin ha T
affinuty than histarmine for hepanin Serotonin provokes mucosal lesions ( hed
ad Tragkos 1963), ke reserpine, the ulceratne effect of the latter hov e »r

miubited by d hik or catechol. (Neca and hre
1953,
Reserpine stimutates gastric secretion md dently of the nenous

¥
stem (Emds 1964) Histamine dusappears ffom the gastric mucosa i the course

e ghucocortcord effect when the mast cells of the gastric murosa are degranulated
(Foley and Gliel. 1962) Depending an the phase of granulaton gastric secretton
]:::m“h"d or mhilnted after the application of py loric ligature in the rat Harhonen

Kasnen 1965) Rererpme mduced degranulation of gastric mucosal mast cells
T2l ac d by b and parenchymal sumulauon

La
N <8 bberation of serotonin may result m postcapillan spasm with mucesal
Worrhages

Roerpine prooled degranulation of mucosal mast cells may be due 10 s direct
lﬂ::: may be exercised by the hypophysial — adrenocortical route which leads
e ,ntgm""]“'m" of mucosal mast cells (Rasancn 1961) 1n the rat, admnstered
the plgy, @ dosage of 10 mg/hg reserptne has a rather shghtly increasing effect c;n
g Tsone content compared wath ACTH Consequently 1t 15 probable
the § egranulation demonstrated i the present study 15 due to a great extent to

eet effect of reserpine on the mucosal mast cells
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Abstract

Ustasn, B and € Exgora-CuceLr Cat retimal ganglion cell responses fo changing legh
l;len.nlm Sinusordal modulation 11 the tme doman cta physiol scand 1966 68
65381

Jawn potentals were secorded fromt single a<ons of ecunal gangian celfs n adult bghtly aneshe-
2od paralyzed cate fntact eve) A small sinusordally Gme modulated shmuluy was located in the
ona o ‘ponsive portion of the receptive field center The mean dischacge feequency was monutored
on 2 counter during the experiment and the responses over extended periods of tme were recarded
& tape and later averaged  Most of the celly were outside asca centralis A senies of experiments

et

see N .

.

uulation depth at constant Ireguency (b

& modutation Only two of 31 etk echubited
“quency idependent of modulation depth

Sodufanon depth an atmost constan stmulas response ph

a function of sumulus fremuency at constant depth
{up to 30 per cent modulation] a mean discharge
2 vesponse amplitude reasonably proportional to

se dufference and an averaged response

—— e —————————————

In 3 stud, of subyectve ticker and fusion using snusordalls eme varyng stmaly,
deLange (1937) showed that under certam candstions the human vicual s stem mas
be considered to aperate mearh Tbe behavior was found to be bnear under theesh
od condions at fuson wheseas delanges exptrmments suggesied that under
<onditsons of marked fheker at low frequencies the response was definicly noshacar
His work clearly demonstrated that bnear filer theors — when applicable  wa
wseful 1061 1n the study of swswal sstems Hawever a dmear approach to clectro-
1sual aignals can be pastfied only of hnearsey of the yisual

Physiologucally recorded v
demonstrated  Lanearnty, of extabhishied und

Processes nyalved 15 expenmentally
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threshold conditions 1 ps3chophysical experyments, does not permut conclusions re-
garding the nature of neurgphysivlogical stumulus response relationships under thresh-
old or suprathreshold cond:tions
Several nvesugators have employed sinusmdal sumult in neurophysiological
expermments on 1nvertebrate and vertebrate eyes {Van der Tweel 1961, Gouras and
Gunkel 1962, deVoe 1963, Kuper and Leutscher-Hazelhoff 1965, Hughes and
Maffer 1964, Mafles, Moruzzi and Rezzolotts 1965, Pinter 1966) Retmal action
potentials were recorded by deVoe (1963) from the hight adapted eye of the Wolf
Spider 1n response to sinusoidally time varying stmuli He found 2 misture of both
linear and nonlnear suprathreshold behavtor, the response amphitude was propor-
tional to the depth of modul at freq y of and the
stimulus response phase difference was independent of the depth of the modulation,
as required for a hnear system However, the wavelorm of the response showed
neglhigible deviauon from a sinusoid at only low depths of modulauon, aboie 8
per cent the waveform of the response showed defimite nonhnearnties The response
characterstics of cat retinal ganglion cells dunng stimulation with smusordally
modulated Iights have been bnefly reported by Hughes and Mafler (1964), Mafle
¢t al (1963) and Rackenspenger et g/ {1963)

The aim of the experunents presented here was to determine the degree of hncanty
of retmal signal generation and transmusston and to observe the extent of non-
hneanty of the retinal ganglion cells Although we reahize that all parts of the recep
tive field contribute to the charactensstics of the signal that travels i a retinal
ganglion cell axon we elected first to study only responses from the receptve field

ﬁce'mcr By restnicung oursehves to sumult that mvolsed the receptne field center
/onl\ we became acutely aware of the very real problem of matntaimng prolonged,
effective 1mmobilization of the eye Without absolute stability of the globe 1t s
mmpossible to obtamn ant quantitatn e measure of the steady state response to a small
simulus We are reporting our expertence with this problem as well as our findings
regarding the response charactersstics of cat retnal ganglion cells at supra threshold
and at “threshold levels dunng smusordal strmulation

Methods

a Preparation and recording

Adult anesthetized paralyzed and artficially resprrated cats were usedl (For drug detafs sceociow
< Iramobilizauon of the eve  The head was held in a stereataxic instrument and a rectangular
piece of bone (from Horsiey Clarke £ to F 16 and LL 2 to LT 10 was remat ed Irom the top of the
& T nroviding access (o the chiasm and thas part of the optic tract over which there 13 o lateral
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& Stmutation

For most experiments a tow frequency hight modulater {Gubisch 1965) was us 1t Pr gect a circulas
sumudus onto the middle of a rectangular white, cardboard sereen placed one nreter from the cat
The scecen subtended 60 * 70 deg at the cat s eye and was evenly stlununated as b mihlamber +
To obtam the desteed lurminance sanation wath respect to ume the modulatar was deven by

modulated 100 per cent at 0 5 cps an 2 square was e fashions 1 audible impulse frequency increase
<ould be detected at offset of light for on center cells and vsce versa for off cr ter cells

in 3 few experiments a second sumuolator was used This consisted of stx tlurr «con tubes en
closed sn & box behind opal glass located behand a ceniral hole 1n a cardboard e rdentical (o

e onc abave) The function generator was weed o wary the light imtennty T4 + sufficient
Fange over which the Iight output of these tubes 15 proportional to the current « gt them tn
fermuel d of 90 per cent The sumwtus dian  vas varied
by using cardboard seseens wath tiferens sed apertures The mauimum mean lum — © was 700
™ 1 lamberts which was decreased. wath neutral densny filiers imserted between the nanlthe
Ysht source The front of tre screen was evenly tlununated at | milldambers

Modulation depth m cxpressed in per cent 15 defined 25 (Limag ~ Lowin{i Lanae + L wher [
rihe stmulua fumninance s mentioned atiove the stimmale spot provided by the fir <t 1ulat ¢
duloted b of 15 mal Tt should be ot ek At
the tumenicat vatues 1 enn the textand dusirations are corrected 1 give the true depth of maduls
onasobserved by the cat (1 ¢ corrected for bych d) Wt th nd this comphics
f0n 4 4 not anse since 1 that case the stmulas apot was not superimposed on a nen modulated
ckground Stioatus and bickground strengths are given 10 terms of reunal thumination vath
ully cifated pupid (14 s vy 3l ponds to 200 trolands with
* ¥ o & ameter aruficta] pupl approvimately 40 tobiut
< Data Processing

At tome yme following the cxperiment the tapes were played back and the data pricessed The
Sanghon celt spakes were used 10 trigger a puhe shaper which gave a cusrent pulse of 6 - mscc dura

ton The pulses were fed to @ capacator which discharged through a fived resisior The tune canstant
ofths RU smoothing netsork was 10 msee The voltage across 1he capacitor was applisd 1o one of
the mpues of 2 digital memory osalloscope (Eahancetron 1024 which farmed the swr of4 number « €
gapoase eycles This sum was scaled 1o gve the average vamaton oo impulse density of th rennal
Sanghion cell ducharge ‘The sumulus was taken fromc i tape to the other Enhancerron mput A
e duration equal 1o twa strmulus cy cles was Chosen on the E rhamesin and generally 40 sweeps
e averaged Boih averages were movtten oyt o an o v plotter Response ampluudes and phase

"_"ﬂmcr: were measured on the x y record Response amphitude refers to the peak peak amphtude
o

repernter eells the phase differences were measured fron stmulus peak ta respease peak for off
center cells from stamutus trough to response peak. (see big Gand 7

Lang an RC necwork fur a frequency depe phase suft
and acteswnion The acturl 1m une of phase snete rar ) by our was expe a1l
Sereninined at ¢ & and 16 eps and found 10 be 13 27 and H0 deg respecusely

Results
U doimabts zation of the ese
To collect data for curves relaung the mean discharge frequency of the celt and the
response amplitude to the depth of modulation or for plots of response amplitude
ersus frequency of stmulation at least two hours of unfailing smmebilizanon of the
€3¢ was needed Each tme the depth of modulation or the frequency of the sumulus
Was changed the response from the cell was allowed 1o settle down fo a new stead
value before impulse tramn samples were recorded on the tape During the ear
CYpEnments barbifieate marsne a4 -



v
@

] B CLELAND AND CHRISTINA ENROTH CUGELL

€30,
¥ig 1 Mean discharge rate of an on center

[

wr

U eootsts it . cell responding to a stmulus modulated
2 LAOG I ey %30 per cent at 8 cps The stmulus which
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doses commonly used by others in simulac expenments Mostly doses below 15
mg/kg/hr of succinylchohne chlorde or gallanune triethiodide have been used
{Wiesel 1960, Bishop, Kozak and Vakkur 1962, Burns and Pritchard 1964, Kozak,
Rodieck and Bishop 1964, Levich and Williams 1964, Ogawa, Bishop and Levick
1966) In one case (Rodieck and Stone 1965a) 20~—25 mg/kg/hr of gallamune was re-
ported The paralysis that we achieved with such dose rates was far from satisfactory
for our purposes We were tnterested 1n quantitative aspects of the steady state out
put from the ganglion cells 1n response to a small constant stimulus Whether the
quantity measured 1s the mean spike frequency or the response amphitude, results are
rehiable only 1f one can trust that observed changes in the magnitude of the output
~ re duc to changing the frequency and/or depth of modulation of the sttmulus not
to0 a relanve image motion within the receptive field Tolearn how to achieve long
Jasting eye immobilization 1n the face of kght anesthesia a series of stability expert
ments were conducted on 52 cells (22 on center and 30 off center cells) 1n 17 cats
Light anesthesia 1s hughly desirable an order to minmuze the cffect of the anesthetic
upon the retmal funcuon (Barlow, Hill and Levick 1964)

The procedure was as follows when the receptive field had been located the
stimulus size was decreased to the mimmum at which a good response was heard
By moving the stimulus around within the receptive ficld center the position which
yielded the highest mean impulse frequency (as noted on tht electronic counter)
was selected and the sumulus was left i that posttton When after 15—30 sec the
count had seenungly settled down to a steady state the number of impulses per 10
sec intennal was observed and plotted versus ume

Tig 1 illustrates the effect upon the mean spike frequency of an on center cell of a
slow doft of the eye The sumulus diameter subtended 05 deg at the cats cye
During the first 1o mn the output from this ganglhion cell was quite stcady but then
a slow decline of the mean frequency started At 40 mun the counting was interrupted
and the sumulus was moved to sarous locations within the receptive field center 1
search for one that yielded a higher count In thus particutar case a 0 5 deg moy ement
nasally brought the mean frequency very close to the level at which st had been 30
mun carher Note that the instabulits 1n the mmpuke count Mlustrated 1n Lig 1
occurred while the gallanune triethuodide dose was 40 mg/kgihr



CAT RETINAL RESPONSES TO SINLSOIDAL STIMU 369

When such slow changes 1n the mpulse counts occurred 1t was possible
{with one exception, see below) to bring back the count to 1t ginal value t
careful readjustment of the mmage wittun the receptise field This uggested to
that the changes i the mean discharge frequency of the response 1 comstar
stimulus were due to slow dnfts of the eyes The stimulus movements requi ~d varie
from a few minutes of arc to more than 1 deg m the extreme cases 1t mught t e arguea
that the extended exposure of a particular region of the receptne field to thesmus
o dally modulated sumulus resulted 1n a *local fanigue” and that when the sumulus
“as moved, mnolvement of a ‘fresh” receptive field area resulted n mncreased
mpulse frequency We do not believe that this 1s so because (1) An increased dose
rate of the paralyzing agent often turned a spihe count of the type shown i kg 1
mtoan hour long stable mean disct fi y (2) Ifad) as large as |
deg or more of the stimulus position mcreased the impulse count, because a new
non faugued * area of the receptive field got imvolved, and not because the sumulus
vwasbrought back to the suddle of the center, then one would have to assume that
there were two rather widely separated locations within the receptive field which
both responded maximally to the identical restricted sinusoidal strmulus This »
bughly unhkely 1n view of what at present 1s known about the sensivity distribution
within the receptr e fields of cat retinal ganglion cells (Ruffler 1923, Rodieck and
Stone 1965, Enroth Cugell and Robson 1966) 1

One experimen 1d be
t constituted an tion to the rule that slowly decreasing spike counts coul
Testored vy e ConAtuted an exception to the rule t e e T Fow all
e

% . ) .
e

)

%« .

In our earhiest expenments 1n this series thiopentol or pentobarbitone sodium
“ere combined with continuous tntrasenons mfission of suceinylcholine chlonde
When the narcos:s was light (as judged by Invely retinal reactions to sumuls throughout
the experiment and shight general motor unrest upon removal of paralysis) good eye
mmobilizatson was not obtamed unul the succinylcholine doses reached such levels
that many cats died early 1n the day of what chmcally appeared as lung edema Much
better general condition of the antmal was achieved with t ! barl

orp biton
M conyunction with gall tr dide 1n high doses (up to 60 mg/kg hr)

However, the pronounced effects of cven small samations 1 barbuurate doses
Upon retinal actinaty (eg Barlow et al 1964) were quite disturbing Morcover

Peatobarbitone particularly resulted m an annoying “spontancous rhythmiaity of
the ganglion cell discharge as described 1n rats by Brown and Rojas 19621 In later
“Xperiments bark were therefore avoided for ¢ of h and
Urethane chloralose wasused (Anesthesta was mduced with diethyl ether followed
by about 5 mgfhg of thiamy! sodum ntravenously) In view of Berglund “wlén
and Wallentn s (1965) findings on cats that the comb of uretl: and chioral

B particularh apt to result in aadosis the chloralosc was abandoned and urethane

! See note 1 added 1n proof’

B~b501 fcie phy of 4 and bol 62 3—4
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alone used Light anesthesia was marntamned with doses of 3—5 mg/kg/hr Before
admunustration of gallamne, atropine and phenylephrine slight motor unrest was
present and the pupils reacted well to Iight, directly and indirectly The retinal

_Fesponses were brisk throughout the expeniment and when after 8—10 hours the

gallamine infusion was disconunued spontancous breathung and some motor
unrest returned In the cases where no atropine or phenylephrine had been mstlled
the pupillary reactions to light were normal

Our results from this series of experiments may be summarized as follows 1f a
stimulus, which 1s smaller than the receptive field center 1s modulated stpusordally
about a mean | ata frequency and at 2 constant depth
the resulting mean spike frequency stays quite stable (coefficient of vanauon + 3 %)
provided no eye movements occur and the preparation 1s 1n good general cond:tion
Unless one resorts to deep anesthesta, 1t 15 our experience that doses of 20—60
mgfkg/hr gallanune triethiodide are needed to achiev e reliable long lasting immobih
zation of the eyes These doses are much Yarger than usually reported Fgh sucainyt
choline chlonde doses seem to be less well tol A than high gall trieth
doses

2 Response charactertstcs of retinal ganglion cell to strmuls of different modulation depths and
Jrequencies

In asecond series of experiments the resp 1stics of retinal gangll
cells were studsed in ten cats (13 on center and 18 ofl center ¢ells) The posttion of
the projection an space of the receptive fields of these cells relatwve to the projection of
area centralts 1s shown m Fig 2 The angles were estimated to within 5 deg and cor-
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Fig 3 Mean discharge Frequency of 8 on 100,
ater (A} and 12 off center {B) cells i re.
#Poase to smuoidally modulated stmuli at 8
P The depth of modulation varted Full
Yoot stumulus mean 5 x 106 trolands hack
ground 75 x 108 trolsnds Broken lines stm
lus mean 6 X 10* trolands background 5 X
« {07 trolands The stimulus was smaller than
e recephive field center and located in ats
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Tected for the direction of the optic axes i cats paralyzed with sncemyicholine
chlorde (Vakkur, Kozah and Dishop 1863) Clearly only & minor porsion of our
unils were central ones

As1n the previous set of a small dally tme modulated sumulus
a5 positioned 1 the most responsive part of the receptive ficld center Two mam
PSS of expenments were performed (a) the frequency of the lumimance modula-
ton was held constant while the depth of modulation »as vaned (b} the depth of
modulation was constant, the requency of modulation was vaned The mean dis
charge frequency of the cell, the respanse amphiude and the sumulus response phase
difitrence were studied 1n fal as a {uncuon of modulavon depth and in b) as a
function of modulastion frequency Ina thud type of test the experimenter determined
the depth of modul, aurred at diffe fi to evoke a barely discerna
Ble respanse to the swmusordal sumulus, te  threshold curees stmilar to delangess
{1957) attenuation charactenstics of the human visual svstern were detersained for a
fe renmal ganghon cells

a Constant frequency of modulateon

The output of a linear systen 1 response to 4 sinusardal nput of constant frequency
i characterszed by (1) & mean value that 1s independent of the modulation depth
of the mpur (2) a stumulus response phase dufference tndependent of vanatons of
mput modutatson (3) a response amplitude which proportional to the depth of
the input modulason and (4) 2 waveform which s a rephica of the sinusordal mput

Ta assess the etent of hinetr and nonlinear features of reunal ganghon cell rest
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Fig 5 Relative response amphitude as a function of modulation depth Stumulus fy

8cps
y
A oncenter cells B off center cclis Full lnes sumulug mean 5 x 10" trolands ' background
75 x 10 trolands Broken hines Stmulus mean 6 x 10¢ trolands background 5 x 10 trolands
The sumutus was smaller than the receptive field center and located i 1ts most sensitive part

/

the four above menuoned charactenstics of the cell dischasges were studied dunng
constant frequency sumulation and the results are reported below In the majonty
of these experiments the stmulus frequency was 8 cps This parucular frequency
was selected because our prehmnary expertments with sinusordal stimuli showed that
the retinal ganglion cells were most sensitive at stamulus frequencies around 8 cps
Thus frequency falls within the regron of maximum sensitnity of deLange’s human
attenuation curves (1927) as well as within the range of maximal mean discharge
frequency for cat retinal ganglion cells stimulated wath difTuse light modulated at 100
per cent 1n a square wave fashion (Grusser and Reidemester 1929)

Vean spike frequensy In g 3 the mean spike frequency recorded from 8 on center
and 12 off center cells 1s plotted as a function of modulation depth The ex-
pertmental procedure was to start with the decpest modulation and then decrease
st an small steps For each new depth of modulation the number of pulses per 10 sec
1nterval was observed on the electronic counter untyl the value was stable The aver-
age of three 10 sec counts was then noted (The response was also recorded on tape
and later processed to yeeld the response amphtude for each depth of modulaton )
W hen the spike count for zero per cent had been ohtained the modulation was agan
set at the highest value and the entire procedure repeated The two curvesin ig 4
each represent one full run from highest to lowest depth at modufation This 1s a
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representatine sample of the repeatability (provided eve tmmo! lization 15 relable)
of results obtamed in the type of experiments where mean discharge fre
quency andor response amplitude was studied as a function of modulation: depth
andfor modulation frequency By checking 1n random order a few pomts on the
curves in Fig 3—5 and 91t was established that their shape was not influenced b the
twpenmental procedure Eight of the curves m Fig 3 represent a single run from
hughest to zero per cent modulation, the others are averagesof twoor three runs \ote
that only one on center cell {no 16) and one off center cell (no 6, mantamned a
constant mean disch, frequency wath ch dul depth, at a constant
frequency of stimulation In the case of all the other cells the mean discharge rate
d:licndcd upon the depth of modulation, although not in the same fashion for all
cel

For some cells data regarding the mean discharge frequency of the cell as a func
tion of modulation depth were obtained at more than one constant sunulus fre
quency The on center cell (no 16) whose stable mean discharge rate during an
8 cps stimulus 1s shown m Fig 3 A, was also tested at 4 and 15 cps, both these curves
were as *flat” as the 8 cps curve The off center cell (no 6) with constant
mean discharge frequency at a stimulus frequency of 8 cps was not tested at anv
other frequencics A total of 7 cells (3 on, 4 off center cells} with sloping mean
discharge frequency curves were sumulated at several constant frequencies of modula
ton (ranging from 05—28 cps) The mean discharge rate rose with mcreasing
modulation depth at all frequencies which yielded a measurable response amphtude
when the data were averaged, t ¢ when the cell tesponded with an mmpulse (requency
modulation

All the curves n Fig § were obtamed with much the same retinal illummation
(3% 101 or 6 x 10" trolands) It 1s reasonable to question the effect of different
mean values of the stimulus luminance upon the average discharge rate of the cell as
a function of modulation depth Unfortunately we have very hitle expenmental
resalts at varying retinal illumination levels of the stimulus However two on center
and two off center cclls were studied (at 8 cps) at 5 x 10* and 5 « 10° trolands
while the background was 5 x 10% trolands Only with stmul of the higher mean
retmal illumimation was there a significant nise in the mean discharge frequency of
these cells as the modulation depth increased Possibly the manner 1n which the
mean discharge rate of reunal ganglion cells depends upon the modulauon depth of a
constant frequency sumulus, 15 influenced by the mean retmnal llummaton of the
stimulus

Relatrze response amplitude Trg > shows relaune response amphtude at 8 cps as a
function of modulation depth for seven of the an center cells and scven of the oflf
<enter cells of g 3 The magnitude plotted 1s the peak peak response amplitude
as measured on the < y record (sce Fig 6 and Tig 7, second trace from above)
The curves have been normalized for 100 per cent The response amplitude of on
center cells increase much more raprdiy at low depth of modulation than do
eff-center amphitudes The on-center curves, with one exception, begin to >
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Fig 6 Averaged impulse discharge from onc on-center cell (No 16) 1n response to sinusoidally
modulated stmuls at 8 cps The top trace wdicates the stmulus_the athers arc the cutput from the
cell at varying depths of stimufus modufatian The number 10 the lcft of each trace 13 the per cent
modulation The height of the verncal bar 1n the upper left corner corresponds to 100 imp/sec
Zeto impfsec 15 indicated by the imtial short horizontal portion of each trace The angle @ between
tne sumdius peds wTid ine Tevponst peals 13 ¢nc Phase Sifictence Tt distance S 'oetween tne mm
mum and the mavimum impulse frequency during each cycle 13 the response amplitude Note that
although the response amphitude ncreases with ncreasing modulation depth the mean discharge
frequency for this cell 15 approumately 90 impfsec 1n all tracings Stmulus mean 6 v 10* trolands

background 5 x 10° trolands
Fig 7 Averaged impulse discharge from an off-center cell tesponding 1o sinusoudally modulated
shmuly “The top trace mdicates the 8 cps sumulus  the ather iraces are the otput from the el
2 h Ea £ Fa

betwcen the munimum and the maximum mpulse frequency duning exch cycle 1s the response amph
tude. Sumulus mean 6 % 10¢ wrolands background 5 10 wrolands
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approumately 20 per cent while the off-center curses tend to conunue to nse with
rather bule change of slope far beyond 20 per cent modulation The response
amplitude curs ¢ of the on-center cell (Fig 3A) whuch exiubited a flat mean discharge
frequency sessus modulation curve (no 16) 1s of a rather different character than its
fdllow curves for s one on-center cell the amplitude of the response mcreased 1 a
nearhy binear fashton {at 8 cps) wath mcreasing depth of madulation

Wereforn of the response 1n Fig 6 and 7 are shown the averaged responses from one
@ and one off-center cell duning 1 at quency bur changing
depth of modulation In the case of this an-center cell the wanefornt 1s approumatels
sinuserdal up to 30—35 per cent modulatton This 15 the same on-center cell ino 16
whose mean mmpulse freq y was sndependent of depth of modul Fig 37,
and whose relative response amplitude at 8 cps was almost haearly related to the
modulation depth (Fig 34)

For the off center cell shown n Fig 7 (at 8 ¢ps) the waveform of the response 1s
dearly non sinusosdal even at the Jowest depths of modulatton Not onls does the
Tesponse appear recufied at all depths but at higher modulanon lesels there 15 in
addition a double peal This was not the case for all ofi-center cells The mean spihe
frequency and the response amphtude versus modulation curves marked no 12
¥Figt. 3B and 5B are from an off-center cell where the waveform of the wnpulse
f"qumcy modulation {at 8 cps) was an almost perfect srusod up to 40 per cent
modulation Howeser, the off center cell responses tended g exhsbit more pro-
Wunced deviations from smusosdal shape at lower levels of modulauon than did
the on-center cells Under our stumulus condstions gross distortionof the waveform
became apparent at modalation depths vanng from 35 to 70 per cent for seven

on-<enter cells while the corresponding figures for seven off center cells was 2 7 to 40
per cent

St ulys vesponse phase relatons The phase difference berween sumulus and responsc
%23 measured as described 1n Methods and as indicated in Fig 6 and 7 for on and
offcentes cells respectively At 8 cps and deep modulation both tpes of cell exhubited
At approumately 70 deg phase lag Fig 8  As the depth of the modulation decreased
the phase lag tnereased more so for on-center cells than for off center cells The phase
shift antroduced by the data processing svstem at 8 ¢ps amounts to 27 deg seep 367

The phase angles plotted 1n Fig 8 include this phase shuft contnibuted by the data
Processing

b Constant depth of modulation

In this section some characterstes of retinal ganghion cell responses as a function of
fiequency wall be described As before, the stumulus was located in the most responan e
P2zt of the recepuse ficld center The expenmental procedure for obtaining curves,
which relate mean tmpuke frequency  respomse amplitude and stimulus response
Phase difference to sumulus frequency was simfar 10 the one used n the presious

section The only difference was that m these expenments the semulus paramcg
being vaned was the frequency of modulation not its depth
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Fig 8 Graph of phase shift 8 (sec Figs 6and 7) as a function of stymulus modulation depth (stimulus
frequency 8 eps) A four off center cells B four on-center cells Dufferent symbels represent
A A paa il v PR

. ' . - .
scaling 1s arbitrary
B mean impubsefrequency for the on center (open curcles) and the off center (filled cireles) cell
Zin A Modulation depth 40 per cent
C modulation scnsitity curve for the same on center czllas m A and B For each frequency the
d d the depth of ful. at which he could barely hear an smpulse fre
quency modulauon synchronous with the Juminance fluctuations The inverse of these values are
plotted (open circles The broken Line is the frequency response curve for the same cell (shawn in

Stmulus meanin A Band € 5 » 10 trolands background 7 3 ¥ 10° trolands

Mean sprbe frequency and response amplitude  Frequency response curves were success-
fully completed for 10 ganghon cells (four on- and six off-center cells) The sumulus
mean was 3 ~ 10* trolands (background 5 » 10% trolands) except for one on- and
one ofl-center cell where it was 4 x 10° trolands {background 40 trolands) Al the
frequency response curves obtatned at modulation depths lugher than 13 per cent
extubited one frequency at which the response was at a maximum, fathng off both
at lower and at higher frequencies Similarly the mean discharge rate of the cell
reached a at some d; frequency of I Ing 9 shows
tespresentatis¢ frequency characteristics for one on- and one off-center cell A and B
arc plots of the response amplitudes and the aserage impulse dsscharge frequencies
at 50 per cent modulation. The curvc in Fig 9C represents ap auditony deter-
rmnation of the smallest modulation depth required at each indiidual frequency
for the experimenter 1o harely detect an impulse frequency fluctuauon synchronous
wath the sumulus modulation The values plotted are the snverse of this “threshold *
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modulation No such sensttivity curve was determined for the off center cell shown
! Fig 9 Modulanon sensitivity curves were determined for three on and two off
“enter cells and they all had the general character of the curie shownn big 9 1¢
A maumum at some intermediate frequency of stumulation

Staulus response Phaose selationships Fig 10 shows representative plots of the phase
$hft as a function of sumulus frequency for two on and three off center cells The
Modulatign depth was 50 per cent The plots have not been corrected for the phase
hift introduced by the averaging procedure (seep 367) Itcanbescenthatatthever
lowest frequencies there 15 a phase lead, 1 the on center response reaches its peak
Prior o the luminance masamum, the off center response prior to the lummance
Minmum (Correction for the error due to the averaging equipment would increase
the amaunt by whuch the response Jeads at these low frequencies } As the sumulus
frequency mncreases the phase lead turns into a steadily increasing phase lag the in
frease being more pronounced for the on than for the off center cells

Discussion

1 Inmy wbtlization of the ge Wehave found the dose rates of muscle relaxants commonly
e n expenments on cat retnal ganghon cells far too small for our purposes
The ™Majorty of our receptive fields were in the penpheral reuna (see Fig 2) and
therefore most likely had field centers whose diameters were 2 deg or more Wiesel
1960, Enroth Cugell and Robson 1966) Thus, as a rule our sumulus diameter less
than | deg) was small compared to the diameter of the receptre ficld center Con
sidering that the sensitwaty falls off quite rapidly with distance from the central
Pomnt of maximum sensttiviny (Ruffler 1953, Rodiech and Stone 1965b Enroth-
Cugell and Robson, 1966) one expects the steady state output of the cell in response
10 a restricted sumulus to be cntically dependent upon the position of the sumulus
Withun the receptive ficld center It s possible that other workers have had less need
or long] g perfect bl of the eve because (1) they hasve not been
Interested 1 quantitatne aspects of the steady state response of the cell or (2}
they hatc been studving the steads state behavior but used a stmulus much larger
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than ours compared to the diameter of the recepuve field center Ogawa ef af
(1966) studied steady state responses from cat retnal ganghion cells with receptive
field centers smaller than ours (all therr recordings were from area centrahs) while
maintaming muscle paralysis with 8 mgfkg/hr of gallamune trethiodide Yet their
smallest stimulus was 1 4 deg Possibly the mechanical support of the eye employed
by these authors was partially responsible for their findings that “there was usually
no apparent change 1n the discharge charactenstics of the ganglion cells over the
Jong periods (more than 4 hrs) that were required to complete the detailed study of
each uni”" On the other hand, they also state * under apparently steady state con-
ditions both the spontancous and the evoled discharges would occasionally show
temporary alterations 1 the mean finng rate” Perhaps these alterations were
caused by eye motions similar to those we believe responsible for the slow fluctua-
tions in mean frequency of discharge that were so disturbing 1n our expertments
The gallanune tricthiodide dose rates with which the majonity of the results
reported here were obtamed are three to five times larger than those reported by
others One may question if such large doses possibly have an effect upon the central
nervous system 1n general and on retinal function n particular We have noted no
retinal ganglion cell behavior that we suspect 1s related to the gallamine administra-
tion nor have we found any indication 1n the literature that such effects could be

expected
2 Response charactersstics In our study of retinal ganghon cell resp t
“anng with dall dulated lights we focused our attention on
Cur aspects of the fus-response rel p mean disct G

¥
relanne response amphtude, the waveform of the response and the phase siuft,
Among a total of 31 cells we found only two rells (no 16 and 6) which, at constant
frequency of sumulation (8 cps), behaved sensibly hnearly up to approximately
40 pe- cent modulation 1n the following 3 respects (1) the mean discharge frequency
af the cell did not depend upon the modulation depth, (2) the response amphitude
was reasonably proportional to the depth of the sumulus moduiation, (3) the wave-
form of the response was almost sinusmdal However, the claim that these two celfs
(over a hmited range of modulaton depths, at the one mean luminance level that
we used) 1n fact operated hinearly requires their sumulus response phase-shift to be
independent of modulation depth /to 40 per cent) For the on center cell {no 16)
this was true, but for the off center cell it was not Among all the off-center cells this
particular one (no 6) exhibited the ieast mncrease in phase shuft at low modulations
{see square symbols Fig 8B} Thus within the restricted conditions of our experiments,
only these two cells appeared to behave reasonabls lmearly but 1t should be remem-
Bered that we did not use different mean luminances nor did we do any superposition
expenments
Fhe remaimng 29 cells behaved somewhat differently In general terms if one of
the 4 aspects of the output that we studied showed a refatvely linear relauonship to
the sumulus, one or more other aspects did not 1 or example, all the ofT center curses
relating response amphitude to depth of modulation 1n Yig 5B arc tolerably hneac
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up to hugh modulation depths Yet the mean discharge freque  of all these cells
(except no 6) depended upon the modulation depth and for some of the cells the
waveform was grossly distorted even at the very lowest modulation depths

Our cell sample 15 not large, does not include many cells from the central reuna
and our expertmental data are incomplete n some aspects In spute of these short
tomings our results contradict such generalizations as the retinal ganghon
eell discharge can be modulated 1 an almost Imear fashion by photie sine wane
sumuh (Hughes and Maffe: quoted from Maffer ef af 1960) Hov cver Hughes and
Maffer used diffuse retmal dllumination and no detarls of therr results are avaifable

Rackenspenger e 2l (1965) lated the receptne field center and ther vers
short preltnunary report does not indicate knear retinal ginglion cell bebavior The
results p d here are with those of Enroth Cugell and Robson

{1965) They concluded that photorceeption, imtial signal transmussion and summa
tion  as linear for some cat retmal ganglion cells but they made no claim that

the response of a ganglion cell 1s Inearly related to the stmulus magmtude  Itis
Hieresting to note that although we in general found retnal ganghion cell responses
tobe nonlinear we did not note any threshold type 1 tties although some cells
were tested at modulation depths as low as 020 per cent This agrees well with the
findsngs of Enroth Cugell and Robson (1966) i experiments with moying smusoidal
8raung patterns

Inspite of varrations betw een mdn idual cells of on and off center type there was 1
trend 10 consistent differences between the two groups The mean discharge fre
quency at 0 per cent modulation was on an aerage higher for on center cells as
st be expected with a sumulus located 1n the receptuve field center 1(, Fig 33
2nd 3B) \ saturation type nonlineanty was typical for on center cells but pot for
O center cells 1n the curves relating respon: plitude to mod: depth at 2
<onstant frequency of sumulus There was a greater decrease m phase lag with
!ncrease in sumulus modulation depth as well as a more pronounced increase with
TIng stumulus frequency for the on center cells than for the off center cells Marhed
deviation of the waveform of the response from a stnusoid mostly took the form of
Teckification m the case of off center cells double peaks were abo observed For on
center cells the distortion was more often of the type seen i Fig 6 at the highest
depths of modul occ: Iy m cony with chpping

The frequency characteristics of both on and off center responses (suprathreshold
condutions) all had the same general shape a maxmmum at an mtermediate fre
quency of sumulaton falling off towards both lower and higher frequencies The
modulation semsttr 1ty cunves (1e frequency charactersstics at  threshold ) were all
obtained with an auditory method Properls such curves should be objectiieh
determined response samples should be recorded for cach stmulus frequency at
several depths of modulaton Irom the averaged data the modulation depth which
At each frequency results m a constant small response could then be found Such
Procedure 1s however too time consuming to be realistic Sensttinity cung
Auditony tvpe are clea - -
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ganglion cell involved but also an audttory threshold of the expertmenter I urther it
15 not unlikely that the criterion chosen by the experimenter varies with stmulus
frequency and with the average discharge frequency of the cell On the other hand,
for any mdividual cell such modulation sensitvaty curves can be repeated quite
satisfactortly after a penod of trainmmg Al the modulation sensitnaty curves that we
determined with the auditory method were of the same general shape as the fre-
quency characteristics of retinal ganglion cell responses They were also of the same
general type as deLange’s (1957) subjectively determmed human modulation sen-
sty curves From our experiments 1t would thus appear that there 1s an analogy
between psychophysical results obtamned in humans with sinusordal simul: at thresh-
old and the frequency response charactetistics of retinal ganghon cells in the cat,
both at *threshold” and at suprathreshold level Thus suggests that the frequency
response charactenstics of the human visual system are at least partly determined at
the retinal level, provided we are Justified 1n arguing from the cat to the human vis-
ual system

Notes added m proof

e [ - a ' . -

amplitude-modulation curves to yreld suprathreshold plots of modulation sensitivity s ersus sumufus
frequency at two different constant response levels These sensitsvity curves had the same general
shape as the modulation seasiwity curve at threshold  (Fig 9C) and the response amphitude curves
(Fig 9A)

-~ - - L Lo noanne aae
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From the D of Clinucal Ph ) Karolinska mukhuset, Stockholm Sweden

Circulatory and Respiratory Adaptation during
Prolonged Exercise in the Supine Position
By
L G Lkerusp

Recewved 27 May 1966

Abstract

Exerenn, L-G Cireulatsry and respuatory adapltatiun duning prolonged exercise i the supine
posttion Acta physiol scand 1966 68 382—396

Circulatory and respiratory changes during prolonged non steady state exercise 1n the supine
position were studied by the heart cathetenization techmque in six healthy young men of average
phyncal fitness The work load was chosen 80 that they could perform supine exereise for one hour
This load gave a mean heart rate of about 123 beats/mun afier 10 mn and 142 beatsfrun after

50 min of work The airculatory changes duning these 1 were
Ky . H e e i
L. ' .
. . PR
P ' . - P
¢ charactenized by a shight increase in total ventil an alveotas and a

shight increase :n dead-space venulation The small inerease in total ventlation was duc 10 a small
inctease 1n respiratory rate and udal volume The overall ventlation pesfusion relationship was
unchanged Both circulatory and resprratory changes may be explained by a decreased tonus 1n
the capacity vessels with a shift in the distribution of the bl

In an earlier study (Ekelund and Holmgren, 1964} the adaptauon of the arculation
and respiration was studted during non-steady-state exercsse for one hour mn the
sitting posiuon During these experimental d there was a fall
i the stroke volume and svstemic artenal blood pressure, but the cardiac output
was maintamned constant by an increase n heart rate The respiratory response
was characterized by an increased total ventilanon, with 2 moderate increasc 1n
alveolar ventilation and a marked increase mn dead-space venulation  [he overall
ventlation-perfusion ratio of the Jungs showed a shight continuous imcrease The
arculatory and respiratory changes might be explaned by a gravitational shuft
1n the blood volume due to a decrease in the tone of the capacity vesscls If 5o, the
possibility of mamtaimng a steads state should be better 1n the supine than in the
siting position, when the nfluence of gravitation should be diminished

A prelumunary report was guven at the Meetng of the Swedsh Society for Climcal Physiotogy, Stock-
hotm, Nov 1963

382
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Ina metabolic study on a sinilar matenal Carlson ¢z al ! however tound
#furly marked increase in heart rate duning exercise for 60 min » <upme positi m
The present i estigation was therefore planned to study whethe: ¢ strohe volurae

behaves mn the same Way In supne as in sitting postion under stol @ experiment
conditions and with equivalent materral

The crrculatory response was studied by the heart catheterization technique and
the respiratory changes by means of arterral blood and eapired air samples

Material

The subyects consisted of 6 healthy male volunterrs aged 9098 save TL o o = in normal

the . ‘ank Prior

v ECG at

Methods

Themar . ..

The . . .

wardic

Holn . " P .

Rught heart ratheterszation was by the I techmique from the left arm with
3\ 9 double.lumen catheter The nght Teachiat artery was cathetenized percutaneously Blood
Jressures were recorded withan clectrical transducer aod with the reference pomt at the mid thoracic
5] The cardiac putput was measured by the direct Fick method Expired air was collected in

uglas bags and was analysed for oxygen and carbon diouide by the Haldane technique The

Cart Tate was determuned fram an slarione <3 zun 1 = b V<

€ Tespiratoy . . .
sturauin and .

trrow 1959) - “

Cortlectrode a
Twocases Peo, was determuned by the Astrup techmigue, to which values 3 0 mm Hg was added (Eke

P
Jund and Holmgren 1964, Holmeren 1965) The g standard buarbonate and base excess were de
Yermined according to Andersen (1963) Measurements of pH and Pooy were corrected for differ
;ﬂm betucen body and electrode Lacencacd. was
¥ the spectrophotometnsc method of Barker and Summerson
The statistical eatoulations were performed accordimy to Saedecor (1999)

Procedure

Prior 1o the experiment a pilot test was performed to choose 2 Joad that tie subsects could sustain
or onc hour in supine position Because of the difficulty of cxereising i supide position these
Yoadé were somewhat lower than those used m the carlier study 1n the situng positon (Ekelund
and Holmgren 1964) Expressed in per cent of thew working capacity at pulse 170 (Wyra) the
tubjects worked at a level of 59 7 {57—63) °, 1n suptne against 77 (67—83) % in the sitting position

' experiment was ==~ ~ 7 1
tion or quinidine war . '
brachial arteries card .o .
bonate were measured , . s .. h—
I the same body posion ana continued for one haur at the Joad selected n the pilot fest The
Pedal aws of the bicycle was Incated 20—24 cm above the table with a seroke yadsus of 18 cm
EBiery 10tk munate expired atr was eoffected for 3 i while blood samples were withdrawn

~



384 L 6 EKELUND
Taste 1 Anthropometric data in 6 healthy young men The symbols are the same as in Fig 1~4

Heart, Hb, Blood, W,n Ware
Case Age, Heght, Weght, ol THb,  konc, vol, kpm/mun kpmfmun
no  years <m kg mh 8 /100 m! 1 tmitng  supme
1 23 192 86 960 985 138 780 1,250 1,400
2 28 191 79 965 200 134 660 1,500 1150
3 21 186 83 915 815 147 680 1,150 1,250
4 24 180 72 800 70> 138 560 1,000 1,050
5 24 174 68 650 560 123 ~ 05 1,000 950
& 20 187 69 740 700 123 625 1,150 1,20

the brachial and pulmonary artenies for the determination of oxygen saturation lension and tons
tent, hemoglohin concentration, carbon dioxide tension pH standard bicarbonate, base excess
and lactate concentration After 16 and 40--50 mun of work [*fabeffed albummn was injected
for blood solume determimation. Rectal temperatures ECG heart rate brachial arteral pul
mondary arterial and right ventncular pressures were monitored continuously In 3 subjects the
pulmonary arterial wedge pressure was measured after 10 and 60 min work The work test was
continued for 60 min 10 5 subjects No complications occurred before dunng or aficr the test
‘The biood 1oss was of the order of 150 ml The total flud losses (blood and sweat) were approx
matelv P ed for by saline ad The room was between
21 and 23 2 € with a relatine hurmdury of about 40 9,

Results

Anthropometric data are given mn Table T

The total amount of hemoglobin {THb) was on an average 778 g {range 760--985)

‘J\rrmpondlng t0 101 g per kg bw ‘range 9 8—11 6), which 15 about 10 per cent

lower than carhier values reported from this laboratory (Holmgren ef af 1960)
This difference 15 duc to a dufference 1n absolute calibration of the carbon monovde
reference gas The mean value for the hemoglobin concentration was 13 4 per 100
ml blood (range 12 3—14 7), which 15 of the same magnitude as in the above-
menuoned material

The total blood rolume determined by the alieolar carbon monoxide method was on an
average 635 1 irange 5 05—7 80, or 83 § m! (range 74 3—90 7) perkg b w

The total blood tolume, determined wath 1™ labelled albumin, was on an average 588
frange 50-~70) 11n 5 subjects The CO blood solume for the same jndividuals was
on an average 606 1 After 10 min work the blood volume had decreased to an
average of 562 1, adecrease of 260 ml or 4 4 per cent of the initial value (not sigmif=
scant) Afier 50—~60 min work the average blood volume was 554 { which s not
sigruficantts different from the \alueafter I0minwork The corresponding plasmasol-
usmes were 3 641 at rest, 3 4D} after 0 minwork, and 3 381 after 5060 min work

The heart volume 1n the prone position aseraged 838 m! (range 630963} ,

The rate of work that could be performed at the heael rate of 170 beals per min (Wered
was on an a erage 1063 kpmimin (rang® 1000—1250; wn the siting positton There

1tion {average
was no sigmficant difference between 1\ ;- 11 the suptnc and DG pos g

1138 Lpm/mun 10 supine)
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f‘! 1 Hemody namic data at sest, data i squares, and durrg exercise for one hour 1n 1< subjects

O = 0%gen uptake, I STPD/mm AVD = arterios enous oxvgen difference mi } HR = heare
fate beats per min, RR = respiratory rate breaths per mun S\ = stroke volume m! Q — carduac
‘“",‘P“'f ’Irmn. L = Iactic actd m acterial bload, meq t, T = rectal temperature  C P\ = plasma
olume,

B2 2 Respiratory data at rest and during exeresse 1n 6 subjects M = total vennlation | BTPS/

3% = alveolar veaulanon, 1 BTPS/min Vp ~ deadspace sentilanion, | BTPS/mn V0, =
ugen uptake § STPDfman, RQ = respiratory quattent HR — heart rate’ beats/mm RR = re-
PTiory rate breathsfm n, Paco, = artenal carbon-diovde tension mm Hg VA Q¢ =»en
Waven perfusion relationship

The anthropometne data mdicate that this matetial did not differ sgrificantly
from the matersal used for the study 1 the stttiag position Ebelund and Holmgren
1958) with the excepuion of the pulse rate m standing postion which was on an
Herage 88 7 beats/man in tlus matenial and 77 8 beats mm mn the carher with the
same resting pubse rate

Cutewlatory vesponse The data are presented in detal n Table H and Fig 1 and 2
The ovygen uptake (¢ 4 at vest i the supme possion w v 106 3y 250
of that predrcted (Harrs and Benedrct 1919) Duning esercre b, ateer 10 vun
work had wereased to an average of 1607 m}'min trange 1300190 carrespond-
¢ to a mechimeal effictency of 236 per cont range 233 27 Durmng the
Prelonged wark there was an insigmificant ierease m \ . to an average of 1633 mlf
M {ringe 1360 2000), corresponding 16 a mechannal effictency of 218 per
€ent frange 22 9~ 27 1) after 30 min work

~R07 teta phynol
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“Tasre 11 Data obtamed at rest and duning exeraase with beart catheterization in 6 healthy young &

L G EKELLAD

Work Pue 3Yo., \p O
Joad sate,  ml 3 cap, Lacuc
Cas~ kpm| Time beats/ STPD{ BTPS/ ml/ AVD, Q, SV acd
mo mm  mm mm mm ogun 00ml mll Ifmn om meqfl
1 et [ %0 104 194 13 7¢ 108 038
200 10 120 1,90 461 209 106 184 153 205
800 20 122 193 470 211 109 178 146 160
00 30 126 1980 455 205 2 193 156 17»
200 40 134 2000 500 215 §02 196 (46 14>
g0 ob 132 2030 502 217 105 194 147 12
2 et 61 340 95 183 43 78 128 080
00 10 128 150 424 198 91 171 134 o0
708 20 120 1,580 433 200 99 160 123 G4
00 30 13> 1560 404 201 9% 162 120 510
700 40 132 149 409 2001 102 146 111 4%
70 50 138 1,580 369 205 99 160 116 298
700 60 136 1990 362 207 103 155 114 220
3 remt 7 310 83 19> 40 76 99 107
0 10 133 1710 376 209 %2 186 139 245
720 20 150 1720 388 206 97 181 129 17>
730 30 142 1740 388 207 10 166 17 157
R ) 146 1780 391 209 102 175 120 116
120 90 147 1820 405 213 104 176 120 103
"\ 3 750 60 127 1,830 402 269 107 172 103 103
b et 62 250 6+ 188 I 62 100 058
€0 10 126 1480 330 19> 101 138 106 174
600 20 130 1470 334 203 107 328 29 14z
€ 30 129 134 339 200 102 135 10> 12
€0 30 136 1420 338 201 106 134 98 159
€0 a0 140 10 362 202 101 144 100 176
600 40 12 1410 361 203 102 13€ & 068
5> emt 72 20 79 169 43 25 6 087
60 10 13 1300 329 17% 80 145 11 203
600 20 133 13m0 339 174 87 12l 14 ot
600 30 13 12% 339 176 e 149 1 120
€00 30 128 1330 337 177 87 153 11 123
600 50 1s¢ 1WO WB O OTIT ¥ 1T Wz 0%
600 o0 142 130 344 175 9 144 102 110
6 rost 0 290 91 173 37 79 13 104
A 10 12 16w 412 183 9% 172 130 2%
70 20 136 1630 432 183 94 176 130 300
7.0 30 140 1660 460 182 e 124 132 263
50 40 j:2 1630 432 179 89 184 133 230
0 a0 133 16%0 439 179 87 194 135 2D>
70 60 148 1430 423 180 a1 191 132 237
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£on The sosbols arc the same aa1n Fig 1—4

Bromre o Hg
Blond Plasma

B PA v Br A el
b 8 D M A s D N i 1
»o - 24 15 20 - 130 77 9t - -
b - 37 22 10 - 153 70 103 - o=
- - om 19 2% - 150 7 T
L A | A - 155 76 0 - -
[N TR | B 1) - 16 B2 nm - -
:; - 3 16 24 - 156 82 108 - =

T B 5 13 122 6 g8 60 36
Boorowm 15 22 P 180 98 121 wo 36
i’; [ TR 18 - v %0 120 -

room 14 7 - 170 9 ns -
i: [ S L S — 160 8 (e s 34
w o wn I8 - w285 w: - -
» ‘9 2;; 10 17 9 157 8 15 :z i:
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15 10 123

Brom 6 @ ou w71 5 a3 31
B ?5 LI 1 - 130 6b g -
5 0 7 ~ 120 59 -
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‘Taste [ Resp ratory data a2 rest and dur ng exerc sc 1 6 heal hy young men The symbols aren

Work Resp rac  \r 3 N oy
Case Joad Tme  breatts] 1 BTPS/ ml m{ STEDf
s kpmfmn  mn ma mn BTPS mn RQ
1 rest 16 104 650 160 078
800 10 22 461 2100 1950 083
800 20 24 470 3 96D 1930 091
800 30 75 475 1 500 1930 089
800 10 24 500 2080 2000 090
300 50 26 502 1930 2030 pE8
2 rest - 12 95 790 340 081
700 10 18 474 2350 1350 099
700 20 15 433 2880 1580 098
700 0 13 104 3tie 1560 090
706 40 13 409 3 (50 1490 09
700 50 19 369 3690 1580 06
700 60 » 362 3020 1590 084
3 rest 12 83 490 310 o7s
750 10 1] 376 2000 1710 088
750 20 22 328 1760 1750 084
750 30 18 388 2160 1740 087
750 10 17 391 2300 1780 085
750 50 17 105 380 1820 663
750 50 7 02 23 1a3p LEY]
rest i6 64 400 250 07>
600 10 15 3s0 2200 1480 09t
¥ 3600 20 7 344 2020 1470 08>
600 10 19 339 1790 1379 088
<" 00 0 22 399 1 820 1420 098
600 20 i9 52 1900 1450 082
500 60 22 381 1640 a0 087
5 rest 19 79 420 210 0go
500 10 21 329 1570 1300 089
&60 20 20 339 704 1310 0at
600 30 2 339 1540 1290 08s
600 ° 22 137 1530 1330 087
600 50 2 333 1560 1360 084
609 & 2 344 1579 1370 084
6w 18 L 519 290 084
758 10 23 2 1790 1650 094
750 20 26 437 1669 5650 094
759 30 27 60 1700 1 660 896
750 40 28 432 1550 1630 049
750 50 23 439 1579 1690 092
750 69 2 453 1680 1730 062

» Asrapderermnatons whacorr  n f 3mmHy



CIRCULATORY AND RESPIRATORY ADAPTATION TO\ 389

the tame a3 10 Fig 14

‘o Arternal

\p 1 Rectal Sand. Ay

ml BYPS}  temp pH Pco, bicark 1 BTPS A
BIPS  smun °C untes mm Hg meglt mun Qc
2 42 366 743 39¢ 25 62 a8t
2 69 370 742 38+ 23 32 213
23 71 37t 742 380 23 399 223
30” 86 31.2 743 39+ 2 389 >02
333 105 374 743 40+ 2% 395 202
23 120 a7s 743 41e 24 38> 197
Lo 32 366 744 38¢ 2¢ 63 031
360 72 370 736 38+ 70 332 200
364 61 372 718 36+ 20 372 233
364 53 374 738 Tan 20 3 217
495 69 375 740 35¢ 21 340 233
45 52 376 741 37e 22 n7 193
EE] 58 317 742 e 23 304 19h
160 34 369 739 11 23 49 Ont
1 49 371 738 40 22 327 176
n 78 373 739 4 24 3o 171
91 77 374 739 42 23 3t 187
443 B2 375 740 13 23 309 177
b 93 76 78 42 2 3tz 177
338 64 377 742 0 23 338 196
27 27 367 741 44 23 37 059
n2 52 371 742 42 24 28 20!
32 62 373 743 39 24 22 210
383 81 37> 743 41 2 258 195
n a1 277 746 37 2> 308 229
303 65 378 746 33 2 97 206
38 87 379 745 3 L5 274 202
B 36 365 -39 39 21 43 88
273 66 369 18 39 21 263 181

31 75 371 740 39 22 264 135
%8 [ 32 4 37 22 271 182
321 81 33 740 39 2 236 1e?
334 82 3 41 38 22 265 177
304 a8 HE 0 3 21 28 172
L4z 33 39 T4 37 22 >8 074
242 74 374 73 10 20 338 19
302 93 3°3 73% 42 21 09 181

20 124 376 736 4 20 330 182

393 12t 377 736 41 2 3 169
2 to1 178 737 40 21 338 174

363 108 79 737 40 20 335 180
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The heart rate at rest wason an as erage 68 3 beats per minute (range 6177} Dunng
exerase 1rose to anaverage of 128 2 beats per min (range 120—133) after 10 min
work. Continued work increased the heart rate m five-sisths of the subjects to an
average of 141.5 beats per mn (range 132—147) after 50 mn work In subjecis
who exerased for 60 mun there was a further increase of, on an average, 34 beats
per mun {range 142-—157)

The oxygen saturation of artenal blood was normal (mean 96 9 per cent) at rest
and remained unchanged dunng the whole work pertod (97 3 and 972 per cent
mean alue afier 10 and 60 min work)

The cardiar oulput at rest was on an average 7 1 bitres per minute {range 5 57 9)
Dunng exeresse cardiac output sncreased after 10 mun 10 an average of 16 6 Ymin
{range 138186} Dunng the contmued work the cardiac output showed no
sigmficant change, the mean value after 50 min being 16 9 Ijmun (range 14 4—
196} All salues at rest and dunng wark fell within the normal hims predicted
from the normal regression of cardiac output to oxygen uptake publshed from
ths laboratory (Bevegird ef of 1960)

The stroke rolume at rest wn supine posion was on an average 104 0 ml (range
76—128) Afier 10 min exercise the strole volume had mcreased m all subjects
to an average of 128 8 ml (range 106153, an increase of 23 8 per cent aborve the
resung solume. In all subjects the strobe volume decreased continuously during
the work penied 10 an average of 1200 mi frange 100-~146; after 50 rmun, anin-

- change (03 > P > 005 In the 5 subjects who worked for 60 vun

« was a further decrease of 6 mi during the ast 10 min (P < 005) The volume

,7 howener, sull Jarger than at rest The 10-mn values felf within the normal

M ,m’;gc of vanation for the relanonship bemseen the stroke volume during exercie

in supme posstion and total hemoglobmn, heart solume and W,., (Holmgren,
Jonsson and Sjostrand 1960;

;

Iriracordior end mira-ascular pressures
The pulmanary wedge pressure. PC1 ) was recorded at rest i five, after 10 minan
two and afier 50 mun 1n > subjects At rest the PCV pressure was on an avcrage
102 mm Hg range 913 and aficr 60 min work 106 mm Hg trange 8--13)
{n = 5) In o subjecss the averages were 95 mm Hg, 175 and 90 mm Hg at
rest, after 10 and 60 min work respectneh

The systolir nght certricular pressure was at rest, on an ascrage 22 8 mm Hg (ranee
1917} and rose after 10 mun exercise 1o an average of 41 6 mm Hyg (range 38—
46) There was an nsigmficant decrease to 2 mean of 36 3 mm Hg range 28-—43)
afier 30 mun worl mean change — 47 mm Hyg  The end-diastolic pressure i the
right zertrele (n == 5) at fest was on an average 74 mm Hg and fefl ugmficantly
(P < D 03) afier 10 ymn work to an average of 38 mm Hg and after 60 min work
to 2.2 mm Hz, a fusther decrease of 1 6 mm Hg but insgmficant

The gistolic pimrrary avtemel presame way 21 rest, on an aver3fe 200 mm g
(range §5-23,, rosc after 10 mun work 1o 328 mm Hz range 29—37), and de-
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fig 3 Hemodynamic responses.
during Jong term exerqise 1 sun
Pine posiion 1y subjects
Pery = brachual arterial mean
Pressure, Pea = pulmonary ar-
taal mean pressure, BV = to-
A Rood volume The other
$mbols are the same a3 1n Fig
¥ Data are presented as a per-
centage difference from the val- THME MIN
s obtamed alter 10 min work

10 20 0 &0 s0 (1]

¢reased after 50 mun work to 27 8 mm Hg (range 22—33 mm Hg, mean change
~30 mm Hg) The mean presiure 1n the pulmonary artery was, at rest, on an average
153 mm Hg (range 12—20), 25 0 mm Hg (range 22—30) after 10 mm work and
198 mm Hg (range 1725} after 50 min work, 2 decrease of 52 mm Hg between
10 and 50 mun

The decrease in mean pressure 15 lnghly sigmficant 1P < 000}) and »s mamly
A tesuls of a decrease 1 the dastalic pressure

The pitolic brachral pressure was on an average 1195 mm Hg trange 103—330)
2trest, 1502 mm Hg (range 136 —-180) after 0 mun wor and 140 3 mm Hg (range
123--156) after 50 min wark (mean change — 9 8 mm Hg) with a further decrease
of6 mm Hy for the 5 subjects who worked for 60 mun The corresponding figures
for duastolic pressure were 692 mm Hg (rauge 64—77), 76 5 mm Hg (range 69—
98) afier 0 mun work and 713 mm Hg (range 60881 alter 30 mun work The
dverage mean Pressure was at rest 86 3 mm Hg (range 85—91}, 102'8 mm l:lg
{range 94121) after 10 mn work and 958 mm Hg (range 81~115; after 50
0 work (mean change — 70 mm Hg), with a further decrease of 16 mm Hy
for the 5 subjects who worked for 60 mn The decrease from 106D mun s signt
ficent (P < 001) The pulse pressure increased from 52 0 mm Hg at rest to 737
mm Hg afier 10 min work and then decreased to 7) 0 mm Hg after 50 min work
The decrease wn the systemec arterral mean pressure with a constant cardsac
OUtput indicates a decrease in the systermie v ascular resistance

Resprratory response

The results of the respiratory studies ave presented i detadl 1n Table 11 and Fig
2and 4

The wunute tentilatton (V) increased from an average vatue of 86 BTEW
(range 6 410 4) -~ = == 7~ 4 e "
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Fig 4 Respiratory responscs
during long term exercise 1n su
pine position \p = physiole-
gical dead space mi BTPS/min
A1 = udal volume mi BTPS!
min The other symbols are the
sameastn Fig 2 Data are guen
i percentage difference from 10
mun value

TIME MIN

10 kL] 30 40 50 €0

It increased shightly to an average of 40 3 (range 3% 350 2) after 50 mn work
This increase was caused by a combined increase of tidal volume (V) from 202 1
102 17 [ between 10 and 50 mn and of resprrator rate from 19 5 to 23 3 breaths/min

Alteolar tentilation (V,) increased from an average value of 52 | BTPS/min

{range 3 7—6 3) at rest to an average of 32 51 BTPS/mun (range 26 3—39 2) after
0 min wotk V, remained unchanged dunng the continued work, mean value
-.[} 318 1 BTPS;mun (range 26 [—38 2) after 50 mun work, the shght increase

\ ¢ being caused by an mncrease 1n the dead-space venulation (Vp) due to an m-
crease both of respiraton rate and of V,, V), increased from an average of 64 1
BTPS min range 49—74 after 10 min to 86 | BTPS/min (range 52—103)
after 30 mun work (P < 003,

The respirators quotient, RQ, at rest averaged 079 (range 075—028%) After 10
min work RQ had nsen to 092 (range 088099 It decreased shightly to an
average of 086 range 0 82—092) afier 50 mn work (P < 005}

The artenal carbon dioxtde tenston (Pagyg,) at rest averaged 397 mm Hg (range
37—#4; Dunng work Pag, remamed constant, on an average 395 and 393
mm Hg after 10 and 56 mn work

The { H of artenal blood was an an average 741 (range 7 39—7 44) at rest After
10 min work there was a shight decrease to an average of 7 38 (range 7 34—7 42
and then a slight increase to an average of 7 42 range 7 37—7 46, after 50 min work

The standard brearbonste at rest averaged 23 3 meq 1 (range 21—23) It decreased
shghtly to an average of 21 7 meq ] range 2024 after 10 min work After 50
min work the value had returmed to ahout the same as at rest, on an average
230 meql (range 21—23)

Base excess at rost aseraged — 085 meg | (range — 4 5— ~ 22) Dunng work
st decreased to an average of — 215 meq! range — 50— 4 05) after 10 mm
and to — 1 45 meql (range — 45— — 1 9) after 50 min
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The lactic actd concentration in arterial blood at rest averaged ¢ 77 meq] During
xercise 1t rose to an average value of 2 60 meq/! after 10 mun » ork and then de-
creased to 171 meq/l (P < 003) afier 50 mn work

The overall 2entelotion perfusion relationship of the lungs (V, 'A/QC;

The V,/QC at rest averaged 073 (range 059—084%) After 10 mmn ites’ work
the V,/QC had sisen to 196 (range 18—21) Dunng the continued work 1t
showed no significant change, the value after 50 min work being on an average
188 (range 17~2 1)

Rectal temperature

The rectal temperatuse at rest averaged 36 7° C (range 36 5—36 9) Dunng the
work period there was a continuous increase to an average of 376 C (range 373
—378) aficr 50 min work, with an further mcrease of 0 [° C for the 5 subjects
who worked for 60 min

Discussion

The subjects used 1 the present inuestigation consnted of healthy young men
(mean age 233 years) of ordinary physical fitness They were shghily faller
and had a fugher pulse rate in standing posstion than the subjects used 1n an carher
study m the siting position (Ehkelund and Holmgren 1964) The other anthropo-
metric data studied mndicated no further differences Because of the difficulty of
€xeraising in the supine position the same level of working intensity as wn the pre-
ous study could not be obtained without preyvious traimng of the subjects A work
load was therefore choscn which the subjects could sustam for one hour A higher
working sntensity during a shorter tume would perhaps show larger changes per
unit time, but the accuracy of estrmation of, for example the cardiac output by
the Fick method might then be reduced

The mean pressure m the pulmonary artery decreased by 5 mm Hg (20 per cent)
between 10 and 20 mun work, and then remamned unchanged In the two cases
“hen also the wedge pressures were obtamed there were morc marked changes m
the pulmonary arterial mean pressurc than in the pressure drop over the pulmonary
‘ascular bed A change of the artenial mean pressure In the pulmonary arters
could bea result of a change of the pulmonary vascular resistance a change of capacity
{expressed as change of volume per change of pressurc, dV/dP) of the pulmonan
‘ascular bed an altered distnbution of the blood volume between the systemic
and fesser cireulation, or a change in the intrathoracic mean pressure as a result
of an altered thoractc mid posiion Irom the observation of the wedge pressures
a change of resistance does not seem to be the major factor The absolute intra-
thoracic pressure level 1s not known in the present study But if 1t 1s ynchanged
two mam factors remmin, a changed capacity of the pulmonary tessels and
changed distnbution of the blood volume

The pressure 1 the brachal artery showed a different pattern of rﬂa
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a contmuous decrease which was a result of a corresponding decrease of the re-
sistance 1 the systemic arculation

The stze of the stroke volume is dependent on the dimenstons of the heart and
on the emptying and filling of the ventricles The filling of the ventricles is depend-
ent on the available energy (kinetic and potential) and on the tume for filling,
and also on the mechancal properties of the myocardium The mcrease of the stroke
volume from rest to 10 min work (+ 23 8 per cent) 1s due to a change of filling
energy already at rest as a result of elevation of the legs and, at least in part, there
fore, should be regarded as a change of ‘base hne” (I'rick and Somer 1964) At
the start of exercise there 15 also the positne effect of the muscular pump on the
venous vessels in the legs The decrease 1n strohe volume during the continued
worh 15 the result of a combinauon of several of the above-mentioned factors With
the compensatory mcrease in heart rate the result will be an unchanged cardtac
output, which 1s fund: 1 for the of the optimal relation betsween
cardizc output and oxygen consumption during work

A decrease 1n blood volume on the filling side of the heart could not be a result
of a decrease mn the total blood volume but must be due to an altered distribution
of blood within the capacity vessels, as suggested by the change n the regional
perfuston indicated by the increase in dead space ventdation

With the decrease of artenial mean pressure there will also be some cronotropic
wmfluence from the baroreceptor system with an acceleration of the heart rate,

ing 1n a shorter filing peniod Influences from the baroreceptor system or
the central nervous system may also have a negatne wmotropte effect on the
1‘3}t muscle, with a change in the myocardial funcuon Therefore for a certam level
50 work, there will be an optimal combmation of filling energy and filling ume

The change in one of these components will change the steady state to another level
of optimal combmation

At the end of long conunuous work there may be a change n cardiac metabolism
with a greater part of the energy taken from an increased uptake of glucose break
down of glycogen and an increased preduction of lactate Such a metabohc change
may result, among other things, from an mcreased sympathetic influence on the

heart
The munute ventilation increased shightly during the continued work but the

alveolar venulanon was unchanged, the mcrease being therefore due to mereased
dead space ventlation The overall ventlation perfuston refationshup of the hungs

h d dunng the i work, but with the mncrease mn dead space
I f

was
there mught be a small change m the regional 1 perfusion r
The altered total distribution of the blood which is of sigmficance for filling of the
heart, might affect the regional distributson to different parts of the lung less i the
supine than wn the sitting position, which would result in much smaller changes
 dead space ventilation The baroreceptor system espeoally i the pulmonry
vessels, could be responstble for some of the changes i sentlaton during the pro-
longed exercise, 1 ¢ increase of respiratory rate (Runnison o ol 1963)
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Companison with the study i sitting posttion (Ekelund and Holmo %4 The t hes
differed m the cxpernimental conditions, with a lower absolute  d relatne v k
fovel in the suptne posttton The relatne intensity of exercise car © expressec 11
the pulse rate after 10 min and sndicates a load n relation to the i alcapa
of the mdividual m a short exercise test The relauve level of work n
supine than in sitting posttion with a 10 nunute heart rate t 128 bea mun «
18 beats/min, respectively The absolute load was 700 kpn i m wne and
923 bpmfrom 1n sitting positton The difference 1 arculatory 161 unn s there
fore be due both to different postures andjor different relatnve  rkinyg intensities
In sprte of the better posubihities of filling of the heart 1n the su; ne po ton with
the legs elevated, there was a decrease 1n stroke solume which, h ¢ er afier the
fame work period (50 mun), was less 1n supine than n sitting posit fhere was
Ao a fall i the systemuc pressure and a pronounced fall 1n the press I the pul
monary airculaton The decrease of strohe volume, mn spite of the bet  pos ibalisy
of filling of the left ventricle, seems to be a result of a change 1n tonus ot t capacits
vessels wath an altered distribution of blood There majy also be a2 change u he con
tracubity with 1mpaired systolic emptying of the heart as a result of a ge reaed
f¥mpathetic influence or of a less powerful response to the same sympathetic in
fluence In short ime exercise Bevegird Holmgren and Jonsson 1962) have
shown that there are great differences 1n the arculatory adaptanon dunng work
i situng and supme positon To evaluate how large the mfluence of posture 15
o the adaptation during prolonged exercise one has to perform a study in snung
Position at about the same relative workig intensity as mn the supine exercise

7; $study was supported by grants from Svenska Idrotsens \ etenskapliga Forskn ngsrad and from
s drottsforbundets poliklimkkommtté
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Abstract
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the subcutaneous adipose hissue in dogs Acta physiol scand 1966 68 397 403
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the vasodilator response Reflex tonug npon carotd artery
occlusion and dilator nerves in the hypothalimus

f th
*d ot appreciably change the vascular resistance in the adipose nssuc

1 2ko related to the sumulus frequency Propranolol a f receptor blocking agent abolished
d of the periph

Quanutative measurements of blood flow 1 the adipose tissue are lacking probably
due to the fact that this tissue 1s diffusely located between other ussues The juxta
Position of adipose tissue and shin may make 1t difficult to determune its metabolism
and blood areulatton 1 smo Recently we have succeeded m isolating canime sub-
CUtancaus adipose tssue with an ntact blood and nerve supply (Oro, Rosell and
Wallenberg 1965) This paper will report msesugations on the nerous control
of blood flow in cantne adipose tissue Studies on the release of free fatts acids
(FF'A) from the adipose ussue with the same ts pe of preparation are being reported
elsewhere Rosell 1966)

Methods
Fem fm met 4 cahnp Rand 1 ke were need Peniobarbitone sadiem was used 2 ancs-
. . | k or peripheral
' . . . ' nts concerned

\ aly were pre
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medicated with morphine sulfate (1 0—15 mgfkg sc) and subscquently anesthetized with e~
chloralose (100 mg'kg 1v 1 The trachea was cannulated and artifical respiration provided with
a Palmer Ideal pump when indicated Hepanin was grien to prevent clotung

[>5 m.enus adipose tissue prcyarauon 15 publxshed elsewhere

4 * e
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and directing the blood lhmugh a silicone-oi BUEY WP cve
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(58 and varyng frequeney were delivered from & Grass 5 4 SUmUIator Via 13 3«
= anchalamic vasodilator outflow unipolar electrodes (0 5 mm
. ted into the bramn through small burr
. “ . - + +  the Horsley—Clarke techmgue The
. 70—80 mpjsec with varied intensity

Results

Resting blood flow and effécts of nene stimulation

In each expertment the resung flow n denervated adipose tissue was determined
prior to ans sumulauon The mean value of blood flow from 17 expts was 85
mi'min - 100 g adipose ussue and varied between 3 and 19 ml min 100 g provsded
the artenal blood pressure was kept withm its normaf range Sumulation of the
appropniate sympathetic cham, or the nerve supplying the adipose ussue, decreased
the blood flaw, 1¢ vasoconstsx tion occurred, the magmtude of which was lrequency
dependent Fig 1 shows the vasoconstnctor resp to clectrical it of
the mixed nene to the adipose tssue Sumutauon with Ijsec did not nduce any
significant change in the blood flow while an appreciable vasoconstriction ocenrred
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-+ hugher frequencies with a mawmal effect being obtained with a stimulus fre-
2Uencs of about 16/sec Upon cessation of the stmulation the blood flow promply
Tumned to control values or, m most expeniments, mcreased to values larger than
“ontrol Thye secondary vasodilatation, if 1t occurred, was long lasting The vaso
€omstrictor responses to nerve sumulagon are summarized in Fig 3 [t s seen that
Hsee did not produce anyv appreciable change m blood flow while sumulaton
Wth 2fsec induced approamately 40 per cent of the maumal 1asoconstriction
“btamable The vasoconstricting effect of nerve stimulation was abolished by the
*2 injection of q receptor blocking ¢ Is such as dihyvd (22
10 1ig) and phentolamine (100 ug)

Eo[lomng @ receptor blochade nerve stmulauon mvartabh increased the blood
%w Fig 2 Wlustrates one of these expertiments 1n which dibydroergotamine was
Mministered 1a prior to the d Stimul: with Msec ficantly 1=
CFeascd the blood flow abose the control value with nearly a 4 fold increase occurrng
With sumuli of +—16/sec The relaonship between the vasodilataton and the
stimulus frequency s Mustrated 1n Fig 3 Although nerve sumulation alv
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Fig G Blood flow in skeletal muscle and subcutaneous

+ adipose tissue 10 dog Bilateral vagotomy [ Dilateral
— ——ma—omaer.  carond occlusion 2 Perfusion pressurc adjusted to the
[ pre-ocelusion Jevel dunng caroud occlusion

produced a asoddatation after a-receptor blockade, the magmtude of change
vaned considerablh from amimal to ammal In order to relate the effect of nenve
stimulation to the maximal blood flow capacity of the vascular bed 1n the adipose
nissue large doses of acenichohine were injected 12 1o relax all smooth muscles
m the vascular bed The mncrease i blood flow produced by acetyicholine was
then compared with the I response to nerve sumul Tig 4 shows that
nerve sumulation increased the blood flow to approximately the same degree as
the 12 mjecuon of acetylehohne with maximal blood flow value of about 25 mi/
mun - 100 g adipose tissue

The vasodilator response to nenve sumulauon following a-receptor blockade
was abolished by the ad of prop [of, a g receptor blocking drug
Atropine had no effect 1n this respect (f1g 3}
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Efects of refex actization of rasomotor neries

Occlusion of the common carouds was performed in 4 vagotomized ammals
order 10 study the effect of reflex activation of the ssmpathetic outflow to the adipose
tisue Blood flow 1n skeletal muscle was also measured i these experiments for
tomparative purposes g 6 illustrates one expenment 1n which caroud occlusion
tncreased the mean arterial pressure from 123 to 170 mm Hg Blood flow increased
i both the adipose tissue and the muscle However vasoconstricion in the muscles
became evident when the perfusion pressure was adjusted to the pre occlusion
lesel by nughtening the screw clamp around the aorta The adipose tssue hjood
Rotw was not signsficantly different from the pre occluston value and a vasoconsinc
ton of munor degree was observed 1 only one expersment In 4 ammals the mean
feduction 1n the blood flow 1n the muscles with constant perfusion pressure was
about 50 per cent duning caroud occlusion

Effect of actization of the cholinergsc vasodilator neryes

The cholinergic vasodilator outflow 1n the anteror hypothalamus was stumulated
electncally in 3 expts 1 order to further study the \asomotor regulation of the
vascular bed 1n adipose tssue One of these experiments s iustrated m r
Stimulanon resulted 1n an mcreased blood fow 1n the skelctal muscl
adipose tissue blood flow remamed pracucally unaffected dunng

1
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sumulation However, a shght blood flow decrease may be noticed which 13 pos
sibly due to changes i the arterial blood pressure The cholinergic nature of the
vasodilator response in the muscle was 1nd, d by the blocking action of atrop

Discussion

‘The present study that the adipose tissue in dogs has a
resting blood flow which 1s of the same order of magmitude as found under stmilar
experimental conditions 1n the skeletal muscle Histological studies have shown a
nch capillary network around fat cells Gersh and Sull (1945) found i freeze
dried rat adipose tissue that all fat cells were s contact with at least one capitlary
Later, Held and Rutishauser (1960) produced circulatory stasss to reseal vessels
1n the adipose tissue and observed an abundant vascular network Thus, the rela
tively hugh resting flow m the adipose tissue, as found i the present experiments
15 consonant with histological findings Larsen, Lassen and Quaade (1966), using
local clearance of Xe* found an average blood flow of 2 6 ml/mn 100 g in the
subcutaneous adipose tissue m man which 1s comparable to the blood flow mn resting
sheletal muscles 1n human subjects (sce Shepherd 1963) Thus, 1 both dogs and
man the resting blood flow seems to be of the same order of magnitude in the sheletal
muscle as 1n the subcutaneous adipose tissue n the respective species In the pres
ent expeniments stimulation of the sympathetic outflow or the nerve supplymng
the adipose tissue produced vasoconstrictor effects which were abolished by sym
helyic agents with a receptor blocking properties These findings mndicate that
Yasoconstrictor nerves arc sympathetic 1n ongin and adrenergic 1n nature The

r, 14 also show that the rel hip between the lus freq y and the vaso-
Constrictor response 1s similar to that found in other sympathetrcally innervated
tissues such as the 1} (R blueth 1950} and the blood vessels

of the skeletal muscle and the skin {Folkow 1902, Celander and Tolkow 1953 )
Nerve stmulation also elictted a vasodilator response provided that the vaso
constriction was blocked by « receptor blocking substances Even though sympathet
1c cholinergic vasodilator fibers are known to supply vascular beds in the skeletal
muscle, and possibly the heart (Usnas 1960) the adipose ussue 15 apparently not
mnervated by this type of fiber since actuvation of the sympathetic cholinergic
vasodilator outflow did not produce any vasodilator response (Fig 7) Morcover,
the vasodilator response induced by nerve sumulation was not blocked by atropne,
but was abolished by propranolol a f§ receptor blocking agent (Fig 5) Thus finding
indicates that although the vasodilator response 15 adrenergic 1t may be considered
as a f receptor effect In this respect the vasodilator response 15 similar to the
release of frec fatty acids from the subcutaneous adipasc tissue following sympathetic
nenve sumulation (Fredholm and Rosell 1966 b) Whether vasoconstriction and
1 of thesame or sep drenergic nen esremains

vasodil areduc to
unanswered and requres further investigation (sec Duscussion, Roscll 1966}

A companson of the increased blood flow resulting from exther nenc sumulation
or1a imjection of acetylcholine reveals that nerve activity can produce a maximal
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vasodilatation 1 the adrpose tissue Thes 1nd, that the vasodil occurs In

the resistance section of the vascular bed, 1 ¢ arterioles A detailed study of the effects
of perve stmulation on consecutsve sections of the vascular bed of subcutancous
adhpose tissue will be published elsewhere (Oberg and Rosell 1966)

The vascular bed 1n the subcutaneous adipose tissue does not seem to participate
toa sigmficant extent i the reflex adjustments of the peripheral resistance chcited
w2 the carotid baroceptors This 1s evident from the finding that occlusion of the
rotd artery did not apprectably increase the vascular resistance m adipose
tssue In this respect the vasomotor reaction 1n the subcutaneous adipose trssue
stems to be stmular to that found m the kidney (Lofuing 1961)

This imvesuigation has been supported by the Swedish Medical Research Counal (Project no
HX 731 04), Stftelsen Therese och Johan Anderssons Minne, and by the Nauonal Instreutes
o Health, Bethesda Md US A (T7 HE 5614 04)

Propranclol (InderalR) has been generousty supplied by AB Scanmeda, Goteborg Swedent

e wish to thank \liss Mona Engqvist for skilful techmeal assistance
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Abstract

Dovine, K B Anabsis of odour sumlanues from electrophystological data Acta physiol
scand 1966 68 404 418

- e . P . [ T R S,
probabulity values were calculated for all pairs 1n a given series The statistical values were regard-
to represent of relatedness i offactory between the tested
ances Far cach senies the data werc analysed with a nonmetric multdn ensionn! scaling

2 to give spanial representations of the relatedness between the odours The relation of the
rafts to psychophysical findings and the classification of odours according to the stereochemtcal

heory are discussed

Increased knowledge about the organization of the atoms m odorous molccules
has focused attention on stereochemical properties as important parameters i deter-
mimng the quality of the odours The simitlarity 1n odour quality betsseen substances
of simifar molecular si7e and shape hay frequently heen reported {Monerell 1931,
Stoll 1957, Ruzicka 1957 Beets 1957 for review see Beets 1964) According 10 @
speaific sterenchemical odour theory recently proposed by  Amoare (1967) there
are seven primars groups of edours 1ic of these groups camphoraccous ethereal,
floral, minty and musky  are based upon the stenic resemblance of the substances
withim each of the groups  Ihe classihe won 1 made from common scnantic de-
scnp!mnﬁnl‘ odaurs Although thece deseriptions as such may give valuable quali-
tamne mformation they do not provide quantitatne measurement of relatedness
Dbetween the odours 1t1s possble hewesar by vanous avarlable methads ta obtam
quanttative information about the relatednes benscen different odours fsee Discus-
sion)  The pS\ClI()IOg](‘aI studies ustd to test the steyenc hemteal theory nl'nlﬁ'cunn
have prosided evidence for a signiicant corre Latron b cen: similarty of odour” and

+ Lellow of the Norwegian Research Councl for Strence and the Humaaties

404
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Taste I Substances used i the present experiments The impurities are gnen in per cent of the total
amount of substanee present

{per cent)

Tmpurities

Substance Srructural formula Source

Camphoraccous

o—?’ N\_a Hophun & Williams
I p-Dichlorobenzene Engnd 06

Hopkin & Willars g0

2 d, 1-Camphor
England

3 1, 8-Cincole L Merck, Germany 02

CH, CH, COH CH,
4 2-Methy! 2-butanol Hopkin & Willams  _4y

&n, England
y CH, CH €O CH,
5 3-Mcthyl 2-butanone Mallinckrode USA 11
CH,
CH, COH CH,
6 2 Methyl 2 proparol ;"’P“":{& Willams o1
o nglan
Ethereal
Hoplan & Wilhams .
7 1, 2 Dichlorocthane CIH,C CH,CY England 0
8 Carbon tetrachlonde ¢ Cl, E Merck Germany ot
o
, Hopin & Williams
9 Furane o Ergland -
10 I-Propanol CH, CH,CH,0H RERO, Sweden 23
H
N

11 Pyrrole ‘ i ot
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Substance Structural formuta S0
” Tnchlorocthene CIHC=C Cl, EA P
Foral
o
13 Acetophenone Hopkin & o4
England
1 Amsole Hopkin & Willix
England
15 Benzophenone lgcpkmd& Wilhams o1
riglan
1
Geraniol Brinsh Drug House 100
OH
17 Saliey taldehyde _ —CHOQ lE{op‘kmdL Williams o1
- nglan
ey
o
18 € elopentanone Hopkin & Withiams o1
| Engfand
U
o
19 Cycloheptanone Fluka, Switzerland 23
!
N~
- o
hoch Light Lab 2t

2 I
Crclooctanane . Fratand
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Impurities
{pre centy

Substance Structural formula Source
Hopkn & Willams
21 Dicthybulphat CH, CH,),8! am
ylulphate (CH, CH,),80, England 13
__ou R
22 1 \lenthal N N oure Bertrand
~< — Dupont, France pure
+0
— Roure Rertrand
23 1-Menthone ’ N
— — Dupont, France pure
Route Rertrand
24 Aenthot*
peolent Dupont, Trance pure
Roure-Bertrand
25 so-\enthol®
et < © Dupnm. France pure
Musky
’ ‘
. y | — foch Light Lab
. / S4-Androstan-33-ol ! England 0o
HO'
N
N
27 Celestolide® i International §lavers
(1, 1-dimethy1.G tert - & Fragrances pure
butyl-4 acty] indan , The Netherlands
o
Ausk keton
» (QL:‘,s.dlmelh:l t tot o N0 faternational lasars
buty} 3 S-dinitro & Fragrances pure
aeetophenone) The \etherlnds
8]
29 \ush lactone {15 CH, (&) Internavonal Flasvens
hydroxspenta- & Fragrances pure
decanoie aad W € 0O ‘The Nethrrlinds

lactone)



@
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z
&
Substance Structural formula Source &
3 MudI* (2-0¢a 5,5, Ny
Bhacwametl,  of NN\ N International Flavors
2,3,4,5,6,7,8- ] | & Fragrances pure
octahydro- \ /\ NS The Netherlands
anthracene) i PaS
N
NS
31 Musk B (6,7 [4- <
mq,ohcp‘m][_l, NN N International Flavors
L4, 4-tetramethy). K & Fragrances pure
tetralin) AN The Netherlands
N
3 ok A+ NS
usk A* (2gva-t,
55 8,8 peata NS International Flavors
methyl 1,1,2,3, 4,5, ; I I & Fragrances purc
6 7, 8-octohydro- <N The Netherlands
anthracene) |
!
3 Musk Te (11,6 AN
trimethyl 7. \ J Internauonal Flavers
1s0propyl 5 acetyt & Fragrances pure
tetralin) e s The \etherlands

;'::krd with an asterssk these substances were chosen because of therr resemblance to other cherm=
sy i the particular groups and because they could be obtained in a very pure state The
ances which were not especially purified for these were tested for by
Euchromatography As seen from Table [ most substances had impunues which were less than
Wi PET_€ent Pyrrole was obtaned newly prepared and had only a small amount of impuritics
*hen tesicd a year after preparavon and usage The sample of furane had evaporated before it
€Uld be tested 2 \Methyl 2 butanol contained about 7 per cent impurities The sample of 52
an;lrmz:, 3,“‘“' contained 10 per cent of :::\olhcr substance most probably androstanone
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Taste IT Chi square matrix for the "camphoraceous’ substances

2 4 5 6
I p-Dichlorobenzene oot 5973 11035 3237
2 d, 1-Camphor 0542 10036 5702
4 2 Methy) 2 butanol 84N 15864
5 3Methyl 2 butanone 13569
6 2 Methyl 2-propanol
PRSP RS SR WUNE R S Y . -
A L e et fom et e o e el R et
P L . - .7
vons {Kruskal 196% a b) In many cases the three-d solution tvas it m onec
case 1t had a hugher *stress than the d one The only were the twa arrays

of data from the studies with odours of the cross comparisan’ and the musky” substances One of
the one-dimensional solutions had acceptable stresy’

This method of analyzing the spatial g of the between odours 13 based
upon the rank order between the pairs rather than upon actual measurements The distances m one
figure are therefore not comparable to the distances n any other figure

N Results

At “1)1" 1n the frog s olfactory bulb show irregular sy activity
. receptor epithehum wath odours most frequently caused an iahibution of their
actnaty and only about 20 per cent of the units were exated by sumulanon The
relatne bumber of excited units was lower mn the present study than in the previous
ones (Dovang 1964, 1963, 1966, mostly on account of the larger number of units
inhubited  The relaine number of units unaffected was about the same as 1 the
previous studies A toral number of 500 units were studied
‘Campharacesus A\ 1013} of 83 unmits were studied for the camphoraceous odours
Of these units 16 per cent were exented, 73 per centanhibited, and the rest unaffected
in sumulation
The chi-square matrix 15 shown m Table 11 The tughest chisquare vatue was
obtamed for the patr of 2-methsi-2-propanot and 3-methyl-2-hutanol The lowest

values were found for the 3 pawrs p-dachlorol and d,} phor, d,{-camphor
and 2-methy1-2:b 1, and p-dichlorot and 2-methyl-2-propanol These
pairs nere the anhy ones which gase chissgy values mnd, independence

‘The two-drmennonal solution for the camphoraceous substances based upon the
data n Table H s goen in Fig 2 This configuranon of the 5 odours hias zero stress,
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© trichloroethene

dlcamphor

7 methyh 2. butang)
°

o
Z-methyl-y propanol o furan

corbon tettachlorde

o
3-methyl-2-butanone

pyerole
0 | propanot o

L] chlorobenzene

rnJ‘“ %0 dimensional configurations of the odours used 1 the camphoraceous (left) and
*0% (right} Zero stress for both solutions

Ty
M Chisguare matere for the cthereal substances

9 10 i 12
'
X ,c“‘“"n tirachlonde 17554 10668 8272 18615
2 e 4762 2819 2 151
R ran 3437
pa
! 1059

P
Vbl ceghene

™Rreq with 19 per cent stress for the one dimensional solution As seen from the
™ (he alcohols and hetone were placed in the center of the configuration with
“lorobenzene and camphor at each side The monowmcn){ of x;whfunjucn
g the data to interpont distances was achieved by equalizing five of ll e values
Meher ths 15 sherent m the data or is a result of the methed of analysis 15 not
5

v

£ used for representing \moore s ethereal group excited in
a\a;;:lzné p:;t:nslu::;a:nr;:sbucd about 70 per cent of the 83 units studied Trichloro-
theng excited about 2o per cent of the bulbar neuroncs Al the substances except
opanol evoked unusual electro olfactograms \n—th mital positne d:llecl;ons
4, Byzov and Flerova 1961 Gesteland et ol 1965) most probably due to d: herr
tleterous and narcoue effects upon the olfactory ciia These effects made 1t
Ticult 1o esumate the strength of each sumulation and hence to judge the responses

Mictency

¥ he same sumulating e

%:e bulbar amts :ll.:ﬁ were generally higher than in the camphoraceous group

f l'Ie' i;ll“ 5;1[‘;;)"‘0} the 10 pais seven gave chi-square values indicaung that the
¢¢ Table

5 per cent level Only the purs between
nily associated at a 5 pe
dours were sigmificantly oethenc gave chi <quare alues indicaung independe

Propanol, py rroleand richlor
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Tasce IV Chi square matmnix for the floral substancey

15 15 16 17

13 Acetophenone 6291 0005 0231 10418
14 Anisol 0441 4671 0234
15 Benzophenone 0176 018”
16 Geramol 0342
17 Saheylaldehyde

oeetophenane o

sol cyloldehyde 1-menthol

{ menthone

nea menthol
nea so menthol

onsole

cyclopentanone

© oeromol ° © cyclooctonone °

senies (nght) Zero stress for both solutions

/ng 3 The two-dimensional configurations of the odours used 1n the floral ek} and runty

Thelowest value was found for the pair pyrrole trichioroethene The structure in the
data of Table 111 isaitustrated in g 2 This configuration has zero stress

Floral The substances sclected from Amoore s floral group exaited an average of
15 per cent of the bulbar umits and inhibied about 77 per cent

“The ch: square values were much Jower than n the senes menuoned above
{sec Table 1V) Sigmificantly high chi square values were found only for the pamrs
acetaphenone and ansole acetophenone and saliylaldehyde and amsole and
geranol

The two-dimensional sotution of the data with floral substances 15 grven i g 3
The points represenung acetophenone and salicy faldehyde fell together This tnoe
dimensional solution also had zero stress

“ifinty’ A relamvely larger proporion (83 per cent) of the 91 bulbar umits was
inhibted by the sabstances representing Amoore s pepperminty group than by the
substances from other series

\¢ seen from Table V the | menthol and menthol dernatives made pairs wiih
ngh chs square values secmingly constituting a homogenous group of odours A
p was made up by the cycloketones between which high eln square

similar grou
f the other parrs did not show a sigmficant assaciation

values were also found Most of
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Taste v Chisquare matrix for the 'minty substances

i9 20 2 22 23 24 2
13 Cyclopentanone 17605 7010 4173 0012 4188 153 6239
19 Cycloheptanone 8496 0003 1784 6074 6567 6865
20 Cyclooctanone 4945 0232 2393 0184 2062
20 D ethybulphate 6039 0009 otet 0378
22 1 \Menthol 18836 24759 13575
23 1 Meathone 7260 54712
24 neo-Menthol . 8891
22 neo-iso-Menthol
Tasce V1 The square matrix for the musky substances

27 23 30 31 32 33

26 Sa Androstan 35-ol 12229 3490 3593 14399 4721 11423
27 Celestolide 13896 8333 25357 9990 B494
28 Musk ketane 4989 5980 7746 13516
30 Musk 1 4723 15552 10556
3t AMusk B 7206 7386
32 Musk 3 6024
33 Musk T

The configuration of the eight mmnty odours in two dunensions 1s dlustrated m
Iig 3 This solution had zero stress while the three and one dimensional solunons
gave stress factors of 05 and 27 3 per cent respectnely The comcdences of the
menthol denvatives of the cycloketones shows the simiarues within these odour
groups The three interpuint distances are equal and the distances of diethy kulphate
from the other odours are the same as the distance between the menthol and cyclo
ketones As n the us case the aty of the funchion relanng
the chr square values to interpomnt distances was achieved by equalizing the distances
between the ovcloketones and between the menthol denvatives

Musky The proportion of uaits excited by the mushy substances used m this
study was about the same as 1n the preyous expenimental series The relatn e number
of units mhibited by these odours was however smaller than in other semies on ac
count of a larger number of untts beng unaflected by stmulanon The receptor
p Is evohed by 1 with these substances had slower ume courses
and were of relatnely smaller amplitudes than those ehated by subntances wed
the other expeniments There might be a refanonship between the large number of
unaffected units and the relausely small amplitude of the EOG elictted by these

musky odours

The clu square satues gnen tn Table V1 indicate a significant anociation hetwec
all odours 1a this series Androstan 3.0l most frequently gave pasrs with !
square values thus wdicaung a slight dissmularity from the other odout
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O musk ketone

mysk B
[)
-1
o andrastan 3 o sk lactone
celesrolide ° carbon tetrochiords
{-menthone
[ o
1 2+d chloroethane
© musk ketone °
. @ geranol & i-camphor
sk A
T 0 18-cineale
O musk wosk 1 0@

Tig 4 The tho-dimennional configurations of the odours used 10 the ‘musky” sertes {Jeft) and ‘cross
<amparison’ (right) Stress 109 and 14 6 per cent respectiyely

Tamte VIT Moo= . - .
3 7 8 16 23 28 29

2 @, 1 Camphor Y314 4165 1232 067 3818 001 090
-~ 2] 55 57 52 62 58 67

1 8 Cincole 1156 0035 2233 0022 0030 0048
¥ 73 6o 12 65 56 75

77 1,2 Puchtoroe 8342 0000 0097 0046 0005
thane %4 57 g0 7e ar

8 Carbon tetra 0970 0145 0026 0512
chforde 56 66 59 69

16 Gerantol 2398 0870 2247
55 28 17

23 1 Menthone 0195 2007
13 77

28 AMusk ketone 5847
ts

29 Musk lactone

The configuration of the seven mushy odours gnen m big 4 has 109 per com
stress which 15 *fair’ according to the terminology used by hruskal (19682} The
three-dimenstonal solutions had zero stress while the solution 1 one dimension had
29 9 per cent stress

“Cross-compartson’ The substances used 1 this serics were selected i collaboration
with Amoore from his 5 groups to make possible a comparison between the results
of hus psychophysical studtes {Amoore and Venstrom 1966, Amoore 1966, and perso-
nal communicanion 1963) and the results from these electrophyviological experiments
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A total of 97 umts were tested for these eight odours An of 8
these were excited and 73 per cent mhibited
The ch: square values for pairs of these substances were  ac
Pairs 1n the previous senes (Table VII) The pawrs 1,2 dict ro
tetrachlonide, and 1,2-dichloroethane and camphor gase e
values Most chi square values mdicated independence bety 1 a
this sertes
The probability {alues showed greater duergence from t
than tn any other expermmental series judged by the rank corr

067 The rank correlanon coeflicient was, however, significant e
level The underlying structure of the data for the odours of the arse
from Table VII 15 gaven by the configuration of Fig 4 This solutic 3

cent stress which 15 between ‘“fair’ and ‘poor’ according to the term
Rruskal (1964 a) The three-dimenstonal solutions had 6 3 per cent
asmoother function relating the chi-square values to mterpornt distance
solutions showed any tendency to group the odours

Discussion

Vanous psychophysical methods have been used to obtan measarements ub the
sensorv relatedness between odours The easiest and symplest method to perform
15 seemuingly the one based upon qf fve p: of simiarity

(Ekman 1934, Engen 1962) Modificauons of this principle have been developed by
other authors, whose studies have given a large amount of data (Schutz 1963 Wright
and Michels 1964, Yostuda 1964, Lange 1966, Amoore and Venstrom 1966}

Another method, the so-called “cross adaptation’, 1s based upon the fact that adap-
fation to one odour causes fatigue to other odours Since the effect 15 selecuve the
degree of similanity can be estumated by measurig the extent of threshold varauons
(Zwaardemaker 1907, Backman 1917, Le Magnen 1948, Cheesman f al 1923, 1956,
Lngen 1963, Koster 1965) The confusion principle was first used 1n olfactory 10

testigations by Le Magnen 1w 1930, w studies on odour dpcrimination in rats

The same method has later been applied by Lange (1966) mn studies on human
subjects M of sensory relatedness based upon electropl logical data
have been obtaned by the present author (Doving 1965, 1966) The method 13
based upon categonizing the effects on the units in the olfactors bulb in this way
the data may be subject to enumeration stasstics The chi square values and the
distbution probability can be calculated for any two parrs of odours in an expert
mental series The results from the electrophystalogucal studies are m accordance
with psychophysical studres for the odour substances selected from a homologous
series (Lngen 1962, Doving 1966) The consistency between the results of yanous
psychopt 1 and electrophvsiols 1 studees 15 lly sigrficant even for
non homologous substances which are very different 1n odour qualm/(\moorc
1965, Doving and Lange 1966) The substances used 1 the ‘crosset

series provided data for a comparsson between the present cht square et
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the method used by Amoore and Venstrom {1966) The resuits show a sigmificant
rank correlition coeflicient (0 498) when compared with Amoore s data (Table V11,

1 1965) The probability of ok such a good carrelation
by chance alone 15 less than one per cent The imphcations of these agreements are
further discussed by Doving and Lange (1966)

The ‘musky odours seem to be a rather homologous group with sigmificantly
high cht square values between all pairs The rather strong relavonship between
the mushy odours indicated by the present findings 1s interesting i relation to the
studres of Guillot and Le Magnen Le Magnen (1948) showed that adaptagon to a
macrocychie musk (musk lactone) did not mfluence the threshold to a heto mush
Consistent findings on humans with partial anosma were reported by Guitlot (1948
a,b) who found subjects with very high thresholds for a few mushs but normat thresh
olds for all other musk tested These authors have concluded that the olfactory
epithchum contam different types of receptors sensitive to these mndnadual musks,
even though they consutute a homogenous group when judged by subjectine stand
ards As demonstrated by the present findigs the chr square values are consistent
with the results of subjective judgements

According to the stereochemical theory of olfaction (Amoore 1962) the spatral
arrangement of the atoms in the odorous molecules are the most important factors
determiming odour quahity Amoore has classified a large number of odours in seven
grovps, 5 of which are d d by the stereoct ! properties of the substances
Lor two groups (putrid and pungent) Amoore suggests that the overall charge of

& molecule 1s the important parimeter for quahty determnation The concrete

th of this stereachemcal theory makes 1t especially valuable and subjects st to
tést (¢f Amoore and Venstrom 1966 Amoore 1966) In the prescnt study the sensory
relatedness of the odours 1n a series have been estimated The odours were selected
from five of Amoore s groups and if the classification 1s vald the results should be
consistent with the theory

A reasonable assumption would be that for all paws of odours within a certamn
group the measurements of assoctation should be hugher than between odours from
different groups Similar assumptions should hold when the odours are plotied
1 a spatal rep. of their related. Within the spatial configuration the
distances between odours of one particular group should always be smaller than the
distances between odours of ifferent gronps As seen from the present tesults these
assumpuions were fulfilled 1n some cases but not 1n others for cxample between sub

stances of the Roral group “\erther were substances from different groups absays
independens  as seen from the cross comparson  In the camphoraccous  cthe
real and musky seres the chi square values found were comparatnely large but
some odours gase small cht square <alues indicaung mdependence In the nunty

series the cycloketones and menthol dernvates gase high values w hule small values
were found between odours of these two groups The spaual representation ala
reflects thes& results by placing, the cyelohetones and menthol dernates part from

cach other in two pornts
\
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The method of spatiat rep { 1c multid, nal scaling devel
aoped by Shepard (1962 a, b) and Kruskal (1964 a, b) can be Lied to any data nf
relatedness such as, for example, the present chisquare ¢ pr uminy values  h
onh requirement 1s that the function relating the experny tal d wa to intery
distances should be monotone In some cases 1 this stud the mio stonient
achieved by equalizing a large number of data to the same di ance | oeul
tal data are represented by the interpoint distances, and thegor nessoft  mver
the ‘stress’ (Krushal 1964 a)

This method of representation 1s obviously a powerful tool fora  husof the n
lying structure of the data A solution m two or three dimensions Or .. large numbc
of odours will give chemsts a clue to the important molecular j 3t meters m the
determination of odour qualitses

v - - P ¢
. 81
ipar
.. . the basis
] : 1 walgien t!
~ur Michetsen , Becgen
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The Effect of Haloperidol and Ghlorpromazine on the Amune
Levels of Central Monoamine Neurons
By

Nits Erin AnpEn, ANvica Danestrov, Rees Fusg and Tcws Howrett

Halopertdol and ¢hlorpromazine produce central pharmacologreal ¢ ffects simfar
those seen after treatment with sesermne Unlihe the Jatter drug, howeser the hase
small 07 no acute effects on the monoamine levels in the bram Mevertheles  hal
penidet and chlorpromazne have been found to mftuence the monoamme i ctab inu
by enhanaing the accumulation of basic as well as acid catecholamne €3 meta
tolites, possly as 2 consequence of a blockade of postsynaptic CA 1 eptors
(Cadssan ang Landquist 1963, Andén, Roo> and Werdimus 1964) 7 lter reserpine
\etment the anune Tevels of certam CA cell groups of the lower bram stem are
matkedly mereased 1n the recovery phase following an imtsal depleton  Dahlstrom
aud Fune 1864) AH these findings may be explamed by a compensatory 1n¢rease
SEohe acusty m the CA neurans due to blockade of the neurohumoral transmission
feom them Therefore 1t was thought to be of snterest o study the effect af halopersdol
and thlacp on the ! levels i the bram

Male, Sprague Dawley rats (bwt 150~200 g) have been used Two daify doses
of baloperyioy (5and 2 5 mgfkg 1 p ) were adnunstered for | 2 4+ or B days Three
daily doses of chlorpromanine feach 25 mgfhg 1 p ) were gnon for 2 3 4 or Bdavs
The rats were kept i a temperature of + 30° C 10 avond the by pothermme action of
® drugs Food and water was given by a stomach tube The noradrenaline V3
dopamne (DA and > I droxy tryptanmne (5 HT) ierels of the brams of these rats
W€ evaluated both histachernically f{see Hillarp Fuxe and Dahisiwom 1966 and
bwoch:rmcs\ly

In the brams of the rats treated with halopendol 5 marked increase m fluoreseenes
‘nlerssty was observed 1n many NA nerve cell bodiey in the +entro-lateral retscular
Frmanon of the medulla oblongata (group Al according 1o Dakbirom and Fune
1964) at all ume mtervals studied (Fig 1) The celfs also appeared somewhat
Wellen and theyr processes were more distinct than usual This was someame e
50 for the processes of the D\ ¢ell bodies of the mesencephaton The 7 H1 cell
bodies were unaffected The termnal parts of the central €3 and + HT peuross
howerer showed no certamn changes i thews amuae Iy el a1 the v artous ume ntenab
studied The same was obsersed alsa biochemcally 1 the v hope bram fo7 1he 225
treatment (NA untrented 0 38 sglg, treated 0 4 2lg, DA uptreased 0 3L €
trewted 0 50 pg/g 5 HT untreated 023 pglg, yreared o 57 Hg g .
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Fig 1 Effect of } alopendal on the naradrenaline level of nerve cell bodies m the ventrolateral
retieular formation of the medulla (group Al ding to Dahlstrom and Fuve 1964)

Cross-section (a) \ormal rat Vs cakly flaorescent cells are observed x 120 (b) Rat treated with
haloperidol for 2 days (sce text) Swollen nerve cells with markedly increased flusrescence intensity
areseen x 10 J 3

After chlorpromazine treatment no mncreases of the amine levels were observed
n the N A cell bodies i the reticular formaton of the medulla oblongata However,
the DA cell bodies in the arcuate and anterior periventricular nucler showed a
“elightly increased fluorescence ntensity The pracesses of the DA cell badies of the
esencephalic groups also appeared more distinet than in normal rats at all ime
mtervals studied No changes were observed in the amine levels of the NA, DA and
5 HT nerve terminals The same was shown also 1n the whole bramn biochemically
for the 3day treatment A 036 pg/g DA 049 pgg o5 HT 027 uglg)
It 1s of mterest that the CA cell bodies showing a marked increase of the amine
levels afier haloperidol were the same as those showing an increase after reserpine
“This supports the view that blockade of the € \ transmusston causes by a compensa
tory feed back mechanism an increased actnaty in the presynapuic neuron This may
! produce besdes an enhanced synthe 15 of the transmatter 1n the terminals abo an
1ncreaszed formation of amine storage granules and amine svnthetizing enzymes in the

f

{ cell boldies

“This study has been sapported by grants X 33297 12N 71407 from the Swed sh State Mel cal
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