


ACTA

PHYSIOLOGICA
SCANDINAVICA

REDACTORES
Y REENPAA F BUCHTHAL R NICOLAYSEN
HELsavR KOBERHAVN asLo
Y ZOTTERMAN U S vwonEULER
sTockioLs (ep1ToR) sTOCKROLY
COLLABORANTES

G Acren (Uppsala) G Amiores (Lund) T L Bacxwax (Uppsala) B BArAxy (Uppsala)
s cG G Burx (Uppsala) B Borasrron
(Lund) A Camussan (Goteborg) A CaRLSTEN {Goteborg) H Dax {kobenhavn) R Ece
(Rebenhavn) H v Evrer (Stockholm) R Fava (Oslo) B Forxow (Goteborg) A Fortmo
(Oslo) L G R Granr (5 E H, (Stockholm) E

Hassew (hobenhavn) R Hartiaca (Abo) E Homwu Cimistensex (Stockholm) G Howr
wvcer (Umed) 1 Hou Jenses (Arhus) E Jaravisro (Helunky) E Jorers (Stockholm)

F Lezcaarp (Oslo) J Lemasy borg) G L khotm) H L

(Umes) A Luxonzro (Goteborg) E Lunoscasrn (Kobenhawn) O Mereanner (Goteborg)
J Motraso (O lo) k Motirr (kobenhavn) § Orskov (Athus) h G Pave (Umed) P B
Renpera (Robenhavn) P A Rercuarp {Uppsala) G Scurrercow (Stockholm) F Scuby
uevper (Krhusj £ £ Sivora (Hefsnklj K Sj8aerc (Stockholmj T Sjostraxo (Stock
bholm) G SveoM (Uppsala) T Teorert (Uppsala) H Titxorser. (Stockholm) H Ussivo
(Rebeohavn) B Uvwis (Stockholm) A. v \AmiAex (Helanks) A. T Vimrasew (Hel
snbi) O WALAA (Olo) A Westeriund (Uppeala) h

l ACTA PHYSIOL. SCAND

VOL 55
KRUNGL. BORTRYCRERILT P A NORa

s‘mnuux.\l 1962






Vol 55 INDEX

Fase 1 (May 1962)

‘The Effect of Estrogenic Hormones on Cell Division and Growth i Some
Tissues of Mice By I PETTERssoN

Obsenvations on Anaphylactic and Compound 48/80 Induced Histamine
Release from Guinea Pig and Rat Lung Tis ue i Vitro By B Drasant

On the Reversible Extraction of Bromsulfalemn (BSP) in the Lver By B
NoreErg A Sevne and G Wiriiam Osson

Tenseness Vanatons 1 the Cat hadney n Situ By A Astrovand U Sa
MELICS

Studies on the Effects of Drugs upon the Lactic Acid Metabohsm and
Contraction of Vascular Smooth Muscle By L Ivvonors and E
Monve Luvprorat

The Loss of Added Lysine During the Baking of a Soft Bread wath an
Exceptionally High Content of Reducmg Sugar By L E Ericsov
and 5 Larssov

Catecholamine Excretion during Mental Work as Modified by Centrally
Acting Drugs By \{ Frannexuaruser and B Post

Regional Cerebral Coruical Mctabolic Rate of Oxygen and Carbon Di
oude Related to the EEG in the Anesthetized Dog By U Greicu
staxn D H Inovar N A Lassen D W Lueeers B h Siesyo and
G THEws

Formation of Phenolic Acids m Brain after Administration of 3 4 Dihy
drovyphenylalamune By A. Canrtssoy and N A HiLLare

Fasc 2—3 (Junc—July 1962 )

Quantitative Determination of Usveal Blood Flow 1n Rabbits By A Brx

Studies of the Heated Thermocouple Principle for Determinations of
Blood Flow i Tissues By A, Bt

Tissue pO, and pCO, of the Cerebral Cortex Related to Blood Gas Ten
sions By U Gueicistass D H Incvar D W Lupeers B K Siegjo
and G Tuews

Effects of Two Rapid Acting Cardiac Glycosides on Dogs Heart Lung
Preparation Bv N H Areswoc

The Effect of Electrical Sumulation of Nucleus Ruber on the Gamma
Aotor System By B AppeLBERG

Heart Exchange Through the Muskrat Tail Evidence for Vasodilator
Nerves to the Shm By K Jomansen

The Metabolism of 1 C Palmiic Acid Labeled Chylomicrons in Rats
By T OLvECRONA



hé vorL 55 §Dpex

Effects of Chromic Central Coohng on Almentation and Thermoregu
lation By B Anpersson C C Gateand ] W Suspstex

Effect of Ethanol on Oxygen Uptake and on Blood Glucose Concentra
tion 1 Anesthetized Rabbits By E § PervAn

Effect of Methano! N Propanol and Acctaldehyde on Ocxygen Uptake
and on Blood Glucose Concentration in Ancsthetized Rabbits Bv E §
Prrvan

Increase 10 Oxygen Uptake After Small Ethanol Doses 1n Man By E §
PeRvAN

Normal and Epileptic ELG Patterns Related to Cortical Oxvgen Tension
mthe Cat By D H Inciar D W Losprrs and B K Sresjo

Lactic Acid Production and Adrenaline Reversal in Experiments on
Isolated Smooth Muscie By E Monve Lunpsoun

The Pausc During Contraction mn the Discharge of the Spindle Alferents
from Prymary End Organs in Cat Extensor Muscles By R Grawir and
J P vanpER Meures

Stmultaneous Mecasurement of Blood Tlow Glomerular Filtration Rate and
Urine Secrction 1n the Separate hudneys of Anesthetized Rabbuts By
M Beruv

The Effect of Oxygen at High Pressure on the Histology of the Central
Nerous 5ystem and Sympatheuc and Endocrine Cells ByJ] T Ebsmén
and H Rockert

Llectrolyte Effect of Cardiac Glycosides on Dog s Heart Lung Preparation
By N H Areskoc

Studies on the Lffect of a Nitrate Compound on Arterial Hcmodyn:lmxcs
1n Human Beings By I G Porjé and B RupEwatp :

Self Sumulation i the Goat By N Persson

An Automatic Bubble I'low Meter By H R Urrenpam and [ Vocum

Fasc 4 (August 1962 )

Plasma and Liver Lipids of Ethiomine Treated Rats By T OvLivEcrova

Fatty Aad Compasttion of Plasma and Tissue Lipids of Normal and Ltluo
wmine T'reated Rats By G Arvipsov and T O EcrONA

Blood Sugar and Alcohol Intoxication n the Rat By L SaiaLsTo

Tubular Excretion of S {5 Hydroxytryp ) in the Clucken
By L Sasver and B Worruan

The Solubxluy of Carbon Dioxide m Cerebral Cortical Tissue of Cats By

(ESJO

Tli Il{\cnsal é‘crcnon of Lipord Soluble Substances as Fxemplified by the

Excretton of Ethanol By C Crove




voL 55 INDEX

The Reliability and Vahdity of a Physical Work Test By G BorG and
H DantstrouM

Urnme Oxygen Tenston Lack of Correlation to Some Renal Funcuons By
K Aukraxo

‘The Effects of Fusimotor Activity on the Static Responsiveness of Primary
and Secondary Endings of Muscle Spidles 1n the Decerebrate Cat By
J K S Jansen and P B C MatTHEWS

Supplementum 189 Auditory Actiity in Centnifugal and Centripetal
Cochlear Fibres in Cat Bv J Fex

Supplementum 190 Studies on the Antabuse—Alcohol Re..ction in Rab
s By I S Pepuan

Supplementum 191 Changes in the Static Elastance and Hysterests of the
Chest Wall and Lungs in Norme- and Hypothermia By M Varaavvors



INDEX AUCTORUM

Anpersson B C C Gareand J W Suwnpsten Central Cooling

APPELBERG, B, Nucleus Ruber and the Gamma System

Areskoc N H Myocardial Response to Cardiac Glycosides

ARreshoc, N H, Electrolyte Effect of Cardiac Glycosides

Arvipsov, G and T Ovrivecrova Fatty Acids 1n Ethionme Treated Rats

Astrosr A and U Saserivs Kidney Tenseness

AukLanp K, Unine Oxygen Tension

Beruw M Unine Secretion in Rabint hadney

Bir A, Useal Blood Flow in Rabbits

Biie A Blood Tlow in Tissues

Bore G and H Daurstros Vahdity of Work Test

Carssox A and N A Hierare, Phenolic Acids i Bran

Crone C, Renat Excretion of Ethanol

Dancstroy, H and G Borc Vahdity of Work Test

Dravanr B Histarmine Release from Lung Tissue

Epstréw J E and H Rocherr Effect of O, at High Pressure

Ericson L E and S I arssoN Lysine Loss During Baking

FrankeEvnaeuser M and B Post Catecholamune Excretton Dunng
Mental Work

Gare, C C B Anpersson and ] W Suxpsten Central Cooling

Greremyany U D H Ingvark N A Lassen D W Luesers, B R
Stesjo and G Tuews Regional Cortical Metabolsm and EEG

Greickmazny U D H Inovar D W Lussers B h Siesjo and G
Tuews Cortical pO, and pCO

GrantT R and J P van pER Meuren Discharge of Spindle Afferents

Hireare N A and A Carrssov Phenolic Acids in Brain

InevaR D H U Guercnstaxy N A Lassevy D W Luspers B h
Smesjo and G THews Regional Cortical Metabolism and ECG

InovarR D H U Greicnvany D W Luspers B K Stesjd and G
TueEws Cortical pO and pCO,

IngvaR D H D W Luseersand B K Stespd EEG and Cortical Oxygen
Tenston :

Jansex J K S and P B C Marmnens Stauc Responses of Muscle
Spindle Endings :

Jouansen R Vasodilators in Muskrat Skin

Larsson S and L L Ertcson Lysine Loss Duning Baking

Lastn N A U Grricsiany D H Inevar D W Lupezrs B
Siesjo and G Trews Regional Cortical Afetabolism and T'EG

Lesotorss Loand £ Momve Lu~pnows Lactic Aad Metabolssm n

Vessels



INDEN AUCTORUM

Lopeers D W U Grecnvmany D H Incvar N A Lasey B b
Siesjo and G Trews Regional Cortical \Metabolsm and EEG

Lupsers D W U Greiemuaxy D H Incrar B R Swsf6 and G
Tuews Cortical pQ, and pCO

Luspers D W D H Incvar and B K Smsjo EEG and Cortical
Oxygen Tension

Marrews P B C and J] K S Jaxsen Stauc Responses of Muscle
$pindle Endings

Meuvrev J P vaN per and R Grantr Discharge of Spindle Afferents

Mouuz LuvproLy E, Lactic Acid and Adrenalne

Nonve LuvpHoLt E and L Luvpaory Lacuc Acd Metabobismin Vessels

Noreerc B A Senwiag and ¢ Wiriiaw Otssox Reverwble Liver Up
take of Bromsulfalemn

Quivecrova, T Chylomicron Metabohsm

Ouvecrona T Lapids i Ethionine Treated Rats

Ounicrona T and G Arvipsgy Fatty Acids in Ethiorune Treated Rats

Peraax E S Oxygen Uptake after Ethanol mn Rabbits

Peryan E S Methanol on Ovygen Uptake

Peruan E 8§ Oxygen Uptake After Ethanol in Man

Persson N Self Sumulaton in the Goat

Perrersson I Hormones on Cell Division

Porje 1 G and B Rubewarp Artenal Hemodynamics

Post B and M Frawkevmaeuser  Catecholamme Excretion During
Mental Work

Rocrert H and J E Ebstroy, Effect of O, at High Pressure

Rupewarp B and I G Porje Artenal Hemodynamics

SayEuns U and A Astroy hadney Tenseness

Savarsio L Blood Sugar and Alcohol

Sanxver E and B Wormuan Tabular Excretion of 5 HT

sexwne A B Norsexc and G WiLtrast Orsson Reversible Liver Up
take of Bromsulfalein

Smsjo B K CO, Solubihty mn Bram Tissue

Sesjo B R U Greicrntanw D H Thevar N A Laseny D W
Luepers and G Tuews Regenal Cornseal Metabolsm and EEG

Siesfo B K U Grewenvwaxy D H Inevar D W Luesers and G
Trews Corucal pO, and pCO,

Siesjo B K D H Incvar and D W Luseers EEG and Cortical
Oxygen Tension

Suvpstex, J W B Awperssov and C C Gaie Central Cooling

ThEws G U Greicmwaxy D H Iscvar N Al Lassen D W Liseers
and B h Smsjo Regional Cortical \etabohsm and EEG



i INDEN AUCTORUM

Tuews G U Guesenwasy, D H Incvar D W Lissersand B A Sie
sjo Cortical pO, and pCO,

Urrenpant, H R and I Vooewrr An Automatic Bubble Flow Meter

Vocerer I and H R Urrespane An Auvtomatic Bubble Plow Meter

Wirsiam Owssovy G B Noreere and A Sexaine Reversible Inver Up~
t1ke of Bromsulfalen

Wonrtaan B and £ Sanner Tubular Excreton of § HT



Acta physiol scand 1962 55 1—10

From the Zoophysiological Institute Unnveruty of Lund Sweden

The Effect of Estrogenic Hor on Cell D and

Growth 1n Some Tissues of Mice
By
Inca PerrERSSON
Recened 7 July 1961

Abstract

Pevrersson 1 The effict of estrojemic hormanes on <ell diston and
growth 1 some fissues of mce Acta phvsiol scand 1962 55 1—10
— The effect of estrogens upon cell drvision 1n gemtal and non
gerutal ussues of mice has been mvestigated the non genutal tissue
n vivo as well as m vitro the genttal tissue 1n viso In the in vivo
experiments an increased mutotic index depending upon an 1
creased prophase number was observed from. what it may be con
cluded that there 1s a real mutotic activation In the in vitro expen
ments 1t was observed that the cffect of estradiol upon cell dinsion
depended upon the concentration in the medium Low concentranon
caused increased mutotic acuvity high concentrations on the other
hand caused a metaphase block A difference i response o estrogens
of genital and non gemtal tissuc as well as a2 different effect upon
tissue tn vivo and m vitro have been obsened

The estrogens have been considered as growth hormones with particular
target organs because of thear cifect upon the female gemital organs 1t 1s
possible however that these hormones affect other tissues as well Buirouvcn
who has made ext 3 the 1nfl of
upon cell division 1n most mammahan tissues found that these hormones
caused an elevation 1n the mutotic mdex m gerutal as well as non-genital
tissue (BurrovcH 1940—46) Acrere (1920 1956) on the other hand found
that estradiol tn high concentratton had a ¢ mutotic effect upon sea urchin

1—673015 Acta physiol scand 3 ol 55
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embryos It 1s just possible that the elevation 1n mutotic index found by Bur
LOUGH 15 only apparent : ¢, 1t 1s caused by a metaphase mbubition Anather
opiion concerning the effect of estrogens has been expressed by Drasmer
{1922) who considers that estrogens do not cause a cell multplication even
m genttal organs as she was unable to find any increase i the DNA content
m the whole uterus from animals which had been under the mfluence of estro-
gens compared with ammals which were 1 diestrus or castrated

The different results which among others the aboyve mentioned nvestigators
had obi d nd that the problem 1s very pl d Some of the
questions to be raised concerming the nfluence of estrogenic hormanes upon
cell dmision and growth are Do these hormones act as mutosis sumulating
or mutosis inhibiting agents® Do the hormones influence gemtal and non
gemtal tssue n the same way? Do they have the same effeet upon tissues
1 vivo and witro?

The author has chosen to approach the problem by investigating not only
the mutottc index but also the mrtotic spectrum The effect of estrogens upen
gental and non gemtal tissue from the same ammal has been compared
In order to find out whether estradio! affects tissues 1 different w1ys m vivo
and in vitro tissue culture expenments have been performed The ussuc
cultnated m vitro was one of those 1mvestigated in the wn vive experiments

Material and Methods

The ammals used in these expeniments were mice from the C3H strain with the
exception of the male mice used for the m ¢ the anil of estra
diol upon the blood picture The latter werc of an albine stramn The animals were
kept at a temperatuse of + 20 C The room was Mumtnated artificially the Iight
being regulated automatcally to grve 12 hours of hight a day The mice were fed with
mice cahes from Ronsum Polymmn vitamin solution (Lwos) was 2dded to the
drinking vater The adult mice used in the experiments were 3—5 months old The
weight of the intact and castrated females was about 25 g the weight of the male
muce of albino strain + ere 25—30 g The mfang mice used here were 4 weeks old
and their weight was 8—10 g \mony, these nfant amimals no vaginal opening was
observed unnl the ammal was 5 weeks old

The assues chasen for in: s ere uterine hel and red bone marrow
The uterus of the mouse s very suttable for imestiganons of cell divsion and cell
muluplicaon In a transierse secuion the different tissues of the organ form nearly
coacentric aiscles and the organ 1s small enough to enable cell counts i order to
obtain an approumate cencepuan of the alteratton in the cell number under estrogenic
nfluence The red bone marrow 1s suitable for investigations because it 1s 1 tisue
whete ecll production 18 going on conunually and which has a high mirtotic index
Further this tissue 1 surtable for squash preparations and therclore it 1s casy to count
the cells and to calculate the muouc ndex as the number of mitoses per thousand
cells wnstead of counting the number of mitoses per length or surface umit a methd
which must be considered as less accurate Jinally the bone marrow 15 casy to keep
in tisue culture which made at posaible to compare the effect of estrogens 1n wno

and mn vitro upon the same uissue
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The effect of endogenous hormones was studied upon tissues from females illed at
different tunes during the estrus cycle In these expenments only such female muce
were used which had shown three regular cycles The cycles were followed with vaginal
smears

The hormones used for adnunistration te castrated and to mfant mice were Estradiol
(Pharmacta) and Poly Estradiol Phosphate {Leo) In the following the polyestradiol
phosphate will be wntten as P E P The preparation first mentioned was us-d m
order to study the effect of a single dose the Jatter preparavon m order to stud/ the
depot effect The b were given ) ded mm lagzcal
NaCl solution The doses given per gram body werght were for the infant females |
for the castrated females 2 and for the adult males 35 gg A test series had shown that
the dose given 1o the infant ammals was 5 to 10 tunes the threshold dose In ths test
senes the freguency of vagiral opemngs was stuied The doses given to the adult
muce had been tested upon castrated females It was observed that cormfied cells ap
pered in the vagina already when only | g per ammal was given The effect upon
cell divrsion m the bone marrow did not appear untl 5 pg per antmal were gnen.
The same response was observed 1n the bonte matrow when doses from 5 to 100 ug
per ammal were given

1Vhen the tissues were to be taken for preparation Broups of ammals were killed
at the same hour of the day 1n order to eluminate the diurnal yanation in mitotic ac
tivity found by Buroucm (1948)

One of the expertmental senies was performed 1n order to see whether there 1s any
correlation between an alteration 1n the mutotic activty m the bone marrow and the
penipheral blood picture The ammals used in this experniment were adult male mice
Groups of 4—6 ammals were killed on different days following adminntration of one
single dose of estradiol Tmmedhately before they were hilled blood samples were taken
Jrom their tail ips White blood cell counts were performed and blood smears were
prepared for differential counting of the white cell  In arder to 1nvestigate a possible
alteranion 1n the erythropoesis blood smears were stamed for counting of retreulocytes
About 10 days before hiling the ammal the normal blood picture had been myvestigated
by performing the same sort of blood tests before adrunistration of estradiol In this

way the woundhealing effect upon the blood pretnre was eliminated

In order to prepare the bone marrow for exammation of the nutotic activity the
animals were anesthetized with ether and the bone marrow was removed from sternum
and fixed m Carnoy s fixation medium Squash preparations were made from the
bone marrow specimens and the preparations were stained m Ehrlich s hematoxylin
For determmming the mitotic index and spectrum 2 000 cells were counted The uterus
was removed from the same amimal from which the bofic marrow had been prepared
and the organ was fixed in Camoy and embedded tn paraffin wax and cut into sections
of 6 The sections were stained with Gomory s hzmatoxylin (MeLasDER and Wivg
sTRaxD 1952) For determining the mutotic index and spectrum m the utetine eprthelium
4—6 000 cells were counted

For the ussue culture expenments bone marrow from adule male mece was used
The ussue p eces were placed on small coagulates made up of cock plasma and embryo

extract from ¢l k embryos 8-10 days old The tissue was cultnyated 1n carell bottles
at a temperature of 38 C The fluid medium was composed of denatured horse serum
and Tyrodes solution The incubation medim contaning estradiol v as prepared
1 the following way The hormone was eluted 12 2 small amount of ethy! alcabol and
Tyrode s solution was added The suspension thus prepared was mixed with serum
11 Samples of ussue were removed from the bottles at 2—3 hour mtervals duning
20—24 howrs The mitouc index and specirum were determined as 1n the 1w vive
experiments
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Fig | Mitotc index and mutotc spectrum of the bone marrow of female mice during different
stages of the estrous cvele On the line beneath the abscissa the different stages are marked
The black columns represent the mutouc index and the unfilled columns represent the different
stages of mutosss from the lefi to the right Prophase metaphasc ana and telophase Tt e n can
crvors are marked as thin lines Esery group of columns sepresents the mean salucs of 4 =3
animal

Results

Fig 1 shows the vanaton 1n mutetic index and spectrum of bone marrow
of female muce during the estrus cycle The lowest mutotic index and prophase
number was found during diestrus In the utenine epithelium the mitouc index
was ughest during this phase of the cycle In proestrus the prolifecation of
the epithelum was nterrupted The mutotic spectrum during thus stage of the
cycle showed a lugh prophase number (64 °,) which 1s due 10 the fact that
the dividing cells an other stages of mutoses are necronc Dunng estrus no
mttoses 1 ere to be scen Among the ammals used for this experiment the
mean length of the cycle was found to be 55 days The animals were in diestrus
dunng, 339 %, 1n proestrus during 149 ®, in estrus during 365 °5 and 1n
metestrus dunng 369 %, of this ume

Fig 2 shows the alteraton an mutotic actaty in the bone marrow of infant
muce after admunsstration of I L P The mutotic sndex and prophase number
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Fig ? Mutotic index and mitotic spectrum mn the bore marrow of infant female muce after
mjecton of 10 pg P E P per anmal E crv group of columns represents the mean value of
m ce

1ncreased only 6 hours after the hormone mjection The case was the same if
cstradiol was mjected A difference was observed between the mrtotic reaction
after myection of estradiol and after that of P E P In the first case the mitotc
mdex and spectrum returned to those of the controls already after 24 hours
but 1n the second case the mitotic index and prophase number were huigh
during 10 days During the same tune the estrogenic activity of P E P was
indicated by cornified cells 1n the vaginal smears

In the utenine epithelium of the infant mice the mtotic acuviry 15 very low
When this tissue was mvesiigated an the nfant mice mentioned above an
increased mutotc activity was observed culminating 24 hours after the 1n
Jection of estradiol and P E P respecusely In the uterine epithelium of the
ammals which had been mjected with estradiol the mitotic ndex rose from
2w0192° andn the animals which had recened P E P from 2 to 103 %/,
The nise mn the mitotic index was due to rise 1n the prophase number 1n both
cases In the ammals which had been injected with estradiol the utermne
epithclium 1n onc other group killed after 48 hours was mmesugated The
nutotic tndex and the prophase number had returned to those of the controls
The case was the same m the amimals which had got P E P and which
were investigated 4 days after the mjection

The results from cell counts on uterus sections from ammals killed at dif
ferent times duning the estrus cyele showed that the number of cells i the
endometrium from ammals m estrus and metestrus was about twice that
of those m dicstrus and proestrus Even in the mfant females which had re
cened P E P the cell number of the endometrium had increased as compared
with the control asumals The cell multiplication seems 1o occur mainly 1n
the epithchum  These cell counts however were performed on a Iimited
matenal and therefore the results obtained are to be considered as prelimenary
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Fig 1 \itotic tdex and mutatic spectrum of the bone marrow of female suce dunng different
nages f the estrous ovele On the hine beacath the absasea the different stages arc markes
The black columns represeat the muotie trdex and the unfiffed columns represent th_ddferent
Asges of mit sy from th fefi 10 the right Prophase metaphase ana and iclophase The 5t can
s axe marked as thin Loes Evers group of columns represents the mean valucs of 4 —5
mimal

Results

Fig | shows the vanaton in mstotic 1ndex and spectrum of hone marrow
of female muce dusing the estrus cvcle The lowest mitonic index and praphase
number was found during diestrus In the utenne epthelium the muotic midex
was highest dunng this phase of the cycle In proestrus the prohife ation of
the epithehum was tnterrupted The mitote spectrum dussng this stage of the
eycle showed a fugh prophase number (64 ¢4) which 1s duc (o the fact that
the dividing cells :m other stages of muteses are necroue Dunng estrus ne
nutoses were to be scen Among the anmals used for this experment the
mean length of the ey cle was found to be 2 3 days Theammalkswerem diestrus
dusing 339 %, prootrus during 149 ®, m estrus during 365 9, and m
metestrus dunng 36 3 %5 of this ume

Fig 2 shows the alteration m nutotic actinity 1 the bone marrow of infant
mice afier administranon of P E P The muotic index and prophase number
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Fig 4 Mitot ¢ index and mitot € spectrum 1 bo 1e marrow cult vated in 2 medium containing
10 pg estradiol per ml

Fig 4 presents the mitotic actvity of bone marrow cultivated m 2 medium
contammng 10 pg estradiol per ml From this diagram 1t 1s seen that the in
creased mutotic mdex depends upon an mcrease n the metaphase number
1 ¢ a metaphase block 15 observed

Iiscussion

With regard to the question whether there 15 a real cell muluplication
following estrogemic. nfluence the author s results from the m vivo experments
confirm the results obtamed by Burroucr (1940—46) The mcrease observed
1n the mutotic index depends upon an increase m the prophase number From
this result 1t can be concluded that there 13 a real mutotic activation It 15
known about most mtatss inlubiting substances that they have effect either
upon the pt causing a phase block or upon the preprophase
causing abnormal cells and necrotic nucler (Dustin 1947} In the tissues
nvestigated here 1t was the prophase number which was mcreased and no
necrotic nucler were seen wmmediately after the estrogen induced mutotie
actruity had started A real cell multipheation 1 also suggested by the cell
number of the uterine epithehum dunng estrus and after estrogen admns
tratton Thes results seem to be contradictory to those obtamed by Drasier
(1952) The fact that she was not able to find any tnerease in the DNA content
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of the whole uterus after estrogen stunulus does not exclude a cell multipheation
m one of the ussues of this organ In ca with the of
mtosts 1 the bone marrow 1t might be of nterest to see whether theress any
correlation between the mcreased mitotie actvity in thus tissue and the periph
eral blood picture The result from the expenmental series performed for
thuis purpose 15 not sufficiently clear to settle this question The ery thropoesis
did not seem  to be affected and the sharp drop n the wlute cell count may
as well be an unspeafic stress effect

Ewidently end as well as g hormones cause a
real mutotic activation the exogenous ones when gnven 1n vivo AGReLL (1909)
on the other hand, found that estradiol caused a metaphase block n sea
urchin embryos Therefore the queston ought to be raised as to whether the
estrogens act in another way n vitro than 1in vivo The author has not been
able to see any 1nhibitory effect of estradiol tn vivo 1 spite of giving un
physiologically high doses ™ot even haake (1950 1951) givang sull higher
doses observed any deviation from the normal mutouc actiaty The results
from the zuthors i vitro expennments howerer show that estradiol in Jow

has a 1 effect but mnhbits 1n hugh concen

tranon. A metaphase block was observed when the concentration of estradiol
n the mediam was ten pmes the lating AgRELL
(1955) found no mutonc actnaton when using low concentrations of estradiol
i the cultnaton medm. This may depend upon the fact that he used
early embnos and i such material the mitoses are at maximal frequency
and no further actvauon 15 possible It may be mentioned that the results
from an 1mvestgation of the effect of estradiol upon regeneration of plananan
worms performed by AGreLL and Wptan {1957) mdicate a mutotic actisation
as well as at the same tme a ¢ mitotic effect It seems that the mn vatro effect
of estradiol upon mitoses may be an activating one when low concentrations
are used and an mhibinng one when lugh concentrations are used A specal
case 15 the embn omic tissue which seems to be refractory to further mutotic
stimulus

The reason for the failure of estradio} to snhibat mutosis 1n v1v0 may be that
3t 1s rapidly metabolized m the organism and that the metabolic products
arc less estrogemic than estradiol (Pascrks and Rasorr 1900) Estradiol 15
found to be macuvated in different organs especaally in the Iner (HeLrex
1940,
An)oxhtr quesuon finalh 15 whether estrogens have the same cffect upon
gemtal 2nd non-gemital ussue and whether the former effect 1s only an ac
centuauon of a pencral growth promotng effect Som~ difference n the
effect of these harmones upon the two Jands of ussues myestigated here have
becn observed. The author found that the respon.c to estrogen admnustration
zppeared ezrher m the bone marrow than 1t did in the uteninc cpnhcln;r:rb
Dunng the estus ovele the moreased mutotic acuwvaty appeared duning
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ferent phases of the cycle Another difference in the response to estrogens
1n the two kinds of tissue was the duration of the mncreased mitotic activity
1t estradiol was given to infant or to castrated femnale muce the mutotic wave
thus imduced 1 the bone marrow passed after 48 hours However, when
P E P was gwven the mutotic index and the prophase number were ugh as
long as the vaginal smears contamed cormfied cells ¢ ¢ about 10 days In
the utenne epithehum however the increased mitotic activity did not seem
to last any longer after admumistration of P E P than after that of estradiol
The difference 1n the duration of the response to P E P m the bone marsow
and in the uterine eprthelium may depend upon the fact that the estrogenmc
hermones stimulate cell division in non gerutal tissues but mn genatal tissues
cell dwvision as well as cell differentianion 15 simulated Drasuer (1952) has
found a considerable mncrease m the RNA content of the uterus after endog
enous or exogenous estrogemic stmulus Further growth of the different cell
organelles of endometrial cells was observed which at last led to a breakdown
of the physiological balance of the cells For that reason the tissue becomes
necrotic some time after the mereased mutotic activtty has started and con
sequently the mutotic activity 1s interrupted

Tt 1s not fully known how the estrogens affect the tissues BurLoven (1950)
1s of the opimion that estrogens act in two ways Bv forcing more cells 1nto
nutoses and by shoitenng the ume for each mitose to be completed He
explains the effect first mentioned in that the estrogens activate the mechanism
for the entrance of glucose into the cells Thus the cells would get the energy
necessary for the starting of mitoses To the latter effect he 1s not able ta gve
any explanation

Acrerr and Persson (1936) have given another explanation to the mtosis
sumulating as well as the mtosts ishibiting effect of estradiol They found
that estradiol caused the DNA to become separated from the protem and
thus be more exposed to the action of DNA se The mhibiting effect should
be particularly marked m embryonic cells which have much cytoplasmc
DNA A breakdown of this cytoplasouc DNA may be followed by a destruc
tion of plasma structures among them the aster and spindle In adult tssues
where the cells do not contain so much cytoplasmue DNA 1t mught be that
a small part of the nuclear DNA may be separated from 1ts protein the DNA
thus becoming more easily metabolized In that way we may get a stmvlation
of the DNA synthests with 2 possible cell multipl, as 2

From what s sard above we may conclude that the estrogens seem to affect
gemtal and non gemtal tissues and organs in different ways How these hor
mones as well as most other hormones act at the cellular level 1s sull obscure
The author has found some difference 1 the action of estrogens m vivo and
m vitro Some of the hypotheses on the mode of action of estrogens have
been related and the author has tned to discuss some of the contradictory
results obtamned by different imyvestigators
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Observations on Anaphylactic
and Comp d 48/80-Induced Hist Release from
Guinea-Pig and Rat Lung Tissue m Vitro
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BermiL DiaMant
Recewed 4 Octobey 1961

Abstract

DiaMANT B Obserzations on anaplylactic and compound 48/80 wnduced
hustamine release from guinea pr, and rut ling tissue 1n ustro Acta physial
scand 1962 55 11--25 - The effect of oxygen lack on ana
phylactic histamine release from sensinzed guinea pig and rat lung
tissue 4 z1trp has been invesugated and found to conssst of pronounced
mhibition provided that the meubation medsum (phosphate buffer)
was devoid of glucase In the presence of glucose this nhibition was

nsng of glucose Under
oxygen the anaphylactic huistarune release from guinea pig lung
tissue was also enhanced by the presence of glucose By comparing
anaphylactic histamane release from gumea pig lung tissue and Com
pound 48/80 mduced histamine release from rat lung nssue i glu
cose containing phosphate bufler and Tyrode solution respectively 1t
has been demonstrated that pH changes produced by gassing the
Tyrode solution with oxygen and mtrogen have obscured the true
effect of 1n earler ric d 1n glucose
rontaimng Tyrode solution

Itss lly agreed that anaphyl. hi release 1z zitro from guinea
pig lung tissue involves energy requinng reactions This conclusion 1s based on
the findings that oxygen lack (ParroT 1942 Mongar and Scuwp 1957
CHakrAvARTY 1960 MoussaTcHE and Provoust Danov 1960 Yastasaxs
Muraona and Evpo 1960) and int f owadatn e phosphorylaton (Movear
and Scuiep 1957 Mouvssarce and Provotst Dasos 1928) depress ana
phylactic release of histarmne These findings have been interpreted as a

11
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depend on ntact oudat pathways for the energy production
furnishing the anaphylactc k reaction m the gumnea pig

In contrast both anaphylacuic and Compound 48/80-induced histamne
release w2 ritro from rat Jung tissue was reported to be uninfluenced by oxygen
lach (Cranravarty 1960) This suggested that the energy production could
be furnished anaerobically mn this species Insupport of ths hy pothesss Ciakra
VARTY (1929) put fornard the observation of Diamant 1 ¢ that as long as
the ) d d glucose the h release eliated from
rat lung ussue by extracts of Ascarts suts appeared despite oxygen Jack In the
absence of glucose on the other hand, the histarmne release was markedly
nhibited (Drastant 1961) In the rat glucose and oxygen lack were both found
to have a similar effect on histamine release as well as on mast cell degranula
tion when elicited by the polymer amine Compound 48/80 (Diastant and
Uwnas 1961)

In the present imvestigation the anaphylactic histamine release wm rifro
from rat and gunea mig lung tissuc has been studied with respect to the effect
of glucose under aerobic and anaerobic conditions Furthermore 1 order to
evaluate the varyng results reported m earlier myvestigations as to the cffect
of oxygen lack anaphylactic lustamune release from gumea pig lung tissue has
been compared with that eliated by Compound 48/80 from rat Jung tissue mn
different mcubation media

Matenal and Methods

Gunea pigs (male and female 250—350 g) and rats (malc and female 200300 g)
were sensitized by injection of crystallized egg alburmn Guinca pigs were injected sub-
cutaneously with 0 1 g and intrapentoneally with 01 g followed 3 days later by a5 ¢
injection of 0 1 g Rais were injected s ¢ with O 1 g of egg albumin together with } m!
of H prricsss vacame (2 » 10% bacills per ml) followed 3 days later by another s ¢
mjection of 0 1 g of cgg albumm The sensitized guinca prg lungs were used for i tiiro
anaphilacuc reactions 3—25 weeks after the first sensitizing dose and the sensifized
rat lungs 3—8 weeks after 1t

The lungs of the sensitized animals were treated and 1ncubated ay described in detail
carher /Diasaast 191 with modificavons accordiog to Diasast and Uvsas (1961)
In the experiments where the effect of C 4 48'80 was ugated od
rat lungs were used and treated by the same method

Two different solutions were used for preparation and ncubation of the lung nsuc
{1} \solution /denoted in the foll as p! bufer) ¢ NaCl (154 mM)
RC1(27mM and CaCl, 09 m\ buffered with 10 +/v Sorensen phosphate buffer
(67 mM,; Theminal pH of the phosphate buffer ranged from 7 L 107 2un the ungle ﬂB
penments (23 Tyrode solution contammg NaCl (137 m\f) KCl(27m\) CaCl, ()
m\) MgCl, 6H,0(10mM NaHCO, (119 m\) and NaH,PO, H,0 (04mM, The
mtial pH of the Tyvrode solution ranged from 77 to 83 an the single expeniments
Nather the phosphate buffer nor the Tyrode solution contained glucose + ¢ durning
preparauon the lung tusue was treated with a glucose free solution in all experiments.
The interval between sacrifiong the animals and the incubation of the lung tissue

amounted to | 1/2—3 hours
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“Table I Spontaneous hustamune release from rat and gunea prg lung tussue 1n phosphate buffer
under the influence of oxygen mitrogen and glucose (56 mV) Histamune velease computed 1n
of total histamine content  mean and standard ervor of the mean Bracketed figures denote the number
of expernments

Species Spontancous stamine relcase

O +glicose | N 4glucose | O N
Rat 804069 (10) | 66-£040 (23) | 67053 (13) [ 70045 (28)
Gumnea pig 112014 ()] 132000 (6)| 102023 (4) | 102013 5)

In some experiments m which the effect of phosphate buffer and Tyrode solution on
histamine release was mvestigated  the Jung tissue was cut 1nto coarse pieces i physiologic
sodium chlonde solutton After thorough mixing 1t was divided into two parts by
weighing  one part was then treated and mcubated 1 phosphate buffer and the other
1n Tyrode solution

The gaseous phases used during incubation usually consisted of commercally pure
‘oxygen or mitrogen In some experiments however gas mixtures composed of oxygen or
mitrogen {93 5 °,) together with CO, (65 ) were used

The lung ussue pas exposed to enystalized egg albumia (1 mg/ml) or Compound
48/80 (35 pg/ml) for 20 mun m all After of the 1ncub:
fluds ther pH was d el Hly Al of subx given
1m the text refer to the final concentration in the incubation fluid

The remaiming histamune of the lung tissue after incubaton was extracted by heating
to 100 C for 10 mun This was done in a shghtly 2ad medum (pH 3—4) by addition
of ¥ HCln all experiments where the lung tissue was extracted 1n Tyrode solution {in
order to avoid breakdown of histamune at alkaline pH) as well as when gumea pig
Tung tissue was extracted 1n phosphate buffer (1n order to inactivate substances mnter
fering with the histamine assay on the 1solated guinea prg deum) In the experiments
where the effect of]| buffer and Tyrode sol was tigated )}
all lung samples were extracted with a phosphate buffer All acidified extraction samples
were neutralized before histarnine assay

was assayed on guinea prgaleum At least 4 single contractions
of ¢ach sample were compared with a known histamine dihydrochlonde solution In
random samples inhibited the
Unless otherwise stated the h release was 1 of the total h

content of the lung tissue The amount of histamune found in controls without antigen
or Compound 48/80 {denoted as spontaneous histaminc release) 1 as deducted from all
valucs given n the text

Results
Spontaneous hustamune release from guinea prg and rat lung tissue
The spontaneous histamine release from guinea pig and rat lung tissue in
phosphate buffer under the mfluence of oxygen nitrogen and glucose ts shown
 Table I No sigmificant difference between the histamme release under the
various metabolic conditions was observed wathin the same species A significant
difference was on the contrary noted m a comparison between guinea pig
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Fiz 1 (A and B) Effect of oxygen mitrogen and glucose (5 6 mM) on anaphylactic hustamine
release from guthea pig Jung ussue in phosphate buffer Control = spontancous histamine release
(ot deducted from antigen induced hustamune release) Frlled and open aircles represent mds
vidual vatues 11 two experiments
A s of histarmine base seleased from 1 g of wet jung tissue
B Hustamine release computed1n of tota! histamne content

and rat fung ussue under the same boll d) Thus the s
Iustamne release from guinea pig lung ussue amounted to only 14—20 9, of
that from rat lung ussue This 1s noteworthy since the histamne content of
gunea pig lung ussue in the \anous experrments usually was 2—3 umes that
of rat lung tssue

Lffect of glucose on anaphylactic histamune release from gunea prg and rat tung tusue
mn phosphate buffer

The histymine release vaned considerably m single expeniments under
umiform experimental conditions when expressed as g of lustamne base released
from I g of wet lung tssue Ths s shown in F1ig 1 A 1n which the same baich
of sensinzed guinea pigs was used and the interval between the tho expenments
was 2 days When the hitamune release was calculated 1n 9 of the total husta
mine content of the lung nssve (Fig 1B, the sanatson was markedly dumumished
Consequenth 1t was considered most adequate m the following to use the
percentage histarmine release m order to ehmsnate at any rate those expertmental
ranations due to diffesences between the total hustamine content of the lung
tissue 1n indrirdual amimals

In the absence of glu se oxgen lack inhibited anaphylacuc }
release from guwnea pig lung tssue Fig | A and B) This tnhibntion was, hoy
ever, markedly counteracted by the presence of > 6 mM glucose (I mg/ml) In
oxygenated phosphate buffer 56 mM glucose also produced actnauon of
histamene release Quanutause data from 7 separate experiments on guinea
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Table JI Anaphylactic histamune release from guinea pig g tissue v phosphate buffer under the
mfluence of avvgen mtrogen and glecose (56 mM)  Histawune velease computed 1n 7 of
total hustamune content Spontaneous selease deducted from all values Bracketed figures demote the
PH of the phosphate buffer after meubation

Expen | ItsalpH | Histamoe relcase

ment o | of phos-
phate O tgheose | O N Fglucose | N
tuffer
t 71 387 (68) 270 (70) 202 (68) 00 (70}
2 72 299 (69) 193 (71 234 {69) 03 {70}
3 72 345 (69) 221 (70) 260 (68} 26 {70}
4 72 361 (69) 297 (71) 272 (68) 27 (70)
5 72 381 (69) 238 (70} 345 (68) 79 (70)
6 72 209 (69) e (72} 162 (69) a3 (71
7 72 226 (69) 1ne (71 163 (69) 04 (71)
Mean and standard 315428 21128 134425 20211
error of mean
Sigmficance of difference of mean P=00>—001{ P=00>—001{ P=<000
from O+ glucose (¢ test)

Table [T Effect of glucose (56 m\I) on anaphylactic hustamme velease from rat lung tissue 1n
bhosphate buffer under mitrogen Mustamune release computed 1 of total istamune eonlent
Spontaneous release deducted from all values Bracketed figures denate the pH of the phosphate buffer
after ncubation.

Expenim nt | In tal pHof| Histamuste release

no phosphate
bufler N~ glucose N
i 7 304 (70) <40 (71
2 72 s (70 00 (72)
3 72 140 (69) 03 (7o)
+ 72 292 (b9) 11 (70
2 77 203 (69) 00 (71)
\ean 2a1 <11

pig lung ssue are grven m Table 1T Histagune release was found to be aptumal
under oxygen in the presence of 5 6 mM glucose amounting on the average ta
32 9 of the total hustanune content Under oxygen mn the absence of glucose

21 °, was released The histarmune release under nitrogen 1n the absence of
glucose averaged 2 9, of the total histamune content 1t was raised to 23 %% by
addition of 3 6 mM glucose Table II shows in addition the significance of the
ifferences from the optimal hsstamune release (s ¢ with oxygen and glueose)

The pH of the phosphate buffer before and after incubation wath the lung
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tissue under the varous expenmental condittons is also recorded 1n Table 11 In
overy expenment the decrease 1n pH of the phosphate buffer after b
was somewhat greater m the presence of glucose Thus the pH was usually
02 unus lower than that of phosphate buffer incubated mn the absence of
glucose

The effect of 36 m\ glucose on the histamine release from sensitized rat
lung ussue under oxygen lack ss shown n Table II1 (5 scparate experiments)
The average lustamune release amounted to about 1 °, of the total histamine
tontent 1n the absence of glucose as compared to 25 ° 1n the presence of
glucose The fall i pH of the phosph. buffer after L was shghth
greater O [—0 2 unns 1 the presence of glucose than in 1s absence.

The effect of different concentrattons of glucose on the anaphylactic lustamine
release from gumca pig and rat lung tssuc in phosphate buffer and under
oxsgen lack s shown in Fig 2 The histamine release increased progrtxsx\fh
with nsing glucose concentrauon up to 2 8 m\M (0 5 my ml) 1n both speaes
An increase 1 glucose concentrauon above 28 mM had no greater effect on
hustamine release Judging by the cunves in Fig 2 025 m\ (004> m3 mi)
35 about the lowest concentration that would produce an appreciable increase
mn hastamyne release 1 both species as compared to that in nitrogenated buffer
without additon of gluc xse

Effect of oy en ritromen carbon disnde and glucose on araphylactic butamne releest
Srom gurea b1 lune tissse a d on Compound 48 E0-nduced hustarrne telease frorm 13t
lumg tissue tm ph thae buber ard Tyrode solstion

There 15 3 considerable dncrepancy between the data gnen In varnous
authors on the mhibiuos of anaphylacuc histamine release under ovygen lack
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Table 1% Effect of oxygen lack on anaphylactic fustamne selease from sensitezed lung ussue as
reported n earlier nvestigations

Investigator Speaes | Incubation Glucose Histamine release under
‘medium preseatanin | oxygen lack
cubat on.
medium
Tazno {1959) Gumea | Tyvole 4 Tndnh tion e Aalues.
e solution ghen}
Moncan and Scuto| Guinea | Tyrode 26mM | 32 (range 6-55  of
{1957y g solutson Tustamine release 10 aera
ted medium
CHAKRAVARTY Guwnea | Tyrode 156 mh 1429 of hustam ne
(19¢0) me solut on refease m  ovygenated
medium
Motssatout and 0 / of hitamme release
Provoust Daros Guinea, | Runger Barcon! [ 1 oxygenated medium
(1960} rg solution
Yamasaxt Muraoxa] Guinea Rrebs-Ring r @ G, of total histamme
and Evpo (1960) PR solunion content rel ased
Corakiav ARTY Tyrode 156 mM No mtabitson.
{1960) Rat solut on

Personal commurnucation.

Earher reports on the effect of oxygen lack on the histamuine release from sen
sitized guinea pig and rat lung tissue are summarized m Table IV

It can be seen that anaphylacuc histamine release from guinea iy lung
ussue was pletely and vanably intubited by oxygen lack 1n a medum
containmg glucose { Fyrode solution) This 1s 1 contrast to the complete i
tion noted m ncubation media devoid of glucose (hrebs Ringer and Ringer
Barron solution) 1t 1s also evident that the histamine release from the sensitized
lung nssue of the rat — unhike thac of the guinea pig — was found to be un
miubited n Tyrode solunon despite oxygen lack Cuarmavarty (1960)
also veported that { ompound 48)80-induced lustamune release from rat lung
ussue in [yrode solution was uninfluenced by oxygen lack

1 therefore considered 1t of imterest tonvestigate whether the varying effect
of anowia on tustamine refease in Tyrode solution observed 1n earbier studies was
due to the glucose present or whether some other factor might be m\ci\ ed
Consequentlv 1t was decided to the h release in p
buffer and 1n Tyrode solution 10 order to evaluate the differences pmdur:d by
the incubation media

The effect of 56 mM glucose on the anaphviactic histamune release from
gumes pig lung b sue under oxygen and mtrogen i phosphate buffer and
m Tyrode solution 15 shown m Fig 3 In oxygenated glucose contammng
1623013 Acta phystol scand Vol 55
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Fig 3 Effect of oxygen nitrogen and
glucose (56 m\) on anaphylactic bista
mune release from guinea pig lung tusue
in phosphate buffer {unshaded blocks)
and Tyrode solution (shaded blocks)
Mean ‘alues of two experiments are
shown open and filled circles represent
the individual values in cach expenment.
‘The final pH of the incubation medium
13 given below cach block Inial pH of
incubation media_phosphate buffer 7.2
Tyrode solution 82 Hutamune release
mn  oftotalh
Spontaneous release deducted from all
values.

phosphate buffer the release averaged about 37 9 of the total histamine
content against about 34 95 1n oxygenated glucose contarming Tyrode solu
tion In correspondingl: d glucose L media
the lustamine relcase averaged 31 9% and 15 9 respectnnely In oxygenated
glucose free phosphate buffer 27 9/ was released agamnst 13 9/ 1n oxygenated
glucose free Tyrode solution whereas 6 5 and 4 9% respectncly, was released
m correspondingly mutrogenated glucose free media It was further noted that
both oxygenation and mtrogenation of the Tyrode solution during incubation
raised the final pH to 86—89

It 15 evident that the diffi e between the | release 1n the two
mcubation media was neghgible under oxygen i the presence of glucose
In mitrog d glucose- Tyrode solution however, the histamine

release markedly decreased as compared to that in phosphate buffer under
equal experimental conditions This difference 1s further shown n Table A%
which gines the individual values 1n 9 expenments on the histamine release
from sensitized gunea pi,, lung tissue under oxygen Iack 1n glucose contanmg
Tyrode solution and phosphate buffer respectinely together with the pH of the
incubation media before and after mcubation It s seen that the histamine
release 1n Tyrode solution ranged from 10 °, to 63 ¢, of that in phosphate
buffer i the vanous experiments This 1s 1n contrast to the small vanations
within single expeniments (exp 4 and 5 Table V) The pH of the phosphate
buffer which was mitwlly 7 2 1n all experiments fell dunng incubation to 6 8—
69 In Tvrode solution on the contrary the pH rosc 1o 8 8 1n every experiment
despite an 1uttal range of 77-83

1t 18 obvious from the reports of Moncar and Sauen (1928) and Criarra
VARTY (19601 that anaphylacuc histamine release from gumea pig lung
tssue 13 not opumal at pH 88 These workers used Tyrode solution a3
sncubation medium when studving the influence of oxygen lack on Lustamune
release Consequently chan,es in the pH of the solution 1owards the alkahne
side due to the expenmental conditions might have obscured the true effect
of oxygen lack in these invesuzauons



HISTAMINE RELEASE FROM LUNG TISSUE 19

Tuble  Anaphylactic hisiamune release from gunea-pig lung tessue under nirogen n phosphate
Buffer and Tyrode solution 1 the presence of glucose (56 m V1) Histamne selease computed in

of total histemme content Spontancous velease deducted from all values Bracketed figures de
note the pH of the solubians after wncubation Dntial pH of eubotion media phosphate buffer 7 2
Tyrode solution 7 7—8 3 Varsations wn histamune release 1n double and inple tests are shoam (ex

periments 4 and 5} %y 100 denotes histamune release n Tyrode solution computed n of
that 1n phosphate buffer

Expenment | Histamne release
o
Phosphate buffer (A) Tyrode solunon (B} B
A
1 163 (69) 41 (88) 2>
2 345 (68) 216 (8.8) 63
3 272 (68) 91 (88) 3t
265 (69) 114 (88)
28 (88 10
4 271 (69) {276 (59) (LU P
200 {68) 74 (38)
5 196 (68) {201 (69) 72 (88) 65 (8.8) 43
189 (68) 76 (88)

In order to test this hypothests the pH changes of phosphate buffer and
Tyrode solution (imtial pH 7 2 and 7 8 respectively) were first studied 1n the
absence of lung tissue after exposure to oxygen and mitrogen with and without
CO, (65 °) for 35 mun at 37 C After exposure to oxygen and nitrogen
without CO, the final pH was 7 3 1n phosphate buffer and 9 1 1n Tyrode solu
tion In the presence of CO the pH fell to 6 5 1n phosphate buffer and to 7 1
1n Tyrode solution both with oxygen and mitrogen In the absence of lung tis-
sue addition of 5 6 m\M glucose did not influence the final pH

In view of these pH changes rat and guinea pig lung tissue respectively
{pooled from 3—5 anmals) was divided 1nto two parts One part was prepared
and ncubated 1n Tyrode solution and the other in phosphate buffer Nitrogen
alone or a muxture of nitrogen (93 5 °,) and CO, (6 5 9,) was used dunngmcu
bation 1n order to achieve anoxc expenmental conditions It 15 apparent from
Figs 4 and 5 that in glucose contaming (5 6 mM) Tyrode solution both ana
phylactic histamene release from guinea pig lung tissue (Fig 4) and Compound
48/80-1nduced histammne release from rat lung tissue (Fig 5) were markedly en
hanced by CO, under oxygen lack WWithout CO, the final pH of the Tyrodesolu
tien was 87—89 1n the presence of CO 1t fell to 75—7 6 In glucose con
tamning (5 6 mM) phosphate buffer on the other hand CO, instead induced a
decrease 1n histamine release as compared to that under mitrogen without CO,
In both expenments the final pH of the phosphate buffer was 6 9 without CO,
whereas 1t fell t0 6 6 m the presence of CO, It 1s further evident that 1 both
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Fig 4 Mitotic index and mutot ¢ spectrum an bone marrow cultvated in a medsum contamnng
10" pg estradiol per ml

Fig 4 presents the mitotic activity of bone marrow culavated in a medim
contaming 10 pg estraciol per m! From this diagram 1t 13 seen that the in-
creased mitotic index depends upon an increase in the metaphase number
1 ¢ a metaphase block 15 observed

Discussion

With regard to the queston whether there 1s a real cell multiplication
following estrogenic mfluence the author s results from the 1n vivo expeniments
confirm the results obtained by BurLotcr (1930—46) The increase observed
1n the mitotic index depends upon an mncrease in the prophase number From
this result 1t can be concluded that there 1s a real mutotic activation It 1s
known about most mitotis inhibiung substances that they have effect erther
upon the ph causing a h block or upon the preprophase
causing abnormal cells and necrotic nuclet (Dustiv 1947) In the tissues
mvestigated here 1t was the prophase number which was mereased and no
necrotic nucles were seen immediately after the estrogen induced mtotic
actvity had started A real cell muluplication 1s ako suggested by the cell
number of the utenne epithelum dunng estrus and after estrogen admims-
tration Thes results seem to be contradictory to those obtamed by DRASHER
(1932) The fact that she was not able to find any increase m the DNA «
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of the whole uterus after estrogen stumulus does not exclude a cell multiphcation
i onc of the tissues of this organ In connection with the imestigation of
mutosts i the bone marrow 1t might be of interest to see whether thereisany
correlation between the increased mitotic activaty 1n thus tissue and the periph
eral blood prcture The result from the expenimental series performed for
this purpose 1s not sufficently clear to settle thus question The erythropocsts
did not seem  to be affected and the sharp drop sn the white ecll count may
as well be an unspeaific stress effect

Evidently endogenous as well as exogenous estrogemc hormones cause a
real mutotic actisation the exogenous ones when given in vivo AGRELL (1920)
on the other band found that estradiol caused a metaphase block in sea
urchin embryos Therefore the question ought to be rased as to whether the
estrogens act in another way 1n vitro than i vive The author has not been
able to see any inhibstory effect of estradiol in vivo 1n spite of giving un
phystologically high doses Not even haake (1920 1951) giving still lugher
doses, observed any deviation from the normal mitotic activity The results
from the author s 1n vitro experrments however show that estradiol 1n low
concentration has a mmtosis sumulating effect but inhibits 1in high concen
tration A metaphase block was obsenved when the concentration of estradiol
i the medium was ten times the mitosis sumulating concentration AGRELL
(1955) found no muotic activation when using Jow concentrations of estradiol
i the cultnation medium This may depend upon the fact that he used
carly embryos and i such matenal the mutoses are at maxmmal frequency
and no further actnaton 1s posstble It may be mentoned that the results
from an v estigation of the effect of estradiol upon regeneration of plananan
worms performed by Acrert and Wistax (1957) indicate a mtotic activanon
as well as at the same time a ¢ mutotic effect It seems that the m vitro cffect
of estradiol upon mutoses may be an actinating one when low concentrations
are used and an mhibiting one when ligh concentrations are used A special
case 15 the embryonic tissue which seems to be refractory to further mitouc
sumulus

The reason for the farlure of estradiol to inhibit mutosis 1n vivo may be that
1t 1s raprdly metabolized 1n the organism and that the metabolic products
are less estrogenic than estraciol (Pasciais and Raworr 1920) Fstradiol s
found to be mactnated n different organs espeaally m the Iner (Herrer
1940)
Another question finally 1s whether estrogens have the same cffect upon
gemal and non genital ussue and whether the former eflcct 1s only an ac
centuation of a general growth promoting effect Some difference 1n the
effect of these hormones upon the two kinds of tissucs investigated here have
been obserned The author found that the resy to !
;ppcnrcd carlier 1n the bone marrow than 1t did 1n the utenne rpnhth:n;
Dunng the estrus cvele the increased mutotic activity appeared dunng di
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ferent phases of the cycle Another diffe in the to
in the two kinds of tissue was the duration of the mcrcased mtotic acmxty
If estradiol was grven to infant or to castrated female mice the muotic wave
thus induced 1n the bone marraw passed after 48 hours However when
P E P was given the mutotic index and the prophase number were high as
long as the vagmal smears contained cornified cells ¢ ¢ about 10 days In
the utenme epithelum however the increased mutotic actvity did not seem
to last any longer after admumistration of P E P than after that of estradiol
The difference 1n the duration of the respon e to P E P 1n the bone marrow
and 1n the uterine epithelum may depend upon the fact that the estrogemc
hormones stumulate cell division 1n non gemtal tissues but 1n gemtal ussues
cell division as well as cell differentiation 15 stimulated DrasHer (1952) has
found a considerable inerease in the RNA content of the uterus after endog
enous or exogenous estrogeme stimulus Further growth of the different cell
organelles of endometnal cells was observed which at last led to a breakdown
of the physiological balance of the cells For that reason the tissue becomes
necrotic some time after the creased mutotic actvity has started and con
sequently the mitotic activity 15 nterrupted

It 15 not fully known how the estrogens affect the tis ues Burroucn (1950)
1s of the opimon that estrogens act in two ways By forang more cells into
mitoses and by shoitening the time for each mutose to be completed He
explains the effect first d 1n that the actwvate the meck
for the entrance of glucose mto the cells Thus the cells would get the energy
necessary for the starung of mitoses To the latter effect he 1s not able to gne
any explanation

Acrert. and Perssov (1936) have given another explanation to the mitoss-
sumulating as well as the mitosis intubiting effect of estradiol They found
that estradiol caused the DNA to become scparated from the protemn and
thus be more exposed to the action of DNA se The inhubitmg effect should
be particularly marked m embryomc cells which have much cytoplasmic
DNA A breakdown of this cytoplasmic DNA may be followed by a destruc
tion of plasma structures among them the aster and spindle In adult ussues
where the cells do not contamn so much cytoplasmic DNA 1t might be that
a small part of the nuclear DN\A may be separated from its protein the DVA
thus t more easily bolized In thatw ay we may get a stimulation
of the DNA synthesis with a possible cell mul as a

From what 13 said above we may conclude that the estrogens seem to affect
gemtal and non genital tissues and organs in different ways How these hor
mones ag well as most other hormones act at the cellular level 1s sull obecure
The author has found some difference in the action of estrogens 1n vivo and
m vitro Some of the hypotheses on the mode of action of estrogens have
been related and the author has tried to discuss some of the contradictory
results obtained by different investigators
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Abstract

Diasant B Obseriations on anaphylachc and tompound 48{80-nduced
Iustamne release from gmnea prg and rat lun, t1ssue 1n ifro Acta physiol
scand 1962 55 11—25 — [lhe effect of oxygen lack on ana
phylactic ustamine rclease from sensitized guinea pig and rat lung
18 ue 11 o1iro hay been mvestigated and found to consist of pronounced
whibiton provided that the incubation medim (phosphate buffer)
was devoid of glucase 1n the presence of glucose this inhibition was

with risng of glucose Under
oggen me anaphylactic histamine release from guinea pig lung
tissue was also enhanced by the presence of glucose By comparing
anaphylacuc histamine release from guinea pig lung tissue and Com
pound 48,80 induced histamune release from rat lung nssue m gy
cose containg phosphate buffer and Tyrode solution respectively 1t
has been demonstrated that pH changes produced by gassing the
Tyrode solution with oxygen and mtrogen have obscured the truc
effect of n carher e 1n glucose
containiog Tyrode solution

Tts generaily agreed that anaphylactic histarmune release tn zitro from gusnea
pig lung tssue involves energy req This 1 1s based on
the findings that oxygen lack (Parror 1942 MonGar and Scump 1957
Craxravarty 1960 \Moussatcut and Provoust Danon 1960 Y Asasakt
Muraona and Evpo 1960) and inhibitorsof oxidativ e phosphory lation { MoNGAR
and Schp 1937 Motssarcite and Provoust Danow 1928) depress ana
phylacuc release of histamine These findings have been interpreted a8 ar
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depend on ntact oxidative metabolic pathways for the energy producton
furmshing the anaphylactic & ! g reaction in the guinea pig

In contrast both anaphylactic and Compound 48/80 mduced listamne
release i 1itro from rat lung tissue was reported to be uminfluenced by oxygen
lack (Cranravarty 1960) This suggested that the energy production could
be furnished anacrobically in this species In support of this hypothests Cifinra
vARTY (1939) put forward the observation of Diamant 1 ¢ that as long as
the incubation medium contamed glucose the histamine relense ehaited from
rat lung tissue by extracts of Ascans swis appeared despite oxygen lack In the
absence of glucose on the other hand the histamine release was markedly
hibited (DrayanT 1961) In the rat, glucose and oxygen lack were both found
to have a stmilar effect on histamine release as well as on mast cell degrinula
tion when ehiated by the polymer ammne Compound 48/80 (Dravant and
Ussas 1961)

In the present v the anaphyla ! relcase e
from rat and guipea pig lung tissue has been studied with respect to the effect
of glucose under aerobic and anaerobic conditions Furthermore 1n order to
cvaluate the varying results reported in carlier imvestigations as to the effect
of oxygen lach anaphylactic histamine release from guinea pig lung tissue has
been compared with that ehcted by Compound 48/80 from rat Jung tissue in
different incubation medsa

Material and Methods

Guinca pigs {male and female 250350 g) and rats (male and female 200—300 g}
were sensitized by mjection of crystallized egg albummn Guinea pigs were injected sub
cutaneously with 0 1 g and intraperitoneally with 0 1 g followed 3 days later by a8 ¢
injection of 0 1 ¢ Rats were mpected s ¢ with 0 1 g of egg albumin together with ) mi
of H prrtussts vaceine (2 101 bacill per ml) follawed 3 days later by another s ¢
njection of 0 | g of egg albumin The sensitized guinea pig Jungs were used for a tiro
anaphslactc reactions 3—25 wecks after the first seasutzing dose and the sensitized
rat lungs 3—8 wecks after 1t

The lungs of the sensitized anmmals were treated and incubated as descibed 1n deal
carlier (Diavant 1961} with modifications according to Diavant and UvNis (1961)
In the experrments where the effect of Compound 48/80 was imyestigated non senaitized
rat lungs were wed and treated by the same method

Two different solutions were used for preparation and incubauon of the lung tisue
(1) A solutton (denoted in the fol as phosphate buffer) NaCl (154 m\f)
RC! (27 m\M) and Call, 109 mM) buffered with 10, v /v Sorensen phosphate buffer
(67 m\f) The inttial pH of the phosphate bufler ranged from 71107 2n the smgle ex
periments (2) Tyrode solution containing NaCl (137 mM) KCI(27mM} cacl (18
mM) MgCl GHO (1 0m\ NaHCO; (11 9 mM) and NaH, PO, H,O (0 +mM) The
wutial pH of the Tyrode solution ranged from 77 to 83 in the single expenments
Neither the phosphate buffer nor the Tyrode solution contained glucose 1 ¢ dunng
preparation the lung tisue was treated with a glucose free solution in all experiments
The intersal between sacnficing the amumals and the incubation of the fung tesuc
amounted to 1 1/2—3 hours
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“Table I Spontaneous hustammne release from rot and gunza prg lung tissue n phosphate buffer
under the nfluence of evigen nitrogen and glucose (56 mA[) Histamune release computed 1n
of total histamnne content  mean and standard error of the mean Bracketed figures denote the number
of expertments

Species Spontaneous hitamune release

O -+ glucose Ny Fglucose | O N
Rat 80£069(10) [ 662040 (23) | 67053 (13) | 702045 (28)
Gumca pg 11014 (5)| 132000 (B) | 10£023 (4) | 102013 (6)

In some expeniments in which the effect of phosphate buffer and Tyrode solution on
histamine release was i estigated  the lung tissue was cut into coarse pieces in physiologre
sodium chlonide solution After thorough miung 1t was divided 1nto two parts by
weaighing one part was then treated and imcubated 1n phosphate buffer and the other
m Tyrode solution

The gaseous phases used during ncubation usually consisted of commercially pure
‘oxygen or mtrogen In some experiments however gas mixtures composed of oxygen or
niteogen (935 ) together with CO; (65 o) were used

The lung ussue yvas cxposed to crystallized egg albummn (1 mg/ml) or Compound
48/80 (35 pg/ml) for 20 mun in all experiments After withdrawal of the mcubation
fluds thew pH was elec All of sub: oven
10 the text refer to the final concentration 1n the incubanon flud

The remarming histamune of the Jung tissue after incubation was extracted by heating
10 100 C for 10 min This was done 1n a shightly acrd medium (pH 3—4) by addition
of ¥ HCl1n all experiments where the lung tissac was extracted m Tyrode solution (in
order to avosd breakdown of hustamme at alkahne pH) as well as when gminea pig
lung ussue was extracted 1n phosphate buffer (in order to mnactivate substances inter
fering with the histamme assay on the wsolated guinea pig dleum) In the experiments
where the effect of phosphatc buffer and Tyrode solution was ted 1
all lung samples were extracted with a phosphate buffer Al aaidified extraction samples
were neutralized before histamine assay

was assayed on d guinea pig sleum At least 4 single contractions
of each sample were compared with a known histamime dihvdrochlonde solutson In
random samples mep ly inhibited the
Unless otherwase stated the release was m , of the total

content of the lung tssue The amount of histamine found 1n controls without antigen
or Compound 48/80 (denoted as spontancous histamine release) was deducted from all
values given 1 the text

Results
Spontancous hustamune release from guinea pr,, and rat lun, tissue
The spontancous histamine release from guinea pig and rat lung tssue
phosphate buffer under the influence of oxygen mitrogen and glucose 15 shown
m Table I No significant dfference between the histamine release under the
vanous metabolic conditions was observed within the same species A sigmficant
difference was on the contrary noted m a comparison between gumea pig
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depend on intact oxadatry bolic pathways for the energy production
furnishing the anaphylactc histamine releastng reaction in the guinea pig
In both anaphyl, and Comy d 48/80 mnduced histamine

release w titro from rat lung tissue was reported to be uninfluenced by ovygen
lack (Ciranravarty 1960) This suggested that the energy production could
be furnished anaerobrcally tn this species In support of this hypothesis Citanra
VarTY (1939) put forward the observation of Diamant 1 ¢ that as lon, as
the mcubatton medium contamed glucose the histamine release eheted from
rat lung tissue by extracts of Ascans sus appeared despite oxygen lack In the
absence of glucose on the other hand, the histanune release was markedly
mhibited (Diavant 1961) In the rat glucose and oxygen lack were both found
to have a stmilar effect on histamine release, as well as on mast cell degranula
tion when elhictted by the polymer amine Compound 48/80 (Dtamant and
Uwnas 1961)

In the present g the phylactc b release wn tiro
from rat and guinea pig lung tissue has been studied with respect to the effect
of glucose under acrobic and anaerobic condttions Furthermore in order 1o
evaluate the varymng results reported m earhier investigations as to the effect
of oxygen lack anaphylactic histamune release from gunea pig lung tissue has
been compared with that ehicited by Compound 48/80 from rat lung tssue i
different incubation media

Material and Methads

Gurnea pigs (male and female 250330 g) and rats (male and female 200--300 g)
were sensttized by injection of crystallized egg albumin Gutnea pigs were injected sub-
cutancously with 0 | g and intraperitoneally with 01 g followed 3 days later by a3 ¢
wyection of 01 g Rats were mjected 5 ¢ with 01 g of egg albumin together with | mt
of H prrtussts vaceine (2 ¥ 10¥ bacill per ml) followed 3 days later by another s ¢
1njection of 0 1 g of egg albumin The sensiized guinea pig hungs were used for  nire
anaphslactic reactions 3—25 weeks afier the first sensitizing dose and the sensitized
rat lungs 3—8 wecks after 1t

"The lungs of the sensttized antmals were treated and incubated as described deal
carlier (Diavaxt 1961, with modsfications according to Drasast and Usvsas (1961)
In the experiments where the effect of Compound 48,80 was iy estigated non sensruzed
rat lungs were used and treated by the same method

Two different solutions were used for preparation and incubation of the lung tissuc
{1} A solution {denoted m the foll as phosphate buffer) NaCl {154 m\D)
ACI (27 m\M) and CaCl, (09 mM) buffered with 10 © v/v Srensen phosphate buffer
{67 m\) The iniual pH of the phosphate buffer ranged from 7 | to 7 2:n the single ex

ments (2) Tyrode solutton contanmg NaCl (137 mM) KCl{(2 7TmM) CaCly {18
M) MeCly 6H,0 (1 0mM1 NaHCO; (11 9 mM) and NaH, 1 O, H,O (D 4m\1) The
smtial pH of the Tvrode solutcon ranged from 77 to 83 1n the single expenimenty
Neither the phosphate buffer nor the Tyvrode solution contaned glucose & ¢ duml‘z
preparation the Jung tissue + as treated with 2 glucose free solution :n all ﬂpl'nm"‘uC
The interval between sacrificing the ammals and the ncubation of the lung tus

amounted to § 1/2—3 hours
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Tuble I Anaphylactic histamine selease from guinea prg fung tissue 1n phosphate buffer under the
nfluence of ovygen mitrogen and glucose (56 mAl)  Histamine release computed ' of
total hustamine content Spontaneous release deducted from all values Bracketed figures denote the
PH of the phosphate buffer after wmeubation

Expen | InmalpH | Histammne release
mentno | of phos-
phate | O +glucose | O N +glucose | N
buffer
1 7 387 (68) 270 (70} 202 (68) 00 (70)
2 72 299 (69) 193 (71) 234 (69) 03 (70)
3 72 335 (69) 251 {7T0) 260 (68) 26 (70)
4 72 361 (69) 297 (71) 272 (68) 27 (70}
5 72 381 {69} 238 (70) 345 (68) 79 (70)
[ 72 209 (69) 16 {72) 162 (69) 03 (71}
7 7" 226 (69) 114 {71) 163 (69) 04 (71)
Mean and standard 315428 20128 23425 20411
error of mean
Sigmificance of difference of mean P=005—001| P=005—001 P = <0001
from O + glucose {¢ test)

Table I Effect of glucose (56 mM) on anaphylactic lastamne release from rat lung tissue wn
Phosphate buffer under mitrogen Huistamine selease computed tn of lotal kistarune content
Spontaneous release deducted from all values Bracketed figures denote the pH of the phosphate buffer
after wncubation

Expermment | In tial pHof | Hustamine release
no P IL
buffer N + glucose N
1 72 04 (70) <40 (71
2 72 315 (70 00 (72)
3 72 140 (69) 03 (70)
4 72 292 (69) 11 (70
B 72 203 (69) 00 (71)
ean 251 <11

pig lung tissue are givenin Table 1T Histamune release was found to be optimal
under oxygen in the presence of 3 6 mM glucose amounting on the average to
32 9, of the total histarmne content Under oxygen in the absence of glucose

21 9 was released The histarmne release under nitrogen 1 the absence of
glucose averaged 2 °, of the total hustamine content 1t was raised to 23 % by
addtion of 5 6 mM glucose Table 1T shows 1n addition the significance of the
differcnces from the optimal lustaruine release (1 ¢ with oxygen and glucose)

The pH of the phosphate buffer before and after 1ncubation with the lung
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Fig 2 Effect of varous concen
trations of glucose on anaphy~
lactie mastamuine release }:vm
rat ( — — — } and guinea
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Histamine release’ computed 1n
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tissue under the various experimental conditions 1s also recorded 1n Table IT In
every expenment the decrease i pH of the phosphate buffer after incubation
was somewhat greater an the presence of glucose Thus the pH was usunlly
02 umts lower than that of phosphate buffer incubated in the absence of
glucose

The effect of 56 mM glucose on the histymine release from sensitized rat
lung tissue under oxygen lack 1s shown in Table IIT (5 separate cxperiments)
The average listamune release amounted to about 1 9, of the totyl lustamme
content 1n the absence of glucose, as compared to 25 °, in the presence of
glucose The fall in pH of the phosphate bufer alter incubation was shghtly
greater (010 2 units) m the presence of glucose than in s absence

The effect of dfTerent concentrations of ghicose on the tnaphy heuc histmine
release from guinea pry, and it lung ussue an phosphate buffer nd under
oxygen lick 1s shown in Fig 2 The listimine release increased progressively
with rising glucose concentration up to 2 8 mM (0 2 mg/ml) in both speaies
An 1nerease 1n glucose concentration above 2 8 mM hud na greater effect on
Justamine release Judsing by the cunes m Fig 2 025 mM (0 015 mgiml)
1s 2bout the lowest concentration that would produce an apprecitble inerese
1n histamsne release in both specics as compared to that in nutrogentted buffer
without addition of glucose

Fffect of omygen ptrecen carbon dioxide and glucose on anaphylactic hstamne release
from guinea p1o tune tissue and on Compound 48,60 induced histamne release Jrom rat
lung lissue 1n phosphate buffer and Tyrode solutton

There 1s a considerable discrepancy between the data given by sanous
authors on the whibinion of anaphylicuc nstamine release under oxygen tack
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Table IV Effect of 0gen lack on anaphylactic histamune release from sensureed lung tissve as
reported s earlier investigations

Investgator Species | Incubanon Glucose Histammne release under
medlum Ppresentinin ] ocygen Jack
cubation
medium
Parror (1942) Guinea Tyrode 4 Tohb tion {no valhues
pig solution given}
Moncar and Senb | Guinea Tyrode 26 md 3? (range 635  of
(1957 g solution hustamine release 1n zera
ted medium
‘CHAKRAVARTY Guinea Tyrode 36 mM 1479 of hustarmine
(1360) Pg solution relcase n oxygenated
medim
Mocssarcnt and 0 of histamyne release
Provoust Dason Gumea [ Ringer Barron 0 n ovygenated medium
(1960) pg solut on
Yamasanr Muraocka| Gunea Rrebs-Ringer [ o of total histammne
and Exo (1960) Pig sofut on content released
CHARRAVARTY Tyrode 56 m o inhibitson
(19c0) Rat solut on

Persenal communzcat o,

Earher reports on the effect of oxvgen lack on the histamine release {rom sen
sitized guinea pig and rat lung tissue are summanzed in Table IV

It can be seen that anaphylactuc histarmne release from guinea pig lung
tissue was pletely and vanably nhb by axygen lack in 2 medium
containing glucose (Tyrode solution) This is 1n contrast to the complete inhibs
uon noted m ncubation medra devord of glucose (Rrebs Rmger and Ringer
Barron solution) It ss also evident that the histamme release from the sensitized
lung tissue of the rat — unlike that of the guinea pig — was found to be un
mhubited 1 Tyrode solution despite oxygen Jack CHARRAVARTY (1960)
also reported that Compound 48/80-mduced hstamune release from rat Iung
tissue in Tyrode solution was uminfluenced by oxygen lack

I therefore considered 1t of interest to mvestigate whether the varying effect
of anoxa on hustamune release i Tyrode solution observed m earlier studies was
duc to the glucose present or whether some other factor might be 1nvolved
Consequently 1t was decided to p the h release in phosph
buffer and in Tyrode solution n order to evaluate the differences produced by
the incubation media

The effect of 56 m\ glucose on the anaphylacuc histamune release from
gumnea pig lung tisue under oxygen and nitrogen in phosphate buffer and
m Tyrode solution 15 shown m Fig 3 In oxygenated glucose contaimng
624015 Acta phynol scand Vol 55
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Fig 3 Effcet of oxygen mitrogen and
glucose (56 m\M) on anaphylaciic hista
mine release from guinea pig lung tissuc
1 phosphate bufler (unshaded blocks)
and Tyrode solution (shaded blocks)
Mean values of two experiments arc
shown open and filled cireles represent
the individual values in cach experiment
The final pH of the incubation medwum
13 ginen below cach block Intial pH of
sncubation media_phosphate buffer 72
Tyrode solution 8.2 Histarmine release
m  oftotal h
Spontaneous release deducted from all

W o Ny B RN

)

HKS\’AM\NEERELEASE in

phosphate buffer the release averaged about 37 %, of the total histamine
content against about 34 9, in oxygenated glucose containing Tyrode solu
tion  In correspondingly mutr d glucose 4 t media
the hustamme release averaged 31 % and I5 %, respectnvely In oxygenated
glucose free phosphate buffer, 27 % was released against 13 9 1n oxygenated
glucose free Tyrode solution, whereas 6 % and 4 % respectnvely was released
1n correspondingly nitrogenated glucose free media It was further noted that
both oxygenation and mtrogenation of the Tyrode solution during incubation
raised the final pH to 86—89

It 1s evident that the difference between the histamine release i the two
mcubation media was negligible under oxygen in the presence of glucose
In nirogenated glucose contarning Tyrode solution however the histamne
release markedly decreased as pared to that an phosphate buffer under
equal experimental conditions This difference 1s further shown 1 Table V,
which gives the mndividual values 1n 5 expeniments on the histamine release
from senstuized gumea prg lung tssue under oxygen lack in glucose contaming
Tyrode solution and phosphate bufler respectisely together with the pH of the
incubation media before and after mcubation It 53 scen that the luistamene
release 1n Tyrode solution ranged from 10 °, to 63 9, of that in phosphate
buffer i the vanous expeniments This 1s 1n contrast to the small vanttions
within single expermments (exp 4 and 5 Table V) The pH of the phosphue
buffer which was mtrally 7 2 1 all exj fell duning nto 6 B—
69 In Tyrode solution on the contrary the pH rosc to 8 81n every experiment
despite an il range of 77 —8 3

1t 15 obvious from the reports of Moscar and Scinitp (1938) and Cuaxra
varTy (1960) that anaphylactic histamine release from guinea pig lung
ussue 15 not optmal at pH 88 These workers used Tyrode solunon 1s
sncubation medium when studyng, the influence of oxygen lack on histamne
selease Consequently changes in the pH of the solution towrds the alkaline
ade duc to the experimental conditions mught have obscured the true effect
of oxygen lack i these i estigations
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Table ¥ Anaphylactie hustamme velease from gumea pig lung bissue under mitrogen 1n phasphate
buffer and Tyvode solution 1n the presence of glucose (56 m ) Hutamune release compuied in

of tota husiomme content Sporianeons veleawe defucted from alf volues Bracketed figures de
Pote the pH of the solutrons after weubation butsal pH of wvn-vbation media phosphate baffer 7 2
Tyvode sulution 7 7~8 3§ onatrons m hustamune release tn double and tnple tests are shoun (ex

perments 4 and 5) 2, 100 demotes Iastamune relesse . Tyrode soluteon computed v of
that t phosphate buffer

Expenmment | Histamune refease
no
Phosphate buffer (A} Tyrode sotution (B) ?‘_ * 100
I 163 (69) 41 @8y 5
2 345 {68) 6 (88) 63
3 277 (68} 91 (88} 3%
263 {69) 4 {88)
3 0
BT ED s 6y BB s
200 {(68) 74 {88)
5 196 (68} {20] (69} 77 (88) 65 (88) 42
189 (68) 76 (88)

In order to test shis hypothesss the pH changes of phosphate buffer and
Tyrode solution {imtal pH 72 and 78 respectively) were first stuched 1n the
absence of lung tissue after exposure 10 0¥} gen and mitrogen with and without
€O, (65 °,) for 30 nun at 37 C After exposure to oxygen and nuragen
without CO, the final pH was 7 3 1n phosphate buffer and 9 [ 1 Tyrode solu
uon In the presence of CO, the pH fell to 6 5 1a phosphate buffer and to 7 1
m Tyrode solunon both wath oxygen and nitrogen In the absence of lung tis-
sue addition of 5 6 mM glucose did not influcnce the final pH

In view of these pH changes rat and gumea pig hung ussue respectrely
(pooled from 35 ammals) was divided 1110 tw0 parts One part was prepared
and mcubated i Tyrode solution and the other in phosphate buffer \itrogen
alone or a muxture of mtrogen 93 5 °y) and CQ, (6 59,) was used during meu
bation 1n order to achier e anowc expenmental conditions It 1s apparent from
Figs ¢ and 2 that t glucose containng (3 6 \) Tyrode saluton both ana
phtylactic lustarmune release from guinea pig lung ussue (Fig 4) and Compound
48/80-nduced histamine release from rat lung ussue (Fig 5) were markedly en
hanced by CO, under oxygen lack Without CO, the final pH of the Tyrode solu~
ton was 8789 an the presence of CO; 1t fell to 75~76 In glucose con
tarmng (3 6 mA{) phosphate buffer on the other hand CO; instead induced a
decrease 1n histammne release as compared to that under nitrogen without CO,
In both experiments the final pH of the phosphate buffer was 6 ¢ wathout CO,
whereas 1t fell to 6 6 1 the presence of CO It s further evident that i both
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Fig 4 Effect of mitrogen and of mtrogen (935 ) + CO (65 %) on anaphylactic histamine
relcase from guinea pig lung tissue in gl (5 6 m\M) pt buffer and Tyrade
solution Mean values of double tests in one experiment are shown Unshaded blocks antigen
induced histamine release  shaded blocks spontancous histamine release The final pH of the
incubation medium 13 given below cach block Initial pH of ineubation media phosphate buffer
72 Tyrode solution 7 7 Histamine release computed in  of total histamune content

Fig 5 Effect of mtrogen and of nitrogen (935 ) + CO, (65 ) on Compound 48/80-induced
histamunc release from rat Jung tissue 10 glucose containing (56 mM) phosphate bufTer and
Tyrode solution Open and filled circles represent individual vatues in twoexperiments Unshaded
blacks Compound 48/80-1nduced histamine release (mean value of double tests) Shaded bi>eks

spontaneous histamine relcase (mean value of single tests) The final pH of the incubation
medium 13 given below cach block Imtial pH of incubation media  phosphate buffer 7 2 Tyrode
solution 78 Histammne release computed in of total histamine content

reacttons the luistamme release under nitrogen in the absence of CO, was
markedly mhilited 1n Tyrode solution as P I wath that in phospl
buffer

The effect of CO, {6 5 °,) on the histamine release in oxygenated and mtro-
genated Tyrode solution an the presence of glucose (5 6 mM) 1s shown in g 6
{antigen and guinea pig lung ussue) and Fig 7 (Compound 48/80 and rat
lung tissue) Under mtrogen in the presence of CO, {pH 7 7) about 25 % of the
total lustamine was released from the lung ussue by omuitung CO, (pH 88) 1t
decreased to 1bout 6 ¢, in both cxpertments Under oxygen 1n the presence of
CO, (pH 76) about 31 % of the tot2l histamine was released 1n both expent
ments, without CO, (pH 86) the lstamine release decrensed to about 8 %
in the rat but was almost uninfluenced :n the guinea i (1bout 27 °,)

Discussion
The present imvestigation has shown that under oxygen lack the anphylacue
Justamune release from both guinea mig and rat lung tissuc depends on the
glucose present in the incubauon medium (phosphate butfer) Thus can be ex
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Fig 6 Efl et of oxygen and n trogen with and without CO, (65 ) o anaphylactic hustamine
¢ lease from guinea p ¢ lung tissue 1 glucose contaming (5 6 mAf) Tyrode sofut on Filled
curcles represcnt incs adual values of double tets n one expenment Unshaded blocks antigen

wnduced histamine release shaded blocks spontanrous h stamme release The final pH of the
Tyrode solution 1s grven beloaw each block. Innal pH of Tyrode wh.mon 78 Histaoune release
computed 1n o total histamine content

Fig 7 Effect ofovygen and mtrogen with and without CO {63 ) on Compound 48 80-induced
Tustamine release from rat lung tssue i glucose-contaimng (3 6 mM) Tyrode solution. Fulled
aircles represent indny dual values of double tests in one expeniment Unshaded blocks Com-
pound 48/80-induced hustarmine refease shaded blocks spontancous hustamuine release The
final pH of the Tyrode solution 15 given below cach block Iniual pH onydec solution 79
Histamune relcase computed i of total histamune content.

planed on the )¢ that phyl h release 1nvolves an
energy requining reaction The rcsulu have shown that histamune selease can
occur without aerobic metabolic reactions wndicating that under oxygen lack
glycolys:s 15 able to furmsh energy This 15 1n good agreement with earler find
ngs on the histamine release from rat lung tissue when induced by Ascarss
extract (Drastaxt 1961) and Compound 48 80 (Drastaxt and Uvwas 1961)

Under oxygen the anaphylactic histamune release from gumea pig lung
ussue 1s also enhanced by glucose (56 m\M) although the increase s less pro-
nounced than under oxygen lack A possible explanation of this effect of glucose n
the presence of oxy gen 1s that the store of energy yielding substances s dumnished
by the experimental procedures but ts refilled by the addition of glucose

The histamune releasing reactions xmuatcd 1n anaphylaxis as well as by
the h and b 11 relea so far tested
thus mught mmiohe an energy requuning step  Whether this step s com
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mon to all these histamine releasmg systems 1s so far unknown In favour of
such a hypothesis 1s the good agreement in the dose effect relations between the
anoxic histamine release cheited by the different agents and the glucose con
centration  Furthermore, the same concentration of phlorizin was found to
cause about 50 %, nhibition of the anaphylactic histanune release from guinea
pig lung tssue as well as of Compound 48/80 induced histamine release from

rat lung tissue 10 g d and glucose , phosphate buffer (D1a
MANT 1960) On the other hand certain differences have been noted Furstly
therc s a q AxfTe ¢ between anaphylactic } release from

guinea pig lung tissue under oxygen and nitrogen respectively, 1n the presence
of 56 mM glucose This 15 1n contrast to the listamune release from rat lung
tissue induced by Compound 48/80 under sumlar experimental conditions
where no statistical difference was present (Diavant and Uvnas 1961) Second
1y, a qualitatn e difference was observed [ phylactic b release
from guinea pig lung tissue and Compound 48/80 induced histamine release
from rat Jung uissue under oxygen, in the former reaction, glucuse could be
replaced by sodium succinate whereas 1n the Iatter sodium succinate had no
effect (Diamant 1960)

It 15 not yet known whether these findings are due to spectes differences (as
suggested by CHanravarTY 1960), or to differences in the reactions nvolved
i anaphylaxis and Compound 48/80 induced histarmine release (as suggested
by Moncar and Schiep 1957 and Moussatenf and_Provotsr Danoy 1957
on the basts of guinea pig expeniments) A possible way of solving this problem
would be to perform p studies on phyl histamsne release
from rat lung tissue Expeniments of this nature are naw 10 progress

When comparing the histamine release induced by antigen from sensiized
gumea pig lung tisstee and by Compound 48/80 from rat lung tissuc in phosphate
buffer and Tyrode solution respectively, 1t was found that oxygenauon as
well as mtrogenation rawsed the pH of the Tyrode solution to 8 6—89 in the
presence of lung tssue Gassing the Tyrode solution 1n the absence of lung
tissue shifted the pH even further to the alhaline side (pH 9 1) The lung tissue
1self evidently prevents the pH from nsing to the expected value of 91 Yehen
Yufler solution was sumilarly gassed the pH rose from the 1mtal 7 20nly 1073
in the absence of lung ussue In the presence of lung ussue pH values from
681072 were recorded It 15 notable that the range of the values obtuned (1n
the presence of lung tissue) and those expected (in the absence of lung tissue)
was of the same order 1n the two incubauon media used

An additional finding was that n the presence of 5 6 mM glucose the finl
pH ralues were 01—0 2 unuts lower than sn the absence of glucose prosided
that lung tissue was present dunng incubation (Table ITand IIT Fig 3) This
decrease 1n pH produced by the presence of glucose was noted under both
oxygen and mitrogen and 1s most hikely due to the formation of Jactic 1ad
through the breakdawn of glucose in the lung ussue
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In the presence of 56 mM glucose the anaphylactic histanune release from
gwinea pig lung tissue as well as the histamine release induced by Compound
48/80 from rat lung tissue was found to be markcdly mbzted 1n mtrogcnatcd
Tyrede solution as compared to the values in p hate buffer under 1d
conditions (Fig 3 4 and 5 Table V) Ths m}ubmon of lustamine release m
glucose containing Tyrode solution — which i the case of anaphylactic release
from guinea pig lung tissue ranged from 37 to 90 95 1 5 exp — 1s suggested
to be due to the induced alkakine pH This 15 evidenced by the finding that
gassing with a mixture of mitrogen (93 5 %) and CO, (6 5 %5) nstead of mtrogen
alone had a markedly activating effect on both hustamune releasing reactions
with a concurrent fall in pH to a more physiological level (Fig 4 5 6 and 7)

Another bl 1s that this of b release
1s due to the CO per se It was however found that when the same muxture of
nitrogen and CO; was used 1n glucose contamng phosphate buffer the hista
mune release was kedly inhubited as pared to thatin glucose-containing
phosphate buffer gassed with mtrogen alone (Fig 4and5) Thismnhibitory effect
of CO, on the histanune release mn glucose contaimng phosphate buffer might
be ascribed to the fall in pH to 6 6 In both histamine releasng reactions the
values ded 1n glucose phospt buffer gassed with mitrogen
and CO (pH 6 6) were of the same order as those in glucose contaimng Tyrode
solution gassed with mtrogen alone (pH ~ 8 8)

The effect of CO, (6 5 %} on the pH and on the histamme release was further
studied m d and oxyg! d glucose Tyrode solution as
shown in Fig 6 (antigen and guinea pig lung tissue) and Fig 7 (Compound 48/80
and rat lung tissue) In both expeniments mitrogen alone induced a pH of 8 8
whereas m the presence of CO, the pH decreased to 77 Under oxygen alone
the final pH was 86 with a fall to 7 6 1n the presence of CO, In both histarmine
releasing reactions nitrogen alone produced an inhib ofh release
as compared to the values recorded in the presence of CO  Oxygen alone had
an mappreciable effect on the anaphylactic histamine release from guinea pig
lung tissue when compared to the values recorded in the presence of CO
This 1s in contrast to the effect of oxygen alone on Compound 48/80 induced
histammne release from rat lung tissue which was mhibited to the same degree
as under mtrogen alone

The discrepancies 1n earher reports on the effect of anoxia on histamine
releasing reactions with the use of Tyrode solution were tentatn ely ascribed to

the varying presence of glucose 1n the incubation medium (Dravant 1961) This
explanation cannot however be relevant since personal communications from
CHAKRAVARTY (1961) and Sciurp (1961} disclosed that the Tyrode solution 1n
lhcu' expeniments always comamed 56 mM glucose The present report
mstead why ad 15 present betw ecn anaphylactic histamine
release from guinea pig lung tissue and Compound 48/80 induced histamine
release from rat lung tissue when the effects of oxygenation and nitrogenation
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are studied 1n glucose contatming Tyrode solution Apparently Compound
48/80 1nduced hustamine release from rat lung tissue under ocygen (pH 86) 1s
inhibrted to the same degree as under mtrogen (pH 8 8) Anaphylactic histymine
release from guinea pig lung tissue under oxygen on the other hand 1s only
shghth affected (if at all} at pH 86 whereas under mtrogen (pH 88) the
release 15 inhibrted to numerically the same degree 1s1n rat Jung tssue

The reason for this difference between the histamunc release in the two systems
tested under oxygen at pH 8 6 1s hitherto unknown Further msestigations are
needed to determine whether st 1s due to a species difference, or to a difference
between the mechanisms of anaphylacuc and Compound 48/80 induced fusta
mmne release Vb hatever the reason may be this difference has obscured the true
effect of i 1m earhier investig: performed 1n glucose containing
Tyrode solution

The present report shows that when an tncubation medm s used
(phosphate buffer) of which the pH 1s unaffected by exygenation or nitro-
genation  the anoxc expermmental conditions induced by mitrogenation cause
a pronounced mhibitrion of anaphylactic histamune release from both gunea
pig and rat lung tissue Moreover this mhibition can be counteracted by the
presence of glucose 1n the incubation medium

Financial support for this imvestigation from Ssenska Sillskapet for Med cinsk Fonkning #
gratefully acknowledged
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On the Reversible Extraction of Bromsulfalemn
(BSP) 1 the Laver
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Abstract

Nogmgre B A Sexaio nd G Wittt Orssas O the setess
sble extraction of bramsulfulen (BSP) i the hrer Atz physiol scand
1062 55 2634 — Through a charging of the iner of dogs with

) b Malen and sub challenge evpersments
with mpgle doses of mactive bromsulfalin it as shown that the
absarption of bromsulfalein from the blogd 15 an apparenthy revers
ihle process The amount of bromsulfalein guen off by the hver
to the blood coustitutes a consderable fraction of absarbed and
transnutied BSP Thes 13 calewlated with dufferent methods from
the anabytical salues for blood samples feom the porial vein and the
wsolated branches of the hepanc yems

The use of bromsullzlen BSP for the tesung of the hepaue function i
an mnportant siep i the diagnoss of currhogs and stulss condstions The
mnterpretaton howeser 1x hy no means quite clear In the retennon test
according to RosenTuAL and Wuws. (1925) the same answer may be obtatned
n dufferent wanvs which has Jed MacDosaLp (§939) to introduce 2 so-cafled
dearance 15t which may sunably Yo read and reported as the first hatf ke
for the concenteation in the plasma after a single mjection The halung Hime
13 a eptenon of the functional state af the hver presupposes that the exirattion
1n the Jver 13 propornonat o the plasm~ concentratton of BSP 1 ¢ that the
pcrc:ntuul estraction {the extraction factor) s constint In chnical clearante
smeasurements one does certanly frequently get a logruhmically decreatitf
BSP concentrasson 1 the penpheral blood But i measurements on evthier

26
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nide of the hver Verrer e ol (196) adduces a constantly decreasing extrac
tion factor and 1n expenments on ammals we have made the same ob
servation after single doses of BSP (Anpersen Norgers and Sensimnve 1958)
In the Jast mentioned work the posstbility that a certain proportion of the
BSP of the hver-cells return to the blood dunng the passage through the Iner
15 adduced as an attempt at expl The app factor
35 then the equshbrium value for two processes The present work 15 an ttempt
to prove the above hypothests

Methods
dnimal Experiments

Expertments bave been carmed out on dogs anesthetized with Nembutal In order
1o ¢hirtunate the big operaine trauma entatled tn the earbier method for the ssolatron
of the flow of hepanc blood the following techmque has been used About ane month
before the BSP expertment the abdomen of the anmal was opeped with a mud line
maiston 2 ligature was passed around the vena cava wferior gust dustal to the hepatic
veins and the ends of the hgature were drawn through 2 polyethylene catheter which
was pushed against v cava sa that the latter was strangulated to about one third ns
ongial diameter The catheter was then fixed by knotung the bigature and subcutaneous
positoning  After about 14 days the catheter was exposed and the higature drawn
tight to occlude the cava totally  After 2 week 3 vena-cava angrography was made
1o tnsure that v cava was closed 1t was then also possible to obserie that collateral
vessels had developed The suprahepatic part of v cava thus carried orly blood from
the Lver

When the BYP-experinent was to be carried out the ammal was anesthetized and
the portal vern was cxposed via a small musd' splitung ancsmon and a fine poly c!hykne
catheter ynserted The dog was d with apps 4+ my
body weight From the external jugular vemn on the nght side a stout balloon calhelcr
was pushed down mto v cava mfertor so that when the ballon was raflated supra
hepatically all the Yepate blood ran through the catheter and bach to the external
Jugular vem on the left side In some experiments the flow of blood through the hver
was measured by determumng the time needed for the collsction of 100 g blood m a
rubber batloon placed on one pan of 2 balance Blood samples were taken through
thin catheter in the balloon catheter and from the casheter m the porial vem

In order to try to show the yield of BSP also from the liver 16 the venous hlood the
Tiver was first charged with radioacuse BSP (**S.marked BSP suppled by the Radio-
chermcat Centre Amersharn, with a ungle dose of about 216 mg/kg body weight
After this a dose of mactive BSP was gen and BSP and radwactwity were followed
1 the hepanc \enous blood and a portal blood

Arabytic Methods
&

n scrum was d d

to Seticson Marrna and Dopsox
(1927

was d\ d first to Dotttatax (1957) through wer
digestion with nutric acd and hvdrogen peroude in the presence of sulfunc acid
Miguots of the final water solution weré evaporated on lead plancheties and counted
31 @ wandov less flow counter (Vuclear Measurements Co Proporuonal Counter Con
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Table I Chonges n speaific act: 1ty 1n portal and hepotic blood durng bromsulfalein charging
Jallowing loading of the hier with rad: bromsulfatesn Minsmum radioact
bromsulfalesnt to account for sncrease tn specrfic actuaty indicated tn last € 1o columns

Exp no |Charge Time Spee actuty Mhinsmum added my
from tpsjmg BSP SSSBSP per mg tonal
wjection

Do mg BSP/kg mun Portal  {Hepatie |Portal | Hepone
600 406 1 3 mactne - - - - -
1n 3 835 - - - - -
14 5 anacne 3 1630 1900 - -
3 2300 2750 0606 608
4 26590 3520 o110 16
600428 T 22 8§35 ~-~ - - - -
1 306 snacmve 5 407 450 - -
8 s 588 oo 00t
4 685 840 003 00t
600819 1 61 533 - - - - ~
s 97 inactine 4 270 2650 - ~
7 8930 7600 059 (.33
10 000 90 o7 Q62
m 4+ mactive 1 1570 1740 -~ -~
1 390 4240 023 04
0 4730 4730 030 029
w0826 | 1 BY 535 - - - - -
1 186 wmactne 3 1440 | 2460 - -
9 2700 4010 a1 a1s
15 4080 5450 e2s 0°2
20 4830 6240 033 o3
ur 9% anacuve 3 2080 20% - -
8 2510 200 aoy aoa
4 3450 4220 13 o
25 3 310 416 4"

serter PLL 14 Thiamrangement gace about 13 5 counts per secomd cpe per ranocurte
(10" ¢ Sihough the biggest aliquot was 815 ml sesum correrponding ta 1 dn
weight of onfy 107 > mg a notceable self albmorption was obtamed n a conuderthie
number of caser %9 5600 as th re \ as a posubiliy of carn g out liquid scratdiuon
counting  the determinatians \ ere tnsteadd pesformed according to JFrray Oreayo
and JEwELL (160 when no ssgmbicsnt self absorption was obsersed With aa e
Electromies Lid Scinttiztion Counter N 664 \ we obtamed on an sverage 200 *
per nanocune

Hematoerit was measared s cording 1o Noragre and Warsenis (1937)

The plasm olume wa determined afier the BSP injretions or 1 the majonty
of experiments simultancoush vt the second dose of inactive B55 wuh the help
1] albumsn { \mersham
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Table I Experuments as tn Table I wsth another bromsulfalen preparation
Laqud scintillation counting

Exp no |Charge Tume |Spec actwty Mimmum fraction
from  |cpsimg BsP of BSP as B¥SP
ingection

Wo mg BSP/kg oun. Portal Hepatic |Portal  |Hepanc
601077 1 45 83 - - - - -
hed 171 snacuve 3 9430 14320 - -
6 12,220 20350 oz 00>
14 - 29100 - 013
19 16 400 21400 006 015
601,209 | I 153 835 - — — — -
I 105 nactive 3 27 600 29500 - -
9 279500 34,200 002 o4
12 33,200 41500 00> 010
18 44100 45 800 014 014
pits 37 imactne 3 23000 28 600 - -
9 30 600 33900 ooz 002
18 41,00 | 36200 on 007
601220 | 1 167 535 - — - - -
hid 276 wactive 3 7350 | 12300 - -
10 13¢00 | 19800 00> 006
16 16600 | 22,200 008 on
2¢ 23000 | 32000 014 617
mx 183 inacuve 3 13 400 20,200 - -
” 12 600 22,.00 002 o
15 17 100 26,200 0oe 00>
2 22400 | 24000 008 003
Resalts

After charging the hver with radicactive bromsulfalewn to provoke the
release of labelled bromsulfalemn from the Iiver single mjections of mactne
bromsulfalem  referred to as challenge expermments were carried out Two
different preparations of radioacuve bromsulfalem were used The first senes
comprises six challenge expersments on 4 dogs and 15 presented mn abridged
form in Table I Seven challenge expeniments were carned out wath the other
preparation 5 of these beng presented m Table I The tables gne the dose
of bromsulfalem m mg per kg body weight for each charging experiment as
well as the specific actvaties calculated from the analytical values t smpulses
pet second per mg b lem m perpheral blood d by the blood
samples from the portal vein and 1n the blood from the 1solated hepatic vemns
On the assumpuon that the speatfic activity of the bromsulfalem of the byver
at the b g of the chal P 15 the same as in the radioactive
preparauon used {for the first senes 10 400 cpsfmg for the day to which all
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Table I Excess ouiput of radioactiisty 1 hepatee blood calenlated from mean luer plama flowr

ard extraction factor Lxcess oulput 1 mg sulfobromophtalenmin based on specific actinty

of 116000 cpsimg m the leer

A Exp 60122011 Iner plasma flow 187 mi/min extr factor 18

B Exp 61031711 plasma flow 71 ml/min Extraction factor decreastng from 61 to 10

[+ Exp3510 317 11 average plasma flow 74 mi/min Extraction factor decreasing from 51
to 1

Time | Plasma radioactivity Total activity output Added Added
from | cps/ml in mullion counts actmty | BSP
njec milhon mg/min
tion | Portal Hepatic Caleulated | Found counts
mun from portal [in hepanuc
blood value | vein blood
A 3 5257 7162 0805 1340 0535 it
6 5602 8470 08e0 1585 0725 63
10 6866 7902 1050 1480 0430 37
13 719 7970 1100 1490 0390 34
16 6607 8410 1015 1570 0555 48
24 703t 8495 1075 1590 0515 45
B 1 30,583 16382 0849 1163 0314 27
4 24315 18729 1101 1330 0229 198
7 220a1 21172 1292 1503 211 187
10 22119 19988 1412 1419 o [4
c 2 24679 421250 0855 3000 2145 185
5 24922 45 142 130 3205 1835 158
16 21651 38936 1336 2764 1478 13

the activaty values have been corrected and 116 000 cps/mg for the second
preparation Table II) 1t 15 possible from the increase 1n specific actvity
1 the blood during, a challenge experiment to calculate what fraction of the
bromsulfaletn has been added from the Iner These values are mmmmum
values as the specific actvity 1n the hiver 1n point of fact smks through dilution
with inactive bromsulfzlein during the first minutes of the challenge experiment
before samples have been taken This of course applies m a still higher degree
when a second challenge experiment has been carsied out smmediately after
the first

Tt emerges clearly from the tables that the specific activity 1n the venous
Blood of the Liser 1s almost throughout higher than m the peripheral blood
at the same pornt of ume and that the challl T entail a constantly
nising admixture of radioactive bromsulfalemn n the blood which iy asa rule
greater 1 the venous blood of the Isver than i the portal blood

In order to ascertam whether the return of bromsulfalem from the hver
can also be calculated from the difference between afferent and efferent blood
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challenge cxperents have been carried out simultaneouslv wrth the deter
mmation of the hepauc munnte volume If p mil plasma per mmnute passes
through the Bver with the autiaty 2 smpulses per second per mi m afferent
blood then a total of p = 1mpulses per munute are supphied  OF thus there
passes a fraction which 1 the quottent for the bromsulfalemn concentration 1n
the hepanc venous blood and portal blood BSP /BSP  The product of
this quotient and the total amount of ympul plied s the

total outgowg actnaty If the hepatc venous plasma has the acuwity a,
then the actual outgoing total activty 1s p a  and if this 1s sigmficantly
greater the surphus must come from the Iner Such calenlanons bave been made
for 6 experuments, of which 3 are to be found 1 Table 11T The penultmate
cofumn shows an appreciable surplus actvity from the hver

In these experiments the Iner had absorbed » total of about 240 and 900

mg ratioactive BSP respectively with a speaific activty of 116 000 eps/mg
f the bromsulfalein grven off by the lnver has the same hugh speaific acuaty
hraughout the whole chall, : then o the activity surplus in
the hepane venous blood spond the ¢ 12 gwen an the
last column of Tahle 1T

Dhscussion

From Table { and I¥ 1t emerges clearly that the Iner can gne off brom
sulfalesn direct to the blood This 15 endenced both by the higher speaific
activity m the hepanc venous blood and the stronger admixeure of radio-
active bromsulfalem that can be caloulated from the mcrease of speaific ac
taty with tme as pared «wuth the corresponding values for peripheral
blood Since throngh connnuous tiluton with nactie BSP the specific ac
uwity of the bromsulfalein n the Iner must decrease with tme the calculated
addittons are rather too low that @o hagh Yet the additson an the venous
bluad fmm the Iiver 1 not 5o imconuiderable as 1015 nun after the challenging

3t ts to between 4 and 60 per cent on an average
18 per cent of the total amount of bromsulfalen comung out on the venous
side

Owing to indswacual s the exp and the ek of
uncertamty w the principles for the calculation one must take these figuses
only as a very approwmatne measure of the return of bromsulfalen fram
the huer to the blood In table 111 the reflux of bromsulfalern 1 calenfated
according to other priraiples which howerer also gue munimum salues
Here too the calculaied amount gnen ofl i considerable and between 16
and 32 per cent of the bromsulfalew, absorbed by the iver If one caleulates
the cumulatve mummmum reflox of BSP 1o the blood dunng challenge ex
peruments of between 16 and 25 minutes duration one obtans between
73 and 222 mg BSP If ane calculates the decrease @ speaific actmity 1n the
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Table 11T Excess output of radioactivaty 1 hepatec blood calculated from mean luer plasma flos

and extraction factor Excess output 1n mg sulfobromophtaleinimin based on specific aclitrty

of 116 000 cpsimg 1n the lirer

A Exp 601,220 II liver plasma flow 187 mi/min extr factor i8¢

B Exp 610317 Il plasma flow 71 mljmun Extraction factor decreanng from 61 1o 10

C. Exp 610317 Il average plasma flow 74 ml/min Extraction factor decressing from 51
to 13

Time |Plasma radioactnity Total actnity output Added Added
from |cpsiml n mulon counts actvity | BSP
myec mllion | mg/mn.
ton | Portal Hepauc Calculated | Found counts
min from portal |in hepatic
blood value [vein blood
A 3 52>7 7162 080> 1340 0535 46
6 502 8470 0860 1585 072> 63
10 6866 7902 1050 1480 0430 37
13 719 7970 1100 1490 0330 34
16 6607 8410 1015 1570 0555 48
24 7031 84> 1075 1590 0515 45
B ] 30583 16,382 0812 1163 0314 27
4 24315 18729 1101 1330 0229 193
7 22051 21172 1.292 1503 o 18
10 22119 199.8 1412 1419 0 0
4 2 24679 42,250 0825 3000 2145 185
5 24922 45142 1370 320> 1.83> 158
16 21651 38,930 1336 2764 1428 123

the actuvity values have been corrected and 116 000 cps/mg for the second
preparation  Table II}) 1t is possible from the increase in specific activity
1n the blood dunng a chall T to calculate what fraction of the
bromsulfalein has been added from the liner These values are minimum
values as the specific acuvity 1n the hiver 1 point of fact sinks through dilution
with mactive bromsulfalein during the first minutes of the challenge experiment
before samples have been taken This of course applies 1n a still higher degree
when a sccond challenge expermment has been carried out immediately after
the first

It emerges clearly from the tables that the specific activity 1n the venous
blood of the liver 15 almost throughout higher than in the penipheral blood
at the same pomnt of ume and that the challenge expenments entail 2 constantly
nsmng ad of rad: ve br Ifalesn 1n the blood which s asa rule
greater 1 the venous blood of the hver than in the portal blood

In order to ascertain whether the return of bromsulfalem from the Iner
can ako be calculated from the difference between afferent and cfferent blood
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Financial vppert for thus svestigation has been secewed from Svenska Lavforsakriogsbolags
Namnd for medicinsk forskmng
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‘Tenseness Vanations i the Cat Kadney m Situ
By
A Astrow and U Sameures
Recoved 23 October 1961

Abstract

Acmost A and U Saweuus Tensenrus vanghans e the cat kdnzy
m gty Acta physiol scand 1962 55 35—+ — A previowly
desenbed for ding of kidney tenseness
has been used to study intearenal pressure changes uader vanous
experrmental condstions The results have shown that tenseness (10
trarenal pressure) 1 determuned by the remal artenal and venous
pressures the vaswular tone and the collosd osmone pressure of the
blood Since mtrareual pressure mereases with Tenal artersal pres
sure 1z 15 concluded that mtrarenal pressure may tend to counteract
the increase in blood Row which m other vascular beds 15 produced
by a rse in artenal pressure However the question whether the i
trarenal pressure plays a mayor role mn the mechamsm of true suto-
regulation of lodney biood fiow seems to requare fasther stadres

The question whether vanations i intracenal pressuce play a role m normat
kdney function 15 st 2 matter of dispute Wavrox (1929} concluded that
sntrarenal pressure seeras o play no important part n kdney blood arcula
Gan except possibly as an obviructton dependent of artenal pressure
greatly swollen kidoeys Swans and Prrve (1931) on the other hand had
proposed that intrarenal pressure which they found to tacrease withn remal
arienal pressure plays 2 major role m the tontrol of Jodney biood fou Hin
ssiaw Dav and Canisov {1959) and Scuer (1959) have reported that the
wtrarenal pressure snureases with renal arienal presure and concluded that
ths may even explan the mechanim of avtoregulanon of udney bioed Bow

In a recent commumication (AsTRoM Sawmrus and STRaNpELL 1962) a

1

for of n the kidney i sifn
was deseribed On the basis of the results obtauned m anaestheuzed cats
1 was that the 4 by tus technique was a good

esimate of murarenal pressure
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In the present investigation the factors determining kidney tenseness have
been further studied and the results have been compared with intrarenal pres
sure measurements by previous authors Special attention has been given to
the possibility that intrarenal pressure as measured by the tonometer, may
play a role for the control of kidney blood flow

Methods

‘The tonometer used to measure the tenseness of the kidney 13 based on the same
principle as the sclerotonometer and has been described 1n detail before (Astrom et al
1961) The movements of the centrally located probe are recorded by means of an
inductance pick up The whole tonometer 13 suspended by a pivoted arm balanced by
springs so that no weight except that of the probe rests on the kidncy The tonometer
has three suction feet, 10 mm apart which hold the tonometer 1n place so that the
movements of the probe are related to the surface of the kidney At the beginnung of
an the of the hing device including the amplifier 1s ad
Justed to a swtable range by occluding the artenial flow for 1~2 min (base line) and
by elevating venous pressure to 20 and 30 mm Hg with an unhampered artersal blood
supply

The expeniments were done on a total of 32 cats anaesthetized with pentobarbital
sodium (30—35 mg/kg) The left kidney was approached by a2 mid Line incision and
the apphed after the on the anterior surface of the
kidney at the site of the suction feet Care was taken to keep the kidney moist and warm
Intact circulation as well as constant volume perfusion was used

In the “mtact circulation expenrments the renal vein was cannulated and connected
to the right femoral vein via a photoelectric drop counter or a Shipley Vvilson rota
meter Renal venous pressure was measured from a T tube close to the hidney and
could be elevated by partial occlusion of the tubing distally to the flow measunng
device

In the perfusion experiments the pump (Sigmamotor Inc) was inserted in a Joop
of polyvinyl tubing (Tygon) connecting the left renal artery to the night femoral ar
tery Pressure fluctuations m the pump crcut were damped with 2 VWindkessel
Renal arterial pressure was recorded distally to the pump and venous pressure via 3
catheter mserted 1n the spermatic (ovaran) ven Venous pressure was clevated by
partial occlusion of a screw clamp around the renal ven

When urine flow was recorded the renal pelvis was dramed by a catheter mtroduced
through the urcter The catheter outlet was fixed 10 em below the zero planc for all
pressure recordings (mid cardiac level) Urine drops were counted by 2 contact device
and recorded cumulatively as a statrcase curve obtamned from a step refay sec at zere
at intervals of 05 or 1 0 min Systemic artenal pressure was obtamned from a femoral
artery Strain gauge transducers were used for all pressures (except tensencss) and all
cvents recorded by a Grass Model 5 Polygraph Infusions were given and hepanine
mjected 1nto an cxternal jugular ven

Results
The relationship between renal arterial pressure and tenseness was partici
larly studied 1n a series of experiments (12 cats) m which a pump was used
to set the Blood flow 1 the kidney at different levels Pressure flow relation
ships were studied by adjusung the flow rate and measuning the pressur®

dustally to the pump



RIDVEY TENSENESS 37

now
it

ey WS

Rect 42 mig

SYSTENIC AP iy

RENAL YP Tavniog 1 \—_L___
1o
) [ LX)
TENSEMESS hiaahaieteiiatd Winminly i Minnd a
i A,
PO P 2 /7 o7 2 ' O, SN

Tig § Cat 31 kg Sy temc astenal pressure (AP} renal AP {perfunon pressure) renal
venous pressure {LP) tensentsy and uone Row recorded at dafferent sexungs of the per
fusion pump Tenseness mncreases w th renal artenal (pumD) pressurs 3x does urine flow
The purmp fows were @ = 25 ml D o~ J0m O = 125ml (@ = 185 ml
©= 20m ©=260m D~28¢ mlond @ =70 mljmun.

At the end of the recard vemows presure 13 elevated for cahbration of the tonometer
The d agram at the top thows the pressare flow relationsh ps on the bas s ofvalucs obsa ned
16 nua aler each new fow setung Weight of kadncy 145 g

A typical expennment sn this serres 1 fllusteated 1n Fig 1 The pressure flow
turve at the top s based on pressure readings taken from the record at the
cnd of the 16 mun pened at each flow seeting The dragram indicates that
the ladney shows autoregulation of bleod flow 1 ¢ at a pressure of about
100 mm Hg the stope 1s changed so that pressure ises shaeply wath only small
ncreases in flow

From the record {Fig 1} 1t 15 evident that senseness increases with bload
flow and the concomutant etevanon of the Tenal arteral perfusion pressure
At the eod of the secord at a perfusion pressure of 70 mm Hy ihe venous
pressure was clevated in order to check the seustmaty of the tonometer The
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salne 15 mi/m. /e
e Tmifme i o7t

Fiv 2 Car24 kg Intact antenal blood supply Renal blood flow (PF) recorded on the venous
side as intervals between the drops \ enous pressure (A P) 1s clevated to 25 mm Hg (between
arrows) and the renal anery occluded before and duning1+ nfusion at different rates of 0
NaCl soluti n For firther exylanation see text

imcreast 1 tenseness produced by this elevation of venous pressure to 20 mm
Hg was the same as that previously observed at a perfusion pressure of 140 mm
Hg and free venous dramage (venous pressure 4 mm Hg) The magmtude of
a venous pressure which would produce the maximum tenscness obsenved at
the highest perfusion pressure was technically difficult to determuine Llevation
of \epous pressure to 30 or 40 mm Hg would frequently cause the suction fet
of the tonometer to become disengaged From the practically total occlusion
of the venous return for a short ume prior to elevation of venous pressure to
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20 mm Hg at the end of the record 1t 1s evident however that the tenseness
at the perfusion pressuce of 210 mm Hg and free venous outflow 1s of the same
order of magmtude as that seen when the venous pressure 13 about 40 mm Hg
at a perfusion pressure of about 70 mm Hg

An increase m tenseness with renal arterial pressure was regularly obsenved
1n the 12 cases 1n which renal arterial pressure was vaned by the perfusion
pump Thus tenseness defimtely vaned wath renal artenal pressure and blood
flow It was observed however that at the same renal artenal pressure tense
ness was quite variable as expressed m terms of equvalent venous p
Inp with high to flow (low flow value at maxunum per
fusion prmurc) the mcrease 1n tenseness with increasmg renal artenal pres-
sure tended to be lower than 1 preparations with low resistance to floy

In 2 second series of expeniments changes m tenseness of the kidney were
studied duning 1 v infuston of salime solution at different rates In a first group
of expeniments 1n this senes intact arternal blood supply was used A typreal
result 1s tlustrated m Fig 2 where A and B were recorded 1 direct succession
Blood flow was recorded as intervals between blood drops (venous outflow}
Repeated tests were performed by elevating venous pressure to 25 mm Hg
and by complete occlusion of the renal artersal supply Tenseness increases
with venous pressure elevation and falls when the arterral blood supply 15
occluded Before the second test n A 1v sabne infusion 1s started at a rate of
3 mlfmn and as a result there 1s an mncrease 1n systemic artenal pressure kd
ney blood flow and tenseness When duning the infusion the same venous pres
sure elevation (22 mm Hg) 1s performed tenseness mcreases to a higher level
than before the infusion While here the venous pressure is mamtained at
2> mm Hg tenseness continues to increase due to the s v infusion at the
same rate as before the parsial obstruction of the venous return Following
complete occlusion of the renal artery the tenseness falls but after 1 6 mm 1t
1s sull somewhat higher than during the occlusion test prior to the salne mn
fusion

In Fig 2 B sumlar tests are repeated when the different parameters have
returned almost to control values and the response of tenseness 1s tdentical
with that m Fig 2 A before the sahne infusion The second pair of tests are
performed duning saline infusion at half the rate of that in Fig 2 A The re
sults are quahtatively the same as im A 1 ¢ the imncrease n tenseness produced
by venous pressure elevation 1s added to that resulung from the saline i
fusion Following artenal occluston the base line for tenseness 1s agam some
what elevated at the end of the 1 6 mun occlusion perod

Results stmilar to those i Fig 2 were conastently obtamed 1n all 6 ex
peruments with normal arterial blood supply of the kidney 1n which the infusion
of sahine or Runger solunion was performed at a rate sufficient to mnerease kid
ney tepseness Thus when the infusion increased the tenseness of the kidney
‘enous pressure elevation caused an addinonal raprd increase of tenseness to
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flushed with 0 5 m! Ringer solution)
B Sensivity chech

€ Electncal stmulation _of renal
nerves (4V and 5/} At the arrow
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a lesel which always exceeded that produced by the same venous pressure
elevaton alane without simultancous hemodilution Also the base hne for tense
ness duning hemodilution, as observed after complete occlusion of the renal
artery for 1 5—20 mun was regularly elevated above the control level

Intravenous nfusion of saline or glucose solutions 1 preparations with the
kadney arterial blood supply maintained at a constant rate by the perfusion
pump usually caused at least imtially a decrease in the perfusion pressure
as an indicat:on of decreased peripheral resistance due to hemodilution During
the same time tenseness usnally remamed fairly unchanged 1 in these expert
ments the perfusion rate was increased so that the same perfusion pressure as
before the mfusion was reestablished the tenseness of the kidney regulasly 11
creased Tests with elevated venous pressure under conditions of elevated tense
ness 1o these experiments gave qualitatively the same results as 1o prepara
tions with ntact artenal blood supply t ¢ the tenseness increase produced
by a given venous pressure elevayon was added to that produced by the hemo-
dilutron

In a third series of expertments the mfluence of acute changes i vascular
tone on the tenseness of the kidney was studied in 10 preparations with con
stant rate perfusion as before Injections of adrenaline were made 1n the tubing
proumally to the pump Electneal sumulation of the renal nerves was per
formed at a frequency of 5—8 cps obtained from a Grass Model 54 stumulator
A typreal experiment m this series 1s 1llustrated n Fig 3 The tracings toP to
bottom show renal arterial pressure renal venous pressurc, renal tenseness
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and unne flow In A, 1 pg adrenaline 15 imgected mira arterually and causes
an wmcrease A1 vascular tove {increased astenal pressure at constant flaw rate}
and a decrease m tenseness Unne flow first decreases and then increases above
contral In B the sensittvity of the tonometer 15 checked n the uswal manner
In C finally the renal nerves are stmulated for about 45 sec Shonly pror
to the stumulation the perfusion rate was lowered from 15 to 12 ml per mum
and as a result slowly d 1 Flectrieal stmulayon s followed
by an merease 1n resistance and perfusion pressure nees sharply while tense
ness and rate of uune flow decrease The effect 1s thus qualiatiely the same
as that of adrenalme wyection m A

The results s this series of expenments dustrated that the renal artenal
pressure per re did not deternune kidney tenseness Results sumlar to those
lustrated 1n Fag 3 were regularly observed in 2fl the 10 preparations i which
the mfucnce of acute changes m vascular tone was studied

In the fisst senes of expenments descnibed above it was found that when
blood flow varted unne flow sncreased with renal artersal pressure {perfusion
pressure) as did kidney tenseness According to the vesults Muswated m Fig 3
however the urine flow recording <ud not run paraliel with that of the renal
artenial pressure but rather with the level of tenseness It may also be added
that a secondary ncrease i unne flow after an wmtial decrease following
adrenalne smjection as m Fig 3 A was an almost regular finding

Discussion

In the pump perfused kudneys 5t has been shown that tenseness mncreases
with perfusian pressure The level of tenseness at hugh perfusion pressures
{=bout 200 mnm Hg} 13 usually comparable o that secn. al Yow perfunion pres
sures when the venous pressure s clevated to about 30—40 mam Hg It has
previously been shown that m the kidney with mtact rculation a partial
occlusion of the renal artery w regularly followed by a fall in tenseness Thus
tenseness s indeed dependent upon the renal artenal pressure This would
as a matter of fact be expected 1f not only mnterstinal pressure but alo the
pressure 1aside the distenable vessels {vens and venules) and tbules deser-
mine tenseness and mntravenal pressure as discussed wm the previous study
(AsTrOM etal 1962) The relationship between venal arteral pressure and
tenseness 13 however not comstant The degree of increase m tenseness wath
a given elevation of renal artersal pressure varied connderably from one prepa
ration. to another sn the present imvestigation and also quute often i the same
preparation at different umes during an expersment Thas vanabslity of the
results would secm explicable by the finding that tensemess 15 determined not
only by arterial pressure but also by the vascular tone (Fig 3) and the collod
osmotic pressure of the blood (Fig 2) In cases of hugh vascular ftone s given
renal artenal pressure would be exp to be d with a relatively




42 A. ASTROM AND U SAMELIUS

low tenscness (intrarenal pressure) With Jow vascular tone 1n the kidney the
same renal artenal pressure would be expected to be associated with a higher
degree of tenseness

The conclusion that there 1s no direct relationship between renal artenal
pressure and intrarenal pressure as reflected by the tenseness measurements
13 at sanance with the conclusion by Swaws efal (1952) Our results are
however mn good keeping with those by MiLes and pe WaRDENER (1924) who
concluded that intrarenal pressure, as they measured st by the needle puncture
technique was dependent upon svascular tone as well as renal arterial and
\enous pressures

According 1o Swasw efal (1950) and Gorrscsiarx (1952) intrarenal pres-
sure nses with venous pressure and above a vafue of about 20 mm Hg stra
renal pressure (by the needle puncture techmque) ss found to be equal to
1enous pressure or (o exceed 1t by less than 2 mm Hg Such a constant rcla
tionship between the two pressures does not apply before and duning 1v 1
fusion of glucose or saline solutions (Fig 2} at least not 1f intrarenal pressure
1s studied in terms of tenseness

In a previous communication (Astroy ef el 1962) the ntrarenal pressure
was ennsidered to represent 2 sum of interstitial pressure and the pressure,
excess of interstial pressure presathing an the distensible vemns venules and
tubules For flow to be possible through the kidney the pressure mnside these
structures must exceed the value of miersutial pressure (usually about 10—15
mm Hg) The pressure developing in these easily collapsible structures would
be dependent upon renal artenal and venous pressures and also the saso-
motor tone 1 the artenoles and small arteries (including the glomerular ves-
sels with their afferent and efferent artenes) If this interpretauon be correct
1t follows that there cannot be a constant relationship between one of the fac
tors, ¢ z renal artenal pressure and intrarcnal pressure According to ths
concept the 1v 1nfusion of saline solution as 11 Fig 2 would cause an eleva
non of kidney tenseness by augmentung blood flow which would ncrease the
pressure distension of the veins and venules An increased blood flow would
be expected also at practically unchanged systemic (and renal) artenal pres-
sure, s 1 Fig 2 b because of the decreased penpheral resistance dunng
hemodilution A distension of the tubules due to an mcreased filtraunn rate
and an elevanon of true mnterstiual pressure as a result of inereased net filtra
tion mnto the ussue spaces as well as a distension of the Iymph vesscls would
also contribute to an clesation of tenseness When 1n such a kidney the senous
outflow 15 parually occluded the pressure n the intrarenal vemns and senules
will be fusther increased and thus a rapid 1ncrease 1 tenseness 1s added to that
slowly produced by these other factors

A reproduaible base hine for the tenseness recording could usually be pro-
duced by occluding the artenal blood flow for 15—20 mun Dunng 3 v 17
fir soms of glucose or saline solution howeser artenal ncclusion for the same
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penod of tme did not Jower tenseness to the control lnvel (Fig 2) This wonld
seem 1o mdieate that dunng the wision an mezease w true snierstital pres
sure had occurred In a previous study of pressute tme curves the mmmrum
pressure for flow in the renal artery { yicld pressure )} was found to be deter
msned by the ntrarenal presure {Astroy 1960) Intrarenal pressure true
rterstitaal pressure 2nd iatrarenal venous presare would be expected to be
equal at zeso blood flow (Astrow er el 1962} Lt would therefore seem that the
basc kine for the tenseness recording as observed 2fter 1 52 0 mun occlusion
of the renal artery could be given an absolute value if at the same tume the
antrarenal pressure was measured av  yield pressure  or ntrarcnal venous
pressure

The blood fon gmemned by the artenal pressure and the vascular tone
the lodney would under osdinary conditions seem (0 control the nirarenal
prossure by determuning the pressure distenswon of the vewms and senules
{tubules} At hugh blood flows the further distersion of these structures would
be counteracted by the mtrarenal pressure developing m the Judney with s
Tuuted ¢ bty An d ] pressure would however alo
tend to decrease the net distending pressure 1 the arerioles and small ar
teries Thus would tend to decrease the transsectional area of these vessels the
resistance to blood flow would rise and as & result the pressure o the vens
and venules would fall and the intrarenal pressuse decrease In other words
the prereq; for a negatnve feed back mech would seee o be present
w the kidney Thas conclusion would support the concept by Hivsnaw 22 af
(1939} Scuew (1959) and Astrdsand Samerns (1960) Theproposed mechan
13m would scem to be capable of mamntamng blcod flow relatnely constant
when fluctuations occur 1n the artenal pressure or the vascular tone in the
kidney Further studies would seem to be required howerer before 1t will be
possible to establish whether this feed back mechanism can fully explam the
autoregulanon of kidney blood flaw ¢ ¢ the reason why af an artensal pressure
of about 90—{00 mm Hg the stope of the pressure Sow curie of the kidoey
1s ehanged so that with a further nse sn arteral pressure flow mereases onhy
nery bitle

Thas s esugation was supperted by grants from the Sweds B Med caf Research Councst amd
Magn Bergvalls Stftele The technical asstance of \lrs b £ra Heatsron 15 gratefulfy ac
&naeledged
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Abstract

Leispnorxe L. and E Monse Lunvnorm Studus on the efferts of
dru 5 upon the facke acsd melabolum and centrartion of vastuler smoath
musele Acta physol scand 1962 55 45—63 -~ The effects of

— {renaline B Ba** sons
~— and electrical stimulation upon lactic acd production and muscle
were under o wm expen

ments on bovine mesenterte arteries When the muscle contracted
the lactc aud producuion was sumulated and the merease in produg
tron showed bath a quantitatne and 3 temporal correlation to the
contraction  Afler cessation of contraction the lactic acid production
rewamed thr same at different tone levels Substrate depletion at
temsated and glicose avgmented the contracting and lactic aad
surmulating effects of drugs  Glycolysn mlubiung substances and
other metabolie |d'ubucxs b(ockcd lhc contractihty under Hoth

b and acrolne it of the energy mmbo-
lisn d with contracuorn af artertes wd; 3 that
the musele s d hogh energy sufficed

only for a fraction of 2 0wl contracuon. This behavior probably
accounts for the apparently far greater dependence of vaseular than
of stnated muscle upen a continuous energy producison for the con
wracule processes The cause of the greater energy requirements for
contraction of smooth than for contraction of strated muscle 13 dis-
cussed — Adzenahine stumulated glycolysss i vascufar muscle even
under acrobic condstions and m the presence of glucose Thus oxygen
consumption alone cannot sexve as a reliable indicarer of the energy
metaboltsm of ymooth muscle

45
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In an earber paper (Lunonorw and Momve Lunonory 1960 2) we re
ported expenuments on smaoth muscle m which we sutied the relation be
tween tone (degree of contracuon at a constant load) and enesgy production
A distnct correlation was demonstrable between the energy production and
the capacsty of the musele 1o mantam sts tone at a certam Jevel It was found
honever that while contracting agents such as histatune and banum led ©
stnulation of the metabolism dunng the mitial contrachion phase they sub-
sequently enabled the muscle to reach a lugher tone level at an unchanged
energy production than wes the case with wnireaied speamens

In the present yvesugation we studied in greater detaml the relationshup
between the contractle process {merease of tone) and the encrgy productson
m mesentenc artenies The energy production was determaned from the Jactic
acd producnon under anacrobic conditions This method has several advan
tages first 1t was passible o vary the cnergy produang capacity of the muscle
by sltenng 5 carbohydrate supply secondly the synthess of high energy
phosph pounds via bic glycolysis prabably bears a closer stoichio-
mctric telatsonship to the laene acd production than does the oxygen con
sumption  since appreciable varauons in the phosphory lationfoxedanon ratio
may occur Lastly a certam degree of ghycolyss takes place m smooth muscle
even under aeTobic conditions (Supnor 1920 kark Erreasor and Cuane
1824 Laisosiory and Nonwe Lunnioin 1960 a) and hence oxygen consump
uon alone s not 3 sehable critenon of energy production One shortcommg of
determination of the energy metabolsm from the lactic acid metabolism was
that relatnvely Jong periods were vequised for the determnation of the effects
of drugs on the lacuc and production simce these had to be calculated from
differences 1n the lactre acd sumulating actions The effects of drugs to be
relrably demonstrable must quantizatnely exceed the bslogic vanauon of the
lactic acid stmulaung acuons hence the smportance of the yme factor Over
short pertods moreover (he factic aoid production could nnt be expected to
Tepresent » dependable cmitenon of the energy mezbolsm simee st had been
found that the muscular content of preformed tugh energy phosphate com
pounds chaaged (Lisnuory and Monve Lunonows 1960 a) In view of these
considerations we in 7o case dererzmnted the lactie and production over penods
sharter than 15 mmnutes

On the ather hand mesentenie artery preparauons showed very slow con
traction ~— under ceriain expenmental condsuions maxitnal tone was not
reached unul at least G0 ymun had elapsed {113 by no means certan therefore
that determnanon of vhe lactic acd production over a shorter penod would
have shed greater hght on our problem

The usci(f b 4 fectrie pL ds i deter of the effects of deugs
on the energy metabolism of smooth muscle 13 unquestionably deswrable but
1t appears that the techmeal difficulues inalued have rat yet been onercome
{Avsort and Lowy 1928
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Method

The exp nere p d ou hovine arteries \ segment of artery
approurately 13~20 ¢ long and with a uniform diymeter of 3 510 rm was dis-
sected free about 20 mun after slaughter and tramsferred (o iced Tyrode solubion aerated
with935%, O,and 65° CO, From each segment 10 to 16 specimens were prepared
by first curtog the vessel longtudimall en fash preces 15 mm
wide 1012 mm long and 08—10D mat tuck with a neght of approumately
015 g In the first few suns of experinents the pseparanens wete attached wanply by
A hook 21 the upper and loner ands since the satonse changes 1 tength wexe beng
recorded but we won adopted the methad of waunung the greparations . saall
plasnc frames by means of three platinum hooks as each end the load thus beng
squally dismbuted aver the full widih of the vessel When the preparation had thus
been mounted care bemg exerased ta axaid (raction 1t was transferred fo an organ
bath coptaumng 20 ml Tyrode solution 2t 38 C previously saturared wath N, 0r 93 5 °,
0,and65 o €O, The changes of iength were recorded by an ssatame pes with 2 load
2f 100 gand wit a ano of | 10

The Tyrode soluton had she followiag compostaon (wiv) 08 per eent NaCl
002 per ceat KCE 002 pes cent CaCly 002 per cent MgCly 2H,0 01 per cent
“aHCO, 0005 per cent N\aH,PO, 2 H,Q The glucose concentranan was vaned as
mdecated 1 the follawmng text When tiny solution was aerated with 835 9, O, and
65 , COy 0t assumed g pH of 71 when acrated with N, 2 pH ¢f 80 We clected
10 use the Jatter alkahne solutios having obseried that the artery preparations mam
fested an apprenahily hugher spoptancons tont 1 this werdhm than m the other solu
non The lacve aod production of muscle under asacrobic condivons 1 knwwn more
aver ta be greater 1 2o alkalwe than 0 an 20d covironment (herey and Roszoa
1933 Huru 1955) ~ §t was desisable an these experuments to have & high anacrobic
metabohsm as possble

The lactic aced prod wa as the diffe between the total Iacuc
acd coment of a specumen and its Tyvode solubion pu conclusion of an ent
and that of an wdenbcally treated preparaen asayed prior W the expenment Duplicate
tasts were nanably performed I this way we determuned (1) the basal lacte acd
production {2) the effects of roptracung drugs as well 23 10 certam mataress the
effects of glycolysis nhsheting agenty on that production and {3) the infucnce of these
agents on the shimulation by adrenabne of the tactic amd production

“The effect of a drug on the lactse and production was then recorded as the difference
hetween the value for a yreated preparation and frek Tor an untreated conurol prepara
won from the same artery The resulng data formed the basis of the stapstueal analyss
for which the ¢ tost was employed {8 == number of cxpenments P Joved of sgnfi
cance)

The Iactic acid contents of preparanon and of Tyrode solution were generafly as-
sayed separately by the method of Frieorwans and Grazser (1933) with the modifica
tons seported by Movse Linouats {1953)

Tonus alicrar:ons weve recordad as millineters of change relatis £ 10 1he initial length
of the dately after w the organ bath Those differences
i tone that were teeated statstcally had been determined 25 2 sude at the conclysien
of the experiment when the discrepancies were greatest The relevang vafues mecluded
both the diwect contraction produced by the drug and that mbubston of the spon
saneous dectesse 1 tone which 10 gencral was also present Experiments determunng
contractle eflect alone are exphierdy designated 1o the vt Thase tonus differences
thas were weated stannrally are referable 10 different preparations from the same
actery Such an approsch was necessitated by the fact that control prepasavons from
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Fig } Effect of ) naradrenalinm 2 10 3¢ 1 acd 15 (A} and clectrical stunulation 13 %
50 cps for 16 mn (B) on tene and bactie acid producten (L. A P ) of bovine mesenternic artery
Tyrode s)lution. Without glucose m

different artenes extubit spontaneous alterations of fone which m tumn show ¢ £
seasonal vanabiiy (Luvouwoms and Mo Lusosows 1960 a) — The obsened
tonus changes thus reflected vanation m the muscle actity and not — a3 n expen
ments on striated muscle ~ a transitwon from rest to activaty

Isolated rabbut ear was peefused with Tyrode salution contunng 8 1 per cent glucose
and acrated « 1th 935 , (J, and 65 % CO, These exprnments were carsied out at
22 © and the flow was recorded by drop recordes

Adrenaline and ot er drugs were added at 15 mnute mtenals unless otherwae siated
m the text the purpose bemng 1o replace any substance that may have been mactivated
and 1o ensure 3 maximally artive concentratron wn the organ bath

Electrical surmulation of preparatsons was produced via platisum hooks ta Tyrode
solution by alternating current 50 cps and 15 ¥~ the lowest soliage that gave 3
maximal effect The current strength was approvimately 0 1 Amp but tf ¢ greater past
of the current probably passed through the Tyrode solutian

Results

Laetie Acd Production ard Inerease of Fone apter Drugs and Elecineal Stumulation ¥
the Absence of Gluco ¢

Anazrobic Conditrons In the first series of experiments we studied th
of vanous stmulating agents on tone and Jacuc acd production under and
erobic conditzons An mutial dose of the relevant drug was added one mnuie
after mounting of the preparation and a second dose after 15 mun The dura

e effects
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Fig 2 Effects of adrenaine and husamme on ume and hicuc , ™ “wducqon of subsiate

depiried mosmtene aniery Al 06 min o glusese free Tyrod,
wes exchar ped for glucose free Tyrode (A} or Tyrode with §
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Table 31 Tests vn subsirate-depleted mesenterss artesy Afte $yrode solutwn
adrenaling (1 1070} or Jastamanz (5 107+ ) uas added af second serer
flaco.e (0 5 por aent) olso nas aidded of 60 min. The e & performed
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Fig 3 A Effect of adrenakine (1 107 at 15 m nute satervals) on tone and lacte aad produc
tion under anaerob e (Ny) and zerobsc (935 per cent O 4+ 66 per cent CO) conditions
Tyvode sofution wathout glucuse

B Latuc acd production gunng contract on and od of mereased tone After 30 mun
15 giucose free Tyrode the soluuon was exchanged for Tyrode with 05 per cent ghuca € and
adtenalime t 10 was added at {S-wupaie mienals The lactic acd production as deter
fmuned for the periods 3035 rawn and 30150 m, 13 wdscated 1 the disgram

duction by 181 4 52 mg/100 g/70 mun {n =6 P < 00!} Under acrobw
conditions the arteries produced a certan amount of Jacuc acd {6 7 4= 2 8 mg/
100 g/70 mun P < 003} and although thus preduction ruse somewhat after
adrenaline (104 - 40 P < 005} the increase was not statstically ssgmfieant
Compare howeser the expenuments with glucose under aerobic condittons

Lactie Aced Produchion and Flevation of Tone afier ddrenabne and Histarune i the
Presence of Glucose

Inaerobic Conditions The augmented contractle effect of adrenaline under
aerobic conditions suggested that the energy production of +ascular muscle
nfiuenced the magmtude of the tone merease Expenments were thevefore
conducted m which we studied the mfluence of glucose on the contractle
response and the lactic and p i d: o of ad
and histamune

In an smutal run of expersments § 3 per cent glucose was added mmediately
after mounung of the preparations and the effect of adrenaling was compared
with that occurnng i glucose free preparations from the same astery The
contracule effect of advenabine — added one minute after mounting — was
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112 + 04 mm {(n =7 P < 005) greater mn the expeniments wath ghicose
than 1n those without The tonus differences were, n tls instance measured
10 mun after the addition of adrenaline Even the effect of adrenaline on the
lacuc acid production appeared to be augmented m the experiments with
glucose, where the rise amounted to 40 6 + 14 4 mgf100 g/70 mun, as agunst
230 4 79 m the glucose frec experiments

The effects of glucose on the contracting and lactic acud stumulating acuons
of adrenaline and histamune were more distinct when the muscle bad finst
consumed a part of 1ts own substrate resenves whereby the mtal tone of the
preparations was low When preparations were imihally mounted in glucose
free Tyrode solution and the latter was eachanged after 60 mun, for solution
contaumng 05 per cent glucose the effects of adrenaline and histamune were
far more pronounced than mn the absence of glucose (Fig 2B Table 11}
Although glucose per se sumulated the lacuc acid production of the control
preparations to a much higher degree than did adrenaline or histanune it
cffect entarled merely a reduction or cessation of the tone dechne and no
demonstrable contraction When on the other hand acrobic conditions were
apphied the artery contracted (Luvpxory and Mornve Lunoiorm 1960 a)
Hence aerobic and anaerobic energy production seem to differ 1n ther effects
on ione

In another series of experiments we studied the relative ime course of lactit

1 4

actd production and clevation of tone foll g ad
(Fig 3 B) After of the prey for 30 min n glucose free
Tyrode solution the latter was exchanged for solutron g 05 per cenf

glucose concurrently with addition of adrenaline to every sccond preparation
The lactic acid production was deternuned both after 15 mm, when the con
tracung effect of adrenaline had almost reached 1ts maximum and fter 120
mun The difference n lactic acid production between the adrenalne and the
control tests was 149 4 56 mg/100 g (n =7 P < 005) after 15 mun and
174 + 250 mg/100 g after 120 mm The stmulation of the lactic aad pro-
duction thus comncided with the contraction during the first 15 min and was
also reflected though not sigmficantly 1n the values recorded after 120 mun
When the contraction had practically termimnated the lacoe acid production
was 257 5 =+ 27 2 mg/100 g/15—120 run 1n the control tests and 260 2 £ 292
or wirtually equinalent n the adrenahne tests ~— Ths run of expeniments with
adrenaline substantiates previous findings with ustamine and Ba++ 1008 (Lu~p-
sotat and Monme Lunowors 1960 a) namely that lactic acid production 5
only shmulated mitially in connection with the mcrease of tone and that an
elevated tonus level can subsequently be mamtained wathout further augmenta
tion of the energy production

During the first 15 min after addition of glicose m the control experments
the lactic actd production was on the average, 9 4 mg/100 g higher than dur
sng a subsequent 15 mm period It may be assumed that thus  extra lact€
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Fig 4 Effect of metabal ¢ miubitors upon the st mulatng action of adsenaline on tong and
lacixc aid produciron

Monosodoscctis ac & (0022 1) was added at | Adzenaline was added at 10 25
40 and 35 Toxt wthoue glucose
um fuonde was added ra a dosc of S mg20 miar I 10 20 3nd 30 total con
centration 0024 M Adrenslne (1 109 3t 50 45 60 and 7>
€. Duutrophenal (0 0054 N} was added at 1 adrenaline 3t 30 45 60 and 75

acd production was uthzed 1 resymtheszing those high energy phosphate
compounds which the muscle had consumed durmg the earber penod of sub-
strate depletion The formation of 1 mol lacue and from glucose 1s assocrated
(harran 1951) with conconutant synthesis of 1 eg hugh energy phosphate
bonds (=<1 eg ~ ph} By wirtue of the extra lactic acsd production there
fore 10> [J:q[g ~ph uau!d be formed On direct assay of the increase 1n hugh~
energy ph T arteries vuder expen
mental conditions :dcnucal wath those m the above mentioned rans we found
an sncrease of 1 1 peg/g ~ ph (Lanonory and Monme-LuwonoLa 1960 b
Aerobie Conditions Glucose augmented the lacte acd sumulating effect of
adsenalivg tven wades sz condavora For one rum of tpemmens m
whseh Tyrode solution with 0 | per cent glucose was used the Jacue acd pro~
duction of the control preparations was 183 + 5 8 mg/100 g/90 mun {7 = 12
P < 001) On addition of adrenaline the glycalysis increased to a level ex-
ceeding that for the control preparations by 154 &£ 54 mg (P < 003) The
maxmum elevaton of tone 1 the adrenaline expenments was 1 2 4 04 mm
(P < 00) tugher than the spontaneous nse of tone m. the conwrols It may
be estimated ~— sce below —~ that approxumately 50 per cent of the energy
required for this contraction could have been obtained from gly coly tic reac-
tons — a which 4. that d of the oxygen

consumption alone s uot a reltable mdicator of the energy metabolism of
smooth muscle
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Table II' Effects of melabolic inhibutors on the stmulating action of adrenaline (1 10—%) ot 15-

Drug Clucase Duraton | n Difference m Jacuc acid production
concentration per cent mun. mg/100 g
1 2
Adrenaline— | Drug—
control control
Cu++ 0 0 7 230k 79 92% 50
(0003 A1) P <095
Cut+ [P 70 7 406+ 144 44102
(0003 M) P <005
Todoacetic acd 0 0 5 1534 31 -285: 98
(0022 A1) P <00 P <005
NaF 05 90 5 431% 85 —124:4 141
(0024 M) P <001 P <00
Dunutrophenol 0s %0 5 496107 2284250
(00024 1)

Effects of Cheolpsis Inhibiting Drugs on the Conlractng and Lactic dcid Shmulaiing
Actions of Adrenaline

Anaerobic Conditions In experiments hitherto reported an elevation of tone
has mvanably been assoctated with stumulation of the carbohydrate metabo-
Jism but the question anses as to whether vascular muscle like striated muscle
15 not capable of numerous contractions by utilization of 1ts preformed hugh
energy phosphate compounds With this question 1 nund we myvestigated the
effects of certatn glycolysis inhibitng substances which, i previous experiments
{Monve Luvpsory 1953, Luvpsors and MoHuE I unotoLs 1957), had beest
observed to depress the augmentation by adrenalme of lactic acsd production
and glycogenolysis 1n smooth muscle

In one run of experiments with glucose free Tyrode solution we added mono:
sodoacetic acid as sodrum salt adjusted to pH 7 4 1n a concentrauon of 0 022 M

liately after the prep had been d and 10 mun after adds
ton of adrenaline Mono 10doacetic acid reduced the lactic aad producton
10 45 per cent of that of the control preparations and totally suppressed both
the mtial elevation of tone and the contracting and lactic acid sumulaung
effects of adrenaline (Fig 4 A Table I1I}

Glycolysis was m 1c arteries 2pp! bly more resistant to mono
sodoacetic acid than 1t was in striated muscle In expenments on 1solated rat
diaphragm we found that treatment with mono iodoacetic aadata conccm;a
Lion of 000018 M for 20 mmn under anacrobic conditions depressed the g)c
colysis by over 90 per cent both in the presence and 1n the absence of glucos
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munate tersals o tone lacte actd froduction of mesenterw artery

Dilference i lacuc aad production | Difference m tone {(mm) on conclusion of experiment
mg/100g
3 Dufference Adrenaline— Drug— DrugAdrenatine
Drughdrenaline -3 control control —drug
—drug
-95+ 29 3254100 224049 01 %032 094024
P <00 P <003 P <00l
~1124 74 518£207 376063 074049 016031
P <005 P <00 1 <0001
-40% o3 192+ 79 25 2045 ~12 038 02503t
P <00 P <0001 P <005
-167274 5994155 256 4 061 2233042 -013:£039
P <005 P<00ti P <0001
247+ 158 2494212 261£022 024 £ 035 134+£033
r - 000§ P <00l

TIsolated rabbit ear scems however to be somewhat more sensitive than mesen
teric artery to mono sodoacetic anid (sce below)

| Sodium fluonde i a concentration of 0024 M reduced the glycolysis to
about 70 per cent of that of the control preparations in experniments with
05 per cent glucose Esen the cffect of adrenalime on lactic acid production
was depressed  Swace sadium fluonde per se wfluenced the tore — 1t counter
acted the tonus reduction 1 the control preparauons — 1t was difficult to
ascertain whether adrenaline s cffect on the tone was also blocked Worthy
of note 1s the very slow elevation of tone following addition of adrenaling in
these expenments (Fig 4 B)

Cu*+ 10n3 1n a concentration of 0 003 M added immediately after mounting
of the preparatons and 10 mun before the first adrenaline dose inhibited the
contracting as well as the lacuc acd 1 actons of adrenaline
Tyrode solution both with 05 per cent glucose and without glucose (Table
III) Since however Cu 1ons dsd not mhibit the spontancous glycolysis 1t
18 problematical whether they cxerted a non specific glycolysis blocking, effect

or a more specific lytic acuon The bility thar Cu*+ tons snhibited
d ia i 4 (STARRENSTEIN 1941 Cuaix MorRiN and
j 1920) scems mad. ble since the exg were performed in

the presence of N,

Dinsrophenol 15 assumed to have an  uncoupler effect 1n oxidative phos
phonylaton but at fairly high concentrations 1t also snterferes wath she carbo
hydrate metabolism (StsoN 1953) — At a concentranon of 00054 \f di-
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Fig 6 Comclanon brineen the shortening m. ] e
rullineters {x) and the merease of jacuc g 7
acid producton (y) et dfferent 3§ |
drugs and electnical st mulation  testw thout & 1
glucose  test wih 03 per cent glucose 2 : T 3 T
SHORTENING MM
Isolated Rabbit Eor Exp with hol huk wese th

performed on a ussue which could be expected to show a mare favourable
diffusion behavior than mesentene artettes narmely isolated rabbit ear, which
was perfused with oxygenated Tyrode soluuon contamieg O 1 per cent glucose
In this prep the vanous b b bad the same depressive
actson on contracing substances as that gbserved in expenments on mesenferic
arteres "\u(hnut sodium fluonde whu:h d the effect of adrenal

D ph letet i the action of adrenaline 3 5 mun after
admxmstrauon (Flg 5B) w}ulc DL-glyceral de was able to

1

y

the tone nduced by addition of noradrenahne
to the perfunion solution (Fig 5 G} Mono todoacetic acd acted less rapidly
not until perfusion with Tyrode soluton contarng 00027 M mono 1odo
acetsc acid had proceeded for 20 ymn was the effect of adrenaline totally sup
pressed while that of hustamune was appreciably reduced

Carrelation beiween Lactic ded Production and Muscle Confrasiion

Since the pertod of lactic acid stimulation comcided wath that of the tonus
clevation the question arose as to whether these two effects were correlated
quantitatively as well In Fig 6 that icrease of the lacuc acsd production
over the basal value which was produced by drugs or by electrical sumulation
1 correlated with the contraction snduced by vanous tone promotmg factors
Dispaniues between control and tseated preparations with regasd to the se
laxation rate are not allowed for in these values Irrespectine of dufferences
1n expenumental method and type of simulation 1 the vanous runs of ex
perimenis a statistically significant corvelation was demonstralile hetween con
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racuon 1 mm and lactic acid increase sn mg/i00 g From the correlation
e equagon ¥ =263 ~ 1774 X {r = 0710 P -< 0008} st was evsdent both
hat the muscle produced, per mm of , an average of 17 7 mg lacue
wad per 100 g, and that the lactic acxd increase tended to approach zero when
he muscle faided to contract. This correlation mcludes howerer both those
xpermments 1 wiuch lacue acd was produced solely from gly cogen and iater
nediate products and those in wiich glucose conststuted the substrate. The
yathesss of hugh energy phosphate compounds 15 15 tumes as lugh per mol
of lacue ocid formed from glycogen or mtermediale products as for that
sroduted from glucose (Karrax 1931) Hence the lacuc acd producuon per
nm of contracuen should, Jogically, be 1o ser for preparations in glucose free
[yrode soluuon than for those i Tyrode solution contaimng glucose. And
hus ndeed, appeared to be the case In glucose free Tyrode soluton the
werage quouent for lacuc acd production m mg/100 g per mm contracuon
s28 157 = 40 in = 7) butin Tyrode solution with glucose it was 1 46 tunes
s tugh or 230 & 33 (5= 13)

11 was probable that the sp of the contro} prepara
00 was also combned with a strmulatson of the lacuc acd producton. We
ound that pretreatment 1 cold fos 30 mn with dibenasmune at a concentra
on of 3 104 letely supp d the sp which i
he control preparations averaged 117 — 037 mm  at the same ume diben
' reduced the lacuc acd producton of the preparations by 260 % 23
ng 100 g The expenments were performed sn the presence of 09 per cent
Juese The quotent of lacuc acid production contraction was calculated 3t
22 which clsels aceords with the mean of 230 for experiments i the
resence of glucose The posssbie mechanism of thus effect of dibenamne 15
Jrscussed i1 3 subsequent paper

Locty tad Productin and 18wk Prrformed

It may be asked v what degree the lactic and production depended o9
the work performed In the muscle Thus question was studsed by carrying out
a senes of expeniments an which the preparaunns mounted 1n glucose free
Tyrode soluti n were sutialhy subjected to a load of only 2 g. After § man
ihe load on evers wecond preparation was ramed to 20 g After a further 32
min the solution was exchanged for Trsode solution contammmng 0 5 per cent
glucose and at the wame ume histamne (5 10 %) was added. The dosc was
sepeated after 60 mun Dursag the first 32 mun o ghucose free Tyrode soluuon
the facuc acd prducuon was not venfisbly higher nn prep with the
Lghter than 1 those with the heaser load, The latier preparations had, o the
presence of gluome howeser a lacuce acid producuon which exceeded by
574~189mz 100 g 120 min n =7 P« 005) or 29 per cent, that of
preparaons with 3 load f onhy 2 grams On addiuon of lustaguac fo 1be
hghtly loaded preparanons the latter performed, on contraction 054 =
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work and ther lacuc acd productton increased by 642 4- 222 mgfI00 g
{P < 002) The corresponding figures for preparations with the heavier load
were 81 gem and 54 8 £ 21 3 mgf100 g (P < 0 00) respectvely Thus there
was no demonstrable correlation between work performed and lactic aad
production

Discussion

The close correlation between those tone increasing and lactic aad stmu-
lating effects of drugs which emerged mn the expenments on artensal muscle
'may be accounted for 1 vancus ways which will be further discussed w 2
subsequent report (LuNproty and Mowuye Luxpiory to be published) The
a priorr most plausible assumption however 1s the classical one according
o which the stimulation of the metabolism results from that hydrolysis of lugh
energy phosphate compounds which 1s thought to accompany the contractile
process The lachie acd production should on (hxs assumption be 2 entenon
of the metabolic rate of these high gy P ds In the fol
lowing discusston this theory 1s accepted as a basxs of appmzch to the correla~
tion between contraction and lactic aad sumulation. As for the content of
lugh energy phosphate compounds in vascular muscle the discussion will be

f phosphate (ATP) ad diphosphate (ADP) and
creatine phosph (Cr P) although these sub: are probably neither the
sole suppliers of energy (Hitr 1953) nor those pnimanly utilized (Davies Canv
and Derruva 1909)

The first question that anses 1s why the relationship between muscle con
traction and stumulation of the metabolism appears to be so much closer m
smooth than m stnated muscle Although the contracung effect of ¢ g ad
renalme or histamine on vascular smooth muscle cannot apparently be dis-
sociated from the carbohyd: 1 under the mnfl

of various
metabolic mjubitors the same does not apply to stnated muscle Striated

muscle of frog whuch has been 5o treated with mono-1odoacetic acd as to block
the glycolysis may still 1 the presence of N be capable of a hundred or so
contracuons (Lunpscaarp 1930)

Energy Metabolism Associated with Contraction Esumation of the energy metabo-
lism associated with contraction of sascular muscle 1n relation to the muscle s
content of preformed high energy phosphate campounds s of value 1 this
context

1t may be d that with a of 1 mm the lacuc acid pro-
duction from glycogen and intermedsate products amounted to 1 74 4\ per g
muscle If 1 mol lacuc acid 15 produced from ghycogen or mntermediate prod
ucts the net synthesis wall be 15 eq ~ph (harLay 1951} The muscle ac
cordingly synthesized 25 eq/g ~ ph concomtantly with lacuc acid produc-
tion \esentenc artenes smmersed for 30 minutes in oxy genated Tyrode solu
ton with 01 per cent glucose contained on the average (n = 7) 255 pegf
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g ~ ph distributed as follows 068 uM/g ATP = 1 36 ueq ~ph 087 phijg
ADP, and 0 52 ;\M/g Cr P (Lunptowy and Mouse-Lunouory 1960 a) As-
sumung that the high encrgy phosph P ds wlich ded with lacuc
acid production were consumed on contraction — as, indeed, has been demon
strated expenimentally (Lunpnory and Monse Lusbiowm 10 be published)
— 3t may be estimated that the muscle s pref d hugh energy phosph:
sompounds 1f fully utiized would have made possible 2 contraction of 1 mm

This, however 15 but a fraction of the total contractile power of vascular
muscle for mesentenc artenies were able, from thewr  basal initial length of
approxsmatefly 10 mm to relax to about 15 mm on treatment with mono-
iodoatetsc acid or after extreme substrate depletion (Lunpnory and Mouue
Lunonowm 1960 a) or to contract to about 6 mm 1in oxygenated, glucose
contamning Tyrode solution and after addition of contracting drugs The total
potenual contractlity of the artenal muscle was thus approximately 9 rom
— expersmentally observed, 7 mm — or n other words the muscle was able
to contract to 40—50 per cent of its fully relaxed length

From these values 1t may be estumated that mesenteric artenes would need to
consume for 2 maximum contraction of 9 mm about 23 ueqfg ~ ph, which
1s 9 tumes as much as the preformed amount

Companson with striated muscle of frog 1s of anterest 1n this connection
On maximal tetanoid contraction, muscle may contract to 60 per cent of its

I length and it may be esimated from the heat production that approx

ately 025 peqfg high energy phospk pounds 15 ly broken
down (HiLL 1920) Davies Cain and Derruva (1959) demonstrated an
crease of about 05 xM/g mn the content of morganic phosphate with con
current hydrolysis of an as yet umdentified phosphonc acid ester The total
content of identfied high energy phosphate compounds n frog muscle, as
sayed as n the case of 1c artertes corresponded to 17 4 yeqjg ~ph
(28 uMjs ATP 07 pp\Mjg ADP 11 1 pMJg Cr P) (FLECKENSTEIN ¢t af 1954)
Frog muscle may therefore be estimated to consume with a ma<imal contrac
uon approximately 3 per cent of its (known) preft d hugk encrgy phosph
compounds

These b d that the lc process 1n vascular muscle
required so much energy that only a fraction of that needed for 3 maximal
contraction could be supplicd by the muscle s preformed lugh energy phosphate
compounds The muscle was thus dependent on 2 conunuous energy prOdUC
tron for 1ts contracule actvity This circumstance could account for the ap
parently fas more mumate sclationship betueen contraction and energy pro
duction 1n smooth than in stnated muscle

Cause of the Energy Demand If the above assumpuon s correct the question
which anses 15 why the contractle process requires so much more energy 1
smoath than n stnated muscle According to the thermal studies of Hivz and
conarkers (for review tide WiLLkie 1954) those energy requinng reactions
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which are associated with the contractile process 1n muscle may be attnbutable
to external work activation heat shorteming heat and recovery heat The
lactic acd producton 15 probably the metabolic equivalent of the sum of
these energy consuming processes One may ask however whether the dif
ference between vascular and striated muscle can be ascribed to a single com
ponent and i so which one — It was thus of mterest to study the sigmficance
of the various components m the lactic acd production
External Work The artenal preparations were 15 mm wide, 10 mm long
and 1 mm thick and weighed approximately 015 g They had 2 load of 10 g
and at a contraction of 1 mm performed work of 1 gem, the thermal equiva
lent of which was 23 10 # gcal On the average the muscle produced 15 7 mg
lactic acd per 100 g from glycogen and intermediate products or 105 ugf
015 g The production of 1 g lactic acid from glycogen 1s associated with an
energy production of 390 cal (Dickens 1951} Of the increased energy pro-
duction of 41 10 * ¢calj0 15 § muscle only 056 per cent thercfore could
be attributed to external work These computations may 1t would seem ac
count for the lack of any appreciable difference between the lacuc acid pro-
duction on contraction at a load of 2 g and that on contraction at a load of 20 g
Recovery keat 15 under anacrobic conditions only about 1/20 of the imtial
heat (actnation and shorteming heat combined) evolved durng the con
tractile process itself (HiLL 1940) It seems unlikely that the anacrobic chemical
processes underlying the recovery heat in vascular muscle would diverge from
corresponding processes 1n stniated muscle to such a degree as to account for
the major dispanities m energy metabolism
Shortentng Heat 1t 1s tempting to assume that the observed correlation be
tween lactic acd production and contraction in mm 1s the metabolic equiva-
lent of HiLLs (1938) heat of shortening — We therefore calculated the
magmtude of the constant @ from the lactic acid production and obtamed a
value of 26 700 g wtfem® muscle surface area HiLL m eaperiments on frog
muscle recorded a value of 400 wtjem® If this hugh value for a were accepted
1t would senve to explain why the contraction required so much energy 1n \vas
cular muscle Dissocration of the contracting from the lactic acid sumulating
effects of drugs on vascular muscle has been demonstrated howcver under
certamn experimental conditions (Lunpaory and Mouse Lunoros to be
published) — a result which suggests that the Jactic acid production cannot
senc as a crtenion of  shortening heat
{ctuation Heat A more plausible explanation of the high energy metabolsm
associated with contraction of vascular muscle 15 that the increased lactic
acid production results from that excitative process which 1n turn leads to
muscle contraction The lactic acid production would on this assumption be
a counterpart of activation heat  Mesenteric artenes contract very slowly —
at a maximum imual rate of about 2 mm/min when not loaded — and hence
prolonged excitation 1s required for the muscle contraction to reach its max:
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mum Smee frog muscle contracts much faster — at a rate of approximately
240 mm/mun when not loaded {HiLr 1938) — it 1s evadent that here the dura
tion of may be derably shorter and the total energy metabo-
lism substantiafly lower than n vascular muscle

Calculation of that lachic acid producuion which may be referable 10 ac
uvation heat 18 impracticable on the basis of available data, since its magn
tude 1s probably a function of the muscle length There 15 ample evidence that
drugs which heighten the tension in smooth muscle under 1sometric conditions
also sumulate the heat production {ABsorT and Lowy 1958) and increase the
oxygen consumption (Burering 1923) expernments which demenstrate the
presence of actisation heat 1n smooth muscle

On the other hand 1t was found 1n our expeniments that when the muscle
had contracted under the nfluence of drugs the lactic acid production did not
diverge from the metabolism of the control preparations No metabolic equiva
lent of acuvation heat was then demonstrable

If the sumulating effects of drugs on the lactic acid production of smooth
muscle result from the excitative process smooth muscle which contracts more
rapadly than vascular muscle should requre less energy for contraction under
sometnic conditions the lactic aaid prod after ad of drugs
should, morcover be a funcuon of the muscle length Further experirents are
required to substantiate this hypothesis

‘The authors are grateful for the techmcal assistance of Mr Lars En and Mr Inck Jouay
resssew Financial support has been given by the Swedish Medical Roscarch Counetl
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The Loss of Added Lysine During the Baking
of a Soft Bread with an Exceptionally High Content
of Reducing Sugar
By
L.E Ermicson and S Lagsson
Rexened 23 Norember 101

Abstract

Exscws L E and S Lazsos The loss of cdded fysne dunrg the
bakirg of @ s-ft bread usth an excaptionally hugh content of veducing 5 gur
Arta phymol scand. 1962 5 64—73 — An cumaton was made
of the 1as of supplementery L-lysne HCI thas occurs dunng the
bakang of a swft bread contamng a very lugh content of syrup
Ruts and bactena sers ed 28 test systexms. The mitrogen efficiency rauos
of voung albino rats gnen bread dicts o whuch L-lysne HO was
added bedore or after baking mndicated that approximately 20
of the L-lanr HQ 2dded before baking was mactated or de
suoned Extracuon of the supplementany Llyune HCl with wold
dijute acid or alkah followed by mucrobiological determunation
of the hune gave values of the order of 23 © for the Joss of Iyune
duning baking

1t was found that the protein value of the type of bread studied
w23 10 3uelf poor probably due 0 1mactn 2500 of the proten-bound
hace cawed by reacuons with the reduarg sugar

Laver fat content and three different Iner trantamunase aciiiues
were <lso measred o pathological changes were mdicated

In 2 previous paper we reported the loss of added lymne and threvwt®
during the baking of wheat bread (Emicson Lamsson and Liv 1961a) n
was found that the loss of fvsine was rather small — 10—13 °, as csi
by ammal experuments and >—10 ©, as esumated by merobiologeal ass'?
— whereas the loss of threoune appeared to be considerably greater In4

e
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subsequent study of the efficiencies of free L-lysine HC] roller-dned shim
mulh fish proten and soya bean protein as supplements to wheat bread we
noticed that the supplementary value of the dried mulk was not in proportion
to 1ts muerobiologically determined content of lysine which under the con-
ditions of the expenments was true for the other supplements (Ericsos

Larssov and Lo 1961b) This mdicated that part of the lysine provided by
the mulk supplement had become biologically unavailable during the baking
probably due to reactions with the mulk sugar Such an mterpretation would
be 1n accordance with the aumerous reports dealing wath losses of protemn

‘bound lysine caused by condensations with sugars (cf Harris and LoEsECRE
1960)

It 15 common practice 1 Sweden to add considerable quantiies of syrup
to certam types of soft bread In one such bread which accounts for a large
P of the total p of bread 1n Sweden the amount of syrup
15 often as hugh as about 20 per cent of the weight of the flour It therefore
scemed of interest to study the loss of added L-lysine HCL under these very
unfavourable conditions and also to obtain some 1nformauon on the protein
value of this type of bread m which a muxture of sifted wheat and rye flour
1s used * The growth rates and mtrogen efficiency ratios of young albuno rats
were used as measures of protemn quahity Besides the ammal assay a mucro-
biologrcal method to estumate the loss of added lysine was tned Laver fat
content and liver were also d d

Experimental

Analytical p ocedures The contents of lysine and threonne of the diets were esumated
mucrobiologically All dict samples werc extracted and hydrolysed as described pres iously
(EsicsoN et al 1961a) before being submutted to the microbiologcal assays For the
assay of lysine a d, with L ¢ P60 {ATCC
8042) was used The assay medium was Difco s Bacto Lysine Assay Medium as ongi
nally suggested by Stezie of af (1949) Instead of incubatng the tubes at 37 C for
20 h we preferred 34 G (Scutarfing  McGuike and Loy [928) for 24 h which gave
a straighter standard cune and more reproducible results.

Threonme was also determuned turbidimetncally using Dhicos Bacto Threomne
Assay Medwum for Streptococcus faecalis (ATCC 8043) The assay tubes were 1n this
case incubated at 37 C for 24 h as recommended by STEELE ef ol (1949)

For further detads conceraing the mucrobiological amino acid determunations the
reader 1s referred to Ericsov of af (1961a)

‘The nitrogen content of the ingredients and of the diets was determined by the
Kjeldahl method described by Perriv (1923)

Dry + eight determinauons were carsted out by weighing samples before and after
h]z.laung ?x 104105 C for 24 h The heated samples were cooled 1n a desiceator aver
silica ge

After the expenmental feeding period the animals were Lulled by decapstation and
the Lvers imencdiately remo ed One part of the L cr was cut 1nto small pieces and

The bread wall hereafter be referred to a3 VR bread (bete = wheat Rag = nye)
5623015 Acta physiol scand b ol 5.4




Acta physiol. scand 1962 55 6473

From the Division of Food Chemustsy Royal Insutute of Technology and the Depart
ments of Physiology and Clinscal Biochemistry Rayal Vetermary School
Stockholm Sweden

The Loss of Added Lysine During the Balung
of a Soft Bread with an Exceptionally Hagh Content
of Reduaing Sugar
By
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Abstract

Emesoy L E and S Larsson The loss of added hynne during the
bakeng of a soft bread with an exceplionally hugh content of reduning sugar
Acta physial scand 1962 55 6473 ~ An cstimaton was made
of the o of supplementary Llysme HCJ that occurs duting the
baking of a soft bread contaming a vesy hugh content of syrup
Rats and bactensa sersed as test systems The mtrogen efficicacy ratios
of young albina rats gnen bread diets to which L-hysine HCE was
added before or after baking indicated that approximately 38 %
of the L-lysise HCY added hefore baking was mactiated or de
stroyed  Extraction of the supplementary L-lysine HCE with cold
dilute acid or alkal followed by microbsologital determnation
of the bysine gave values of the order of 25 o, for the loss of lysne
dunng balang

It was found that the proten salue of the type of bread studied
was in usell poor probably due 1o macination of the protein bound
fysme caused by reactions with the redueing sugar

Liver fat content and three different bver transamsnase actniues
were abso measured o pathological changes were sndicated

In a previous paper we reported the loss of added Iysine and threonz¢
lunng the baking of wheat bread (Ericsov Lamssow and Lio 1961a) Jt
\as found that the loss of fystne was rather small — 1015 % as estimal
ry ammal experiments and 516 ©; as estmated by microbological 3“"):
~ whereas the loss of threomne appeared to be considerably greater In

4
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Anuno acids baked 1nto the bread were dissolved 15 part of the water used for making
the dough The Llysne HCI was a gift from Chas Pfizer & Co Inc {Nashy Pard,
Sweden) the DL-threonine was purchased from Fluka A. G Swizerland

The diets The diets for the rat expenments were made from 91 ¢ of arr-dned and
ground bread 3 ¢ of a salt miture (HeGsTen of ol 1941) 5 ®, soya bean ol 05
/ cod Lver ol and a vitamin muxture (HARPFR ¢f ol 1953) The vitanun nuxture
was first uxed with the salts and then with a small amount of ground bread before
1t was incorporated in the rest of the diet The quantities of the varous vatamins provided
by the vitanmun masture and by the cod Liver ol were per 100 g of ration thiamun HCL
05 meg, nboflaun 05 mg niacin 10 mg calaum pantothenate 20 mg pyndoxne
025 mg biotn 001 mg pteroylglutamic acid 002 mg o anocobalamm © 002 mg
wositol 10 mg menadione 05 mg chohine chionde 150 mg vitamin A 3751 U and
vitamin D 3751 U

Condutions of the rat experiments The rats were males of the Sprague Dawley strain
having an mmal waght of approxsmately 50 g when grven the experimental diets.
Two serics of rat experuments were carned out In the first senes the rats were housed
imdsvdually 1n ¢y hindnical glass contamers with a drameter of 20 cm and z floor cos cnag
of wood shavings The temperature 1n the ammal room was 27 C In the second
senies of expenmments the rats were hept 1 wire bottom cages in 2 room with a tem
perature of 25 C and a relatne humidity of approxmatey 50 ¢

‘The rats were given a basal wheat bread diet for a few days before the experiment
began mn order ta accustom the ammals to these types of dicts and to the new lving
conditrons 1t may also have senved to standardize the rats with respect to thewr protein

resenves
It should already at thus stage be mentioned that the consumption of VR bread by
the rats was low d to the of wheat bread

Results

In the first series of expenments which must be considered as of an ex
ploratory nature five groups of rats were given different expermmental diets
for 35 days Each group consisted of ten rats The first group recened the
basal wheat bread diet and the second the same det forufied with 0 4+ 9
Lelysine HCI added before baling® The subsequent three groups of rats
sere fed the basal VR bread diet the basal VR diet fortified with 044 ¢,
Lelysine HCI of the weight of the wheat flour 1n the biead added after baking
and the basal VR det forufied with 044 9, L-lysme HCI of the weght of
the wheat flour added before baling

The composition of the diets and the growth rates observed are given 1n
Table I It can be seen that the nonsupplemented VR bread gave a much
lower rate of growth than did the nonsupplemented wheat bread Ths might
partly be caused by the lower mitrogen content of the VR diet than of the
wheat bread diet However the data can also be taken to wndicate a much
lower biological value for the protemns of the VR bread It 1s for instance
concenvable that a considerable loss of the protem bound lysine takes place

e ha © found in expenments with wheat bread that the opumal concentration of L-lysine -
HCI 15 approuumately 0 40—0 44 of the weight of the flour
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Table I Composiiron of drets and gain of werght for the sats used wn the ntroductory sevies of
expersments The contents of lysine and threomne 1n the diets were not determined Tea rats
per group were guen the tarous duts for 35 days

Group| Diet Nutrogen Growth rare
tontent® glday
4 MA+SE
A | Basal wheat bread diet 203 1324040
B { Basal wheat bread dict + 044 Llysme HCI of|
the flour weight added d¢fore baking 204 4165019
C | Basal VR bread dict 139 024006

D | As C but with an amount of L-lysinc HCI corre
sponding to D44 of the weight of the wheat flous
added gfter baking The amount way increased to
044 of the total amount of flour afier 24 days 146 1284018
(128402

z is €, but with an amount of L-fysine HCI corre
spanding to 044  of the weight of the wheat flour
2dded before halung 146 1264012

In per cent of the fresh weight of the diet
% Thia value was obtamed dunng the 24 first days befure the level of Ldzsine HClLin the
diet was mereased.

during the baling of this bread due to us high content of reducin, sugar
Another explanation for the poor growth would be that the rats did not Ihe
the taste of the VR diets

A companson of the growth rates of groups D and E suggests that the loss
of added free L-lysme HCI was small i tns senies of experiments

An attempt was also made to ncrease the growth rate of the ammals
group D by wmncreaung the amount of added L lysine HCI from 0 # % of
the weight of the wheat flour 10 0 44 % of the tatal weight of the flour {wheat +
1ye) However, this did not sesult in a faster gamn of werght {Table 1) wlich
suggested that the protein salue of nye flour can not be greatly improved
by additon of only Ivsine

The posability that the poor growth observed when the rats were ghves
VR drets was due to thar distaste of the bread was mvestigated m a senes
of experiments in which vanous additions were made to the VR dict 1n order
to mprove s palatability A d gl meat extract, a cheest
extract water or sodium chlonde were tested Mo drasuc effects were observed
but there was an ndwcation that a slightly larger consumpuen oceurred :;’
the groups of rats that were given VR diets to which water o salt was adde
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Table I Compositian of duels garn of naght and mtrogen ¢fficuency sotint Jor the groups of rule
in the second series of expervments The diets were g en for L2 doys

Group| Det No | Determuned contentof | Average | Average
of o gaw of |mtrogen
el b weight | efficiency

Ben l’:‘é“f ﬁ‘::; g ratos
¥ g’

A | Basal wheat bread diet 6 217 | D48 it 301 83103
B | Baalwheatbread diet 4 044

Llysine HCL 6 272 ) 086 -~ } 1010 182109
C | Basal VR bread duet 9 18 | 034 | 027 56 22303

64y

D} As C, but with an amount of

LAysme HOL correspording to

033, ofthewaght of thewheat

flour added after baku g 9 19 ) 0.0 § 027 448 1z6t0t
E | As G bwt with an amount of

Ledyriae HOL corresponding to

043 ofthew ghtofibewheat

flour added afler bakang 9 183 | 062 | 027 580 156403
F As G, but with an amount of!

Liysne HOU correrponding to

04} of theweight af thewh at

Pour adied b fre bak ng 9 189 { 0ot | 027 374 119406
€ As C bur with an amount off

L Igune HO! conespanding 1o

0475 of the total we ght of

the flour added bef ¢ bakiog 9 183 | o7 } 027 529 150203
H { As G but with amounts of L~

Iysne HCL and DL-hreonne

corresponding 100 43 and G 20

of the total weight of the fiour

added before haling 9 190 { a5l { 633 832 182-03

In per cent of the dry waght of the d et
After 14 days these rats began to decrease m w ight. The Sgure
gan of waghs befote this perisd

(¢

b

series of

m parentheses 1 the

was made up of a solyuon contamung 260 g NaCl per heer

The second series of experiments camprised exght groups of rats The two
first groups were gnen the basal wheat bread diet with and wathout a lysine
supplement corvesponding to 044 ©, Lelysine HOl of the flour weight The

10 o of the diet weights
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Teble HI Reco erp of added Lbysine HCI from some of the duets of the second serves of experiments
{see Table H} The contents of L-lysine HCI are expressed in mg per g dry werght of the diet

Dict Eatracuon method Lxpert Theareucal | Recorery
mentally content of
decermued | added
content of L-lysine HCY
added mglg
Lefysine HCL
mglg

Group D | Twice 1 cold HCI pH 25 143 147 986
Once 1n cold NaOH pH 10 138 147 “a9
Group E | Twice 1in cold HCIpH 25 193 198 97.5
Once 1n cold NaOH pH 10 193 198 975
Group F | Twice 1 cold HOIpH 23 143 198 22
Once in old VaOH pH 10 146 198 737

turd group Tecened the basal VR diet and the fourth and fifth groups the
same basal diet to which 033 and 044 °, Leysine HCI of the waght of
the wheat flour were added after baking The sixth group was gsven a VR
dict contammng 044 ° Ljysime HCL of the waght of wheat flour added
before balung and the seventh group a2 VR diet contatning 0475 % Ly
sime HCI of the total amount of the flour (wheat + rye) added before baking
The eighth group recened a VR dict contaning 0 59 % L-lysine HCland 030
9o DL-threonmne of the total weight of the flour added before baking

In Table II the composition of the diets and the growth rates and nutrogen
efficiency ratos' for the different expenimental groups are shown Agam the
extremely poor growth of the rats secenving the nonsupplemented VR dies
should be noted Also the mitrogen efficiency rato obtamed with the non
supplemented VR dict was much lower than the nitrogen efficiency ratio of
the nonsupplemented wheat bread diet Supplementation of the VR duet
with L-lysine HCl led to a drasuc improsement w bath growth and cfficency
of food utlization However a comparson of the groups I E and F indicates
that the loss of supplementary L-lysne HCI durmg the baking was con
siderable m this experiment This 1s also borme out by a comparison of grovp
E and group G

If the growth rates or the nutrogen efficiency ratos observed are plotied
agawnst the hysine content of the diets 1t can be scen that the high gronth
rate and mtrogen efficiency ratio associated with diet H can not be cprm‘?d
on the basis of the hagher lysine content of this dict as compared 1© dies G
but must have resulted from the addiwon of Di~threonne to dict i Tie
nurogen efficiency rano of group H based on VR bread supplemented wib

§ \strogen eficiency rane (NER - gram gam m w gl per gram nnrogen compumcde



LYSINE LOSS DLRING BAKING n

Table IV Vater and fal content glummw-oxnlamu aad transarunase (GOT) glutamic pyrucic
aad (GPT) and (0CT) activstses of the lisers from
ihe rats of the second series of experments For composition of the diets guen o the different groups
see Table 1T

Group Water conteat | Fat coatent GoT* l GPT l ocr
in per cent
of dry weght | per 100 tog wet weight
5 9303 166£079 2000 500 1800
B 01023 141309 2500 700 2,200
¢ 07 £040 1445255 1600 300 1,500
D 041034 T3L1a7 1600 300 1500
E TI0£046 1754183 2300 400 1700
¥ 221045 1642115 1400 500 1300
G T8 E026 1755109 1600 200 2100
H 221021 129 £ 0% 2500 200 2300

Only three hners per group were assayed for enzyme actitity

bath 059 % L-lysine HCI and 030 ¢} DL-threomne (of the flour weight}
was the same as for group B that was based on a wheat bread and supple
mented only with 044 9, L-lysine HCI of the flour wesght However 1t
should be hept m mund that the nitrogen content of the VR diets was ap
proxmately 15 9, lower than that of the wheat bread diets

In a previous paper we tred to esumate the lass of added L-lysine HCL
and L-threonune using ordinary microbiological assay methods preceded by
acid hydrolysis of the sample (Ericsox et af 1961a) If the added amuno aad
does not react with any other component n the bread during the bakung it
should be possible to recover it by extracuon of the bread or the bread diet
‘We hane muvesugated ths possbility i a few cases and a full descnption
of the cxpeniments will be given clsewhere When applied to some of the
VR diets used 1n the present investiganon the method has ginen results that
agree farly well with the ammal assays This 1s shown 1n Table IIT where
the amount of L-lysme HCI that could be extracted with cold dilute hydrow
chloric acid or alhah are compared wath the amounts added to the diets
Tt can be seen that 98—99 ©, of the L-lysime HCI that was added after bahing
(groups D and E) could be accounted for in the extracts but that only about
73 °9 of the Lelysine HCl added before balung occurred m a microbiologically
a aitable form {group F) “\e dilution effects were encountered 1 the micro~

! l assay which ind d that the only biolomically actine matenal
m the extracts was lysine

Table IV shows the remarkable reproducibility of the water and fat con
tents of the lners from the ammals 1n the different expenmental groups
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Thus between the groups there are no sigmificant differences with regard to
the water and fat contents of the livers The activities of the liver transaminases
have a tendency to increase with increasmg biclogical value of the diets,
but the number of determinations was too small ta pernut definite conclusions
to be drawn

IDiscussion

The loss of L lysine HCI dunng the bakmg of VR bread can be estmated
from the data 1a Table I1 by plotting the mitroven efficiency ratios (NER}
as a function of the amount of L-lysme HCI added after baking and the
diagram can be used. as a standard curve to determune the content of L.
lysine HC (added after baking) that 15 eqmvalent to a hnown amount of
L-lysme HCI added before baking If the NER values for groups D E and
F are compared 1n this manner one arnves at a loss of L Iysine HCI durng
baking that s approaumately 30 % Thus 15 considerably greater than the
losses encountered during the bakmng of wheat bread 1n which case the loss
of L-lysine HCI as judged by a rat growth assay was 10—15 o5 (Ercso¥
et al 1961a) The hgure for the VR bread obtained by the ammal experiments
agrees faurly well with estumates made by extraction of the added lysine followed
by mucrobiclogical assays (Table I1II) which mndicated a los of 25 %

Ihe data of Table 1 and II also demonsirate the extremely poor protem
ralue of VR bread It 1s likely that a great part of the protemn bound lysne
1 the wheat and rye flour used for this bread is destroyed or mactated
dunng balng due to the high content of reducing sugar w the dough This
1s particularly unfortunate considenng that we here deal with the most widely
used type of bread in Sweden One 1s agamn by this observation remnded of
how important 11 15 that more 15 learned about the availability of amno acds
and other nutnients mn food prod ready for The finding by
Rernus (1956) that great losses of lysine occurred already during muid heat
¢ of a diet jating that used by the Fmnsh people should be
espeaially mentioned 1n this connection

Supplementaton of rye flour or rye bread with only lysine does not seem
to fead 10 an increase m protem value comparable to that obtained on Iysme
supplementauon of wheat flour and wheat bread This s wdicated by the
data in Table I where an mcrease in lysne above that needed to supplement
the wheat flour of the VR bread did not result in an mmproved rate of growth
We have made similar observations also with rye bread and rye flour These
studses which will be published shortly indicate that a combination of lysin®

and threonne 1s required to assure a substantial improvement of rye protet

The data on hver fat presented 1n Table IV do not indicate any drastic
differences between the groups or any pathological changes of the Ivess
Due 1o the wide mndivadual varauons in the different groups no conclusivé




LYSINE LOSS DURING BAKING 73

ewvidence for changes m the GOT GPT- and OCT activities can be given

A more complete discussion of these data and of those from a number of other
expeniments with bread diets will be presented in a separate arucle (Larsson

RupartH and Ericson 1962)

The authors would Like to express their sincere thanks to Mrs. I Troren Rungsomen
AB Stockholm who helped us 1o many phases of ths work, and to Mr P Dantores hungs-
omen AB Stackholm whose skill and cooperat on dunng the balung operauons are greatly
appreciated. Our thanks are due also fo Mr E Jarviv AB Vwesterdabl and harstens Bakery
Stockholm for placing the facilities of the bakery at our disposal and to Mr R. hniteerc
for expenmental asustance
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Catecholamine Excretion during Mental Work
as Modified by Centrally Acting Drugs
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Abstract

Frannennazuser M and B Post Catecholamne excretion durng
mental work as modified by centrally acting drugs Acta physiol scand
1962 25 74—81 — E were pi d to d
(1) whether changes 1 catecholamine excretion are sensiwve 1
dicators of the state of nuld stress mnduced by performing ps) chology
cal tasks and (2) whether centraily acting drugs would modify such
changes Adrenaline excretion was shown to be significantly hugher
(1) dunng testing than dunng mactvity and (2) after mtake of
metamphetamine (10 mg) than after pentobarbitone (200 mg) No
effects on noradrenaline excretion were demonstrated Both drugs
induced marked changes in mood but with one exception (serbal
performance under pentoharhitone) changes 1n performance were
not found

Excretion of catecholammes has so far recenvcd relatively hitle attention
nvestigations concerning psychophysiological changes i stress conditions
However, the available data mdicate that an mcreased excretion of adrenaline
may serve as a sensitive indscator of reactions to stress The sigmificance of
noradrenaline m mental stress conditions seems less clearly established

Eurer and LuspeErc (1954) found a sigmificant mcrease 1n adrenaline ex
cretion both m pilots duning routne traimng fiaghts and m unexpenenced ar
transported gers Noradrenaline was also significantly higher dunng
fiight than dunng ground activity m the group of pilots, whereas no change
was detected 10 the group of passengers PERARINEN efal (1961) found 3
considerable merease 1 adrenalne excretion m students undergomng hughly
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stressful but drenal tion was not much affected
Ermanyay Hore and Lawsow (1957} studied the excrenon of adrenaline and
noradrenatme m hochey players and boxers neuropsychiatnc pauents and

normal subjects 1 E y states They fuded that actie ag

emotional displays are related to d of NE (norepsnephnne),
with or without 4 of E {epweph: whereas tense anxious
but passive 1 dusplays lated to d of Em associa

nion Wwith normal excretion of NE. These conclusions are consistent with the
results of Come~ and SuverMan (1959) and Sinverman and Couev (1960)
wiuch mdicate that anger out mdvaduals respond to g 1 stress in
a human by d di 5 and have high G-
tolerance levels whercas anger m  mdmduals react with wmgcreased adren
ahne and have Jow G-tolerance levels There 15 also gencral agreement be
tweent these observations and, the adrenal drenal 2t hip 1n
states of fear Versus anger suggested by FuskenstEn (1936} In yecent expen
ments on effects of hol; fi FrAnsE X Jarre and
Marees (1961) and Frankenmagussr and Jaxpe {1961) an mcrease m both
drenahne and drenal was found an a control conditton wath
wfustons of Runger s solution when the subjects perforrned psychological tasks
duning the wfusions Stece howewer these expenments mvolved stress factars
ather than mental work 1t 1s not clear whether performing psychological tasks
would 1 itsell enert an 1nfluence on the exerciton of exther or both catechol
amnes
In the present exp the man to be ans d were (§) s
tion of hot a sensitsve md of the state of shght emotional
stress mduced by performung psychological tasks and if 50 (2) can changes
L and }

in mood nduced by p P modify these auto-
nomic reactons”

Methods
Subjects

Thurty two medical stedents 23 males and 9 females participated i the expens
ents Thesr ages ranged berween 16 and 25 years (average 198 years) and therr body
waeights beeaeen 48 and 93 Lg (average 66 0 Lg)

Drug admmsirat on

Capndes esther 200 mg p b 10 mg ph o a
lactose placebo were taken by roouth 1 hour and 15 min before the experiments The
seasons for choosing these doses of the drugs have beea discussed previously (FRan
AEsAEesER 1923 p 60) Al capsules were identical an appearance and pether the
subject nor the eapenimenter hnew which drug was bewag gnen Before the experiments,
which were carmied out 1n the mormings the subjects were allowed a hight breakfast
{one preee of bread and butter and a glass of mll) The subjocts had been told that
the capsules contaned enher a placebo or a small dose of a central suondant ar de
pressant both of which \ ere i common clnical use
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Unnaty calecholamines

Before and after each expenmental sesston the subject emptied his bladder by vol
untary voxding the urine represented an average secretion time of about 1 hour Im
medsately after voiding the unnary volume was measured and pH adjusted to 3 5 with
HCl Specimens were then stored at + 4 C until analysis which was performed using
the fluonmetnc technique of Euter and Lisuagko {1961) Unne was abso collected
ind sumlarly analysed for about 2 hour periods of relative mactivity duning which
he subjects were told to read magazines and to refrain from any kmd of strenuous
ctvaty

‘ubjertue ratings
A self raung scale (Jonssov unpubhshed) consisting of 21 items covering emotsonal
tional and cogmine was used There are 8 response categories for cach
tem ranging from considerably less than usual to considerably more than usual

ntellpctual lests

A factor scale of ntellectual ability the F test constructed at the University of
itockholm under the direction of Professor b Harngvist was used There are two
arallel forms each of which consists of four tests one for each factor both paralld
orms were used (The procedure of admunistration as well as the time hmits were
nodified to swit this particular expersmental situation }

The werbal factor Opposites Each stem consists of a stinulus word and four test words.
The task 18 to sdentify the test word which 15 the opposite of the stimulus ward There
re 40 stems arranged in order of increasing difficulty and the time Itmut was 4 mua
0 sec The score was the number of 1tems correctly solved

The numenical factor Multiplication ‘The task s to multiply ttems consisting of one

digit and one 2 digit number There are 50 items asranged mn order of increasing
ifficulty and the ume allowed was 30 mun 30 sec The score was the aumber of stems

correctly multiplied

The anductue factor Lelter groups Each ttem consists of four 4 letter groups Three

of these groups are constructed according to a common logical principle whereas the
fourth does not follow this prmaiple Example CFDL CHIJ RLMN IQRS

The tash 15 to 1dentify the group that differs from the other groups There ate 20

aterns arranged in order of increasing difficulty and the tume allowed was 10 roin 30
sec_The score was the number of stems correctly solved

The spatial faetor Block counting Fach iemn consists of a drawing of a number of blacks
bult together The task 15 to count the number of blocks There arc 25 stems 1rranged

1 order of increasing dufficulty and the time bt was 5 mun

In order to obtain meastres of speed of performance cach test was divided mto four
or five parts depending upon the toral number of items in the test each part com
prised an equal number of 1tems The subject worked continuously but the ume was
noted cach time he finished one part and thus 4 or 5 time scores were obtamed for
each test

Stroop s colour word test

Stroop 3 colour word test m the version described by Swirs and haerv (1953) was
used In thus test the words blue green red and ycllow are printed on a card i i
congruent colour word combrnations There are 100 words and the subject s task u::
name the cotour of the print ignonng the word as guickly as possible The mr;‘ca»cc
noted after 20 40 60 80 and 100 words Five successive trials were given watls 30 s
pauses A sconng procedure 15 described by Ssymir and Nwamav (1959)



CATECHOLAMINE EXCRETION DURING MENTAL WORK 77

Geneval dessgn

‘The subjects were divsded at random wnto two equally farge groups The subjects
1 group I recened pentobarbitone s one sesson 2ad the placcho in the other In
group J the subjects recenved metamphetamine and the placebo In both groups the
drug ang the placecho were given o aliernate subjects first or second The procedure
was exactly the same m the drug and placebo expesanents, except thae different par
aliel forms of the F test were used The F test was gven first followed by the raung
scale and the colour word test The unne sample was colfected 3t the end of the sesion

Resalts
Catechalamne exiretion

The results of the catecholamune analyses are shown 1 Table T The fisst
problem concerns the effects of mental work on catecholanune output The
table shows that the adrenaline output in both groups of subjects was hugher
an the placcho condstion when the subjects performed the psychologcal tests
than dunng the period of y The dife 1 Hy rebizble m
both groups the tialues based on mean wntra paw differences are 2 299
(@ =15 P < 000) for group I and 3980 (df == 13 P < QOV) for group I
{Because of a techmeal mushap catecholamine analyses were obtamed for 14
subjects only m group 1) The differcnces tn poradrenaline excreson between
the and placebo | weze neghble. Thus the stress induced
by performng psychotogical tasks caused an increase in adrenaline excretion
whereas noradrenaline excrenon was not affected

The next proutem concerns the effects of the tho drugs on the catecholamme
excrepon Table T shows that w group I there were no noticeable differences
between aither adrenahive or noradrenaline output 1 the placebo and pentos
basbitone condsuons In group I the adrenaline excreuon was samewhat higher
after weabe of metamphetamine than after the placebo but this difference 15
not statisucally reliable (¢ == 1 886 df == 13 P > 002) Noradrenaline excre
uon was nos affected by the drugs

A comparison of the two groups of subjects shows that the adrenaline values
were consistemly hugher 1o group I7 durmg all condiuons The significance of
the diffe m ad L between the two groups in ecach of the
three cond: was ealevlated by f the ttest The adrenaline values
for the two rdenucal condatsons for group 1 and group I (inactiaty and placebo
conditions) did not differ significantly However the companson of the mo
drug conditions showed adrenabine excretion o be significantly higher afier
mtale of mewmphetarne than afier pentobarbitone (¢ = 279t df = 27
P <001} Smce no suigmificant differences were fourd between drug and
placcbo condsions m ether group of subjects one possible interpretanon of
the diffecence found berween the two drug cond: a5 that h

bach drenal N
and affect m appH &




78 MARIANNE FRANKENIIAEUSER AND BIRGITTA POST

Tabte I Veans and S £ for uning wolume fme for unne secreton for sample and unnary
excretion of catecholamunes in tao groups of subjects

Group 1 Group 1T
Inactivity { Mental work Inactivaty | Mental work
Placebo Pentobarb Placebo Metamph,
Utine m! 174 £ 3221 97 £234 | 76 160 | 205 £ 375) 1353 285| 121 £ 227

Time for unne
secretion min 127487 [ 53L136 | 59236 115243 | 5220 | 56125

6813 l110£12]108215( 84+19 [152£26 [193426

ng mm
Excreted noradr
ng min 193+£20 (224 :26{210+19)|200£20 (239+£39 |222+21

Subjectize reactions

The self ratings under the placebo condimons indicated that the subjects on
the whole felt at thewr ease during the expeniments and were not markedly
disturbed by the tests gnen Compansons were made between subjectne
ratings under pentobarbitone and placebo cond: and under ph
amne and placebo conditions As was 10 be expected the two drugs had on
the whole opposite effects on the subjects mental state The changes nduced
by pentobarbitone were more and moxe pr d than thost
produced by metamphetamme

Staustical analyses of the differences between pentobarbitone and placebo
conditions showed that the pruman, subjectine effects of ths drug were ©
reduce feelings of alertness and effi Statistically fi dafferences
were obtained 1n responses to the stems alert tered (P << 0 001) drowsy energelé
clear headed workun, capaaty (P < 005) All differences were in the duection
of decreased alertness There were no marked changes 1 such aspects of mood
as happy carefrec  fmendly  mtated or calm  restless

Comparsons of satings under metamphetapune and placebo candxum:;
showed that tus drug induced fechngs of increased ¢fficuency self confidence an
careficeness However the differences were on the whole shght and statstacally
sigruficant only for two ttems fired and drowsy (P < 003) ndicaung an
creased alertness There was no mdicauon of a change 1n feelings of relaxation

Performance .
The sesults obtawned 1 the F test were analysed with regard (o speed aﬂ‘h

accuracy of performance (Table II) Under pentobarbitone as comparcrd :::ns

placebo there was a staustcally significant decrease 1n the number of ¢
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Table IT Afeans and S E for number of stems corvectly solved wn wnlellectual tosks dunrg drug
and placebo conditions in tuo groups of subjects

Task Group I GroupII

Placebo Pentobarb. Placcho \etamph.
Verbal 36194060 | 38252092 | 3275400 | 663104
umeneal 2192111 | 41252156 | 4294198 | 4269186
Inductne 1544 3 061 15192067 | 1681072 | 1669051
Spatial 1680062 | 1663:080 | 16681057 | 1663£043

correctly solved 1n the verbal test (t =2350 df=15 P <005) but no
changes 1n the other tests 1n esther speed or accuracy Mo effects of metamphet-
amune on performance were seen

The data obtained in the colour word test did not permut classification ac-
cording to the principles of Suity and Nyyax (1999) of a sufficient number
of subjects to make possible a statistical analysis of drug effects The data were
also treated 1n a tional manner by caleul the mean tume taken to
complete the test under each condition Performance was found to be some
what slower under pentobarbitone and quicker under metamphetarine None
of these differences however reached a statistically sigmificant level

Comments and Conclusions
The cxperiments showed (1} that the of ad; d dur
1ng the performance of psychological tasks whereas noradrenaline excretion
was not affected and (2) that ad 1 was fi ly hugher
after intake of metamphetarmne than after pentobarbitone whereas the drugs
did not nfluence noradrenaline excretion
No relable diffe 1n adrenal were found between placebo
and pentobarbitone conditsons (group I) or placebo and metamphetamne
condmons {group II) This facl mn combination with the clearly demonstrated
between ad m the t\\o drug conditions suggests
that the two drugs act in opposite d: on Such an
nterpretanon 1s consistent with the changes in mood also 1 opposite direc
tion induced by the two drugs
The aspects of mood affected by the drugs were primanly those related to
alertness whereas for example items indicating degree of relaxation (“calm
restless ) were not mnflucnced by esther drug That pentobarbitone fatled to
iduce feehngs of relaxation may have been due to the increased strain of per
formng tasks when feeling ured Hence it seems concervable that barbiturates
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mught act more strongly to reduce adrenaling excrenion 1n other ty pes of stress-
situations where one 15 not required to concentrate on doing mental wark

Dunng pentobarbitone the actual performance of the subjects remained un
disturbed 1a three of the four intellectval tests, but the subjects felt that they
were working less well This duscrepancy between actual performance and the
subject s own 1mp of tus effi gests that the subjects were able
to pull themselses together for short penods and overcome deletenous drog
effects 1t should be pointed out that when the same tests were used m ex
penuments with mitrous oxide (30 %, N,O and 70 % O,) severe performance
decrements were found (Frannennaeuser and Beekuan 1961)

It may be argued that the increase in adrenaline excreton n the placebo
condinons was associated with the mtake of the capsules rather than with the
tesung  Although possible effects of placebo on adrenaline excretion cannot

be excluded such an wmitery appears farfetched m view of the fact that

hol: map I {FRANKENHAELSER JARPE
and \MateLL 1961) was shown not 1o be affected by placcho infusions, when
the subjects were not ged in mental & quently 1t scems

justifiable to regard the psychological testing as the main stressor

Tt may also be ashed whether the present expenmental stuation can be
considered a mild stress situation The general atttude of the subjects certamly
ancicated that they did not consider the situation partucularly disturbing Such
an attitude was 10 be expected since the subjects were all medseal students
and were used 10 frequent examinations They had also been iformed that
their test results had no bearmg on thewr academic work and would be treated

fid 1y Furth the exf were students of about the same

age as the subjects For these reasons the suation can be regarded as only
smuldly stressful and an mcrease 1 adrenaline output may thus be considered
a senmtne mdicator of reacuens to mental sress In order 1o assess the sco
sty of adrenaline excretion as compared with other physiological processes
used as ind of stress such as heart rate, hlood pres-
sure shn resistance and muscle tensson (see ¢ g review by Marm¥ 1961}
simultancous measurements of the various reactions would of course be re
quired In this connection it 1s interesting to note that i experiments sirmlar
1o those presented here heart rate was found to mncrease dunng mental work
(SterxsERG  personal communication)

Thus the present invesuganon suggests that unnary excretion of adrenaline
provides 2 sensitive measure of reactions to mensal stress and that centrally
acung deugs may mfluence adrenaline excrenon dunng mental work

e wish 1o thank Dt € O jossos Leckomberga Hospieal for placung the ranng sesle
comtructed by bim at our dispral Mes { fassson Mes. L MaTitassos and Me P A Ko 48
fur ssastance 18 the psvehilogical werk and Vs \ Barsa. Depastmeat of Pl yuulogy has
Lnska wnsutulet, for camyirg wt the cateche lamine analvses The nvestigation was support
by a grant from the Sweduh Cr wacel £ ¢ Sucial Science Researeh.
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might act more strongly 10 reduce adrenaline excretion 1n other types of stress
sitaations where one 1 not required to concentrate on doing mental work

During pentobarbitone the artual performance of the subjects remaned un
disturbed 1 three of the four intelectual tests, but the subjects felt that they
were workimg less well This discrepancy between actual performance and the
subject s own impressions of his efficiency suggests that the subjects were able
1o pull themselves together ' for short perods and overcome deletertous drug
effects It should be pointed out that when the same tests were used i ex
periments with nurous oxsde (30 % N,O and 70 % O,) severe performance
decrements were found (Frankrnuatvser and Beonman 1961)

It may be argued that the increase m adrenaling excretion 1 the placehe
conditions was associated with the intake of the capsules rather than with the
testng Although possible effects of placebo on adrenaline excretion cannot
be excluded such an interpritation appears farfetched m view of the fact that
catecholamuine excretion 1 4 previous investigation (I RANKENHAEUSER, JARPE
and MareLL 1961) was shown not to be affected by placebo miusions when
the subjects were not engaged in mental actinaties Canscquently it seems
Justifiable to regard the psychological testing as the main stressor

ft may also be ashed whether the present expenmental situation can be
conudered a mild stress atuation The general atutude of the subjects certanly
indicated that they did not consider the situation particulasly disturbing Such
an athitude was 10 be expected snce the subjects were afl medical students
and were used to frequent examinations They had also been 1nformed that
therr test results had no beanng on their acadenuc worh and would be treated
conf'dentially Furthermore the expenmenters were students of about the sa'ne
age as the subjects Tor these reasons the situation can be regarded as only
mifdly stressful and an wncrease i adrenahne output may thus be considered
a sensive indirator of reactions to mental stress In order to assess the ser
sty of adrenaline excretion as compared with other phy siofogieal pracesse

fy used as of stress such as heart rate, blood pres-
sure shin rehistance and muscle tension {sce ¢ g review by MARTIN 1961}
simultancous measurements of the vanous reactions would of coure be ¥¢
qured In this connection it 13 mteresting, 10 Note that 1 eXperments suular
t0 those presented hiere heart rate was found to increase duning meatal work
{STEmBERC  personal communication)

Thus the present investigalion suggests that uninary excretion of adsenalint
prowides a scnsiive raeasure of reactions to mental stress and that centrally
acung drugs may mtuence adrenaline excretion durg mental work

We wish 10 thank Dr € O Josssos Beckomberga Hospial fox placng the ratng m";
constructed by om at our disposal Mrs 1 Jassson My L Aanitiassos end Mp P A RO
Sor passtante 10 he psychelogeal werk ard My ¥ Bwine Depanweas of Phynolugy harc Y
Jinska smttutet for carrying out the catecholamune analyses The myestigation was suf ponte
by a grant from the Swetish Councl € r Social Seicnce Reseasch
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1In thus paper a senes of expenments an anesthetized dogs at ,steady state’
will be presented 1n which the regional oxygen consumption (rCMR, Y and
carhon dioxide producnon {(rCMRg, ) of the cerebraf cortex was determined
and related to the EFG A new r¢peatable method for measuring the regional
cortical blood flow (rCBF  Las ex and Incvar 1961} was used in combination
with determnations of the oxygen and carbon dioxide content of artenal and
cortical venous blood samples

The purpose of the present series of expenments was twofold Firstly we
wanted to develop an expenmental procedure for stuches of the repional
metabobsm and the regional functional activity of the bram m oo Sceondly
guanutauve measurements were also made of the tssue oxygen and carbon
dioxide tension (nissue pO, Lussrrs 1960 ussue pCO; Sizsjo 1961) 1n the
cerebral cortex together wath analyses of the artenal and cortical venous pQ,
and pCO, These determunations were carnied out to study the relatonship
between the caleulated (Tuews 1960) and the directly measured tissue pOy
and pCO, (GrEcumany etal 1962) Prebumunary summares of the present
expenments have been presented previously (Inguar 1961 a and b LussErs
1960)

Methods

“The present results arc based upon 9 experiments in dogs of which 8 were successful
Prior to this seres 31 expenments were made 1n 11 dogs 16 cats and # rats 1n which
all the dafferent ques involved were 1y developed and tested

The dogs (v eighing 4 5 10 10 kg) werc all ancsthenuzed with Nembutal (3035 mgf
1g) myected into a vemn of the fore paw The Nembutal anesthesua was later renewed
during the expeniments by doses of about 10—15 mgflg administered intras enously
Tmually 150000 1 U of perucillin and 0 25 g dibydrostreptomyain (1 ml of Strepto-
penin kabi Stockholm) was ad d The lasted 10
—18 hours

\fter tracheotomy hepannized polyethylene cannulac were mounted mn both feraaral
artenes for recording blood pressure by means of a capacitive electromanometer (Elema,
Stockholm) and for artenal blood sampling Two further cannulae were mounted n the
femoral veins for adounistration of drugs and flwds Blood transfusions were sometimes
gven vath blood aquired the same day from another dog Dextran (Pharmacia Upp-
sala) was used as a blood substitute For the determmation of cortical blood flow two
thinner canpulae were mounted 1 the central end of the cut Lingual artenies The tps
of these t o cannulae were brought up nto the caroud artenes 1o end at the caroud
bifurcation

The head of the dog was mounted 1n 2 bead holder Cramotomy was then made afrer
rtesccuon of both temporal muscles In order to ehminate extracerebral mlets from
diplose anastomoses 1o the supenor sagittal smus a mudline resection of the cramal vanlt
(20 ram 1 width) was made Bleeding from the opened diploic ve1ns was stopped with
small pieces of Oxycel (Parne Davis and Coj Care was taken not 10 1njure the dura
dunng tus procedure Following tus the bony defect was covered with a fasthardening
dental cement (Swedon Svedia Co Enfoping Sweden) The most ocaipital part of the
cranotomy was however leis open for the subsequent cannulation of the supenor
sagial snus (see below )

6623015 Acta phys ol icand Vol 55
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Fig 1 Dugrammatic represcntation of the expen
mental set up The head of the experimental animalis
sten Jrom above The Gerger Mulier wbe and the ox
PCO;  ygen cathode were placed symmetnically over the pos-

terior sigmoid gyt and the carbon dioxide clectrode
somewhat posicriorly on one side The ELG electrodcs
were placed symmetncally over both hemuspheres as
wndrcated The hatched area denotes cramoplasty with
dental cement after chiminaton of the diploic anasto-
moses by longitudinal cramotomy The placement of
the polyethylene cannula within the superior sagittal
sinus 1s also indicated
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When the cranioplasty had hardenced three arcular openings n the cranial vault
were made for the Gesger Muller tube (see below) the pO, and the pCO; elcctrodes
respectnely (Fig 1) The first two openings menuoned were made symmetstcally over
the postenior sigmoid gyn The dura was left intact 1 the three openings 6 LEG elect
rodes (brass screws) were then mounted 1n small burr holes symmetnically over the two
hemuspheres The blood pressure and occasionally the cortical pO, and pCO  wae
recorded continuously be means of DC channels of an 8 channel Orrner Type D3
electroencephalograph  Channels used for ELG recording had a lincar frequency
response between 0 5 and 70 cps A paper speed of 2 5 or 25 mm per sccond was used

The dog was then transferred to an experymental table and placed upon an electrical
heating cushion A thermocouple was placed deep down 1n the ocsophagus and connect
ed to an cl (Electrol. C } Another l
was placed on the cortical surface Between 05 and 1 0 ml of Flaxedil (May and BAker)
was then gnen and artificial respiration started (The first three preparatons of the
sertes were not curanzed but breathed spontancously, sce Tabje I') Intrascnous
fusions of blood or Dextran were also made 100 mg of Hepann (Vitrum  Stockholm)
1n 10 mi salne was then gnen 1

Determunation of regional corucal blood flow (rCBF) was made according t0 the
method recently developed by Lasstw and In6vag (1961) According o this methed 3
small volume (1—* ml) of a 09 per cent safine solution equilibrated with radioacive
Knpton gas was myccted n 5—20 scc mto one of the carotid arteres and the su
quent rapid uptake and slower cl of the was d on the
homolateral cortical surface 1 ath a Geger Muller tube coupled o a rate meler The
blood flow was calculated from the clearance curves after correctson fof tequaliues i
tissue saturauon due to the short injection tmes used (Lassen and InovAR 1962) M

After hepanntzatson the supenor sagittal sinus was cannulated (¢f HOMBURGER 4
1946) with a small polyethylenc twbe (outer diameter 20—2 5 mm nncr dameicr
18—23 mm length 5—6 cm) with a shghtly tapered up and with 2 cut h,podm:w
needle and a stopper mounted m the other end The cannula was mtroduced through 2
small incision i the doral wall of the supenior sagittal smus The spcision was mad¢ ;“7
small that the cannula fifled 1t completely and no bleeding occurred around the cannu
after its introduction Within the sinus the cannula did not Gl the lumen The fr(‘m "
end of the cannula was brought forward to a potnt near the entrance of the 1o larg!
parasagittal vens coming from the sigmord gy on esther side g 1
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“The venous and the artenal samples were drawn slowly from the sinus and the femoral
artery respectnely with paraffned and hep: d 2 5 ml all glass syninges which had
Yeen heated 10 body temperature The synnges were slowly flushed 2 or 3 tmes with
blood from the vessels before the final sample (2 5 ml) was taken The aspiration peniod
was 3 to 5 min. Samples contaming air bubbles were discarded Immedhately after the
samples had been taken the syringes were scaled with snugly fitting plastic stoppers and

d for gas tension and the analyses of ovygen and
carbon droxade content

The pO, and pCO, of the blood samples were determuned by means of the rapid
simultaneous methods developed by Greicwuasy and Lussers (1960} The error of
such determinations 1s less thaa | 9, The pH of the samples was deternuned by meaas
of the micromethod of SicGAARD Axorrsex efal (1960) The oxygen and carbon dioxade
content of the samples was d 1 double d with the van Stake
method {vAN SLysE and Ny 1924) | 4 d d with
a Lyungberg colonmeter

The cortical ussue pO, was measured directly on the corucal surface after exasion
of the dura with the chamber eleetrode of Lusgers (1960) v huch permts both contnuous
relatne, as well as d absolute of the tssue pO, The cortical
ussue pCO; + 2s measured sumilanty with the clectrode des eloped by Siesjo (1961) In
anesthesia the placement of the pCO; electrode on the cortical surface s not entical
{Stesjo 1961) and 1t was therefore placed about 2 cm posteniorly to the other surface
measunng devices (Fig 1) The results of the tssue gas tension measurements will be
dealt with i a separate communication (GLEICHMAN ¢f af 1902)

Experunental procedure. Constancy of temperature blood pressure respiration and EEG
was considered a prerequisite for the present  steady state  expenments For this
purpose the anesthesia was often supplemented 1n order to achieve a preparation with a
stable LEG pattern which did not react 1o the many different measunng procedures

Cooling or warmmng was applied so that the of the
was hept as close 10 38 C as possible The respiratory state was judged by measuning
the arterial pCO frequently and the pump was adjusted so that an artenal pCO, of
about 30—0 mm Hg was maintained Blood transfusions or Devran s exe ginen to
stalnlice the bload pressure of necessary Once  steady state  was considered 10 be
present a senies of determunauons were made Usually tCBF 1 as measured at finst After
about 3-—} munutes the blood samples were talen often sumultaneousty with another
rCBF determmation Finallv another rCBF measurement was made agan The values
of cortical tissue pO, and pCO were noted f measured dunng the ume of the biood
sampling Notes were abio made of the temperature m the ocsophagus 4od on the
corucal surface at the samphing time 1n later the b concentrat,
and the hematocnt were also measured at each sampling penod In some of the later
expeniments up to $ complete sets of determmanons could thus be made

Results

The mawn results are found 1 Table I There were 26 complete sets of de
terminanons which permatted a calculauon of rCMR, and rCMR¢, Duning
these detenminatons the blood flow measurcments were erther made simul
tancously with the blood sampling or 13 mun before andfor afier the sampling
In all these cases except one the systemic arculaton the respiration and the
EEG showed sufficient to permut the I that the rCBF values
measured were representaune for the *fAVDs obtauned
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Table 1 1

Lxpers Artery Sinus

mens

[ co e co, pH
p |V |p '\oL ' p Vol flp Vel /

1 — 1423 _— 4068 — — 188 -— | 5365 —

I 950 | 1597 | 260 | 3364 | 7345{ 195 | 192 s40 | 4982 7230

mr o1 ] 960 | 1638 340 | 3060 ] 7360 228 | 340| 565 | 4se2 7225
2 | 820 | 1342) 345 | 3646] 73,0 235 | 269 620 | 4706 7220
3 | 920 | 1303 265 | 1826 | 7255 ] 165 | vu1| 495 { st3z| 705

Iv 1| 755 ] 1637 290 ) 2936) 737, ) 220 | 322 510 | 4383 ] 723
2 | 650 | 1477 295 | 2080 ] 7360 | 220 | 201 495 [ 4347 7255
3 | 700 | 1551 275 | 2046 ] 7395 | 2¢5 | 329| 495 | 4364 7250
4 7o 1408 00 | 3446 | 7240 ] 240 224 590 | 4742) 7130

v 1 | 95| 1675] 303 | 3281 7340 | 325 | 392 s05 ) 4880 | 7200
2 830 1717 315 | 3320) 7330 ] 285 338) 530 | 4754 7275
3 800 1619 430 | 3694| 7285 00 485 690 | 4900 7240
4 945 1632 220 |} 2903 | 7380 195 291 400 | 4291 7330

vVl 1 920 | 2167 220 | 2849 7380 235 5461 440 | 410 730
2 | 905 ) 2253 310 | 2079 7528 435 | 1229 485 [ 3867 7218
3 750 1537 445 35221 7250 | 455 957 ] 550 | 4163 ] 7265
4 775 1437 | 405 { 3760 ( 7287 | 440 67) 535 | 4450 7260
5 | 205 | 113s| 405 | 3571 | 7275 | 445 | s20] 550 | 4235 | 7247

Vit 910 [ 2094 300 | 3423 7280 457 1048 | 400 | 4271 7200
2 830 [ 2136 305 3>51 | 7245 | 442 12,0] 610 | 4461 7180
3 840 [ 2183 ) 445 3362 7240 .85 1124 540 | 4474 7190
4 810 1794 | 500 [ 37,0 7205 417 934 725 | 4660 | 7155

X 1 930 1832 300 | 4240 743> 264 919] 495 | 5211 | 7315
2 380 1947 ] 295 | 3894 | 7435 272 277 485 | 5276 | 7235
3 980 1951 300 | 3816 7415 223 493 | 515 ) 5252) 73
4 1130 1969 142 9735 7620 ( 207 501 280 [ 4245 240
5 305 €02 520 | 048 [ 719, 195 138] 630 | ,048] 710

.

The exceptional case concerns determination VI 1 (in Table 1 marked by parea
theses) 1 which the rGBF value given with all probability was too low In this case the
blood flow was measured three minutes before the blood sampling was made dunnga
peniod with typrcal barbuurate spindles in the LLG When the blood samphing w3t
started  presumably due o manipulanon with the sinus cannula the dog »ole;xz
suddenly and therc was a yery intense arousal reaction 1 the LEG whch oudmud&“
samphng perrod  The high values of rAVDo and rAVDco are noteworthy (3¢

duscussion)
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Table I 2
rRQ WD sCBF | rCMR EEG
o co o CO, | Dommant frequencies

(8] 123> 127 o4 54 a7 22—+ 8 |some § cps
115 140> | 1618 037 52 60 -3 M
110 | 1294 | 1422 | 056 73 80 1 A | some 8 eps
099 1073 1060 057 61 60 |02 S fast aksent
109 1192 1306 -_— - — }03-2 53 }—
110 1312 14148 043 56 62 2—t M | some 8 cps
115 1186 1367 034 40 46 {053 S | less 8 cps
116 1222 143 042 5.0 51 | 05— s {—
110 1184 1296 019 23 25 | 0>—3 S | some 10 cps
101 | 1283 | 1299 | 05¢ 69 76 | 8—10 | F |[some tcps
104 1379 1434 0.56 77 80 35 M | some B—10 ¢ps
106 | 113+ | 1206 | 057 62 69 | 7—10 | F |very few 23
098 | 1366 | 1341 | 049 67 66 | 2—3 S | spindles
096 1621 1501 1 (079) | (128) | (123) |above 10] F | arousal
087 ( 1024 [ 888 | 661 63 54 | 3—10 | Af {sanable pattern
110 280 | 641 | 069 40 44 | 4—10 | M | some spindles
103 666 690 082 55 37 i—12 F | few spindles
108 614 | 664 | 089 55 59 { 2—10 | N of—
101 | 1146 | 1148 | 053 61 61 | 68 | F |some2eps
103 886 { 910 | 662 55 56 [ 68 [ F |[somec2 cps
10 1059 | 1112 106 12 1s 4—6 AL | some 2 cps
106 860 910 100 86 91 4+—6 AL | less 2 cps
106 913 | an | 0.8 71 76 | 810 | F |some2—4 eps
100 { 130 | 1382 0N 97 98 { 8-10 | F (some2—3cps
0.9 1457 1436 083 121 Rk 57 F | some 23 cps
103 | 1468 | 1510 | 09 134 | 137 [ 810 | F | some $—6 cps
076 464 | 452 100 49 37 | 2-3 S |afews ps

In the first 10 columns of Table I the determmations of blood oxygen and
carbon dioxide tension and content as well as of pH are grven These values
reflect the state of oxygenation and resprration of the different preparations
There were some high pH values obtamed when shght hypenentlation was
carmied out and some low values duning hypovenulaton Some of the deter
mnations were deliberatcly made sub finem shortly before the anunal died In
most of these cases there were signs of brain edema anemia and'or asphyxia a
fact which mught explam the aberrant values recorded These values are m
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Table 1 3
Class Temp C Hb, BI Remarks
Qes. Cortes

slow 400 — - 140/80

wxed 381 - — 11070 { Falling blaod pressure

mixed 379 — — 150/100 | Respiration changed

slow 384 - - 130/105 |~

slow 382 — — 80/50 | Morbund

maned 82 384 142 10180 | ~

slow 386 387 —_ 150/90 |~

slow 389 390 137 150/80 | —

slow 396 392 — 140/80 [ Monbund

fast 382 378 — 15050 | —

mined 38 377 18 1401100 | -

fac 337 375 — 100100 | —

slow 365 364 134 130/90 | Monbund

fast 384 380 179 110/80 | Marked arousal

mixed 392 93 189 150/110 | —

uned 393 394 138 140{100 | Bleeding

fast 389 391 ti4 130/90 | Bleeding

muxed 3838 385° 85 100/70 | Monbund

fast 386 383 176 145/90 | —

fast 389 3838 176 150/100 |~

muned 386 385 176 140/95 |~

mixed 391 390 153 135/80 | Braw edema hypo
venttlation

fast 382 370 142 125/100 | —

fast 384 375 149 130/95 —_

fast 387 378 150 15/85 | —

fast 312 375 13 50)70 | Marked hypenentta
lon

slow 380 378 159 130/80 | Hyposen tatian
moribund

general ¢xcluded from the following discussion
mined wall now be briefly commented upon

Some of the vanables deter

The restonal cortical tespiralory quottent RQ From our present knowledge of

the metabolism of the brain 1t should be expected that the regional
RQ should also be close to umty (Hiwicu 1951 Mcluvwam 1909) As scen i
the corresponding column of Table I tlus was found to be the ease

1 cortical

the

mayonty of the determinations (¢f Scamr kery and Poawes 1945) <
The regional cortical blood flow rCBF A mean valuc of all 26 deterunatia”
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Fig 2 Correlation between regronal corucal oxy gen uptahe rate and EEG The EEG pattem
Drovaing m 2l leads 28 1he e of the metabe) & detepminations s classfied 28 . Fast when
domunated by frequencies of § to 12 per second and slow waves were essentially absent as 2
Mexed when both such fast waves as well as low wa es were present and as 3 Slow when high
~oltage waves of 05 to 4 cycles domunated the pattern Each et cat bar denotes one determu
nation of tCMRo The mean and standard error of mean are also mcluded for each class On
the night sude of the d agram three typ cal samples are shown

of rCBF 1n the sensormotor area (postigmoid gyrus) of the dog gave a flow
of 065 ml/gfmin standard error of mean (SE) 4 000 Thus figure represents
different depths of anesthesia and different states of functional acuvity Ad
muttedly such an average value 1s of very linuted interest It ments mentioning
however since 1t agrees very well with the one reported by Sokororr and his
coworkers (SonoLorr 1961) for the regional blood flow n the sensorimotor
cortex of the cat during light Pentothal anesthesia (065 ml/g/fmuin 4+ S E
007) Therr determnanons were made with the decapitation method of heTv
etal (1995) In non anesthetized cats the same cortical area showed a blood
flow of 1 38 mljg/mn (+ S T 012)
The arterio-tenous dufferences for oxygen and carbon dixide 1AVDy andr 11 Deg
The majority of the TAVDs were found 1n the range of 100 to 140 vol per
cent (averages 113 +SD 29 and 117 £ SD 3 1) a fact indicatng a far
constancy of these vanables Thus confirms previous studies of the bramn as a
whole by Noere and Scu~ewer (1934) and Rerv and Scuvior (1945) who
also demonstrated a constancy of the cerebral ay difference of oxygen
norm lated The values found are 1n general hugher
than those lound for the whole bramn in monkeys by Scusor ef ol (1945) but
they agree with those reported by HosaLrGEeR ef al (1946) from studies of sinus
blood 1n the dog (5 determnations range 54 to 128 average 100) There
were in the present senes some rAVDs lower than 90 vol per cent m which

ancmua (VI +and 5) and/or asphyxia (VI 3 VIII 4 and I\ 5) ought have
been of importance
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coraparsen to the non anesthetized state only smaller differenices 1w regsonal
cortical blood flow arc seen 1n the anesthetized state (Sowororr 1961) In
summary, there 1s therefore reason to believe that at steady state the samples
obtained m the supenior sagittal sus really were representauve far the
smaller area 1 which the rCBF determinations were made 1t seems necessarv
however here to make a reservation for certain non steady state condihons
(see below)

It should be mentioned that in the present series of eaperiments we have not
taken full advantage of the true regional nature of the techmque used of
measuring the blood flow rate This would bave required a blood sampling from
a superfical cortical ven comng from the area (about 32 square mmy) on which
the ke®® measurements were made There are obvious mishs for the regional
arculanon and metabolism molved 1n the cannulation of the supurficial
cortical vessel and since the amm of the present work only was 10 take gross gen
eral changes of the cortical functional actiity into consideration, we confined
ourselves to the study of cortical venous samples from the superior sagatial sius

Correlation between cortical funcltonal actuaty and cortical oy en uptake rate The
crude correlation between EEG pattern and rCMR,, found m the presert
experments as shown m Fig 2 confirms observations from large series n man
Tt has reg diy been d ted that in the state yrresp o
1ts cause there 1s a marked reduction of the total oxsgen uptake of the human

{reduction from 3 3 to about 2 0 mlj100 g/mun ¢f summary by LasseN
1958} Tn such patients the EEG shows a slow wave pattern with hugh voltage
delta waves (05 p 3 cps) We mterpret the group of ob ervations in whicha
stow EEG pattern was found as due to deep anesthesia andjor asphyxia andjor
traumatc factors pertaminp to the expermment It 1s therefore reasonable toex
clude this proup from a consideration of what could constitute the normal oxy
gen uptake rate of the cerebral cortex

An average rCVMR,, for the cercbral cortex generating a muned or fast waie
EEG pattemn was found to be 7 7 mif100 g/mun n average m the prescnt
series a figure which compares favourably with that of Homsurcer et ol (1946),
mentioned above Since our expenments were carricd out in barbiturate
anesthe.sa 1t seems reasonable 10 conclude that the oxygen uptahe of the cere
bral cortex under normal physiological condiston 15 higher However the effect
of pamnful sumult and anxety causing arousal should not be overlooked,
since there are several reports m the biterature that such facters might be
assoctated with cerebral oxygen uptake rates which are substantally fughes
than at rest (ScMDT ef af 1945 Sonovorr 1956 hrry 1961 Lassen Ten
sErG 2nd Lane 1960} In this connection wt ts of interest ta note regarding
especially the four high values of rC\MR,, found here that SoroLofs 1961)

10 ten couscious cats for the sensory motor cortex found an rCBI, of § 28 mlig!
mun Using an tAVD, value obtamned in the present expeniments as well as
by Housuroes etal (1946) of about 105 vol @ the rCMR, for the same
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area sn the conscious cat calculates to 14 9 mlf100 g/oun We cannot avoud the
mpression that tus s ery high value could hay e been due to the above mentioned
factors ¢ g anxety and arousal present 1 the restramed conditions of their
expermmental ammals Such states obviously differ from the physiologmieal
restng state and any conclusion as to thewr wherent cortical metabolism shoutd
be made with extreme caution (CrercuAny ¢f af 1962) More experuments are
clearly needed 1 order to determune the onygen uptake rate of the normally
funchionung cerebral cortex

The present iy esugation was st pported by the Suedish Med eal Research Council the hnut
and Alicc Wallenbergs Suftelse  and the Deuts ke Forschung gemewschaft Terhmeal assstance has
been given by B Sorenssovand & Puseg
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Formation of Phenolic Acxds 1n Brain
after Adoumstration of 3,4-Dibydroxyphenylalanmne
By
Arvip Camissoy and Ans-ixe Hirvare
Recened 17 November 1961

Abserace
Cartsson A, and N A Hurarr Formation of phenolic acids in
bram after of 3 S~dehydrosy phemlals Acta physiol

scand 1962 47 9a—100 — When L-DOPA (100 mg,ig body wt )
was gnen 1y to rabbits large amounts of first 3 4-diby droxypheny I
acetsc acd (DOPAC) and then homavanidlic aad rapudly accu
mulated in the bramm st The data suggest that the dopamine
formed 1n the bramn from the adomnistered DOPA first reaches sites
of monoamine oxuudase The DOPAC thus formed then reaches sites
of catechol O methylransferase The data also suggest that the ac
cumulated phenolic acids do not easily escape from the brain to the
blood

O methyfation s a majer pathway for mactrvaton of catecholanupes m the
body (¢f Aserrop 1960 Scuaerpryvir and Rwsuner 1961} The presence
of 3 4 dihydroxyphenylacetc acrd (DOPAC) i the nervous system (Etizs
1958 RosenGREw 1960) suggests however that i this ussue a direct oxidatne
dearnation also may be important for the metabohsm of monoanuaes In the
present worh the formauon of DOPAC and homotamllic aad (HVA) 1 the
rabbit bramn after admunistration of 3 f-dihydroxyphens lalanine (DOPA) has
been studted 1n order to get further knowledge of the role of the catechol Q-
methy] transferase and monoamine oxidase (MAO) w the bramn

Material and Methods
1-DOPA (100 mgyhg body st 16 was given (o rabbus (2 1o 3 1g) Afier vanang
peniods of ume the anumals were killed by an 11 injection of air The bramn was tm
mediately removed chifled with ice and dusected Pons and medulla oblongata were
remosed from the bram stem. The tssue was homogenized in cald 04 N perchlonc
acud (PCA, 5 mig) Ethlencdianunetetraacetc acrd (EDTA, | mgml) was added
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10 the centnfuged extract which was then 3 to pHG with p b
at U To remos e interfenin, matenal the eatract was first shaken with ethyl acctate
and then passed through a small Dowex 50 column (pH 6) An aliguot of the ffluent
was brought ta pH - 2 with HCl and saturated with \aCl The phenolsc acds were
extracted wih ethvl acetate which was evaporated m 2 rotating evaporator Ton
wuung 3 ml of mater DOPAC was d d sp harof] aftes con
densation with ethylencdianune (Rosencres 1960} The recovery of DOPAC added
to bramn tssue (5 ug 87, was 91 10 102 %

snother aliquot of the effuent was brought to pH < 2 with metaphosphone 2ud
angd extracted wath cthyl acetate ier tvaporahion 1o a small volume the extract nas
chromatographed on paper (benzene — propionic acid ~— water 20 3% 1 x butanel
NHCI4 1 The phenobe aads were usuzhzed by spraying with diazotzed prmitro-
amimne (Stiparrz and Hanson 1929)

For determmnauon of DOP A a postion of the PCA extract was brought to pH about
2 5 with potasssum tarbonate at 0 and transferred to 2 small caton exchange columa
(Dowex w0\ N4 8 / ¥ mm treated with 20 ml of @5 M potassum phosphatr
pH 65 wiuh 03 mg/ml of EDTA) ier washing of the cotumn with water DOPA
was tluted — free from catecholasmunes — with 6 mi of 01 M potassium phosphate
pH 63 contaimng EDT A (05 mg/ml; The efffuent was collected ar © and 1mme
diateh used for determination of DOPA with the same method as that for DOFAC
The condensation product has an mtense fluorescence with an actnaton peak at
360 my and a fluorescence peak at 460 my {uncorrccted) Recovery of DOP A addcd
to bran tssue was 8J w 6

Resalts and Discussion

In the bran from normal rabbus the contentof DOP & DOPACand HVA
15 100 fow (Table I and ¥ 1o perom d with the method:
After adminstraues of DOPA, however large amounts of these acids 3p-
peared. On paper chromatography of extracts contaimng more than 10 13
each of DOP AC. and H\ A, no other phenobe acds were detected The amounts
of DOPAC ted from the ch agreed well with those daer
muned flunnmetsicalls and the fluorescence spectsa were wentical wath those
of pure DOPAC | 3 with ethylened There 15 thus hule dosbt
that the methods used are fasrly rehiable for the purpose of this study BV 1
was onfy 4 I on the ok qrams The dentaty &f
1his phenolic acid seems to be established from the ume relauonship of 118 3P~
pearance 10 the bram and blond fsee below, 1ts chromatogsaphic behavieu?
and charactensuie ¢ I ur on spravin,, with diazotzed p-nitroambne the extra
von procedure and the fact that 1t dud oot form a fluorescent crndensanion
product with ethy lenediamine

DOP 4 rapidly appeared and disappeared m the bran and Dlood afies &%
11 myection Table I The data suggest that ths anuno aad — bhe urusbr:':
(Caimicos GREENGARD and Upksrsugsp 1960, — rapidhy equilibrates
tween blood and bran use

Afier administrauon < DOP A DOPAC appears espoeaatly w those P
of the brain wiuch normalls have a Tapd formauon of cawecholamunts 1
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Table I DOPA (uglg) n bram and blood of rabbuss after + v admunstration of L-DOPA
(100 mgjkg) or DOPAC (100 mglkg dusded wn tig wnpections witk on interoal of 30 min)

Reapme sce Table 11

Time Number Brawm stem | Cerebral Blood
brs, of ammals hem; pheres

Controls - 2 <02 <02 <02
DOPAC 1 2 <02 <02 -
DOPA [ ) 2 19 28 21
DOPA 1 2 43 69 44
DOPA + Reserpine 1 2 19 26 20
DOPy 2 2 14 5 22
DOPA 2 1 11 20 17
DOPA 4 2 < 02 <02 <02

Table I DOPAC (4,]g) wn brawn blood and heart of rabbils after s o admimstration of
L-DOPA (100 m hg) or DOPAC (100 mg/hg & 1ded 1n t12o injections wath an nser-al
of o0 min) Nialamude (100 mgikg} and reserpine {5 mgikg) were guens v 20 hrs

before the DOPA wyection 1n twa expersments

Tge | “um Brain | Cere Cere Blood | Heart
brs ber of [ stem bra) bellum
ammals, hem
spheres

Controls - 3 <02 [ <02 ~ <02 ~
DOPAC 1 2 08 04 - 1
DOPAC 1 1 12 06 - 12 46
DOPA 05 2 17 30 -~ 40
DOPA 05 1 15 44 - 36 21
DOPA + Nialamude 02 2 06 03 ~ Lo -
DOPA 1 2 86 20 13 73 -
DOPA 1 1 81 22 0g 12 80
DOFA 1 2 64 — — 39 —
DOPA 4 Reserpue 1 2 75 19 05 50 —
DOPA 2 2 72 03 — 09 —_
DOPA 2 1 57 08 -— 08 | <1
DOPA 2 1 48 - — — =<1
DOPA 4 2 17 03 — [ -
TOPA 4 1 15 L) — a3 —
DOPA 6 2 09 [ <02 ~ |<o2 -

dicating that the aad found 1s formed n the tssue itself (RosencreN 1960)
Confinming this much higher concentrations of DOPAC appeared in the brain
stem (including the basal gangha) than m the cerebral hemispheres and cere
bellum (Table 1I) That the phenolic acid did not accumulate through uptake
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from the blood 1s furthermore seen from the data in Table II When DOPAC
— mnstead of DOPA — was ad d, lugh were found 1n
the blood but only low 1n the brain, mndicating that DOPAC — hike p hydroxy

phenylacetic acid (Ciricos, Greencarp and UpENFRIEND 1960) — docs not
penetrate easily — if at all — into the bran The red blood cells have also a
low permeability since most — 1f not all — of the DOPAC i the blood 1 hr
after a DOPA injection was present 1 the plasma (data not shown)

There 15 good evidence that the DOPAG found i the brain after DOPA
administration comes from oxidative deamunation of doparune formed through
decarboxylation of DOPA (Roscnoren 1960) Other pathways — through
transaminauons (¢f Suaw, McMizraw and ArvsTroNG 1957, Pocrunp DRELL
and CLARK 1961) ~— cannot be excluded but probably are of munor importance
from a quantitative pomt of view {Pocrunp Drert and Craxs 1961) No
3 4-dihydroxyphenylpyruvic acid was d d on paper chr phy but
~ 1if present — may have been destroyed on processing the extracts It is note
worthy that two mhubitors of monoamne oxidase (MAO) — proniazid (Ro
senoreN 1960) and malamude (Table IT) — prevent the formation of DOPAC
from admimistered DOPA

Of considerable interest 1s the time relationship of the appearance and dis
appearance of DOPAC and HVA 1 the bram Hall' an hour after DOPA ad
musstration the concentration of the 3 O methylated acid was far below that
of DOPAC At 1 hr they werc about equal while at 2 and especially 4 hr HVA
was the dominating metabolite It thus scems that the dopamune cndogcncousl)'
formed from DOPA first and rapidly reaches sites of MAO where DOPAC
15 formed and then DOPAG reaches sites of catechol O methyl transferase
Tlus indicates that the MAO may play a fundamental role 1n the metabolsm
of monoamunes 1 the bram The finding that MAQ whibstors cause a rapid

I of hol in the bram (¢f Camtsson Linpgvist and
Magvussov 1960) now gets further significance

It 1s also of interest that both DOPAC and HVA disappeared more slowly
from the bram than from the blood and heart m spite of the fact that the
concentration of DOPA dccreased rapidly The data suggest that the ac
cumulated phenohe acids do not easly escape from the bran to the b
— just as the reverse was found to be true Both DOPAC and HVA dusap-
peared from the blood at about the same ratc

The formation of DOPAC and HVA from admmstered DOPA was
obviously changed 1 reserpinized rabbats (Table II) Swnceat s of nmporlﬂﬂ)‘:‘
to hnow whether reserpme iterfercs with the formation of catecholimimes the
content of DOPAC 1n corpus stratum was determuncd essentially accordint
1o the method of RosenaREN (1960) which — if certain precautions are (al;:
— gives quanttauve recovertes Confirming the results of ths ivesugator 1
concentration was found to be the same (02] to 026 pg/g) 1n both no
and reserpinized (5 mg/hg 20 hr) rabbats

not



PHENOLIC AGID> I\ BRADN 99

In two rabbus (DOPA 1 hr) the hypothalamus and corpus stratum were
carelully homogemzed m 03 M sucrose and centrifuged (¢f BerTier, Hi-
rare and RoseacreN 1960) Most of the DOPAC (80 %) was recovered m
the low speed supernatant Afier centnfugaton at 149 000 x g for 1 hr pracn-
cally the whole amount (> 90 %} was found 1o the clear supernatant. HVA
showed the same distmbution In contrast to the catecholamines the phenolic
acids thus do not seem to accumulate 1n granules which can be 1solated Evier
and Lisrajso (1961) have shown that DOPAC present m the splensc nerves
1s nat granule bound

1t 1s obwiowsly wmportant to know the nature of the cells which are capable
of forming dopanune from admnistered DOPA. The distnbution of mono-
ammes DOPAC and dopadecarboxvlase 1n the brain seem roughly to cor
respond wath that of excess dopamine and DOPAC after admuustranon of
DOPA (Bertier and RosevGrEY 1999 RosENGREN 1960) Thus indicates that
the amine 1. formed i cells which normally produce and release monoarmnes
Although more direct evidence would be desirable this assumption seems
reasonable On thus basis the locahzaton and function of MAO and methyl
transferase may be considered The ume course of the accumulaton of mong-
ammnes and ther 3.0 methylated metabolites after inhubinon of the MAO 1
the bramn (Carussov Lixogvist apd Macxrsson 1960) favours the view that
the \MLAO 1s close to the site of syx thems and that the methyl transferase 15
localized outside the amune producing cell and thus attacks amnes first when
they have been released {Carrsson 1960) The results obtamed in this study
— a verv rapid accumulation of first DOPAC and then HVA after DOPS
admuustragion — further support this view Both sets of data are easily under.
stood 1f the MAO here considered 15 localized w2tfun the amune producing cell
and the O methy! trinsferase outside 1t 1n the viamty of supposed receptors
This MAQ may thus be of primary importance for the regulaton of amme
formation and the transferase for the mactration of anunes released to the
receptors Further support has recentlv been found mn expenments with the
adrenal medulla (made together with C Hall unpublished) which seem to
show that MAO — but not O-meths] transferase — s present 1 the amune
producing cell reself

If the view briefly outhined above — although oversmplified — 18 correct
many other daca fall 1 line It explans for mstance 1) why wnhibitors of
O methyl transferase — 1 contrast 0 VMAO inhibitors — potennate the effect
of injected or released catechol anunes 2} why 3-O methylaton — and not
oxidatn e deammnation — 15 the prigcrpal pathwav for nactvauon of wyected
or released catecholamines and 31 why pyrogallol — m contrast w MAO-
wfubitors ~— does not cause an accemulation of catecholamines n the brain
and heart (s¢¢ \xELROD 1960 CrotT CREVELING and Carton 1950 Crour
Creveung and Upevrriesp 1961 Herrmine and Axerrop 1961)
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Ahstract

BiLt A Quantilan ¢ deternunation of weal blood flow i rabbas Acta
physial scand 1367 55 101-~130 — In rabhuts the uvea i draned
essenmualhy by four vortex vmns which are neardy equal o sze
The »emms communseate withia the ¢ye through large anastomoses
Imvestiganons were carned qut ta ducover whether the bivod flow
through the uvea sidy be determuned as the flow from one opered
vortex vom multphed by the number of vesns The results wmdecate
hat such a procedure 15 adequate at wecaocalar pressures of (G
15 mm Hg or more and normal or low extraccular Lostex yvenous
pressures and wveal blood flow sates 1t apprars that the adequacy
of the procedare a3 due 1o the fact that under soch canditions the
pressure i the profunst part of the w eal vemns 3 hntde differens from.
the mitraocular pressare ft also appears that the resstance sn the
vemns draming the wea may be caused in part by collapse of the

vessels provided the pressure and Bow seguirements mentioned are
Tulfiled

The artesies supphang the uvea m vavious mammals such as humans dogs
and rabluts are relatnvely small and some of them are very maccessible There
are two systemns of voins the vortex vens and the antenor ahary vans {For
anatomueal detadds see LEper 1903 Viistaer 1932) In all the species men
noned some of the vetns are snrall and ke the arxcrms do not pernut quanu
nuse flow d wih any tabl

s the fiow through all ahe vessels 10 or from the uven condd not be measured
i any species haneno (19235 adapted a rather questionable procedure for
determnations of weal blood flow 1 dogs One of the rortex sesns wag
opened and the fow fom it was determined haneso found the vortex vans
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to be so nearly equal in size that it seemed jusufiable to determne the total
uveal blood flow as the flow from the opened vem multiphied by the number
of vortex vems The flow through the antenor ciliary veins was neglected
The same procedure was used by many investigators working with rabbts
(Fiscuer 1930, Sonpermany 1932 Meesuany 1930, 1932, Lisngr 1922
Porrack and Becker 1961 )

The results obtaned were very vanable hancko found a flow of 0 00157
gfmun from one vemn in dogs, while m rabbits the mean flow from one vein
has been reported to be from 0236 gfmun (Fiscuzr 1930) to 0448 g/mn
{Laner 1952)

The adequacy of the procedure descnibed was, obviously very much de
pendent upon whether a vortex vein drains the same amount of blood after it
has been opened as before This could be very much doubted, as the vens
within the different parts of the uvea, as well as the capillanes, anastomose
freely with each other In dogs, the veins draming the uvea anastomose also
within the sclera In fact the results reported by Kaneno strongly suggested
that this procedure could not be used 1 dogs The very low values found
were presumably due to shunting of blood from the area normally draned
by the opened vessel to intact vessels

The purpose of the present work was to determune the adequacy of Kanzaos
procedure for rabbits In a previous work (BiL 1962 a) st was found that
the blood flow through the anterior cihary veins in this species 1s less than
1 per cent of the total blood dramnage from the uvea The assumption con
)cerming the domunance of the vortex veins in the dranage of the uvea was
thus jusufiable It then had to be determned whether the flow through a
vortex vein was the same after the vessel had been opened as before and
whether the flow through all the four veins was the same

In rabhuts there are two supenor and two mferor vortex vemns One of the
vewns i cach pair 15 placed nasally and onc temporally

The normal intraccular pressure JOP in rabhuts was reported by WISTRAND
(1959) to be 21 6 mm Hg Earler mvestigators have reported values {from
19 to 38 mm Hg (For references see DavsoN 1926 and WisTRAND 1929}

Methods
AMalc and female albino rabbits weighing 19—3 0 kg were employed .
Anacsthesta was induced and d with a barb given nou l’s
(Vetermary Nembutal Abbott smtial dose 075 mijkg body weight) The aws
were trach d and placed tly on one nide
The mean artenal blood pressure in a femoral artery was measured with a surait
gauge d having a mod volume displ:

In expenments 1 which there was a blood loss from the cy¢  this was compensated
for by mtrarenous blood infusion e
The IOP was regulated artificaally 1n all experiments The anterior r.hambﬂ”J

cannulated with a stamless steel cannula connected to a lovelling manometer &
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Fig 1 Schemat ¢ preseatation of the set up used

for 1nd rect determunag ons of changes 1 ureal
lood flow

HC heatwg circu t RC recording awcut TF

thermos flask ST¥)  the superior tempo a 30 tex

vewn the aafenor tempo al vortex vem e
A the temporal long po tenof mliary artery In HC -~/
the arcus epre ent constantan wi € it
copper wire KB within the heaung craut rep-

resents the part of the constantan wire mtermt

tently heated

with 1sotomic saline The dimenstons of the cannula and the tubings were such as to
peraut a flow of 003—005 ml wsotome saltne per munute for & presure difference
of 1 cm of water There was no leakage at the cannula As there was sometimes flow
i the cannula the beight of the leveling manometer did not always gve an exact
measure of IOP When accurate deternunations of IOP were of mterest a stran gauge
transducer (Elema EMT 456 solume displacement 03 mm?/100 mm Hg) was con
nected ta the communication between the anterior chamber and the levelling manome
ter In determunations of the JOP the levelling manometer was disconnected for a
moment from the eye by a stopcoch.

Hepana (1 500 UjLg body weight) was given 1% to prevent coagulation of blood
and aqueous humour

The procedure used for indirect determunauons of changes 1n uveal blood flow was
a of the heated ple prmeiple of Craps (1933) The applicauon
of this prnaiple 1 expenments mvolving the eye was descnbed elsewhere (Biir
1962 b) A small piece of constantan wire 13 attached ta the exposed sclera see Fag 1
‘The wire 1s heated mtermettently with a constant curreat and a thermocouple measures
the temperature of the ware Yhen the wire 1s not heated 115 temperature ;15 higher
the larger the uveal blood flow When atis heated its temperature increases wath At to ty
The greater the flow through the uvea the smaller 15 At. In the present expersments,
changes s blood flow through the retinal vessels and the vessels supplying the sclera
were assumned to have no influence on the temperatyre of the constantan wire

Graphic recorders (Vanan G 10) were used for pressure and temperature recordings.

Experumnents

A The effect on the flow of opeming @ vortex vewn
Procedure “The cyelids and the conpunctiva oter the supenor and temporal parts
of the eye were removed and the muscles inserted there were cut close ta the eye.
The supenor temporal vortex vein s as 1solated and the heated part of the probe was
attached with 2 fine suture w0 the part of the sclera nituated between the temporal
long postertor ciliary artery and the wolated vein as shown 1n Fig | The part of the
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H Fig 2 The effect of mcreasing the -
\raocular pressure on the temperature of
the constantan wire, when heated 9.
unheated f, and the effect ofopeninga
3 vortex vewn The unfilled square repre
sents the temperature of the wire when
heated after openung the drauung vonex
sain at an intraocular pressure of 0 ma
Hg The filled square represents the tem-
t perature of the wire when unheated ua-
o R S R ¢ der the same condiions.
9 1 2 3 40 SNmmH

INTRAOCULAR PRESSURE

TEMPERATURE

urea which then influenced the probe was draned by the isolated vein. The heated
part of the probe was covered with an inert solating omtment (SdonO Pharma
©a) and the reference juncuon was thermostated outnide the eye m a thermes fak
The antenor chamber was cannulated and connected with the levelling manometer
The IOP was decreased siepwise from 40—80 mm Hg to zero with the levclhog
manometer Each step was 520 mm Hg At each lesel of 10P ty and At were de-
d Thus dure was d to check that the probe really reacted to
moderate changes 1 flow The 101 was then regulated to different levels in different
expennments and t,, and 1t at thesc levels were determined agaun. Then the solaied
vem was opened The blood was permitted 1o flow freely over the supenor hmst &
the orbit and t; and /t were agam determun

Regults In all 18 expeniments were performed and 10 were aceeptable
from a technical pomt of vicw In 3 of these the vortex vein was opened 3
zero IOP 10 2 at 10 mm Hg in another 2 at 15 mm Hg and in 3 expeniments
2t 30 €0 and £0 mm Hg The mean artenal blood pressure which was suble
mn cach expeniment was 77 to 100 mm Hg

When the IOP was decreased before the vain was opened 1y mereastd and
It decreased as long as the pressure was not lowered below 10 mm Hg A
reductton from this level howeser 1o zero produced no chanyes n e
ty or .4t Opening of a vortex vein gave some wicrease 1a ty and a reducucn
of {t 1n the three expeniments performed at zero I0P No such changes could
be discorered when the sortex vein was opened at I0Ps of 10 mm Hg or mere:
The result «f one of the expenments 11 which the ven was opencd at %59
1OP 15 demonstrated m Fig 2

‘The changes 1n t and 1t produced by reducing the 10P before the \0:;‘
ven was opened indicate that the probe was able to detect chanss 1 ]dt
uveal blood flos of less than 10 per cent This could be deduced fmmﬂa'
present findinygs and a study of the relauonship between useal blood
and IOP reported elsewhere (Bur 1962 ¢)
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A reduction 1n IOP from 10 mm Hg to zero can be presumed (see dis
cussion) to guve very little change n uveal venous pressure and consequently
also 1n myeal blood flow The Jack m changes i ty and At found under such
conditions are in agreement with this 1dea

The changes 1n t, and /At produced when the vortex vem was opened at
zero 1OP indicate that this procedure mecreased the flow m the termtory
drained by the vein This in turn indicates that the flow through the ven
ancreased

The absence of changes in t; and At when the vein was opened at 10Ps
of 10—1> mm Hg or more mdicates that under such conditions the opening
of the ven did not essentially affect the flow in the area drained by it The
probe could not detect changes in direcuion of flow but there 1s no reason
why the opeming of the vein should produce an unchanged flow with an
altered durection Thus when a vortex vemn was opened at I0Ps of 10—15
mm Hg or more the flon through 1t remained essentially unchanged

B The role played by each rortex 1emn tn the drawmage of the uiea

Procedure Difficultics 1n determurung the flow from more than two veins at the same
tme made it necessary to make three series of experiments

In all expeniments the eyelids and the upper fibrous margin of the orbit were re
moved and the lacrimal duct was ligated The head of the anumal was placed 1n such
a posiuon that the blood runmng out of an opened vortex vemn fior ed over the upper
part of the orbit where 1t formed drops These were collected m test tubes which were
weighed before and after the samphng

Each flow determunation was based on a group of 2--5 single determunations of
the flow durning one munute

In one series the flow from the supenor temporal vortex vein was compared with
the flow from both the supenior vems The conjunctna 3 as removed over the upper
part of the eye and the supenor rectus and obliquus muscles were cut. The supenor
temporal vortex vem was then hgated and opened immediately afterwards and the
flow from the vein was determined The nasal supenor vortex ven was then ligated
and opened and the flow from the two opened veins was estmated

Ity as necessary to rotate the eye somewhat downward to obtain a free flow from the
vortex 1emns Care was taken that the veins 1 ere not stretched or linked

In the other two series the flow through the temporal and inferior pairs of vemns

thelh was similarly

Results In all 32 expenments were performed Of these 23 were performed
at IOPs stabilized at levels between 13 to 50 mm Hg whle 9 were performed
at zero 1OP The mean artenal blood pressure was maintained steady at
levels between 70 to 110 mm Hg

The error of cach single blood flow determination was defined as the standard
desviation withun the groups of single determinations (Davies 1949) In de
termunations of flow from one vein the error was + 0041 g/min (70 degrees
of freedom) and 1n determmations of the flow from two vemns + 0078 gjmin
(60 degrees of freedom) The error at low flow rates was not different from
that at fugh rates The crrors determined mclude vanatons 1n blood flow
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[ R “Jfrom two opened sortex vews and that from one
- Squares represent flow from supenor vortex seuns,
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caused by slight fluctuations mn blood pressure duning the sampling and emors
d with the samphng proced Expenments performed at zero 10P

were not 1cluded 1n the error determinations

Results obtamed in the 23 expeniments performed at an IOP of 1o mm Hg
or more are shown 1 Fig 3 Table I presents the ratio (flow from two opened
vems) | (flow from one opened vemn) n these expermments The figure and
table fail to nd any sy e m flow between the different
vortex sems

In the 9 experiments made at zero IOP the rato was 160 3+ 007 Ths
figure 1s signuficantly dfferent from 2 00 (P << 0001) Ths indicates that at
very low [OPs an opened vemn dramned some of the blood normally draned
by stll unopened vems

Table I The ratio {flow from two opened tewns) | { flow from one

opened vein)

Flow ratios

St +8Sn St+1t 1t + Lo

St St Lt

m 196 206 197
== 0073 0203 016n
¢== 0023 00,3 0033
n= 10 3 4
m = anthmeuc mean Sa. = supenor nasal voriex

s = standard devaation.

e =sandarderrorofthemean. It = mfenor temporal vortex

u <= oumber of experiments. e

S.4.= supenor temporal vortes [n, = mfenor nasal vortex
o yen.
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— 3 ovp
Fg 4 Schemat cprcscnuhon nrv.he features pertinent to the
discussion of the outflow problens. 5 sclera, OVP nrblml vV,
vemous plesus, ¥F  unopened vorex ven, Vi opened

Vo cin %0 "D the vemma escape the Ful smflutnce of the
Valesocuiar presouse 0P At E the veuns leave the sclera-

General discussion

Direct determination of the blood flow through the wiea

‘The present findings mdicate that at very low IOPs the flow from an opened
vortex vein grves no measure for the uveal blood flow This s due to the fact
that undcr such conditions the upencd vessel drains more blood than the

pened vens The foll g will show that the contnbution

of an opened vortex vemn to uveal drawmnage 1s also influenced by the rate of
blood flow through the uvea and the extraocular vortex venous pressure.

The pressure drop for blood flow through the uvea obviously equals the
pressure m the artenies entermg the uvea munus the pressure in the semns
leauing 1t The latter pressure was not known However Din Fig 4 represents
the place where a vein leaves the uvea At this point the vemn probably also
leaves the full influence of the IOP As long as there 15 flow through the vessel
the venous pressure Py, at thus pownt cannot fall permaoently below IOP
as the ven 1s then compressed and the flow ceases As the vein 1s very tun
walled 1t can be assumed for the sake of sumphety that st 1s kept open by
a neglgble distending pressure
Thus
0] P, = Iop

But P, also equals the sum of the extravcular vortex venous pressure P,
at E mn Fig 4 and the pressure drop from D 10 £ This pressuse drop
equals the flow 7 through the vem multiphied by the vascular resistance R
between D and E
Thus
2) Pin=Fz+1 R IOP

The extraocular vortex venous pressure m rabbits placed horizontally has
been reported by Szer (1937) to be 10—15 (—25) mm Hg as referred to
the level at the eye (These figures are probably somewhat high as will be
discussed but the pressure 15 defimtely positive ) The fact that the fow through
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A vortea vemn did not change when st was opened at 10Ps of 10—15 mm Hg
or maore indicates that under such condiuans 2 reduction 1n Py . did not
wiluence Py, This suggests that Pyp cqualied JOP before the vem was opened
as well as afier It scems reasonable then 1o assume that under certain con
dstions the resstance betueen D and £ may be mfluenced by partial collapse
of the vessel To facul the ¢ ot {2) may be rewnien as

3) Pyp=Pyptl (R, .+ R, > ior

where R 15 the part of the resstance between D and E caused by collapse
and R, s the resstance between D and £ when the vem s fully expanded
which it 15 asumed here to be at a very smail distending pressure

When Py, 15 ugher than JOP the factor R at 38 zero Opening of a vortex
vewm under such condiuons reduces its Pyp which gies an increase i flow
frora the artenies and shunting of blood from veins withia terrutories normally
drained by the unapened vemns When Py equals the J0P R 4 s zeso 1 the
bout stuanon when Py 4/ R, = e p = JOP, but is otherwise postne
Opening of a vem under such condstions obssously gives an ancrease i A,

Now of Jor P, or both are ncreased above the levels in the present o
peruments at an unchanged JOP this may provoke a rse i 2, above 10P
also at IOPs of 10—15 mm Hg or more This will alnays be the case m the
hmit sitwavon referred (o bus obviously may occur even of R runafly 1
posiine but not large eaough o compensate for the changes m question
Unders such conditions the flow from an apened vein no longer gives 3 measure

the uveal blood flow as panted out

Nothing was done tn the present experumenis to wcrease { or Py abore
the levels normally found in h d rabbuts d at a blood pres-
sure of 70-~110 mm Hg The present results therefore make st jusufiable to
determine the flow through the usea as four tmes the flow from an opencd
ren anly under cestam restncted condions The IOP has to be 1015 mm
Hg or more and P, and useal blood flow have to be normal or fow

It will be demonstrated elsevhere that at normal and lugh [OPs the pro-
cedure 15 adequare also ac relatively tugh P, s and fow rates (Bi 1962d)

In some additional experiments 1t was found possible ta cannulate an opened
vorrex vemn within its aintrascleral path without changing the flov In these
cxpenments it was found that the flow through the cannulated ven ceased
at an ntrascleral venous pressure some 10-—15 mm Hg above the IOP Ths
indicates 2 low resistance mn the venous shuns within the uvea and emphasizes
that the flox from an opened vortex vemn gites a measure of the blood flow
through the uvea only o Py, in all the uveal veins cquals /0F

3t should be pomted out that even if the pressure and flow requirements
mentioned are fulfilled considerable errors may be intraduced ! a single
expensment Thus 1s due to the fact that the flow through the vorex mnsc;:
not quute equal as mdicated 1 Fig 3 However n senies of experiments su
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errors will be of no importance as there are no sysiematc dafferences in fiow
fetween the vans

It could not be determuned 1 the present experiments o what extent the
surgical interference with the eye changed the reacmrty of the useal vessels
There was no complete Joss of vascular tone howeser as wdscated by the
finding m some add 1 exp that acetylcholine given sntraartenally
mereased the blood Bow through an opened vortex yzm

In many cxperiments 1t was found that m spie of stable artenal and wtra,
ocular pressures the flow from an opencd vortex iem tended to decrease
shostly after the vessed had been opened The decrease whach could rot be
prevented by larger doses of hepann was probably due to clotung as the
flow could be restored by touching the openng with 2 glass rod Frequent
mechameal fresherngs  of the optaung as a rule made it posssble tode
termune the flow thraugh the wea for more than 30 mm

‘The blood flow frome a vortex vein usually decreased if the blood pressure
el at an unchanged JYOP or if the YOP increased at a stable blood pressure
It appears that the great vanabihty mn results ob d by earker (v
dewgnmmnyg the flow from an opened vortex vem an rabbits may have been
caused by differences m sntraccular 2ad blood pressures and wa the effictency
of the i used Diffe m hesia and handhng of the sye
<an be presumed  hase pien mse o the pressuse diffevences and posubly
also to differences i vascular tone

Comprent on vexious presinres

The regulation of the uveal venous pressure and the extraocular vortex
venows pressare will be discussed elsewhere (Bies 1962 d) 1t should be powted
out however that the present findings indrcate that normally and, at tugh
TOPs1he venous pressure n the proamal part of the uveal yeins is bistle different
frowa the JOP Ths is w accordance with a rather general belief and i conflict
with theonies of SovpEgaranv (1929 1902) huss [1943) and Visraer {1922}

The extraocular vortex senous pressure just outssde the eye as determned
with a pressure chamber techiique was reported by Sewer (1837) @ be
1015 mm Hg under essenuially the same condsuons as m the preseat expen
ments Values as tugh as 25 wun Hg were found of the eye was iwmtated as
1L was m several of the present expenments In the preseat study Py, equalled
10P exen at 7GPs of 10~~15 mm Hy As Pyx must br loner than Fpat fobows
that ¢ was lower than n SEiDEL s expervments

Trus work has Been upparted by grants from the Medical Faculy s Uppsala and by a
grant (B 3060) £ om the Leuted States Public Heafh Serviee
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Studies of the Heated Thermocouple Pruaple for
Determunations of Blood Flow 1n Tissues
By
Axpess Binn
Recened I “orember 1961

Abstract

Biey, . Studus of the Leated thermocouple principle fot determanations of
blood flour 1a hisques Acta physiol. seand 1962 55111 —126 ~ L study
way made 1 models of some of the Gactors mnBuencing the adapabsliny
of the heated thermocouple pranaple for blood fow determnatons s
tisswes The apparent thesmal conductivity was determined with
conventional techougue The ussue blood How was wmalated by
Aow of water n palyethylene tubes embedded i gelatta Blocks and
through boles in gelaun blocks The findings indicate that there can
be no standard type of relationship between the apparent thermal
conductinaty ncrement and the Sow 1 any ussue wio whuch the
probe 1 blndly wiraduced 1t 1 concluded frora the results that the
probe 4 most suatably placed when snfluenced only by How 1n great
pumbers of capiilanes and very small vans For quanttative deter
munatens the probe has to be standandized in each expenment. Stand
ardizations will apply only under certamn rondwons which are
discussed

Durning studies of the creulation of blood through the wvea xt was considered,
that st would be of interest to find a of
refative changes sn blood flow through the chorord and the antersor uvea sepa
rately An attempt was made 0 utthze the heated thermocouple prinerple of
Gises (1933) oxt fy used for d of the blood flow within
ussues {for references see Grar and Rosert 1958) The results obtaned an
prelumnasy expeniments made 1t scem of interest to determing by means of
mode} expenments why the heated thermocouple was senutve only in some
cases to changes wh biood flow The present paper reports such a study

When the heated thermocouple method i apphed 10 mcasurements of the
blood flow through ussues the probe used 15 introduced 1nto a system m which
the heat transport 15 extremely comphicated. The probe will be smfiuenged by
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vessels of dufferent size each vessel having a vanable diameter In additon
the flow may be orientated differently in the ussue In the choroid the cond:
uons are somewhat more stmple Al the vessels are relatively small and there
15 a mam direction for the blood flow m the larger vessels which is the same i
the arteries and the vems It 1s also known that in the chorowd the calibre of the
vessels 1s not easily mfluenced (Wupsa and Leororp 1956)
Inpart the models used mn the present work were designed, to resemble the
condittons n the choroid The findings will nevertheless, contnbute to an
ding of the under which heated thermocouples can be
used for flow determmations in general
The heated thermocouple prmaple 1s based on the fact that the blood flow
through an organ cools a heated body introduced into the tissue The greater
the flow the more efficient 1s the cooling
Gibbs s procedure was to mtroduce mto the tissue a constantan needle part
of which was heated with a constant current The temperature dufference g
betneen the heated needle and unheated tissue was deternuned with a thermos
couple Two procedures were used
I The reference junction was thermostaucally controlled outside the am
mals body and the ys ure of the needle was determined
repeatedly when heated ¢; and unheated ¢, The value of ¢ i each situation
was determuned from the assoctated values of ¢, and f; The heanng obviously
had to be intermuttent
2 Both the needle and the reference junction were introduced nto the tissue,
the reference Junction bemng placed at such a distance from the needle that the
}ualmg dud not affect 1t In the :deal case possible changes i tissuc temperasure
vere automatically compensated for as they affected both the junctions The
heaung could then be constant and 4t could be detesmined continuously
Gises cmphasized that the methed could only be used for determinations of
qualttative changes m blood flow if the probe was not standardszed 1 cach
expeniment
The need for a standardization 1 each experiment was a very great dis
advantage It therefore scemed a great ymprovement when Grarso¥ (192)
reported that with a mod: of Gops s procedure, 1t was possible to deier
mmne the apparent ancrease 1w thermal conductwity 4K which was caused by
the blood flow and that AA was proportional to the flow In GRmSOVS
modification of Goss s method the heaung current was modified to maiiain
a constant Afof 1 C In a more convenuent modsfication of Hrnses and RueF
(1954) det was ded ¢ ly at a heaung current
At zero flow the true thermal conductivity Ag of the tissue can b
mned

¢ deter

. 1s
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where @15 an mstrumental factor which can be deternuned 1 a substance with
Lnown thermal conductivaty and 13 the heatwg current

When there was flow through the tissue the heating current had 1o be 1
creased i Gravsos s expenments to mamiam dtacl C In Hensels mods
fication 4t decreased Thus these was an apparent mcerease o conductyvity
above &, the mevease bang J& (In fact the conductonty obviously conld
not be determned as there was consectional heat trausport wrthun she system )

Gravsox found that the heat 1ranspert from the heated body was infiuenced
10 3 detectable way only by a tissue collar with & radius of 1 5~3 mam.

P venfying or d Grarsans findings concerming the

selauonship between the blood flow and 44 hane been repeatedly reported
the iterature {See discussion )

Methods

in the preseat experuments absoluee values for conductnany data as aoule were not
calculated Yn cach expenment the heaung cusrent was hept constant The insverse
sabae of f1 then gave a measure of the conduchivity 10 arbitrary wuts

The apparatus used 1o deber the heatrog cusrent and the probes used did not essen
ually differ from those used by Grarsos {1952) and HE Sty xod Ruze (1934) see Fig t

The 3G mams voltage was stabilized and ansformied to0 6 volee The current 10 the
probe could be vaned with a rheostar and determined by means of a vacuo uncton

‘The probe used consted of 2 12 mun long constartan wire, 010 mm m diameter
wiuch was soldered 2t each end 1o capper wares 0 12 mm in diameter and also 1o anpther
capper wire of the same diamater crosszng oser the constantan wire 2 mm from one end
The 2 mm pass of the constantan wire vas heated and she EMFs cawsed by the terapera
ture difference bets cen the ends of the 10 mum part of the constantan wire were amphified
m a ey oftmetar (Pye 11330 ar Hewlent Packard $253) and recorded with a graphic
recorder (Vanan G 103 The copper wires sere cuasmtlled and 3 vamrsh was wed 12
provide elecinieal nstdation for the probes

Expeniments
In the mam group of experunents the blood flow through a tessel was
sunalated by a flow of water from a reservorr through a poly ethy lene wbe The
prabe and the tube were embedded ac least 10 mm below the surface i blocks
of 20 per cent gelaun ussue e were performed math
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Tig 2 The refationship between 24 and flow
of water The model used 15 shown inset 1n
the figure ‘The probe was placed close to and
n paraffcl with the polmﬁykn: tube which

an spner diameter of 036 mm wall
thickness 070 mm Curve A was obtained
when there was no extra layer of polvethylene
added 1o the tube curve B+ hen one extra
layer thickness 020 mm hsd been added to
the tube wall and C when two extra layens
had been added Arrows at volue Ty,

9 07 01 ok O5mymg

FLON OF WATER

the whole system at room temperature except the part electrically heated The
heating current was such as to givea At of about 3 C at zero waler flow The
heated junction was placed downstream The flow rates investigated were not
high enough to produce turbulence in any of the tubes used Tt was determuned

1 what wasthe relationship hetween 4K and the flow through a polyethylene
tube when the probe was placed outside the tube

2 how this relationslup was wmfluenced by the thickness of the wall of the
tube

3 how the relationship was nfluenced by the mner diameter of the tube

4 how dutant vessels influenced the probe if therc was or was not flow
through vessels nearer the probe

The relationshup between AK and the flow, and the influence of the thickness of the
wall on this relationship

Procedure The probe was placed as close as possible to a tube with an inner
diameter of 036 mm wall thickness 0 20 mm, and the relationshyp between
AL and the flow from the tube was determined

One extra layer of polyethylene, 0 20 mm thick, was then added to the wall o
the tube and the relationship between AK and the flow was determuned agait
with the same probe and heat production The proccdure was also repeated
with tho extra layers of polyethylenc cach extra layer being 020 mm thick

Results T1g 2 shows that when the solating layer was incrased the general
sensitivity of the probe decreased Each of the curves A B and C reaches an
asymtote at high flow rates which makes it smpaossible to determine a flow value
for the tube at which a further increase 1n flow no longer changes 44 For cach
curve it 15 possible however to determine approximately the flow value 3t
wiuch 50 per cent of the maximum change n AK 1s reached This value Fio
can be seen to be essentially the same 1n all the 3 expeniments

In the following 1t will be shown that Fy, 15 dependent essentially on the mnner
ciameter of the tube provided the same flud and tube materal 15 useds I’t:
then can be used to define a flow range for cach tube withuin which modera
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changes m flow give Teasonable changes i 4K nrelanonto the maximum 4K
whuch can be produced by flow i the tube —that ss an arhitrary acceptable
flow range This range will be defined as from zro to twice Fyo1n the following
description It 1s lughly arbitrary as 1n fact not relative chans,es in A& but
absolute changes will deternune the true acceptable flow range However the
absolute change 1n A produced by a certan change in flow 1 each particular
tube 15 mfleenced also by the distance between the tube and the probe as dem
onstrated above and m addstion by the diameter of the tube (wide 1nfra)
In roodels st might then be possible to define a truly acceptable flow range for
each tube taking 1nto account the distance between the tube and the probe and
also the charactenstics of the probe and the heating produced Such an elabo-
rate defimtion would be of no practucal use however as1n a tssue the truly
acceptable flow rate for each particular vessel 1s influenced by still more factors
which vary from onte experiment ta another One suck factor of great unportance
15 that m a tissue, there wall be differences 1n temperature between dufferent
places and the temperature at cach place will change somewhat e g with
changes 1n the blood flow Therefore when the constant heatg procedure is
used there will always be a shghtly varymng temperature difference between
the ™o Junctions which 15 not caused by the heatung of the probe When the
tertmittent heating procedure s used there will be slight changes wn the local
tissue temperature which are not caused by the heating Accurate flow deter
mminations will be possible only if the error in the determunations of At due
to these factors 15 relatwvely small The larger the errors the larger must be
the changes 1 At which are caused by the cooling effect of the blood flow
The mamn ment of the arbitrary acceptable flow range concept 1s that 3t wall
faclitate the following discussion of which vessels that may pernut flow determs
natons with heated thermocouples and what type of relationship between AK
and flow that can be expected under different conditions

The relationship between Fyy and the wnner diameter of the tube

These expeniments will show that only very small vessels permit determuna
tons of moderate changes in the blood flow wath a heated thermacouple The
relationship between A& and the flow was determined m different tubes wath
inner diameters ranging from 012 mm to 150 mm

Procedure The probe was embedded m the gelatin as close to the tube as
possible and the relationship between A and flow was deterpuned In each
expenment the value for Fyy was determined To permut comparisons with
calculated data for mean linear velocities of streamung blood m vessels, the
mean hnear veloaty ¥4, of the streaming water corresponding to Fs.' was
determuned from the flow and the cross sectional area of the tube

@
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Fig 3 The relanonship between 3, and
the nner diameter of the tube 1 the
modef Sold csrcles repre-
sent values obtamed with fow of water
through polyethylene tubes embedded i
20 %, gelatn Cunve M connects these
valucs Sofid squares represent valucs
obtained with flow of water through
tubesin 10 or 30 gelatin open circles
values obtained with flow of blood i il
yeihylene tubesembedded 1n 20° gelatin,
open squares valucs obtained with flow
of water through channdls in 20 gela
tn Approximate values for the mean
hincar flow velocities in fissue vessels are
plotted agamst the corresponding diam
clers Cunve A gives the 1alues for the
artenal side curve V those Dar the venow
TUBE DIAM_IER side

MEAN LINEAR FLOW VELOCITY

Results The same type of relationshup between 4K and the flow was found
1 all experiments as in the preceding series Vy, was imversely related to the
tube diameter as shown 1n Fig 3

As could be expected the change 1n local conductivity which could be pro-
duced by flow in narrow tubes was smaller than that in wider ones [t was there
fore possible to determune T, 30 for wider tuhes with greater precision than that
for very narrow tubes as can be seeninFig 3

Human blood was used mstead of water 1n some experiments The results
obtamed were essentially the same as with water flow in the same tube as
shown m the figure In other expeniments the probe was embedded 1 10 or 3¢
per cent gelaun and m yet other expeniments the water was made to flow
through holes in gelatm blocks The results obtamed also n these experyments
were very lutle differcnt from those expected from the relationshup found @
the mamn series of expermments which 1s also clear from the figure

The present findings show that the wider the tube or the vessel that influences
the probe the lower 1s the upper limit of the hinear velocity range corvesponding
to the arbatrary acceptable flow range

As the total cross-secuon of the airculatory system decreases and the damete!
of the mdividual vessels increases as the heart 15 approached the mean hineal
velocity 1 gencral wiil be farger the wider the vessel both on the artenal and
the venous side Thus for bath artenies and veins there will be an upper h““;‘
for the size that can be expected to permit flow determinations with heate
thermocouples 1t 1s posuble to determne approximately from hnown d-;“
what the mean selacity may be in the vessels withun the tssues In Fiy 3 ‘c‘,:
velotiies in the vessels on the artenial side and those on the venous side arcb;
represented with one line (Data from Green 1950 ) Trom the ntercepts :h
tween the vessel hines and the tube Line 1t 15 possible to determune “h‘I

vessels normally have a flow velocuty that equals §,, 30 the corresponding poit
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ethylene tube 1f the probe 1s placed m suchawayas tobemnfluencedonly by the
flow through such a vessel and the diameter of the vessel 1s assumed not to change
1s diameter with mereased flow, 1t 1s clear from the first type of expenment
that the flow through the vessel may be increased 1o twice the normal value
before the arbitrary ptablc flow range 15 ded

Obviously the flow m vessels smaller than those discussed above may
crease even more above the normal level before the arbitrary acceptable flow
range 1s exceeded while vessels which are moderately larger than those discussed
first easily will show a flow merease which bnngs the flow above this range
Artenies with a diameter of about 0 23 mm and veins with a diameter of about
065 mm normally have a flow that 1s just at the upper hmut of the arbitrary
acceptable flow range for these calibres

However, as the absolute change 1n local A& which can be produced by the
flow through a tube 15 related to the wnner diameter the truly acceptable flow
range m very small vessels 13 a smaller part of the arbitrary acceptable flow
range than in larger ones Thus an mdividual capillary which has a very
hugh arhatrary acceptable flow range can be presumed to have no truly ac
ceptable flow range at all due to the small A which 1s produced even by very
hugh flow rates through such a small vessel Intermediate sized and larger tissue
vessels however may have a iruly acceptable flow range of the same order as
the arbatrary acceptable flow range This could be concluded from a comparison
between the absolute values for AR calculated in some of the present expen
ments and the values for 4K found in tissues by carlier investigators

The values for flow «eloaity mn different parts of the vascular system are rough
approxumations as pointed out by GREEN and refer to the sttuaton 1n dogs
‘There scems to be no reason however why the condions m humans and

Taboratory anmmals bke cats and rabbats should be essentially different from those
i dogs

Influence of near and distant tubes

The purpaose of these exp: was to d that the mfl on
the probe of the flow through a certan vessel was dependent on whether there
was flow also 1n other essels close to the probe

Procedure The probe was placed as shown inset in Fig 4 so that it was qullc
close to two of a row of 4 polyethylene tubes (inner d 0 36 mm) mpl.
1n 20 per cent gelatin

The A produced by a relatively hugh flow n each tube separately was
determined with a flow of 0 4 ml per minute through each tube The same flow
was then produced through all the tubes in different combinations as indicated
n Fig 4 and JA produced under such conditions was determuned

Results As could be expected the flow through the tubes nearest the probe
influenced the probe to a much larger extent than that through the more distant
tubes When there v as flow only 1 the most dustant tube 1t influenced the
8673015 Acta physiol scand Vol 55
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Fig 4 The influence of flow through distant tubes on the probe when there is nat respecinely
15, flow thraugh tubes placed in between the distant tubes and the probe The model used s
shown nset 1n the figure The probe was sited close 1o one of 4 parallel tubes placed deep
g laun Inner diameter of the tubes 036 mm wall thickness 020 mm  The flow rate i cach
tubc was zera or 0 4 ml per muute

probe considerably but when there was flow also through the neares tubes
sts mfinence was hardly detectable Further, even the flow through the tube 3
wmfluenced the probe to a far less extent 1n this situation Sumnilar expenments
with other tube diameters gave the same results It can be concluded that the
probe when placed in a tissue will be influenced essentially by the very nearest
sessels More distant screened vessels of the same size or smaller wall influence

ae probe very lile even if the distance to the probe is only some I 5~2 mm

The relattonship betaeen AR and the flow tn @ liwo-lube ystem

These expesiments were performed to demonstrate that if the probe 1
nfluenced by the flow through more than one tube the findings in the single
tube expenments concerming Fy, sull apply

Procedure: The prohe was placed close to two tubes of thesame mnner diam
eter (036 mm) embedded in gelaun Two types of tube arrangement were
used see models inset 1n Fig 5 and 6 The relauonshp between JA and flaw
was determuned first for each tube separately and then with the same flaw raies
m both the tubes at the same ume

Results Fig 5 shows the result of an expeniment with the prebe placed be
tween the tubes The 1A produced by a certan flow rate wn each tube when
there was flow 1 both the tubes was not essenually different from he sum of
the JAs produced by the same flow rate n each of the tubes separately There
was akso no essennal difference in £, for each tube when there was flow through
both the tubes as compared with when there was flow through only one tube

Fig 6 shows the result of an expenment m which the probe was placed Cl”:;
to one tube the otlier tube being sited on the other side of the first menuon

tube
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PROBE
Fg 5 The relatonship between X and the -
fow when the probe was nfluenced by theflow N ZITA L
1 two tubes The model used 1 shown mset i Vet ! c
the figure The probe was placed close 1o onc of »
two polyethylenc tubes inner diameter 0 36 mm .
wall thackaess 020 mum the ather being sited
2t some distance from the probe butnot screen  x 2

od by the closest tube Cune Awasobtaned =
with flow only through tube | cune B with flow

only through tube 2 and cune C with fow
through the two tubes at the same tme. The
absaissa gives the How through each tube 1 hen T T T A
there was flow oaly through one tube the other

was filled with water Arrows at value Fyy

FLOW OF WATER

PROZE
a7

Fg 6 Therclatonship between the JA and the Y

fow when the probe was influenced bv flow Yoecose )

through two tubes. The model used 15 shown n

2nset 1 the figure The probe was placed elose

TweES

c
10 oneof two poly ethy lenc tubes 1nner diameters » s
036 mm wall thickness 020 mm placedmpar =
allel Cune A was obtained when there was flow
only through tube 1 curve B when there was 1 s
flow only through tube 2 (The tube w thout

flow was filled wath water ] Curve C was ob
tained when there was the same flow through T T T T
both the tubes The abscissa gnes the flow

through each tube Arrows at value Fyy FLOW OF WATER

The dF produced by the ssmultaneous flow 1n both the tubes was considerably
less than the sum of the J As found with flow through each tube separately F,
however was not changed i a detectable way

Thus 1f a probe 1 a ussue 15 mfluenced by two vesscls of the same size the
arbitrary acceptable flow range for each vessel is the same as 1t would have been
had there been only one vessel provided the flow changes are the same i the
o tubes

These experiments indicate that in tissues the probe will be placed as favour
ably as possible when mfluenced by the flow 1n a great many very small vessels
preferably capillaries venules and very small veins Each of the vessels then
will have a high arburary acceptable flow range and the absolute changes in
A& which are produced by moderate changes 1 flow through the tssue will
De large due to the large number of vessels

The tume taken to reach the steady state JF

The tume taken for A# to reach a new steady level after a large change n
flow was several minutes It was found howcver that 90 per ceat of the total
change that was produced 1n .14 was wrought wathin about one minute urespec

tive of which model was used and irrespectine of the tube diameter and the
distance between the probe and the tube
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Table I Thermal conductiuitis of tissues and substances used wn the model expersments

Substance emp G Thermal Source

conductivaty

%10~ cal cm™*

secd G
10, gelaon 37 122 Gravsox (1952}
20 gelatn 37 s Gravsos {1950)
30, gelatn 37 1ne Gravson (1932)
Polyerhylenc - 80-110 Frrz (1927)
Water 20 142 Hopcesax {1958)
Luser rat 37 ns Gravsow {1952)
Liver dog 37 119-120 GraF ctal (1957)
Rudney rabbst 37 120 Gravsov (1927)
Muscle, human about 32 107 Hensey, stal (197)
Blood human 368—394 121 Seerys (1960}
Steel 18 150 Honceaas {1958)
Ethyl alcobol 20 40 Honcesan (1958)

General discussson

Comment on substances used wn the present siudy

The majonty of experiments i the present study were performed with sub-
stances which have thermal conductwties of the same order as that found m
the blood and most tissues see Table I

It then seetns quite jusufiable to conclude from a consideration of the thesmal
conducuvity data m Table T and the results demonstrated 1 Fig 3, that the
findingsn the polyethylene tube exp: haverel also from a quants
tative aspect n Lving tissues This has 1n fact already been assumed 1 the
prehmunary discussion of each expenment It should be painted out however
that the results have no general application quanutatively as sndicated by the
findings n some additional espenments Insome of these the polyethylene tube
was replaced with a steel canulr in others ethyl alcohol was used wnstead of
water The values found for V,, were some 50—84 per cent fugher than those
1 the main group of expenments

Remarts on flow determinations without standard zaltons
There has been considerable disagreement among catlier 1 esugators 60;‘
cermng the relatonship between 1K and blood flow It was stated repeatedlt
by Grayvson and co workers that in dufferent ussucs such as hver brain ;l\ﬂ“
ladney, 4 1s approximately proportional to the flow at all ph)slologlcﬂ\ o
vates For references see Dossnun GRavsoy and \enpeL (1960) The same %P:
of relauonship was found 1n perfused spleens by Henser and RuLEF (1904) Th

semi
npe of relauonsup 1t was pointed out made 5t possible 1o determine
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quanutative that 15 percentage changes from some normal ialue in local
blood flon Henser and BENDER (l956) reported that apphed to the shin, the
method p d even of the blood flow 1n m!{100
ml sLm[nun Such was ok d simply by mulupk the values
for A& by a constant factor

Livzzrs {1903) on the other hand reported that in perfused hidneys JK
was proportional to the flow only at low flow rates At higher flow rates d&
sull mcreased with the flow but less than required for proportionality In model
experiments he showed that if the probe was introduced imto the streaming
fiuad 1n glass tubes A was proportional tothe flowatlow flow rates and to the
square root of the flow at intermediate flow rates At stull higher flow rates A
did not change 1n a detectable way for moderate changes in flow It was also
found that 1t was not the flow but the mean hnear flow v elocity of the streamng.
flud which determuned AKX Thus irrespective of the tube diameter the line
representing the relationship between AA and the mean hincar flow veloaty
reached an asymtote at about 9 cm/second

‘The same type of relationshup between dA and the flow as found in Linzerr s
hidney expermments was found m the Iiner by GRaF GorennorEN and HenseL
(1957) and n perfused human bone marrow by Grar and Stev (1958) In
muscles however Grar and RoseLs {1958) again found AA to be approximately
proportional to the flow

Mowsrav (1929) reported that a1t was possible to calibrate heated thermo-
couples 1 models with flow through glass wool and 1o use such calibrations to
obtain measures of tissue blood flow i mlf100 mlfmun both in the thyroid and
in muscles Nieser and kosstas (1939) finally assumed that m the rabbit
uvea At decreases lineanly with increasing flow

The present model expenments show that if a probe mtroduced into a tissue
1s placed close to some relati ely large vessels the apparent thermal conductivity
wncrease caused by the flow through these vessels will be much larger than if the
probe is sited 50 as to be nfluenced only by flow in a few and very small vessels
m the same ussue Thus the findings of MowsRray (1929) must have been ob-
tained 1n some expenments i which the probe was placed mn such a way m
muscle and thyrord that by chance the standardlzauon performed 1n the models
applied A general 1 of such 1s excluded from the
present work and also from the work of Grar and Roserr (1958) These
sestigators demonstrated that 1n muscle tissue 1t 15 possible to place a probe in
such a way that the normal flow through the tssue gives very different values
for AA 1n the same muscle

It scems probable also that the finding of Hensew and Bexper (1996) that the
blood flow through the shin can be d d by muluph of the
thermal conductivity increase with a constant factor has no general :;l;phca
Inlity in determinations of shin blood flow The vessels 1n the slun which are
likely to domnate the heat transport from the probe are those in the papillary
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layer situated under the epidermus ‘That these vessels will be of the greatest
mmportance was indicated by the findings 1 the multitube model that flow
through the nearest vessels reduced the mfluence of distant screened vessels

The thickness of the epidermss 1solating the probe from the vessels in the
papillary layer 1s quite vaniable from one imdividual to another and from place
to place i the same wndividual As a rule the thickness vanes between 003
mm and 0 20 mm but 1t can reach values above | mm The expenments per
formed m the present study with different wall thicknesses show that such
dufferences in thuckness of the epidermus can be expected to give large differences
m AK 1t seems very likely that the number of vessels in the papillary layer
varies from one place to another which also will tend to give errors

For practical reasons Henser and Benprr chose to calibrate the probe when
attached to the skin of the thurd finger It seeras probable that the reason for the
good agreement i 4K/blood flow relationships betwcen different mdividuals
was siilanty 1n age and occupation, of the persons investigated which may
have given a simlar epidermal thickness and also a stmular number of vesscls
in the papillary layers of the fingers examined

It seems yustifiable to state that m general, determunations of absolute salucs
for blood flow through tissues cannot be made with the heated thermocouple
principle unless the probes are standardized i each mndividual expenment

The many reports about proportionahty between 4A and the local blood
flow also seem hard to understand 1n the light of the present findings These
unequivocally show that there can be no such standard type of relationship
between Ak and the local blood flow 1n any tissue into which the probe 1
mntroduced blindly In some positons the probe may be nfluenced by only very
small vessels and, in such a case any change 1n flow through the tissuc will
change the local AK In other positions the probe may be influenced by &
larger ussue artery or ven Under such conditions local AK will change very
Iitde for moderate changes 1n flow as the normal flow in such vessels s much
above Fyy

‘What 1s then the explanation for the many reports of a bincar relationship be
tween AA and flow® Several factors may contribute o give this type of rela
tionship quite often 1 bissues Furstly 1t 13 obvious from the present cxpcnmt"ﬁ
that if the probe 1s placed 5o as to be influenced only by the flow 1 very sma’
vessels the curvature of the line representing the relationsiup will be "P;
small as the maximum phystological flow veloaty all the vessels 5 12
below W,

Sccondly the total number of vessels open at hugh flow rates may be Inugher
than that at lower flow rates This abviously will tend to give an extza incresst
m AA, as the flow through the tissue 1s mereased.

Thirdly a distension of the vessels will tend to give the sam
trated m Fig 7 As the flow increases there 1s a shift from onc
to another sumulaung a long hinear nise

¢ effect asllus
Ahjflow cune
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<
Fig 7 The effect of dustension of the vessel on the rela = Z
uonsh p between oK and flow Unbroken hines, hypo-
theucal curves showiag the relationship between JA Z
and flow 1n 2 yessel at three different states of dusten
son Broken Line the same relationstup when the vessel
15 permutted to dilate m & continuous fashion

FLow

It 15 of interest to note here the proporuonality between J4 and the blood
flow reported by Hexser and Benper (1936) to apply 1n skin and by Grar and
Rosert (1958) i muscles Placed on the shin of the finger, asin HenseLs

p the prob: be expected to be infl d lly by the small
vessels in the superficial layer in the conum as mentioned The majonty of these
vessels are very small and the number of vesscls influencing the probe wall be
large The present findings indicate that this 1s :deal in flow determinations with
heated thermocouples and may often give proporuonality between JA and
flow

The results of Grar and RoseLr {1928) may appear to differ somewhat more
from what can be expected It was stated by these authors that 1n muscles there
15 approxamative proportionality between 4A and the blood flow if the probe 1s
placed so as to measure a AKX above a certain value at normal flow In dissec-
tions of the ussue 1t was found that under such conditions the probe was placed
close to a macroscopically visible vessel When placed so that the 4K produced
by the normal flow was below the Lzt value it was found to be sited 1n capillary
areas without larger vessels In the latter position the changesin & which were
produced by changes in flow were so small as to make errors in the determuna
tions of ¢ play a great role and the positon was regarded as not acccptable
The present findings show that the AR produced by the normal flow gives very
Little information about whether a postion 1s good or bad 1f the probe 1s placed
€ g close to an artery or a relatnely large vein the AA produced by the normal
flow in these vessels will be great but moderate changes in flow may give very
Litle change 1n AA because of the size of the vessels and the high mean linear
flow veloaity at normal flow rates in these vessels

However the expeniments of Grar and RoseLt were performed n cats hind
muscles and the blood and the tissuc were not thermostatically mantamed at a
constant temperature. It scems very probable that in such a relatnvely small
structure as that investigated only places with smilanues in vascular arrange
ment may be isothermal under such conditions 1t can further be presumed that
for anatomucal reasons the chance of placing both the junctions close to larger
vans or artenes will be smaller the smaller is the organ

The reason for the proportionality reported may then be that places where

the heated part of the probe was influenced by relausely large vessels were not
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gated due to the y of finding, ssothermal places for the tho Junc
trons and the small probability of finting such places near large vessels The
authors report in fact that the posiion of the probe had to be changed [0~
20 umes before a gaod place for 1t was found
1t can be concluded that when the probe 1s introduced blindly mto a ussue
one cannot expect a standard 1y pe of relationshup between A4 and the blood
flow m any tissue

Flow det with standard,

The preceding discussion shows that, for studies of senuquantuatse chanyes
m floss st s necessary, as a rule, to standardize the probe in each expenment
Thas can be done only if there 13 a procedure by which the flow can be changed
m a known way

For quanutative determinations of the blood flow through a ussue with
heated thermocouples these have to be calibrated with some method for

flow d
In esther type of standardization there 1s no need for calculations of data for
N
¥ thermal cond ty asit1s quite £z Y to know the rek:

between At and the flow
However the present findings wndscate that standardizations of the probes
will he rekable only under certamn d the spatial rek: g hetueen
the probe and the streamung fluid in the tissue must be the same at cach partic
vlar flow irrespective of which factors mfluence the probe Thus requirement
s ot fulfilled ¢ g if the probe 1s placed close 1 an arteriole varyng greatly n
diameter with changes of sympathetic tone but ittle wath changes in pressure
Ihcad for flow through the ssue
A calibration of the probe in such a case performed ¢ ¢ by varying the ussue
pressure will not apply for chang,es in blood flow produced by simulatien of the
sympathetics as the same flow through the ussue 1 the two cases affcets the
probe n very diffesent ways During the calibrauon it is wflucaced by 3
relatsvely swade vessel with a moderate mean hnear flow vefoaity of blood In
the Lutter case the vessel 1s narrow and the mean Imear Bow velocsty of the bioud
may be several umes ugher
As the vessels domunating the heat transport from the probe are those closest
1o the probe st must be suspecied that when the probe 15 used for measurements
of blood flow within fissues with flow also of other fluids convectional h:,ﬂt
transport with thewe flusds may now and then ntroduce crrors Tlus may bf"‘:
case e g when i Iner experniments the prabe 1 placed close to a ble duct
such unfortunate experiments standardizations of the probes will have no
meaming t
If the issue withun which the flow 1s measused has a tendency to change be
extrasascular volume with changes 1 blood flow then great errors may "
mtroduced into the flow determmauons A reduction 1n flow under such con!
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wons may very well even increase AA if 1t causes a reduction in the tissue 1sola
ung the probe from the vessels

The present expeniments largely confirm Gibes s somew hat pessumistic states
ment concernung the uscfulness of the heated thermocouple prinaple If a
standard 18 not perfe d 1n each exp the methed as a rule can
be used lly for & of qual changes m blood flow
‘They also demonstrate

1 that the standardizations may not always applv

2 that the probe may be placed in such a way that itisinsensitn e to moder-
ate changes in flow even 1f 1t 1s close to vessels

3 that qualitatve errors may be mtroduced even by moderate changes m
cxtravascular volume and

4 that under unswtable conditions the convectional heat transport from the
probe may be dominated by flow of fluads other than blood

Summary

‘The adaptability of the heated th le principle to or
tatne determinations of tssue blood flow has been studied 1n model expenments In all
the expeniments the probe was placed close to vessels 1 gelatin blocks

1 When the probewas placed closc to a polyethylene tube embedded 1n the gelatn

ctional heat transport with the flow caused an apparent increase JA

1n thermal conductivity There was a detectable change 10 A4 for a moderate change 1n
flow only wathin a small range of low flow rates At higher flow rates the line represenung
the JA/flow relanonship reached anasymtote Extralayers of polyethylene added ta the
wall of the tube reduced the general sensiuvity but the flow rate Fyp at which 50 per
cent of the maximum change m AR was reached was not essentially changed

2 In smular experiments with tubes of different diameters or with flow through
holes 1n gelaun blocks 1t was found that the mean linear veloaity corresponding to Fyy
for cach tube was msersely related ta the diameter of the tube or the hole In the ussue
vessels the mean hnear flow veloaty increases as the heart 15 approached Therefore
there 1s for both arteries and ve1ns an upper sizelumit for the vessels which wall be accept
able 1n flow determinations Placed close to artenies about 0 18 mm in diameter or 1ens
about 0 45 mmin diameter the probe 1s sensitive withun a flow range from zero to about
twice the normal flow

3 When the probe 15 influenced by the fiow m two tubes placed one on each nide of
1t the flow through each tube influences the probe to about the same extent as 1n single
tube expenuments Ifthe two tubes are placed on the same side of the probe one screening
the other the influence on the probe of flow through the screened tube 1 much reduced
by flow through the nearer one

4 When the probe 1s placed 50 as to be wfluenced by flow 1n both distant and nearby
tubes of the same size the flow in distant tubes screened by the nearby tubes 1s neghgible
even if the dustant tubes are sited only about | 5 mm from the probe

Tt 15 concluded that there 1s no standard type of relationship between AA and the
flow 1n any tissue into which the probe 1s bhindly introduced A standardization thus has
to be made in each expeniment f more than qualitatn e information is sought.

It 15 pointed out that standardizations may nat be valid under all condions and that

changes in the pemascular tissue 1solating a probe from a vessel may give large and
cven qualitatne errors
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Tissue pO, and pCO, of the Cerebral Cortex,
Related to Blood Gas Tensions
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Abstract

Greicasy U D H Incvar D W Lusszrs B K. Stesjo and
G Trews. Tissur pOy and pCO; of the cerebral cariex releated to blood gas
ltensions \cta physiol scand 1962 55 127—138 — Quantitatne
measurements of the pO, and the pCO, on the ntact surface of the
cerebral cortex were made n anesthetized dogs Simultaneous rcas
urements of the cortical metabolic rate of oxy gen and carbon dioxide
as well as of the artertal and cortical venous pO, and pCO, (GLEicn
MANN ¢t gl 1962) allowed calculanion of the ayerage tissue pO, and
PpCO; according to THews (1960 2 and b) The results indicate that
the pO, and the pCO, electrodes measure tensions which are close
to the calculated average ussue pO, and pCO, respectively

It has long been gmized that direct of the ussue oxygen
and carbon dioxide tensions could yield useful information on important events
1n the central nervous system A step forward was the development of polaro-
graphic electrodes for measurement of the oxygen tension 1n tissue (Davies and
Brinw 1942) Since that ume a number of qualitative studies of the oxygen
tension of the cerebral cortex have been performed (Davis McCurrocu and
Roseman 1944 Davies and Rexosp 1947 Mocmzicrz 1951 Mever and
Desvy Broww 1935 efseg Invar Lissers and Siesjo 1960 1962 Mever
and Goron 1961) Although quanutatne measurements have been possible
with the recessed  type of plaunum cathode (Davies and BRive 1942 Davies
and Brova 1927 ¢f Carer 1960) such have not been perf d
systematically to any larger extent {See discussion)

Qo lea < of abucnce [ om the Iosutuie of Physilogy Celogne
Present adreas Depariment of \ppl ed Phys olng) \Marburg
Onlea  of absence from th Imu i of Physology K |
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Recently a membranc covered recessed type of platnum cathode has been
devefoped for intermuttent quantitative measurement of the oxygen tension
on the surface of a tssue such as the cerebral cortex (Lupsers 1960) Also a
method have become available for g of
the carbon dioxide tension on tissue surfaces (Hertz and Siesjo 1959, Siesyo
1961) Smce these clectrodes, when applied to the cercbral cortex measure the
respectne tensions at the pia dal surface no diate conclusions can
be drawn from such measurements as to the tensions in the tissue proper Such
conclusions evidently awaits the experimental correlation between the tensions
measured at the surface and those existing n the tissue proper

The distnbution of a gas i a ussue can be analyzed theoretrcally with the
help of a suitable diffusion model ¢ g the tssue eylinder (hroci 1919, Oryz
and ScHaEDER 1900 Tuews 1923, 1960 Rery 1907, Tuews 1960a) A prac
ucal advantage of such an analysis 1s the introduction of an average fissuc ten
sion which can be calculated from the tissuc cyhnder modet Ths calenlation
requires knowledge of (1) the mean capillary diameter as well as the mean
smtercapiblary distance of the particular tissue {(2) the diffusion cocffiesent for
the gas i the tissue (3) the ussue consumption or production of the gas
{(fCMR,, and *CMR, ) and finally, (4) the gas tensions along, the capillany
The consumption or production of a gas i the tissuc can be calculated of the
total content of the gas 1n artental and representative venous blood as well as
the tssue blood flow 1s known

Presently the above method to calculate the average ussue tension can be
used for oxygen and casbon dioxide i the cerebral cortex of expertmental
ammals This has been made possible by the determmanon of the difTusion
lcacﬂicxcms for oxygen (Tuews 1960 b) and carbon diexide (Stesjo and Tiiews
1962) n cerebral gray matter as well as by the devclopment of a repeatable
method for the determunation of regional cerebral blood flow (Lssses and
Incvar 1961 1962) the capillary canstants beirg known (Honstaasy 1960)
and methods for the determination of gas contents and tensions (SEVERINGHALS
and Bravrey 1958 Gueicisany and Lussers 1960) already at hand

The present work aimed at an interpretauen of the ussue tensions meds
on the surface of the cercbral cortex with the pO, and the pCO, clectrodes by
sunuitaneous measurements of the factors necessary for calculaton of the
average ussue pO and pC O, It will be shown that the tensions measured and
those calculated agreed farly well The conclusion 15 reached that the pOsand
pCO; measured with electrodes of the present type and size come close to tfe
actual average gas tensions 1 the tissue

Methods
{4 Calculation of average tissue pOy ond pC O,
The calculanon of the average tssur pQy and the ayverage tssue pCO; mﬁd“rﬂ
the following diffusion model  The tssue can be functionally divided :mo ] ‘.m;c
areas which are supplird wich centrally situated capullanies (Rzocit 1919) The 3

ured
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Relaure length of capllary with artenial end at /10 and s enous cnd at 1010 Measuremenss of
PO a0d pLO were sarmed out afier suang arterial and senous blood 1o proportions g en o
the abocissa ¢ g 6/10 mean that 6 parts of artenial blood were uxed with 4 parts of venous
Blood

capillary radius (Ry) for the dog 15 given as2 5 10 cm, the radsus of the tissue cyhader
(Ry) as 30 10~ cm (Horstatax~ 1960 of Trews 1960 b) The consumpuon of oxy gea
and the production of carbon dioxde 15 assumed to have a temporal and spatial ym
formaty withen the tissue For such a steady state condion the differential equation for
the diffusion can be sohved TFollowng mtegratton Over the cross section of the ussue
cylinder and along the capillary the followmng formula 15 derved for the average tissue
gas tension (as a funcuon of the constants which determne the diffusion)

R,

= et A[‘ 3R —R Ll 1 Q
#=se =35 IR =R R, !
p = the average tension of the gas m the tssue integrated across the eross section of
the cybnder and along the capillary 1n atm
Fc = the average tension of the gas i the capillary integrated through the length of
the capillany a0 atm
A = the consumpuon {with posinve prefix) or the carbon diomide production {vath
negatve prefix) 1n mml tissue/min
& = the diffusion coefficient of KrocH 1n ml gas/cm/mun/atm.
The term withun the large brackets ooly depends upon the magnstude of Ry and R
the values of which are given above The equation can thus be simphfied 1ato

- - 4 -
p=pc 78 10 =Fc i+ dp @)

dp1s thus the dfference between the average tissue tension and the as erage capallary
tension 1t vanes only with the metabalic rate of the gas, provided the radsus of the
capillary 13 regarded a constans In the present mvestiganon the metabolic rate (A} was
d d 1 each through of the regional cortical blood fior
as well as of the arterio-v enous differences of 0xygen and carbon dioxrde The diffusion
coefficients (K used were the following o, — 2 3 10~ ml/omjminatn (37 C) (Teews
1960b) heoy = 54 10~ mlem/oun/atm (37 C) (Siesjo and Trews 1962)

The average tension of the gas 1n the capillany (pc) can be obtamned by graphical
wntegration if the change of tension along the capilary 15 knovn For oxy gen ths
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change 15 dependent upon the part of the oxygen dissociation curve occupied The
tension curve along the capillary can be determined 1n two ways the first of which was
developed for the present purpose (Lussers and GLEIGHMANN 1961)

The first procedure 1s based upon the assumption that the oxygen consumption {resp
the carbon dioxide producuon) 1s :dentical m all tissue loar along the capillary Hence
the decrease 10 oxygen concentration (resp the increase 1n carbon dioxide consentraton)
along the capillary should be umform The decrease of the oxygen concentration and
1ncrease of the carbon dioxide concentration was thus mimicked by mixing artenial and
venous blood 1n different proportions (10t0 0 9t0 1 8102 etc) and the pO, and the
pCO; of the mintures were determuned (Fig 1) Using the onginal venous blood at the
tissue temperature no corrections were necessary The resulting cune cleardy demon
strated the Lineanty of the physiological carbon dioxide dissociation curve

According to the second procedure the artenal and venous oxygen tensions were
transformed 1nto standard condstions and the corresponding values for oxygen content
determuned from the oxygen dusociation curve for the dog s blood (BARTELS and Harxs
1959) The difference i oxygen content between arterial and venous blood was then
dnided mnto ten equal parts and the corresponding oxygen tensions read from the
d curve were fe d 1nto a curve sl g the slope of tensionin the
capillary From the tension curves obtained with either method the mean capillan
tension was ob d by hical

B Technques and experimental procedures

The present expenments Wwere performed on dogs after preluminary tests on dogs
cats and rabbits. The expenmental procedures have been reviewed in detail elsewhere
(Grercmuan~ et af 1962) Only a few relevant facts will be recalled here. The regional
cortical blood flow {rCBF) was measured according to Lassex and Incvar (1961 1967)
the oxygen and carbon dioxide tensions 1 artenial and cortical v enous blood zccol
g to Greicumans and Lusgrrs (1960 ¢f SevERIGHAUs and BRaprey 19:8) and
the total blood oxygen and tarbon dionde content by manometnic determunations
faccording t0 v Stvaz and Newr (1924) Arteral and cortical venous blood samples
sere taken 1 paraffined and heparimized 2 ml all glass syringes from polyethylene
cannulae mounted in the femoral artery and mn the superior sagittal sinus respeetnely
It was found necessary to remove the bone above the sinus to ehminate diploic anasto-
moses (see below)

The pO, and pCO  electrodes used m the present experiments were both designed
for application onto the exposed pra arachnoidal membrane the active surface of cach
electrode covering a cortical area 2 to + mm in diameter The reasons for such a desig?
were several the two to most important being the hazards mtroduced by even discret©
surface damage to the tssue (Steqyo 1961) and the vanations encountered {in tssue
pO,) when measunng on different cortical locations with electrodes of smaller s:;c
{Davies and Brosk 19571 These latter vanations evidently were influenced by e
presence of surface vessels The pCO, measured wath clectrodes of the prosent sll‘;
however 15 only anfluenced by the largest surface emns (Stesjo 1961) These wer
therefore avoided 1n the present expenments o

The pO, electrode (Luseers 1960) was a recessed type of the membrane covered p .
pum clectrode (¢f Davies and Buk 1942) The recess formed a chamber filled e
saturated potassium chlonde The chamber was 400 g deep and had lzx:ml:h ke
1 mm thick, to earlude anv influence of the oxygen pressure of the surrounding r}n :he
upon the measurcments he electrode was operated micrmittently 5o that e
recess was allowed to equilibrate with the tissue oxygen, no current was drann M o7
end of the equilibration ume (10—15 minutes) a negatne potential of —031w0
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«olt was appled to the cathode current bemg drawn for 3 seconds The readings were
made with a N (s ) Dunng the equil ume the animal
was closely obsenved to ensure ‘of respiratory and arculatery cond as
well a8 of cortical functional acuvity (EEG)

The pCO, electrode (HERTZ and Smsjo 1959 Swsjo 1961) was assernbled with 0001 N
NaHCO, and with 12 g Teflon The electrode was suspended 12 a needle heartng so as
10 exert mummal pressure onto the tssue surface, The signals from the clectrode were
amplfied by a pH meter (P 22 Rapiosetes, Copenhagen) and fed to one of the
DCochannels of an Orrver type D3 Electroencephalograph and recorded on paper
simultancously with the EEG and the blood pressure Absolute readings of ussne pCO,
were taken from the pH meter the same meter being used both for measurements and
for calibrauons.

The pCQ, values obtamned on the haadal surface of by d anumals do
not vary sigaificantly between different corucal areas (Stesjo 1961) Under the conda
tions of the present experuments the placement of the pCO, clectrode was therefore not
constdered cntical The electrodes was thus placed somewhat belund the pO, clectrode
in a scparate burr hole (¢f Diagram | GLEICHMANN of ol 1962)

Bath ¢lectrodes were calibrated 1o gas streams at the temperature of the corucal
surface which was measured subdurally close to one of the electrodes The temperawure
measured at the cortical surface was usually somew hat lower thas that m the oesophagus
(¢f Table I Grercusas™ etal 1962) The gas tensions in the blood samples and the
values obtamed at the tissue surface were thus determined at sightly different tempera
tures

Prior to the experiments described here a senes of cortical pCO  measwrements
were made without previous elmination of the diploic anastomoses to the supenor
saguttal smus The pCO; values obtamned 1n that senes often differed substantially from
the calculated average tssue pCOy and often came close to the pCO measused n sinus
blood It was also found that the pCO, of the corncal venous blood samples vaned with
the rate of aspiration from the sinus cannula On the assumpuon that the aspiranon

caused a varymng degree of contamnation with extracerebral blood via the dsploic
anastomoses these anastomoses were carefully m all P
by means of a longitudinal craniotomy The speed of blood sampling from the sus was
howeser also adjusted to the normal rate of outflow from the cannula since too rapid
a sampling often gave a small decrease on the continuous recard of pCO, from the
cortical surface (I to 2 mm Hg) YWhen such a decrease occurred the pCO  obtained
tmmediately before and after the decrease Wwas taken as the actual tissue pCO level

After the cramotomy the dura over the measuring sites was left satact unul the sinus
had been cannulated and the ammal had remaimed for some ume at a reasonably sready
state with regard to blood pressure respuauon and EEG The dura was then opened

care beng taken not to damage the cortical surface and the electrodes were braught
mnto place The analyses were d until was achiened

between the electrodes and the corcal susface Whea the electsodes were remosed for
calibration the cortical susface vas protected from drymng by application of cotton
woll saaked i body warm Rusger s solution

Results
I The pO, measurements
The results of the pO, measurements are shown m Table I For each indnad

ual value of rCMR,, the . pO, was calculated and subtracted from the mean
capillary tension The resulung calculated average tissue oxygen tensions are
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Table I Cerchral cortical p0y The 1CMRo walues were obtawned from the regional contcal blood

S and ke artenotensus oxygen diferences (GLEICHMANN of of 1962) The A pO, values uere
b wined by multiplyng the ynardual 1CA RO, values with the approprate constant (see Methods 4;
W hen the Ap0, talurs were subtracted from the mean capillory pO, the caleulated averoge Hisse
$0; a5 oMasned (30 | When a mean rCARoy of 7 0 (md 041100 gfmun.) was used for e
alelation of IO, annther arerage tssue pO, resulted (5,0 ) The differences between the p0y
zalues obtaned with the electroas on the pra arachnoidal membrane (p0y meas ) and the tue sy
of caleudaed aerage tussue pOy are guen in the last colymn. It 15 seen that there 15 & farr oges
ment betieeen the pOy talue obtoaned with the electrode and that ralculated on the basts of @ un-
Jform 1CMRg  The detasls of the experuments (denoted by numbers tn column 1) are ascownted fr
w1 table I of GLEICHMANS of af 1962

Exp. | pO mmHg CMRo, | Ap0, ] 50 o | ptO, | 510 s} DL
mC{100g| mmHgl cale. {meas. [cale. | pO;

2 femo 5 sag [oun. mm Hg{ mm Hg mm Hg | meas.—

ral. | smus ) capitt z0

cle.

mm Hg

Ni3| 70| 450 ) 570 10 105 | 465 JBS 390 --—gjﬂ
b—

5| 8o #2} 570 23 145 | 425 395 | 390 |a— 30
b+t 02

\II4] 810§ 415 | 600 86 225 ] 35 | 420 ) 420 ja+ &
b 00

) ogse | 265 ) 925 71 185 1 290 | 250 } 243 af‘l)g
b~

2| 9o | 270 | s10 a7 255 | 155 | 270 | 230 Jatuid
b 40

3| 80| 252§ 430 121 3151 N5 270 2:0 |a~155
b+ 20

3] 130 ) 205 320 134 330 o0 | 18a | 1o fasiss
b+ 13

5[ 0o 192 | 255 49 130 [ 125 90 75 |a— 33
br 13

Lo

4nen n the column 10 the left of that denotng the mdivadual elecirode meas
urements of pO; In the next column are given the calculated average lm\)C’
oxygen tensions obtaned with an average value for sCMR, of 70 mlji00g
mn (GLEICMANN ¢f of 1962)

The ussue pQ, measurements are too fow to permut a statistical analysss-
Some facts may however be poinied out First the pO, measured with the
clectrode differs significantls from the mean capillary tension in all eight
analses Second 1n most cases the pO), directly measured comes close 1 e
pO, 10 venous blood Third of the pO, measured 15 compared with the :nm;:
tssue pO; caloutated from the mdividual salues of sSCMR, @ far ag"“’;m
15 obtained 1n oply half the cases If however the companson 13 made wit
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Table I Cerebral costieal pCOy The rCMRco, values were cakulated from the regional blood flow
and the arteriovenaus carbon dwxide diferences The A pCOy Talues were abtawned by multiplying
CAfRco, with the appropriate constaxt (see Mathods 1) The ApCO, sepresents the dyfference
between the mean capillary pCOy and the caleulated aerage tissue pCOy (FiC0y cale ) $:CO2
meas 15 the pCOy talue obtamed unth the eletrode at th pra-arachnoidal membrane Jvole sumt
lanity betuzcen the Lalues of pCOy measured and calculated vespecticely Tha detals of the experyments
{denoted by rumbers in column 1) are accounted for tn table I of Grerauuan~ et ol 1961

Exp pCO wmHg rC\MReo | 4pCO, | P1CO | RCO | pCO,—
co mmHg | eale meas. | piCO
a femo- | 5. 5ag mean | ml{100g/ mm Hg | mmHg | mmHg

ral snus | capill | g
noo1| 20 540 | 400 50 09 409 a5 | +16
nooa| 290 510 | 400 62 09 409 100 | —o09
2] 295 495 | 395 46 07 102 390 [ —1”
3t 275 495 | 385 51 07 392 @0 | 03
4| 300 590 | 445 25 04 449 450 { +01
v oses 505 | 405 70 10 415 410 | —05
2 35 530 425 80 L2 437 20 —17
3 w0 60 | o60 69 10 570 510 | —30
4| 220 4wo | 3o 66 10 320 A5 | —15
Mos[ o s05 535 | 470 57 08 478 490 | 412
v 1 00 500 | 400 61 09 409 415 | 406
2| 305 610 | 45 56 08 463 460 | —o03
3] 445 ste | 190 18 17 507 470 [ —37
™ 3| 300 515 | 405 nse 17 422 405 | —17
4+ 140 280 | 210 137 20 230 265 | 435
51 s20 630 | 575 37 05 580 570 | —I0
x| 320 560 | 440 70 10 450 120 | —30
2] 265 s60 | 415 70 10 425 450 | +25
3) 315 455 | 385 70 16 395 465 [ +10
AVERED 1) 565 | 470 70 10 480 562 | +8>
\ur 3| 285 465 | 375 70 10 385 415 | +30
4] 345 500 | 425 70 10 435 #45 | 210
s| 250 130 ] 340 70 10 350 3> | —o0s

average ussuc pO, calculated from the average rCMR value of 70 ml{100 al
mun a fair agreement 1s reached i all analyses

I The pCOy measurements

The resulis of the pCQ, measurements are shown m Table 2 There were
Wwenty three successful measurements In the first seven of these (experiments
\ Al and XiIl) no measurements of tCBF were carned out. For this series a
rCMR(, of 70 ml100 g/mun  (GLEICHMANN f of 1662) has been assumed
9673015 4cta phys [ scand Vol 55
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gwing a 4 pCO, of 1 mm Hg The assumption cannot mtroduce any jarge
error wnce the nfluence of tCMRy, upon 4 pCO, 15 small The series 1s also
rather homogenous with regard to the pCO, i artenal and venous blood

In the results there are two measurements which were not carried out at steady statc
{IN 4and \I 1) Fhey were included in the group as they are of same wterest to the
mnterpretation of the values (see Discussion) Fifteen o twenty minutes before cach of
these measurements the respiratory mingte volume was mcreased and the pCO, re-
corded from the cortcal surface was sull decreasing at the tune of the blood samphng
These values will be discussed sparately

A statistical analysis was carned out so as to correlate, on the one hand, the
pCO; measured with the electrode and on the other, the calculated average
tissue pCO, the mean capiary pCO, and the arteral and cortical venous
pCO, The differences of the anthmethic means of the first three of the 1bove
groups were also calculated together with a standard devtation of the mean

It 15 scen that the pCO, values obtamed with the clectrode lies aboie the
ruddle capillary tension (07 mm Hg), but befow the calculated average
ussue pCO, (— 03 mm Hg) the standard deviation from the mean being 31
most wentical (£ 11 mm Hg and £ 1 0 mm Hg respectnely) A very high
corvelation was found between the pCO, measured on the cortical surface and
(1) the average tissue pCO, calculated (cocfficient of vanation £ = 097), a8
well as (2) the middle capillary tenston (r = 097) the correlatton towards (3)
the cortical venous pCO, (r = 0 88) and towards (4) the artersal pCOy (r=
087) being somewhat lower though still highly sigmificant

Discussion

As mdicated m the mtroducton measurements of the trsue ovgen aad
carbon dioxide tensions would be of much help in an eaperimental approad;
to many problems pertaming to the function of the cerebral cortex Unti
recently only qualitative measurements of tissue oxygen tension have been per
formed Such measurements are however m most cases ofvery restricted \.ﬂucd
In primciple quanutative measurements have been possible with the recesst
type of platinum electrode (Davies and Brive 1942 Davies and Brosk 1927)
‘The vpplication of such electrode the biological problems e
however been hampered by the dufficulty of interpreting the ussuc tenstons
measured Thus different tenstons have been measured on different locs of d’\;
cortical surface depending upon the distance to surface vessels (Davies an
Browh 1957) Consequently the above interpretation must be regarded 3 P"‘:

Y for g 3 on a ssue where tension gradients 3¢
present due to diffusion processes

The electrodes used 1n the present mvestigation were
wised so as o cover a relamvely large corucal arca (diameter o

both deliberately dr;
F actine 2638



CORTICAL POy AND PCOg 135

to 4 mm) It was thought that such a design w ould make the measurements 1n

dependent of tension grachents around superficral vessels and possibly also
make the tension measured come close to an average tissue tension The first of
these assumptions was strengthened by the pCQO, measurements ated above

the second remamed the object of the present experuments

As a consequence of the design of the electrodes the measurements had to be
confined to the surface of the tissue This must not however be regarded a
disadvantage but rather a prereq Thus the insertion of electrodes into
the ussue will mevitably gave nise to damage the effect of which upon the meas
unng conditions cannot be predicted (¢f Siesjo 1901) From a quanutative
standpownt the mnsertion of electrodes mto the tissue will only make sense if the
electrodes can be brought down to such a size (a few microns) that intercap
illary tissue regions can be explored

The theorcucal considerations mvolved n the present i estigation are based
on certam assumptions Thus, the venous blood samples must be considered
representative of a large cortical area Evidently 1f the comparison attempted
shall be justified the measurements of rCBF s well as of tissue pO, and pCO,
must also represent the same area There are good reasons to believe that
rCBF 1n anesthesia 1s rather uniform between different locations in the part
or the cortex under discusston {¢f Incvar and Lassew 1962) As for the pCO,
very small differences have been found between dufferent cortieal regions (see
above) and the same seems to be true alse for pO, at least msymmetncal cortical
regions (hunze Gansmirr and Lubsers 1962)

Any correlation of the pO; or the pCO measured at the surface of the tissue
with the average tension m the tissue must take mto consideration the approv
mations imvolved 1n the calculaton of the latter For a discussion of the calen
lation reference 1s made to the ongnal papers (Thews 1960 a and b) The
average tissue tension 15 dependent upon two main factors the mean capillary
tension and the J p resulting from the consumption of oxygen and the pro-
duction of carbon dioxide respectively Since the mvolved factors differ quan
utatively for the two gases they are treated separately

0, In the calculation of the mean tension from the tensions 1n artenal and
corucal venous blood the nonlimeanty of the oxygen dissoctation curv e has to be
taken inite account M the 4 pO, (rep g the decrease m pO, due
to the onygen consurpuon of the tissue) has a relatively large value {compared
‘o the 3 pCO,; on account of the low oxygen diffusion coefficrent Thus means
that 1 as well as th errors may cause larger absolute
‘anations between the tension calculated and the one measured (¢f Table 1)

$CO, The calculation of the average ussue pCO,1s sumpler First the physio-
logical carbon dioxide dissociation curve can be treated as a straight line (Fig
1 ¢f also Crrismianseny Dovcras and HALDANE 1914) which means that the
mean capillary tencion 1s the sumple anthmetic mean of the tensions in the
artenal and the venous blood Second due to the high diffusion coefficient for
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carbon droxide 1n the tissue, the 4 p s small {1 mm Hg at a xCMR, of 70
ml/100 gfmn) On the otner hand the simulanty between the mean capilany
tension and the average tissue tension will mahe 1t hard to distinguish between
them

The following facts scem espectally evident from the present results Fist,
the pO, obtamned with the electrode Les close to the cortical venaus pQ, but
far from the average capiflary pO, Second, the pCO, measured wuth the
electrode hies close to the mean capiliary tension but far from the venous pCO,
Provided the conditions deterruning the tenssons measured with the mo
electrodes are identica) these results mdicate that both clectrodes measure a
tissue tenston and netther a2 mean capilfary nor a venous tension

Further conclusions must, however be draun wath caution The pO, mea
surements are 100 few to permut posstive statements ‘The results cleardy idicate
that the electrode does not measure a mean capiflany pO, The queston
whether the electrode measures a tension close to the calculated average tissue

PO, must howerer be left open The bl betwcen the g0
tenstons measured and those calculated on the basis of an average rCMRy
suggests one of three possib 1) the pO, el de does not measure the

average tssue pO, 2) the determination of *CMR, gives erroncous resulls
Both of these posstbilities could be true of the dufferent methods anvohed dd
not umplicit the same tissue compartments 3) The approximations and assump-
tions imolied i the caleulation gue erroncous results Unal further expen
ments are available no statement can at present be made as to the catse of the
diserepancres encountered

The results of the pCO mesurcments are more simple to Mterpreic Thus
the highest correlation 1s obtaied towards the mean capifary tension sad
towards the calculated average tssue pCO, but on account of the suwlanit
between these tensions 1t 15 very hard to state f the tension measured with the
electrode 15 closer to the one ar the other Three facts suggest that the calrul.:m'i
average tssue pl.O, 15 the ane # First the anth mean of a7
measurements are closer 10 the calculated tension than to the mean capillan
tension Second the pQ, measurements sndicate that electrodes of the present
size do not measure the mean capillary tension { ce above) Thud ma HD;
steady state after a change 1 venulation (sec results) the pCO, values obtan
with the electrade differ unduly from the caleulated average pCO: 1;“;
difference which 1s mast likehy explaned by 2 lag the carbon dioxade di
fuston from the ussue cannot | ¢ explained by the respons¢ tume of the clectrode,
all the more as it fasled 10 occur 1n the same ume period after induced hpo
venulation

On rather stron,, grounds 1t can thus be asumed that a pQ Oy dtf'md‘::
the present 1hype measures a tenson that 18 close 10 the actual aterage B

the ¢
rovided that the wnd made in
tension P DY fat neatber e

culanon are jusufied It must howeser be born in mnd 1.
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electrode method nor the calculation can produce stnct evidence ad to the
nature of the tension obtamed with the other methed The resemblance m
results with the two methods are however suggestse and, as long as no other
method of companson 1s available, we might assume that a surface pCO,
electrode of the type and size used here does measure the actual average tissuc
pCO, of the cerebral cortex

Nole added wn proof The ApCQ, values in Table II were calculated from a
prelumunary value for the diffusion coefficient for carbon dioxide heg =41
mlfcm{mmfatm ) The final evaluaton of this coefflaent (Siesjo and Thews
1962) has gnen the value 5 4 mljem/mun/amm Correct values for ApCO;
Table II are then obtaned by dividing each value with the factor 1 32 This
alteration1s 1gnificant only insofar as the mean dufference between the measured
and the calculated tensions respectn ely 1s reduced to about 0 1 mm Hg Con
sequently there 15 a more marked difference between the mean capillary ten
sion and the measured tissue carbon dioxade tension than is obvius in the Table

‘The preseat iy cstigation was supported by the Swedish Med cal Rescarch Counail the hnut
and Alwe Wallepbergs Suftelse  and the Deutsche Forschungsgemetaschaft
Techmical assistance has been g ven by B Sorenssos and A Pirvae
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Effects of Two Rap:id Acting Cardiac Glycosides on Dog’s
Heart-Lung Preparation
By
Nits-HOLGER ARESKOG
Rece ved 6 \ovember 1961

Abstract

Areshoc N H Fffects of two rapid acting cardiac glycosides on dog s
heart lung preparation Acta physiol scand 1962 55 139—149 —
The effects of (wo xapxd acting cardiac glycosides convallatosn and
acetyl ere ugated on heart lung
of dog The positine mwopm effect the electrolyte effect (induction
of cellular potassium loss) and the toxic effect (taduction of tachy
cardia and arrhythmia) were studied with special regard to magm
tude and time coursc of response Changes of plasma pH in the HLP
wese caused by changes of Pco, 1n the inspired air A difference was

found between allatoxin and acetyl h For acenyl
strophanthudin  the magmtudes of the electrolyte and the inotropic
eifects showed positive 1 m different for

comallatoxin the 1notropic effect tended to decrease with an 1n
creasing electrolyte effect Thus difference 1n action between the gly

cosides supports the theory that the mechanisms for therr inotroprc
and clectrolyte effects are separate. \nother difference between the
two glhycondes was that acetyl strophanttudin had an motropic
opumum at a lower plasma pH level than convallatoxin The result
further suggests that the electrolyte and the tovc effects are related

at Icast more so than the electrolyte and the snotropic effects

The cardiac glycosides have three mawn effects the positnve mnotropic acuon
on falng myocardium which may be called the therapeutic effect the influence
on the electrolyte balance of dufferent kunds of cells (resulting 1n an increased
potassium loss from the cells) which s usually called the electrabyte effect and

the dasturt, of smpulse fc and resulung in e g arrhyth
mmua which as a rule 1s named the loxs ¢fect
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Whether or not the two first mentioned effects are causally wterrelated has
for several years been a matter of discussion CaLnoun and Harrisov (1931}
and Woop and Mot (1938) observed a potassium loss from 1solated myocar
dium with digstalss therapy Recan, Taismers and Herress (1956) found an
mcrease i the plasma content of potassium after admimistration of acetyd
strophanthudin i therapeutic doses Recently Brackaon et al (1960) obsersed
that both toxic and nontoxic doses of heart glycosides produced a rapid release
of potassium from dog s myocardium On the other hand Hacew (1939} ob-
served ashght increase in the myocardial potassium coneentration with thera
peutic doses of digilamd but a marked decrease with toxic doses Boyer and
Pompexter (1940) also found m dogsan mnthe Hular p
content of the myocardium after digitahzation Still another view is represented
by Govcusor SerGeL and Bing (1956) who did not find any sigmificant change
1 the myocardial potasstum balance after adminsstration of cardiac gly cosides
m man

With regard to the divergency of oprmion it seemed of 1ntercst to compare 1
detanl the actions of dufferent types of cardiac glycosides The problem i
whether or not the motropsc effect has a fixed relanonship to the other two
main effects the magnitude of these effects and their time courses with different
doses are tahen as indices of the relationship

In the present seport the two rapid acting cardiac glycosides comallatosin and
acety! strophanthsdin have been nvestigated on heart lung preparations (HLF) o
dogs with regard to the intensity and fime course of the differential actions
The nfluence of changes of plasma potassium in the HLP on the glycoude
action has also been investugated

Material and methods
The experiments were performed on mongrel dogs weighing 1026 hg They were
with butal O ad| d int Iy 1n a dose of J) mg/kg body

weight To prevent clotung hepanin in a dose of about 5 mg/kg body weight was mjf?
before switching on to HLP Positive pressure respisation was performed by a ‘"’J,‘T
pump Changes of pH were induced by changing Pco, 1n the wspired gas mesture { -
659, CO, n oxygen) \feer carcful hgation of all vessels {1t 13 espeaally xmparli""he
ligate all small vessels passing from pencardium to mediasinum and thvmus © gl(; :ht
system absolutely frec from leakage) the brachiocephalic trunk on the arterial an L
supenior vena cava on the venous side were cannulated The artenal cannula w3y ¢
nected 10 a big Windlessel 1 ¢ an air chamber to simulate the volume dastanc® &
the Jarger arternies The artersal resistance and venous supply  ere hept ‘r““”n
duning the expeniment Recording of arterial and venous pressures was l'C'l;"m“
uang a strain gauge or a \vismut Tauchspulen Manometer according 10 ‘nhzr
(19$0—41) as transducers further heart rate temperature (kept constant l]:) .)‘.;rnl
mostat) and in some cascs ECG were recorded at frequent intervals A multd .
optical oscillograph with one slow and ane fast camera was used 3 urt) et d%cnw
the presently used HLP method will be published clsew fiere ( AReshod l)g. ! rostind

By injecting the glycosides at a certain ume afier the start of HLP and by e
adizing the expenments with respect to artenal sascular resistance  veno!
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and pulmonary ventilation 1t was possible to obtawn heart preparations of similar degree
of myocardial and therclore ble response to the glycosides As a
HLP has a hnuted capacity to break down cardiac glycosides even small doses tend to
become toxe due to repeated recirculation and therefore a lugh myocardial uptake

The potassum sodium and n some cases calcium concentrations of plasma were
analyzed by flame photometry The measurements of pH in a Beckman Gs pH meter
and 1 some cases Pco using a modified Sevennghaus elecirode according to Grancsjo
and Urrespant {1958) (but mnstead of thewr rubber membrane a teflone membrane was
used) were made on whole blood as seon as possible after taling the sample

Drugs Comvallatoxin from Con allaria mayahs (Convalyt Dr Madaus & Go  Cologne)
15 known as the strongest of all hitherto discovered heart glycosides 1t was used 1n a
dose of 0 005 mgfkg body weight (1 e. the body weight of the mtact dog) Acetyl stro-
phanthudin (Lilly) 13 also a very rapudly acting glycosde and v as used 1 a dose off
0125 mg (one cat umt) per 15 hg body weight These doses caused toxc manifestations
(severe arrhythmia) usually within 10—30 mun after the imjection to the HLP

Results
The wotropic effect of the cardiac ghycosides

The crease of the arterial pressure has been taken as a measure of the
positive motropic effect Thus 1s justified as long as the venous supply and the
arterial vascular resistance arc hept constant

As seenin Fig 1 the maximum effect was reached about 10 mmn after the
imjection for both glycosides A secondary decrease towards the ongnal level
usually started after 15—20 mun but in some cases a late nse of the artenal
pressure was seen 20—30 nun after the mjection On an average the positine
motropic effect of acetyl strophantludin was stronger than that of convallatoxin
with the doses used The duration of the effect akso seemed to be longer for acetyl

strophanthidin The venous pressure was found to behave in mverse relation
ship to the artenal pressure acetyl strophanthid

and prols d effect than convall

had a more d
©R ‘enous pressure

In one expenment a very strong positine matropic effect was recorded This
heart was before the imyection msufficient to an exceptional extent with a very

I}:w artenial pressure (60 mm Hg) and a very high venous pressure (79 mm
g)

The electrolyte effect of the cardac glycosides

Fig 2 shows the rate of potassium loss from the ussues of the HLP (1 ¢ the
rate of increase of potassium in circulating plasma) It was rather constant
dunng the fiest 20 mun after the mjection of the cardiac glycoside and of a
similar magmitude for any parucular dose and pH level 1n dafferent prepa
rations There was an increase at hugher doses m parallel with an ncreased
tendency to earlier appearance of arrhythima  When severe arrhythmia and

iy wh 1 the rate of potassium loss 1

y when
creased d Acetyl hidin wtially caused the same or even a
shghtly higher rate of potassium loss than comvallatoxin but after about 20 mun
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11 13 possible that the potassium merease of plasma was due 102 Joss from
ussucs other than the myocardial cells In control experuments 3t was found out
that the potassium transport of the red corpuscles are not snfluenced by ¢
glyconide dose used here A part of the patassium loss can e expected to 0ccul
i the lungs where according to Woon and \oE (1942} more than 2 palf of
the potassium loss can take place Howerer, in some expenments the Jung £f
culation was dusconnected for a tme wathous any obvious s1gn3 of oxygent Lk

with acetyl ph
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Fig 2 Fig 3

Fg 2 (Left) Percental increase of potassium concentrat on in plasma of HLP in relavon to
tume after myection of acenyf strophanthydin {upper part, pre injecuon range 4 4—3 6 meq/l)
and convallatonn (lower part pre njecuon range 2 6—3 9 meq/L) Dufferent symbols denate
different A of arrhy thmua 15 denoted by large dashed-open arcles ap-
pearance of venmcular fibnillation by large open tnangle

Fg 3 (R ght) Percental increase of potass um in plasma (ordinates) after injection of acetyl
sirophaathidin {upper part) and ¢onvallatoxin (lower part) 1n relat on to percental increase of
arterial p essure (abscissa) values 10 mun (open arcles) and 25 mun (closed circles) after in
jection of drug Pre wyecuon ranges of aviemal pressure for acend wophanthudm 60—110
mm Hg for consallatouun 80—10> mm Hy of pl wm concentracon for acetyl

lasma potassy
strophanthidin 4 4—5 6 meqjl for convallatoxin 2.6—5 0 megfl Large curcle denates double
dose of drug

dunng the glycoside action and a p increase 1w plasma from the
working left ventncle was evadent There 15 thus no doubt that the potassium
loss also oceurs in the myocardium but the values could not be used to calculate

hanges of p with any accu

Y
Electrolyte ¢ffect related to wnotropi effect

Fig 3 shows the rato between the mcrease of potassium i plasma and the
wncrease of the artenal pressure 10 mun and 29 mun afier the mjection of the
cardiac glycomde While acetvl hanthud, cawsed an  plasma
potassium most cvident 2> min after the injecuon as well a an increased
posinne inotropic effect  convallatoxn showed a decreased 1p,
with mereasing electrolyte effect Thus the two glycondes agy
ways with regard 1o the ratio between the electrolyte and notro,

otropic effect
ed m opposit®
pic effects
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The postr £ molrapic effect of the cardac glycosrdes and pH

In Fig + the mercase of the artenal pressurc i relation to pH 15 dustrased:
There was also here a difference between the two ghycosdes Hypercapma
depressed the pie effect of i but seemed to be without action
on the motropic cffect produced by acetyt strophantiudin which has possibly
an optimal pH level at a lower pH than comvallatoxn

The clectrolste (ffecs of cardiar glycondes and pH

AsFig ashows a hypercapnia (respiratory acidosis) tended to give 3 tugher
rate of potassium Joss than was abserved with normacaprua or moderate hyper
capma (respiratory alkalosis) At extseme hypocapma the rate of potassiuat
loss again tended to increase slightly Companng the two glycosdes 10 xhx;
regard there was no certain difference bemmeen consallatoxin and acef
strophanthidin el

Termmally when ventricular tachy cardia or ventricular fibrillanon occt H
the potassium loss increased markedly simultancously with a deerease (!Jf gd
m spite of the unaltered pul y and an unchanged or slightl
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d Peo, Thisnd that the 1 acidosis depends maimly on
metabolic factors
Sodwm and calcum

The plasma sodivm d i h d after ad of

both cardiac glycosides The average mmtal value was 144 meqfl the mean
decrease was 0 7 % both 10 nun (8 exp ) and 22 min (7 exp) after the myee
tion of the glyconides In some preparations there was a sight termunal decrease
— not exceeding 3 % — of the sodium concentration but ths effect was not
sigmficant (1 ¢ 1t was within the error of the method)
No change in plasma calcium was found during the action of the cardiac
glycosides A that the pic effect of the glycosides i1s dependent alsa
()n calcium 1on distribution {(Logwt 1918 WisRanDT 1905) this result could
only be explamed if a change occurs in the mtracellular dismbution of caleium
(NEDERGERRE 1957) without changes of total myacardial calcium content

Effects on heart rate 1mpulse formation and conduction ( toxic effects )
of cardiac ghcosides

‘There was exther no or only a very small increase (a few per cent) of the
heart rate related to the positive wnotropic effect A more pronounced tachy
cardia appeared at the onset of arthythmia This tachycardia was often not a
sinus tachycardia but d of frequent extrasystoles in fixed coup The
arrhythmia did not seem to be d with any Jar value of p
concentration or pH m plasma In a fes experiments 1t vas possible to restore
smus thythm although a very high potassium loss had already occurred by

mjecting d 1 In some toxic arrhylhxma ﬁm appcarcd
but later ly d d or ceased (althougt

remained) 1n spite of a hugh potassium loss

The archythmsa depended on different types of disturbances of impulse for
mation and conduction ¢ g atno-ventricularbloch ectopic atnial or ventnecular
beats rapid ectopic atnal thythm and termumally ventricular tachycardia or
fibnllation

A potassium loss was found already before the onset of arthythmia

Discussion
Usefulness of HLP tn studying the actions of cardiac glycosides
Although 1t 15 useful to study the solated heart in situ with the lungs as

pt 1 t

1s that the clectrolyte movements
of the lungs and the heart cannot be separated Adsantages are on the other
hand that the HLP can easily be adjusted to a required pH level and thatitis
possible to gt a rapid chemaea) equilibrium withmn the system
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For a study of the motropic effect of cardiac ghycosides, fathng or hypo.
dynamue myocarduum must be used as the contractsle foree of ‘normodynamrc
myocardium 15 not wfuenced by digitalis As was pomted out by Resv (1949)
a HLP regularly develops a St 1h 1 ¢ prog signs of myo-
cardsal fulure and therefore should be sutable for such a study

Asa HLP has a timited capacity to break down cavdiac glycosides even small
doses tend to become toxic bus befare the toxie effect appears there is, howacr,
always a peniod of therapeuuc effect of vanable duration {“herapeanc phase
of response)

The relatwonship bein en wnalropee and electrofyte effect

Hapu (1953) showed that the force of contraction and the spontaneous
potassium loss of isolated frog hearts changed 1n paralie} and further that
potassium moved out from the cells during contraction and re entered dunng
vest He suggested that the cardiac glycoades act by bloching the re entry of
potassum  thereby decreasing the antracellular 10n (potasstum) concentration

Wioe O Briex and Bav (1955) found evidence that with cach cardizc
cycle a potassium efflun occurred during repolanzation Whether thus efffux s
enhanced by cardiac glycosides thus not only blocking the re entry but also
increasing the efflux s sull an unsolved problem

Most cazher reports on tins problem. have shown that toxie doses of cardiac
ghycostdes gune a g loss from my d but whether therapeuut
doses also have this effect 5s disputed Woop and Moz (1942) found a potassium
loss from 1olated dog s hears afier therapcutic doses Bacamow et al (1860)
iho\\cd that both toxic and non tovie doses of cardiac glycosides produced 3
elease of potassum from myacardium On the other hand Gerreer et al
(1956) found no significant alieration 1n the potasstum content of rabbit hearts

after administraton of digitoxin Jorssov (1956) showed that glycosdes nith
n the Sarsonus muscleof

cardrac actions whubated the net port of p )
frog while other gly cosides with no or a very weak cardiac action did not mbubit
the clectrolyte port He des that an il on the p

transpart 18 necessary for the toxic effect of cardiac glycosides
In the present expeniments a potasstum loss occurred already wulun the
therapeutic phase of action Although the tme courses of the two eflects were
not simuar this resule may seem 1o support the view that a potassium loss nhn
pre requuate for the notropie effect even of non toxic dases However I‘f‘
present doses of gly casides eventually became toxic and therefore the electroly :
effect may have been an carly sign of toxicty she result can therefore no
exclude the posshality that after all the tnotropte and clectralyte cffects ate
arate
Sq?rhc observed difference 1n behaviour between the two glyconides on the ol)::
hand supports the theory that the snotropic and the electrolyte effects e
With comail the pic cffect decreased with meseasd

P
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electrolyte effect with acetyl strophanthidin the two effects ran more in paralicl
The ratio between the inotropic and electrolyte effects was in most expenments
higher for acetyl strophantiudin than for convallatoxin which means that a
more propounced electrolyte effect was scen with convallatoxin and a higher
motropic effect with acetyl hanthidm at doses provokhng towe effects
(arrhythnua) within 2 certain time range The 1notropic and electrolyte effects
of cardiac glycosides may therefore not have a direct causal relatonshup f
indeed any relationshp at all

Further support for the theory that the motropic and electrolyte effects may
be separate was ob d mn HLP exp with adrenalime noradrenal
and angiotensin (AREshOG unpublshed obsenvations) A posive motropic
effect occurred after these substances without any change i plasma electrolyte
concentrations This result shows that a positive inotropic effect can be obtamed
in the faiing myocardism without any observable changes of plasma electro
lyte 1ons It should be d that cardtac glycosides have, m
contrast to the above hormones the ability to produce a hugher efficiency 1nd
a positive motropic effect 1n HLP without a primary heart rate increase — in
addition to the cardiac glycosdes only Remns spleen iver factor (Scawmr
1956) shows this combination of effects The above mentioned hormonal effects
therefore suggest but do not prove that the mnotropic and electrolyte effects of
cardrac glycosides also are separate

Even if the results presented here support the view that the mnotropic and
electrolyte effects are separate 1t 1s still possible that the motropic effect may
depend on wtracellular electrolyte events e g a faciltanon of the normal

loss duning my dial which mught umprove the mtra

cellular 1omc nulieu for contraction

Relationshap betueen electrolyte and tome effects

In several earhier reposts e g by Woop and Mo (1942) and Bracsyov
et al (1960) no obvious correlation between the degree of potasstum loss and
appearance of arthythnua was found These results agree with the present
results where n addition no correlation was found between the rate of potassium
loss and appearance of arrhythmua However arrhythmia never appeared until
amyocardial loss (1 ¢ increased plasma potassium concentranon) was observed
Ou the other hand 1t 15 well known that an ecess of potassium mn plasma before
the mjection of the cardiac glycoside presents or delays the onset of arrhy thmia
This md that ts n some way are of importance for
the induction of arthythmma

As has been mentioned earlier a potassium loss was always observed already
before the onset of tachycardia and arshythmua Thus 15 not n accord with the
view that d loss 1s dary to an d heart rate The
present results indicate that the potassium loss does not occur 1 parallel with
the toxic effect 1 ¢ the mechanism 1s not so simple that the increased potas-
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sim loss 15 duc to an increased number of contractions On the other hand
some sort of relationship seems 10 exist and it scems probable that the electro-
Iyte and toxsc effects are more closely interrelated than the clectrolyte and
motropic effects

Relatwonship between pH and oction of ghcoades

In the absence of drugs, respiratory acidosts causes a potassium loss in the
mtact ammal organism. It has also been shown by Hichas et al (1906) that
fespiratory alkalosis can give the same effect How pH influences the acton of
cardiac glycosides and conversely how cardiac glycosides mfluence the pH
docs not scem to bave aroused smuch attention 1 the past. Hetress et al.
(1925 found a hy drogen 1on release in dogs injected with acetyl strophanthudin

With regard to the effect of the cardiac gl des on f L
1t seemed to be of interest also tg mvestigate the effect on hydrogen 10n mose
ments taking into consideration possible differences between the actions of
acetyl strophanthydin and ¢ 1L In the present expeniments a respua
tory acidosts d the rate of p loss but a moderate respuratory
alkalosis had no effect In this respect, there was no difference between the
w0 glycosides but using the 1notropic effect as an andex acety] strophanthudin

showed an optumal pH range bet d hyg phea to P
while convaRatoxmn showed the highest P je with :
10 moderate hy pocapnea

Durning the ternunal arthythmua the myocardial cells lost not only potassium
but also hydrogen 1ons resulting in metabolic acidosis It scems probable that
this depended on an mcrease of the mtracellular hyd 100 prod thus
would 1n tum tend to compensate the potassium loss from the cells

T study was supparted by grants from Magnus Bergrall Foundation and the Rege el Fuod
of the \Medical Faculty Laneruty of Uppiala.
The suth £ 1 greatly sndebted to Mps A. L. AzeskoG fr skilful techn cal assatance
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The Effect of Electrical Sumulation of Nucleus
Ruber on the Gamma Motor System
By
Bo ArpeLBERG
Recessed 7 November 1961

Abstract

ArperserG B The effect of electneal stimulation of Mucleus ruber on the
gamma motor ystem  Acta physiol scand 1962 55 150159 — In
cats h d with Nembutal el 1 L 1 the red
nucleus caused ibubrtion of muscle spindle discharge m the contra
lateral gastrocnemsus and semitendinosus muscles Wath the aid of 2
sensitise myograph the mhibitory effect was shown not to depend
upon vanations s muscle tension. Recording from v entral oot fibres
rercaled an mhibuory effect on gamma efferents Effective sumula
ung pownts were histologically locabized to the red nucleus It 13 con
cluded that electrical sttmulation of the red nucleus bas an ihibitory
effect upon the gamma motor system The function of the red nucleus
a1 a link 1 2 gamma system 1ncluding the pi ]
cortex, the globus pallidus and the red nucleus is discussed

\Mechanums for central control of the gamma motor system were demon
strated by Grantr and haapa (1952) who found spots withm the diencephalic
and mesencephalic reticular formauon which upon electneal sumulauon
yelded muscle spindle actnation without altersng muscle tension A fwh'?
tory action on gamma cfferents in the ventral roots and thus abo on mu;;:
spidles was also elcited from the hemisphene part of the antenof cesele!
cortex.

The above menuoned authors also found mhubitory areas i the bufburts
cular system and tn the vertuan part of the antenior cerebellar cortex. N

The 1nteresung problem of central gamma control was further s\udmﬁu’
E1prep, Grantr and MerTon (1923) and by Eroxep (1923, Smeral “;dr
structures wese reported to influence the gamma system when elecens
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sumulated Among other parts of the brain ELDRED alsa myestigated the inter
posite and dentate cercbellar nucle: and found these structures to affect the
gamma systerm

As there 1s an intimate relationship betwcen the interpostte nucleus 1 the
cerebellum and the red nucleus (ApPELBERG 1961) 3t was considered interesting
to study the effect of the red nucleus on the gamma system \oreover the final
branches of the rubrospmal tract are hnown to end among the ventral horn

cells 1n the spinal cord (CoLuiEr and Buzzarp 1901 Hixuaw and CARPENTER
1959)

Evidence will be presented showing that the red nucleus despite bemng

situated in the faciitatory reticular area of the mesencephalon has an mhibitory
effect on the gamma system.

Methods

32 cats were used for the exp
admunstered Nembutal (35 m:
when needed

‘Three different ways of studying the gamma system and the central effects exerted on.
1t were used

1 Musde spindle actvity in extensor (M gastrocnemuus) and flexor (M semuten
inosus) muscles were recorded 1n thin dorsal root filaments In these experiments the
fifth, sixth and sescnth lumbar scgments of the spinal cord were exposed The leg to be
used was denenvated except for the muscle from which the spindle acuvity was to be
studied The leg was ngidly fixed with dnlls through the femur and the tibia A clamp
was used to fix the lium and another was fastened 10 the third or fourth lumbar spual
process. The tendon of nsertion of the muscle to be used was cut and attached to a
myograph. Pools of paraffin o1l covered the exposed arcas The oif was hept at a tem
perature of 35—40 C by radiant heat.

2 The actinity 1n gamma fibres was directly recorded from thin ventral root filaments.
‘The operation was sumlar to that desenibed above except that the whole leg was de
nenated The tibial nerve was arranged for electncal sumulation thereby enabling
seflex actnation of alpha and gamma motoneurones

The acuvity 1n gamma fibres was recorded from thin strands of the cut nenve to the
gastrocnemius muscle By electrical sumulation of the tibial nerve proxumally in the leg
the conduction veloaity of the fibres recorded from could be determined

In all expenments a trephune hole was made 1n the roof of the skull contralaterally to
the side recorded from in the cord or leg

After mounting the ammal 1n the Horsley Clarke frame a rostrocaudal row of seven
steel needle electrodes placed 1 mm apart was stereotaxically guided towards the red
nucleus In another group of expenments a mediolateral row of five electrodes was used
instead Elecencal sumutation was performed between pairs of adjacent clectrodes in the

row The sumulus conaisted of trains of square wave impulses (100—150 imp,sec pulse
duration 1 msec)

They were d vath
/) Small additional doscs were given intravenously

‘The myograph used m the expeniments wath dorsal root recording was of the strain
gauge type with a camner frequency amplifier and demodulator The output of the
myograph was connected to one of the two beams of the osalloscope At maximum
sensitmaty a 1 gram load on the my ograph spring gave a deflection of 9 mm of the beam.
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1T 1t

e ding from the fil was made between two plaunum clec
trodes The impulses were displayed on one beam of the asedloscope via an AC coupled
amphifier The second beam was used fcr the myograph of for the ume marking

At the end of the exg the L 1 de sstes were marked by clectro-
cosgulations The brawns were perfused wath Ringer s solution and with Bodian s flud
and embedded 1 cellodin Sagittal or frontal sections (100 1) were made through the
pertinent region and the sections were stained with toludin blue

Results
1 Dorsal yool records

In these experments muscle spindle actwaty as recorded 1n dorsal root
filaments was used as an wdicator of gamma activaty A certan feved of spon
tancous gamma discharge is always present 1n a good preparation The rate of
finng of a muscle spdle 15 dependent upon muscle tension and the actuaty 8
the gamma efferents controlhing the spindle As the muscle fension was kept
constant 1 the experniments to be descnbed all changes m spindle frequency
were considered to depend upon changes 1 the gamma activity

Muscle spindle afferents were adentsfied by thewr behaviour during a musde
twatch, t e by the pause in the disch duning the phase (Marr
1Ews 1933) In most cases thss identification was confirmed by testing with the
piana reflex (Granr Jos and haaps 1952)

When 1t was thus considered venified that the achivaty from a single or a fen
muscle spindles was being recorded  the cffect of eentral stunulationt was tested:
With the stamulanng electrodes mn the region of the red nucleus the sumulavos
1esulted 10 a sudden decrease m the spndie discharge Thus 13 usrated i
Tig | In A wshown the characterstic panse dunng the muscular contracton
B and C are control sweeps showing the discharge at the muscle tension used.
Smalt vanatons in spindle frequency were considered to be due to changes 11
the gamma actiity as the myeyraph sct ar the lughest seasitiaty revealed 20
changes i muscle tension D and E are consecutive sweeps m the ,,,g,,,,,mgaf
the perod of central sumulation showing 2 rapid decsease s the spindle di
charge No change 1s seen on the myograph The Jow frequency 1 sech 10 [:
mantuned duning the whole sumulation penod (I and G) Hand [ whud
were obtaned wimediately affer cessation of the sumulation show hat 1he
arymal rate of finng 15 rapidly regamed

Effects of the type described were obsersed on 23 muscle spundle affecents 1
15 different expensments Muscle spindles 1 extensors (M gastrocnemsus) :m)l
fexors (M semutendinosus! were equally wfluenced The senan© m)”S”‘jn
used never resealed any muscle tension varations accompaning the chang®
muscle spindle frequenc

It shor:dd be ngltd l:crc that besides the 23 spindle afferents mcnuD"‘:
above 4 fibres were recorded from which tn spite of having the rhamcu:;;;t
of muscle spindle afferents were aot mfluenced by the central sumulus
fibres were, huscver not further analyzed m the present v estigation
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Fig 1 Records from a single mus-
cle spaindle afferent 1 dorsal root.
Initial tens on on muscle 31 g A.
Single electrcal shock, appl ed to

c muscle neryc causes a contrac
uon of 60 g and a pauscin the
pmdle discharge

Comcontie sweeps at a rat

by I5fsec howing the eficct of
electr cal sumulananin the  egion
of the red nueleus (note st mu
lat ng ant facts 1 )
Myograph beam above cach re-
cod (c f calibraton besides I)
Time each sweep comprises 230
msec

Fg 2 R cords from thin ventral
root T tament

A Electncal sumulat on of the cus
Cbul nerve causes reflex finng of
abg alpha fbre. Note the sponta
neously active small gamma fibre
B—I Cansccut ve sweeps at a
fate of 1 5/scc showang inh bition
of gamma discharge dunng elec
trical st mulat on i the region of
the red nucleus (note stmulating
art factsin C—F) Tume 20 msec

G X O ™M M T O

Fig 2

2 Ventral root records

In order to chmunate the possibility that the effects observed were dependent
upon small alpha dnven vanations 10 muscle tension a second scrics of nine
experuments was made with recording from ventral root filaments

In such filaments small tonscally active spikes easily influenced by pinching
the piana were idenuified as gamma fibres
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10

by

&5

&

s ¥Fig 3 Diagram companng the inhibuory cffects on muxle
- spaniies {open ivcles) and gamma cffesents {Glled om lea}
x by electrical stimulation 1o the region of the red nudas.
5 L For furiher description sce text

2 & 6 8 10sec

1t 1s well known, that winle alpha fibres are but rarely spontancously actne
m anesthetzed ammals an outstanding charactenstic of gamma fibres 8 thes
spontancous activity even n rather deeply anesthetized preparations (Hust
i91)

Huxr also was of the opimon that gamma fibres may well be identified on
the basts of spike height In the present sertes of mvesugations the alpha fibres
were discharged reflealy by el 1 1 of the cut ipsil ! ubual
nerve Most it ded from d at least one alpha fibre besides
one or a few gamma fibres

The effect of a pinna twist was used as the thurd criterton for gamma fibres
Cranar et al (1932) reposted that pinna effects are regularly <cen acung of
gamma ones m sufficiently active prep

In the experiments with ventral root recording 1t very soon became appasent
that therc was an mhibitory effect on the gunma outflow when the region of
the red nucleus was electrically lated All fil ded from acthe
m 3 way smular to that illustrated i Fig 2 In Fig 2 A 15 shown that tehr
filament contaned one large alpha fibre and one gamma fibre with a mued
smalier sprhe The gamma fibre was spontaneously actine at a fale of about
1890 impulses per second (B) During stumulauon (G D E and F) the d-
charge decreased to 9 mmpulses per second.

In the diagram of Fig 3 15 shown 3 companison between the hubitor)
effects as recorded on the afferent and efferent sides The two curvs rcPIG“:
the mean frequency values from five muscle spindle afferents (open eircles) 20
five gamma efferents (filled circles) It 1s evident that the ume coune of the
effects m the o cases 1s prnncipally the same

In the expenments with recording from ventral roots another obxn-ﬂlé?"
was made In filaments which contamed an alpha fibre st appeared that the
refiex stumulasion of thus fibre was regularly esther inhibited or facihtated from
the same stimulaning pomts wlich gave the gamma inhibiyon This 310 i;g;“
ment with the findings of Sasant “asnawa and Hasuiranoro (1969) ’;
authors made wntracellular records from alpha motoncurones They {"““‘
that electrical stumulation in the red nucleus evobed an excitatory poms"“;?‘ n
potenuat and spike discharge in lateral flexor and 3
Subntory postsynapuc potential in extensor
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Fg 4 Records fom a fine stand of the
Ten e 1o the gastrocnemms m
X Fleginea sumulanon of the bl
nerce 36 mm feora the recording clee
trod The d phasic pike with a Jatency
of 1 2 msre 13 the gamma cfferent stud cd
n the following sweeps Time | msce.
nsecut ¢ sweeps at a rate of
15isee_Electneal umulation mn the re
gion of the red nucleus 1 D E and F
(note st mulat ng arufacts) Slow wa es
are due 10 fibriliat ons n a denenated
musel Time 20 msee

135

[SS———"
mA

grams made by project on of sagutal
(A) and (ronu\ {B) semal sections
regon of the red mcleus In both diagrams 1
preseated the ection of the red o
Flcus . the tna planes he biack & clos ave
electrocoagulabions made in spots effectse i
causing gamma mhibition. The coagulation marks
were projected down to the diagrams froza histol
sections from eighteen d.\ffcremapenmmu
Abbreviations  CA  Comussura
Ch asma opticum Ce Cerchellum Yoy Corpus
genculatum medale NR Nucleus ruber
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Fig 6 A, Sagutal section through the red nucleus showing stimulaung electrode tracks and
electrocoagulation.

B Diagram of the same section wath all seven electrode tracks 1n the row drawn in ther rtli_"-_l'::
posions. The dashed line represents the outhne of the area gning gamma mhbiion
electrocaagulanion (cross) was used as a reference powt when measuring 1n the effective stumu-
laung arca.

3 Nere records

In two experiments the spontaneous efferent actwity 1n fine strands of the
nenve to the gastrocnemius muscle was recorded By electncal stumulaton
proximally on the tibial nenve the conduction veloaty of the fibres recorded
from could be d d In these exg 1t was clearly shown that the
spontancous activity in fibres with a conduction velocity within the gamma
range (15—-50 m/sec according to hurrer Huvt and Quintas 1951) was
sntubited by the central sumulus

In Fig 4 A 15 shown the response from a nenve filament on clectrical sums
lation 36 mm higher up on the ubsal nerve The first part of the responsc 15 3 bng
spike with a latency of less than half a mullisecond A second smaller sP‘“'
follows with a latency of 12 msec which means a conduction \c!ocll)l;‘
30 m/sec This gamma fibre was spontancously active as shownn B and C. hz
clectrical sumulation in the region of the red nucleus it was inhibited 10 ;i
same way as previously descnbed for dorsal and ventral reat filaments (D— )

4 Histological locals ation of lating pownts aced

In the majonty of successful expeniments an clectrocoagulation was P! e
1n a spot whuch had the above described inhibitory effect on the g;mm.:);mn
Fig 5 A and B shows the localization of such electrocoagulauons 18 €8
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different exp Though the d are somewhat schemauc m the
sense that they present the maximal projection of the red nucleus i the sagutal
{A) and frontal (B) plancs 1t 15 apparent that all the lesions are situated 1w or
svery close to she red nucleus That a few of the lestons were actually found
outside the red nucleus 15 probably explamed by custent spread to the nucleus
1 these experiments

In some experiments the whole area m the plane of the electrode row was
carefully mvestigated by moving t.he elestrodes up and down m 05 mum steps
and testing the effect of ¢l between pars of elec
wwodes Ar the end of such exp an ek lation was made Tius
coagulation was then used as a reference pont when measuring 1o the area
yielding the mhibitory effect Thas was made on a diagram of the hustologieal
sectson i which the electrode tracks were found Fig 6 presemts the vesult of
such an expenment The section with the centre of the electrocoagulation 15
shown above {A) Faint traces of six other tracks are also seen (arrows) These
tracks were found m thewr whole length i nearby sections Fig 6 Bay a diagram
of the same secton with all the seven tracks in the row drawn sn thew full
length The dashed line encloses the area from which gamma mbibion was
obtamed m this expenment This area closely corresponds to the position of the
red nucleus the outhne of wiich 1s drawn wn fall

Thscussion

The expernmental findings descnibed above prove that electrical sumulaton
of the red nucleus cxerts an mbubnory effect on the gamma motoneurones The
obsenvanon of a small number of muscle spindle afferents which were unin
fiuenced by the central stomulus does pot alter this fact These spindles may
have been damaged or thesw effesent gamma supply broken dunng the oper
ation The posubility that there may exsst muscle spindles which are not
reguiated from the red nucleus cannot howeser be excluded

Our present knowledge about the red nucleus and 1ts connections with other
central structures 15 sull far from being complete It may therefore seem pre
mature to try to draw any mnchmmu about the role played by the red nucleus
i the central + { motor § There
are however cestam experpental facu which may be used in order 1o throw
some hght upon the funchonal sgmificance of the red nucleus

In spite of the mumate selanonshup between the mierposite nuclens in the
cerebelium  which Etoren (1953) found to mnfluence gamma actaty and
the red nucteus {Arreragrs 1951} 1t does not seem bhely thar the red nucleus
1 a bak ws the cerebellar gamina inhibating systern studied by Garanrr and
haara (1932) These authors gamma b by stunu
laton of the vermal pant of the cerebellar cortex Thus cﬂ'cc( was abo scen
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the decerebrate animal, and such a preparanon 1s likely to have its red nucles
destroyed The cerebellum may well exert 1ts gamma regulation via bulbo-
rencular pathways SviDEr, McCurrocn and Macoun (1949) deseribed for
example a cerebello — bulbo — reticular pathway for suppression of reflexes

It seemns more probable, that the effects on alpha motoneurones eserted by
the red nucleus (Sasant et al 1960} are regulated from the cerebellum Pox
PELANO (1928) nouced that electrical sumulation of a paravernuan strp of the
cerebellar cortex caused an ipsilateral active flenon of fore and hindlegs 1n
the precollicularly decerebrated cat Such a preparation has its red nuclet
mntact A similar but contral 1 effect was ot 1 by localrzed electrical
sumulation 1 the red nucleus (Pospeiano 1957 as quoted from Dow and
Morvuzzr 1958) It was further shown by Pospeiano (1958) that the motor
effects exerted from the cerebellar cortex could be abolished cither by de
struction of the mterposite nucleus or by destroying the contralateral red
nucleus

At the present stage st therefore scems most reasonable to assume that the
red nucleus on the one hand 1s a hnk n a cerebellar system wfluencing alphs
motoncurones On the other hand the red nucleus 1s also a component i 3
gamma controlhng system In thus respect the red nucleus 15 probably under
mfluence from cerebral centers ELDRED et al (1953) thus nouced mhibitory
gamma infl from the { 1 internal capsule

Though the relations between fugher cerebral centers and the red nucleus
are not fully 1nvesugated there seem to be praofs enough for behcyng that
such relations exist Degeneration 1n the red nucleus was observed by Merrier
(1947) after destruction of parts of the precentral cortex Lausssen (1935}
found degenerated fibres m the red nucleus after clectrolytic lesions i the
medial part of the globus pallidus Josnsoy and Cremente (1939) considered

their matersal of d studies after localized lesions 1n the basal gJ"S":

to fully prove that direct connections exist between the globus P‘ﬂ“ld"‘-‘ an

the red nucleus Masstov (1961) d d with electrophysioiog
1 stumulation

methods focal potentials evohed m the red nucleus on electrica
of the sensory motor cortex

It therefore seems probable that when ELprep et al
birory effects from the internal capsule, they were sumulating fitres
from the cortex via the globus pathidus to the red nucleus 0

It 35 tempting {0 assume that the two sinkmngly different cell types “"0“: he
exist within the red nucleus are involved separatcly in the two functions ofd
nucleus

The two types of cells are however not well separated within th -
It docs not scem possible thercfore with the relatnely crude sum)u‘t he
technique used m the present scries of experiments  to selecticly sumus st
one type of cells or the other The problem of diffcrent cell type funcuon
therefore be attackhed with some ather experimental methods

(1953) obtaied 10
p:mmg

e nycleuse
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Heat Exchange Through the Muskrat Fad Evidence for
Vasodilator Nerves to the Skan
By
hyELL Joransen*
Recened 9 November 1961

Abstract

Jouassen K Hzaz eachange through the wawhrat tad Etidence for taso
dilator neries to the shin Acta physiod scand 1962 55 160~169 — The
smporiance of I vascular ad, it the regl of
thermal balance has been studied 1 25 adult muskrats This anumat
has a pelage of high snsulatrie value whnle the tast 1s nahed The i
portance of the naked tail for mastenance of thermal balance was
studied by pleth ph ques and of tail and
rectal temperatures When subecung the antmal ta a posttne heat
load by general body heating or following excerense the tail skan
temperatures rose ta 3537 G Tasl blood flow sncreased conconu
tantly by a fattor of more than 400 The vasodilatation and subse
quent wcrease in taf blood flow prevented heat accumubation and
InCrease un rectal temperatuse dunng the positne heat foad Nene
block of the 1l before heating or excercise precluded the described
increase i tasl blood flow and hy perthermia resulted Ner ¢ block at
maxmum blood flow led 10 a prompt decrease i 1@ temperature
and a rapid mcrease w rectal temperatuse It 13 concluded that the
mushrat tail 15 an indispensible heat exchangee reductng excess heat
from wicreased metabolism o generaf body heating The dataandicate
shat the comspicious changes in tarl blood flow are medsated through a
svmpathete vasodilatar mechansm

The importance of perpheral vascular adjustments i the regulation of body
temperatitre has long been appreciated The large butk of mformation sg
portng this wea has however been derived from a surprisingly small num[ i
of speaies The arette mammal offers in many ways & umque subjeet :,:
research along these lines The pelage of these mammals has 5o high msul;:!
value that no ncrease  metabolism s needed ! order to masntan becy

Present addrese, Instituse § 5 Fxpe mental Med cal Research. Utles 38 Hospisal, O 1,5 1

160
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Fig 1 Rectal and subcutaneous temperatures on the trunk reco ded simultaneously with mira
cutaneous temperatures proxumally and distally i the tal “ote the total vasoconstriction
duning the peniod of 1ce immersion and the sudden vasodilatation occurnng sho tly after the
anmal was sumulated to exercise

even m atr p down to 50—60 C below zero (Scro-
LanDER et al 1920) From the pomnt of view of heat economy this fact poses
the rather paradoxical question mn an arctic situatton How can the arctic
mammal dissipate excess heat from ncreased metabolism duning periods of
exceraise? Such heat disspation occurs from the outer respiratory tract during
panting 1 some species by sweating and by dissipation through the more
sparsely insulated extremeties In the present study efforts have been made to
evaluate the vascular changes 1n the tail for the heat economy of the muskrat

Ondathra <ibethica

Material and Methods

23 adult muskrats were trapped 10 the Fachanks Alaska avea durtng the months of
September and October 1960 The animals were housed wdiwidually m wired cages.
They were fed a fresh dret of lettuce and carros and had access to water alf the tme

o general anesthesia or sedatres were used durmng the course of the expernments
Srarting an the anumal was d to a specially built small cage. The
size of this cage was too small to allow for any major moyvements and the animal could
not tum around 1n the cage The tail extended (rom the cage and could be tapered or
tued down to an underlyng board For measurement of blood flow changes m the tail
130 methods \ ere used Direct and absolute values of blood flo v through the tail
were obtamed by rubber strun gauge plethysmography measuning changes in ar
cumference by recording resistance changes i the mercury + ithin the rubber tube
Wurrey (1953) This method has recenty been refined from it onginal by Exsvez
Eacan and Axperses (1959) and by Eacan (1961) Lsing the method an the muskrat
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Fig 2 Changes in taut blood flow rectal and 2l temperatures dunng a vasodslatation of thetal,

tail the ocelusion cuff was placed at the base of the 1] and the gauge moved 10 &f
ferent sites along the tail. Unless otherwise specafied the fow has been measeeed at
the base of the ta To get values on the relatine changes i the tal blood flow

ntrac were d. Fine Cu K40 gauge thermo-coupies were
placed it Deep rectal was obtained with a thermo-couy €
{gauge 30) placed 57 cm sato the sectum, Subcutaneous temperatures on the unak
were obtuned using waplanted 40 gauge th ples ke for the tail temperatures

the expertments with nerve blockade Nocovaine Procaine or Xylocane was usd
to wnfilicate the tarl at 1ts base These drugs were guarantced free from epinephnze.
When subjecung the anmals to a postne heat load they were ather sumulated 10
exeeraise or a heat pad was put an the back of their trunk.

Resnlts

Fig 1 shows recial and subcutancous temperatures on the trunk as well 3
miracutancous temperatures proxumally and distally 1n the tasl At ambical
temperatures around 20 the ta) temperatures fluctuate between 2032
These fluctuavons occur spontancously and very rapidly and are sceminyly
related to the rale of the tail as a hear radiator A shight increase mn cure xm;
perature 13 followed by a vasodilatanon (flushung) of the il and cnnscqu;ﬂ
heat loss Upon cooling of the tal 1 1ce water 25 sndicated on the figure the
tail temperatuses drop precpitously down to 1—-2  The h’uo(ommm;:
prevents any loss of heat and the receal and subcutaneous temperatures o ‘d..—
trunk show no decsease Dunny, the period of sce immersion there 1 19 15
cation of 3 cold vasodddatation occuring in the wil In the post-cooling i
shen the tad 15 left 1n the ambene awr the warming cune slwm:’:}"m
exponental patiern indicaung rewarming only by way of the ext
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Fg 3 Pulsc rate and pulsc volume recorded umultancously with rectal and tail temperatures
durng & sasodulatation or fushiog’ of che tak.

PULSE RATE

The fact that the most proximal and thinnest part warms most rapidly also
substantiates this viewpoint At the pont of the arrow the animal 1s stmulated
to exerase The increase in heat production leads to a shight mncrease in rectal
and subcutancous temperature on the trunk The increased heat content of
the anumal 15 :n murn followed p y by a d. rise n tail temp

causing an mcreased heat loss and a subsequent fall 1n core temperature In
order to better evaluate the importance of the muskrat tail as a heat exchanger
plethysmographic measurements of tai) blood flow were undertalen In Fg 2
15 shown the course of the tail blood flow expressed as m! blood per 100 ml of
tissue per munute Rectal and tail temperatures are also depicted 1n the figure
At the hghest flows the error imvolved i the measurement mereases due to
the extremely rapid collection of blood upon occlusion of the cuff’ Thus ncrease
mn error 15 indicated m the figure by the shaded area In this cxpenment the
capacious augmentaton w tail bload flow occurs after the anmmal has been
subjected to a positine heat load by putnng a heat pad on s trunk Durmg
the heating penod the tail blood flow mcreases by a factor of more than 400
This enormous mncrease m the blood flow takes place withio a very short ume
2—3 min In order to cvaluate how this tail blood flow relates to the total
cardiac output some measurements were undertaken using the thermodilution
method for cardiac output (Evostx 1961) These measurements were done
on anesthetized amumals which makes the companson only suggestine The
cardiac output of a series of mushrats of umformly the same weght (600 8)
of 222 mljmm To obtam maxsmal values of cardiac out
puts adrenaline was infused into the sup vena cava This gave an increase to

showed an average
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Fig 4 Fint poruon of figurc demonstrates the counse of rectal and intracutancous tul tempers

wre dunng body Beatng and tail vasodid ma bed sut ject, Subsequeaath

the taul 13 couled down, the tait nerve blocked and body boaung reapplied. Tad vasddauox
consequent heat foss 13 pres ented and a rapid mcrease 1a rectal temperatuce is seen.

an average of 390 mlmun Companng now the maxmal bisod flow to the
tai] with the maxmum values obtamned for cardiac outputs, the tal blood flow
may represent approumately 10 9, of the cardsac output The sntracutancows
tasl temperatures dunng these tail vasodilatations rose sumlarly 12 3 ve1)
dramauc fashion reaclung salues from 0530 lower than dhe decp cor®
temperature

The effccineness and physiological sigmficance of the il flushings 3¢ 2
means of losng excess heat were demonstrated m 3 number of waps. As
occlusion cuff was placed around the bass af the tad. When the cuff was 1
flated to obstruct artersal inflow to the tail, the anumal soon became svath
hyperthermac after only short peniods of exercise or 1 connection with 28
aruficially produced positnv e heat load with a heatng pad Some anmals e
died from heat apoplexia under such conditions Fig 3 shows changes 12 pule
rate and pulse volume in the tal as well as rectal and il temperatures duﬂﬂf!
ane of the sl flushings  Note the pulse rate changes msigmficantly ard
anythung v drops siighds The pulse volume  the tal on the other hand
creases by a factor of 4—3 umes The increase shows a definite SUEpnis
course

1a order to investigate the posuble mecharsms behund the
flow changes to the 131 a senes of expennments wath nerve blockade was m‘d‘“
wken. 3 or 2% Procaime Nslocainie or Novocane all without adrenslio®
were wsed to infiltrate the 1] at s basis Complete blockade was ““u'—cr
present when all sensation in the taad was lost Fig 4 demostratess the caulr: 5
cvents duning such an experiment n the first half of the cune the 1ocre:

2
wuf P es 1 1th the concomstant blood flow changes ¥ slown @

canspucuous blocd
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Fig 5 F rst portion of figure demonstrates the effect of mjection of 2 ml saline at the base of the
tad at maxamum tasl blood flow Last portion of figure demostrates the effect of a nerve block
also performed at maximum tail blood flow Nate the prompt vasoconstriction and increase an
rectal temperature when the tail 1s ners e blocked

T

RECTAL
e TEMPERATURE

3s
<
0
2s
A
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Fig 6 The figure demonsirates the INJECTION OF EPINERNA NE
p ompt asoconstricti ¢ effect of mjecting 20
5_yadrenaline 1n 2 m] saline a¢ the bass [
of the tail HEATING

B 2 0 4 %
TIHE IN MINUTES

normal undisturbed subject The increase in tanl shun tem
by body heating As can be seen the tail flushing 15 ade
excess heat and no or only shight merease in deep rectal
able \ext the heat [oad 15 removed and the tail is cooled down to temperature
levels hike before the start of the experiment Then the tail 1s nerve blocked and
the body heating reapplied This ume the tail temperature stays low and no
vasodilatation occurs The anumal has lost the erucial radiator surface of the tail
shin and becomes rapudly hyperthermic Thas result s mdicative of 2 nervous

peratures 15 provohed
quate 1n removing the
tempetature 15 notice

effects of nen ¢ blochade of the tail at peak blood flow The first part shows the
injecuon of an equal volume of saline at peak flow ubsequent to the start of
body heaung in order to exclude the possibility of an obstruction of the blood
11—62 0I5 Acta phy ol scand ol 55
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flows from the tnjection as a cause of the effect observed. The 1l stays vasod:s
lated at the high bleod flow and heat 15 consequeatly remaved at 2 raté pre
Yentng any increase w rectal temperature Exf 2mFig 5ds

a nerve block deae at peak blood flow Thus Jed to a sudden fafl n bluod flow
chmmaung the disipation of heat from the ta] skin The scetal temperatuce
shows a rapid nse and the ammal soon gets <exerely hypertherme. Fig 6 de
monstrates the effect of mypectng small doses of adrenaline at the base of the
ta} The prompt vasoconstsicuion iliustrates the importance of performing the
nenve block with anesthetics free from adrenaline

Discussion

35 effectve radiator susface for the escape of heat constitute an sntegrave

part in the heat exchanging systems in the homeotherm amumal In well fatred
arctic mammals the effective radsator surface 15 10 most cases greatly seduced
and constitutes 1n some cases only small arcas on the snout and foot pads.
Scuotanper et al (1920b} Irvine and hroc (1933) Haswzr {1923)
Jomanses (1961 have carlier shown the enormous msulatie value of the fur
n arctic mammals and noted (IRvine and hRoc 195) that sweatng probabl
1s of very rare nccurence Furthermore they never nioticed any emanaton of
water vapor from the outer surface of arcuc mammals Thus fact renders e
anumals susceptible of heat accummulation dunng pertods of wintease musculas
acwity The present study on the muskrat has demonstrated 3 vual ole of e
naked tar) as a heat exchanger Undes the prevathing experimental conditons
the intact tail even proved indsspensible for the muskrat Considenny, the veny
wall surface occupied by the tail one can more easily apprecute the ratler
enurmeus changes in blood flow to the tal skin that are necessary n order 10
ehminate adequate amounts of heat Thus the base porions on the front and
hindlegs phuy the naked tad represent less than 5 %o of the towald weight of e
anymal and probabily less than 10 9, of the area effective as a raduator sulﬁf"
The tail skin represents about 23 of the radistor surface madable w @
muskrat

The blood flw chanaes 1 the ta 23 recosded m the prosent study sem ro
be without any parallel sy vther ceports of similar nature Thus the tad f“:
show abrom vl vavk nanznon dunng a penod of nepate heat load {1t
smreracn but shews s 100 <500 umes greater sherthy nnmwd:[anu:;:r:
a demand 1 disspace beat Under periods of maxsmal ta blood flow the .
sndicate 1 at at beast 10 § 1he total cardue output 1 darccted thee u,f;
tul Rememberu., that the tad represents less thas 2 % of the tutad m;' ﬂw
the ammal the we {1he bl xod fiw changes 1s further substanuated III o
some wnterest that Hose o and 1ecs, (1927 asumed that maximum il u
101 the monkes € erc pathesus prgerstirus may represent arund 10 o, of a“:;x -
cardiac output They did n t measure cardsac output but assurred ¥
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sumlar to that of a dog of comparable weight The monkey they studied 1s 2
tvpical tropical species They concluded that the tail circulation 1 concerned
n temperature regulation although they felt that their evadence for this function
wetre disturbed by anesthesia
1t seems concenvable that the reduction in effective radiator surface area, so
commen to most arctic mammals create a demaad for a particularly effective
control of the L to the der of the heat dissipating area In our
concepts of functicn the ofy and vasodil
nerve fibers are commonly recognised even though the idea stll lingers that
vasodilation s only effected bv release of 1ctor tonus Vasodhl:
fibres to skeletal muscle have been repeatediy reported and therr exwstence
confirmed (Fornow and Usnas 1948 Fornow et al 1949 Fouwow and
Grraaapt 1952) for cats and dogs In man ewidence of sympathetic vaso-
dilator fibres to sheletal muscle have been presented by BARCrorT and Epuory
{1940) There sbll remaims considerable doubt ahout the exustence of vaso-
dilator nerves to the slan vessels From the pomnt of view of heat economy one
can appreaate great differences among various specics 1 the importance of
penipheral vascular mechanisms volved n heat loss and conservation The
Ppresent findings show relevance to earhier studics on man only n so far as this
13 hept m rund The evidence brought forward m the present study scems
conclusively to demanstrate the presence of vasodilator fibres 1n the shan of the
muskrat tail The possibility of a dal diated through the formation
of bradylimun from sweat gland actwaty (Fox and Hitrow 19.6) has been
excluded. The tal skin was completely dry dunng the entire course of the
expenments and no s eat glands could be detected Justologically A remaming
possibility was that a stable vasodilator substance were formed 1in the shm as a
result of sympathetic actmvity dunng application of a posutive heat load If the
nerve block m this case was carned out prior to the heat load one would expect

ntion of the 1 dal If however the nerve block was

performed at peab biood flow a prompt decrease like that obtaned seems upe

Likely One would expect a more gradual depl of the Q. suk
produced priar 1o the nerve bloch.
In all the experiments aboll of the 1 b

P umpulses was
secured by nene block of the appropnate nerve supply This procedure will

naturally also remove all the nervous vasoconstnictor tone to the shin yessels
1If however the tail nerves are blocked at peak blood flow 1t seerns likely that
all or most of the vasocanstrictor actvity has been removed Under these
condstions the magustude of the reduction m blood flow when applying the
nenve block should be proportional to the acuwity of the vasodilator mechanism

It has been claimed several times that sympathetic vasodilator fibres are
distnbuted to cutaneous areas in various species Thus Bury (1938) reported
thar presence in the ears of dogs On the other hand the presence of such
fibres to wnv past of the shan 1n cats and dogs has been denied by Fotnow and
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Us~as (1948) and by Forkow etal (1949) In the human subject the custence
of vasodiatar fibtes to the skin 1 sull a matter afcontroversy The firstevidence
for therr essstence was obtaned by Lrwis and Pieserine (1931 Thew matenal
consisted of patents suffering from Raynaud s disease Therr finding was later
confirmed by a number of workers (FATHERREE and Arien 1938, Grant and
Horuve 1938 for the forearm shin Doupg, Curren and Macaviay 1943}
The latter authors furnished more direct evidence by reporting a dilatation of
cutancous vessels when sumulatung sympathetic fibres to proximal pacts of the
hwanan skin On the other hand, Sarnorr and Stucoxs (1947), Warnes etel
(1942) Arnorr and Macrie (1948) and more recently Gasseer, (1955) and
Roppir SuepserD and WhELAY (1957) have presented evidence aga nst the
existence of cutancous vasodilator nerves i man

The present study suggests that nervous vasodilator acuvity to the shin
vessels may exist a8 a hzed physiological meck It seems probable
that such speciahzations may bear relevance to speedic environmental con
ditions necessitating heat disstpation from particularly small porttons of the
shin
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The Metabolhism of 1-C¥-Palmitic Acad Labeled
Chylomicrons in Rats
By
Tuomas OLnEcRONA
Recened 11 November 1001

Abstract

Ourvecrona T The metabolism of 1-CP* palnutic acd labeled chplo-
murins 1 rats Acta physiol. scand 1962 55 170—176 — 1 C"
palmitic acid labeled chylomicrons hase been imjected to carbo-
bydrate fed rats and Iner plasma, adipose tissue and carcass acuvi
ues fullowed There was imsually more activity gowg to the Iner
and adipose tssue and fexs 1o the carcass than when FFA was
jected However although the mechanisms of uptake of FFA and
chylomcrons duffer fatty acids injected 1a eiher form soon enter the
same pools and share the same fate \o major difference could be
found 1 the sprafic acthanes of samples from epididymal penrenal
and subcutaneous adipose ussue

We have previoush reported a study of the metabolism of [ O palmitic
aad mjected as free fatty acid to rats (Ornvecrona 1962) This paper de
scribes a similar study of the metabolism of 1 Ct* palmauc acid fabeled iyl
nucrons which was done to enable a comparison of palmstic acd metabolisa
when mjected m these differing states

Materials and Methods

109 4C 1-C'* palmitic acsd The Radiochemical Centre Amenham, Eagland) o]
dussolved a3 munute volume of ethanol muxed with 5 ml of cream and dmnhwd‘
intragastncally to a rat 0% which a thoracic duct cannulation had been perfor "’: ot
previous day  Chle was coffected for 24 hours 10 a flask chulled 19 ace. It “‘(‘)00’
under 11°, sodium chlonde solution and centnfuged at approxumately 60000 2

Abbresiauons Lsed oy
TGFA ~— tnghycand fany acids, NFEA — neutea] fat fatty ac ds, FEA — & £ £atf
PLFA — phophs upid Lty acda

=
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Table I Campasitson of chylomicron preparation wnjected

of tatal / of total
Lty acds radioacny ty
NFFA 897 2
FFA 26 02
PLFA 77 69

20 msn The chylomicrons were sucked up wto a synnge layered under 1 1 9, sodium
chlonde recentnfuged and afier beng suched up mio 3 synnge agaw diluted to the
desired volume with 09 4 sodsum chlonde The composition and radioactivaty distnibu
tion of the washed chylomicrons 15 shown 1n ‘Table I The injected dose contamed
50 000 ¢ps and 120 mg fat m a volume of { 0 ml

Duc to the viscosity of the chylomicron emulsion the 1mjection could not be carred
qut 10, a few seconds as 15 To dardize the i the 1njection was
carmed out with constant rate for 2 min The tme of 50 ° jection & ¢ 1 mn after
the srart of the anjection was taken as zero ume All other expenmental procedures
were 1dentical with those previously desersbed 10 2 sumlar study of FFA metabolism
(OrrvecrovA 1962)

Seven rats are included 1n the results presented The pomts in the curs es thus represent
values from single rats Sunar exp have been w thas laboratory
and have given essentally the same results However due to differences 1o the chylo-

micron preparations used 1t has not been possible to pool  the results from different
expertments

Results

The results ae presented 1n essentially the same manner as previously de
seribed m a sumilar study of FFA metabolsm (OLivecrona 1962) Total ac~
tretues have been plotted not speaific In this ex) y
vananon with time of the concentratons of fatty aads m some frachons oc
curred This was most pronounced for plasma TCFA and PLFA which hoth
decreased rapudly from itially hugh values towards normal values The hver
TGFA rose to a maxunum at 20 or 40 nun then fell off tow ards normal values
Lner PLFA and FFA dud not vary systematically wath ime The values were
430 £ 70 and 128 3+ 24 peqf200 g body weight respecuvely and closely
tesembled those found 1 the FFA study (Orvecrova 1962) The plasma
FFA concentravon was faurly constant the value beng 08 £ 03 yeq/ml.

¥1g 1 shows the total actvities 1o the plasma lipid fractions The smitial
decline of TGFA actvity corresponded to a half Wife of approximately 10 mun
The witial half Ide of PLFA was approxamately 23—29 nun

Fig 2 shows the total actuvites per whole Iner as percent of the admms.
tered dose No correcuon has been introduced for th

e blood remaimng i the
Iner Thus the early values probably are somewhat too high,

Fig 3 shows the body distnbution of actvity as percent of dose admims-
tered Plasma and liner were calculated as 1

ly described
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Fig 1 Total actmties of plasma lipsd fractions afier inyecnon of 1 € paloune acd labeled
chylomicrons into male rats.

(OuvEcroNs 1962) Carcass actvity was calculated as previously descrbed
(OunvEcrONA 1962) but subtracted by the label in the plasma not taken ovh
caleulated using the assumpuon that the plasma volume was 8 ml The cf
cass value thus included adipose tissuc but not the plasma The total actiily
15 the sum of carcass lver and plasma actvities caleulated as al
calculation of the adipose ussue actvity was done as previously
{OLnvecrona 1962)

Three different adipose tissues were studied Ther composition 18 shown
sn Table II and therr speafic acuvities in Table III The composition was
sumilar to that found mn the FFA study (Ounvecrova 1962) Th

bove The
desenbed

e specfic



CHY LOMIGRON METABOLISM

wo.

FIGURE 2
1 C 14 PALMITIC ACID LARELED CHYLOMICRONS INJECTED
LIVER TOTAL ACTIVITY

PER CENT OF DOSE INJECTED
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Fig 2 Total acuntcs of Iner 1 pid fractions after ayecuion of 1 G palmiue aud labeled
chylomicrons inta male rats.

actinites of the TGFA which was the fraction containing most of the actiaty
i the penrenal adipose tissue tended to be higher than that of epididymal
or subcutaneous adspose tissue TGFA The speaific acvaties of the other frac
tions were more \anable and no apparent trend could be seen These rela
tions are simlar to those found m a previous study of FFA metabohsm (OLne
crova 1962) No major differences between the adipose tissues studied scem
to exist as regards their capaaty for uptake of chylomicron fatty acids

Table Il Compasition of d flerent adipose tusws Falty actds wn the d ferent fractwns as
of total falty acsds ¥ alues gien are mean of 7 vats x standard deviation of the samples

Ep didymal Perrenal Subcutancous

FFA 026 +008 104 £032 043012
NFFA 992 =03 978:£07 98703
PLFA 051 £ 023 131028

084 L 019
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Fig 3 Tissue dstnbutian of label after imyecton of ! € palmute acd fabeled chylamicrord
to male rats.

Discussion
The amm of this study was 10 compare the fate of 1 € palminc aad
Jected as chylonucron fatty acid and as free fatty acid The expenment thus
was carnied out under stmilar conditions as those used m a previous studs

Table 1T Specific ativrties sn three different samples of rat adipose tussue ofter antravenns
syeciton of 1 T palmetic ared labeled chilomucrons '§ alues ara g1 en as ¢ps pef jieg
of fatty aid Daie admimstered 50 000 cps 120 mg twial fat per 200 g body ueinhd

| Eputidymal Perirenal | Subcuancous

I
R R Y G T S R i A (B2
10 min 81 | oo 1” 37 | o002 | 02 06 0023 g:
20 mmn 103 { 0079 X3 19 0g7 - 32 o082 o
40 nun 86 { 0075 09 18 018 08 61 2057 o9
80 mun 33 | o049 05 20 o1 0+ 55 | 0065 pid
160 run 27 | D075 | 0% 03 | 012 05 13 003; o
6 hours 19 pous | 05 15 je13 | 02 - 038 ot
24 hours 1¢ [ o0sn{ 03 03 | 010 03 - | o
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of free palmitic acid metabolism (Ortvecrona 1962) The dose of chyloms
crons was very fugh and thus the present expenment was unphysiological
However we thought that the hugh dose of chylomcrons might bong out the
differences betyeen chylomicron and free fatty acid metabolism more clearly
as it would prolong the time of clearing of the chylonucrons and thus enable
us to study more closely the tssue actvaty curves
Bracpow and Gorpon (1958) reported that the ussue distnbunion of chyloms
cron label was different from that of FFA label Cleared chylomicron actinity
1n the fasting state was found primanly in the lnver and after carbobydrate-
feeding pnmanly 1n the depots Frenext and Morws (1928) teparted that
1n fasted rats the liver was the prinespal site of removal of chylomicrons Our
own results are m good agreement with those of Bracooy and Gorpow and
of Frencr and Morrs Figure 3 shows that the liver rapidly reached 1ts maxa
mal actiity accounting for approxsmately 40 % of the injected dose After
40 yun 1he lhver actvity rapidly dechined agamn At all tumes the major part
of acuvity 11 the Iner was present 1 estenfied form
Using doubly labeled chylomicrons Borestros and Jorpan (1929) showed
that chylomicron glycendes are taken up by the hiver without previous hydrol
ysis Addstional evidence for this can be obtamed from considerauon of the
Tano labeled TGFAflabeled PLFA mn the hiver i the present expenment If
the chylomicrons were hydrolyzed prior to their uptake by the ver this ratio
would be expected to be the same as when FFA were ujected In previous
work (OwvEcroNa 1962) we found this ratio to be 3/2 at 5 min when 1 C
palmatic acid was myected In the present experuncat the ratio was approx
mately 20 1 at 10 run Thas 35 not consistent wath the hypothesss that chyloms
cron ghycenides are hydrolyzed prior 1o thewr uptake by the hiver but rather
supports the alternate hypothesis that they are taken up as glycendes
The carcass activity rose somewhat more slowly and reached 1ts masmuny
later than the lner acuvity Also the catcass actvity fell off at a slower rate
When FFA was imjected (Ouivecona 1962) both the hiser and the carcass
activities Teached their maximal values wathin 10 oun, and there was mutally
mere activity gomng to the carcass and less to the lner than in the present
expenment However the declne of activity 1n the tissues followed simular
cunes as those found in the present expenment After 2 hours the only major
difference between the two senes 1s that there was more activity 10 the adipose
ussue in the present expenment Wath thas exception 1t thus seems that al
though the mechansm of uptake of chylonucrons and FFA dyffer fatty acuds
wnjected in esther form soon enter the same pools and share the same fate
The major difference between the metabolism of chylonucron fatty acids
and (ree fatty acids thus seems 10 be that whereas the FFA age rapidly Y[ d
ly cleare:
trom the blood stream and the cleared fatty acids almost snmediately m
corporated 1nto tissue fatty acid esters the chylomicron fatty acids are cleared
more slowly from the circulation and when cleared must first be hydrolyzed
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from the glycendes before they cn be further metabolized Steiv and Suartzo
(1959 1960) hnve shown that hpuds taken up by the hver cells are mmally
located on the actnely metabohzing particles ¢ g the nutochondnas and
the mucrosomes  Ihey suggested that these lipids have a ugher fracuonal
tumover rate than the bulk of the Iver fat A sumilar compartmentalization
of the hmds probably occurs 1n most tissues When we mject a tracer dose of
labeled 1 FA the tabel 1s accordingly rapudly taken up by the  actively metabo-
hzing parucles  and 1s soon oxichized or esterificd The esters arc then further
metabolized either by hydrolyss and oxidation by muxing into the bulk of
ussue fat, or — m the case of the ver — by transfer to the plasma. Thus
there will be w amtial rapid oxidavon of the label which then Jevels off
gratunily as the fatty acids are muixed nto successinely igger pools When
we inject chylomicrons on the other hand the labeled fatty acids will enter
the actnely metabohzing pools more gridunlly because of the slower
clearing from the blood and the hydrolysis necessary before the chylomicron
fatty 1cids are avadlable for fusther metabohsm Thus the oxdaton w't
smutially proceed at 3 slower rate than for FIA but the rate of oxidaton will
Jevel off fater and more gradually We find those relations when we compare
the curves for total recovery m the present experiment with those from the
1FA expenment (Ounvecrova 1962) The results of Frepricksos et of (1958
lend themselves to a sinular nterpretation

The author s 1shes (0 express his appreciation to Miss IaEse Lispeas for her skullful techical
asst tance and to Professcr Bener Boscsthow and Dr - Arax Horuass for help o the prepara
non of this manuseript
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Effects of Chromc Central Cooling on Alimentation
and Thermoregulation
By
B Anpersson C C Gare*and] W Suvpsren®
Recened 23 \ovember 1961

Abstract

Avpersson B C C Gawe and J W Suwosten  Effects of chrome
central cooling on alimeniation and thermoregulation Acta physiol scand
1962 55 177—188 — Chronic local cooling 1n the forebraun of +un
anesthetized goats was achieved by perfusion of cold water for 1—7
days through implanted silver thermodes In 2 goats with thermodes
located in the pre-optic region chromc central cooling resulted in a
marked inhubiion of water consumption while causing hudle altera
tion of food intake In a third goat with a thermode 1 the postertor
pre-opuic area and the rostral hypothalamus central cooling inhubited
1 ater intake but also increased food intake slightly In contrast 1n a
fourth goat beanng a thermode rostrally i the yentromedial hypo-
thalamus prolonged chilling resulted in a considerable increase
hay consumption while failing to hibit drnking These data provide
additional evidence 1 support of the thermostatic theory of the
regulation of food wtale (Brosech 1948) and of water intake
(AvpERssov and Larssox 1961} further they reveal a differential
responsc 1n alimentation to coolng of separate arcas of the forebran
On central cooling all thermode goats rapidly developed sustained
hyperthermua without shienng dechoing over 1—3 days upon
cessation of central cooling The sustained hyperthermia may be
the result of hy bined with increased
metabolism of non shivening onign To explan the present results,
there 13 no necd to postulate the exustence of central “cold receptors
or  hypothermia detectars  withsn the cooled part of the bramn

Expenments invohing the production of acute thermal <hanges 1n the fore
brain have been reported recently which provide support for the thermostatic
theory of the regulation of food mtake (BRoseck 1948) and which further

Postdoctoral Research Fellow D 1sion of \eurological Duscases and Blindness, U S Public
H alth Sen ce

Postdoctoral Fellow D 15 on of B ological and Medical Sa

auonal Science



178 B ANDERSSON, C. C. GALE AND J W SINDSTEN

7 .

4
v - Fa 1 Loanon of te thormudes 0 et
N subyecied 10 Jocud coolt , [ tr fored can

Coats Nand B The temmode s lez d
soedially in the prew e reg o ol ghtly rore
- sosraland denalan A thaa m B
Coat C The t} ermude 15 ntuated media. v
3 w ik e poatenior pre ¢ pric and sostral b pothake
amicregua
h ot T Goar D The t ernuxde 1 located mediad
1 it & rusiral sentromedial }ypotialanit
b opt  onte chawm
o — cpup hiyms
PP o bypop hyms
It mam o« mammillany bedy
m 1 = masa ntared 2
3 the thied ventr cle

indicate the parucspauon of a thermostatic mechansm in the regulason of
water mtahe (ANpErSoN and Larssos 1961) In order to imvesugate the ther

maostauic control of alimentation more tharou,hly 1t was thought important 10
study himentars belasiour 1 poats subjecied 1o more prolonged central thermal
change It alsosecmed of interest to study whehier different Jocations of the ther

modes wathin the pre-optic area and he rostral hypothalamus would influence
the nature of the alinentary response to central cooling

Thermoregulatony effects of acute cooling of the pre-opuc arca and the rostrat

il)po(halamus have recently been studied 1n uninesthetzed goats { ANDERSEY

AnpErssay and Gace 19625 In the calm ansmal accustomed to the cxpcnmcmz]
conditions coolmg of these parts of the forebrain produced shisening exclusnél)

at eavsronmental temperatures below 18 € or dunng local sumulaton of
penipheral cold receptors Since n these acute cxpersments general byper

thermua was scen to develop n the absence of shnening 16 was of wnterest 1@
study whether such non shienng hyperthermua would persist dunng Tonger
penods of central cooling

Methods

Four homed goats were used 1 the present siudy The ammals bad siher u;,,-ma:‘n
implanted medially {1, 10 the pre-optic arca (Goats \ and B) (2) in the poxltﬂ:l;tgml
opuc area and the vostral hvpothalamus (Gom ©; and (3) the rostral \m:o T
part of the hypethalamus (Goat D) (kg 1) Since the amimals are still alive 4 a‘; e
mmavon of 1he sites of the thermodes was made by \ ray studies of thewt :n:;} o)
of the amimals the degree of central cosling or warmmng was measured by nz ; eJ P
cators for temp recording 1 with the uid 2 in e
tateral to the surface of the thermodes The construcuan of the thern g
methods of szrplantation and of central coolng and warmung were previousty
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2 E persmental aryan ement for ehro i
mzm of ile forebrain by uater perfunon f
@ permanently vnf lanted thermade

D = spnng balanced drum

H = hay rack.

£ = scc Flod thermos (used opusaally
to induce derper cooling)

Tu = rubber wfiow and outfiow tubings.

W = bucket for drnking water

(Aspersson and Larssos 1961) Since however the penods of central cooling in the
present seres of experments were prolonged up 10 4 week, the techmque of cochng had
to be modufied The ammals were kept collared in metabolism cages and were not further
restrained duning the experimental penods During central cooling running tap water
entered the thermode through a thin rubber tubing attached to the horn and was led
out agam through a sumlar rubber tubing connected to the cannula leading outwards
from the thermode To speed up the perfusion rate a negatie pressure was produced 1n
the outlet tubing by water sucion The rubber inlet and outlet tubings were suspended
from a spring balanced drum 1 m above the heads of the ammals The goats appeared
to be completely indfferent 1o the presence of the perfusion apparatus This method of
cooling caused a 3104 C drop in the brain lcmpcrzlux: 3 mm lateral to the thermode
when perfusion was made 1n an of 18021 C S h;

deeper cooling (a 4105 C dropin the bran temperature 3 mm lateral to the thermode)
was obtamed in other expenments. In these the tap water was led through a spiral

copper tubing placed taside an ice filled thermos before 1t entered the rubber tubing
lead ng to the thermod:

The are seen 1 Fig 2
On several oceasions the thermode was used alio to produce local warmeng of the pre

optic area for short penads of tine 1 two of the ammals. In these cases the remperature
of the water runmng 1nto the thermode cannula was keptat 46 C
Care of the emmals

The technique of implantation of the thermodes made 1t possible to use the goats for
these experiments for over a period of a yeas All + ansmals used 1n the present study
are s alnve and 1n good condition They were routmely hept collared 1n metabolum
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cages and as stated above were not fusther restramed duning the periods of ceatral
coohing A} exp were p 410 an emv 1 temp ranging fodt
18 0 21 C. The goats were fed daily 250 g of gramn with 4 g of \aCl added and bad
free access to hay and water Daily records were hept of the amounts of hay and waset
consumed and of the amount and spetific grasity of the unne exereted Two of the goit
were Jactatng (Goats B and Di and were milked at regular umes twice daidy The milk
producuon was tecorded daily

Chemical methods

Lnnan plasma and mik chlonde was determuned according to Brvs (1949
Sodium and potassium 1a these same body fuids were determmed by use of 2n o
flame photometer Blood sugar detcrmimations were made according to the method
Sowocvr {1945)

Results

I Resulls of acute warming in the pre optic vegion

Before the senies of eapertments imvolving chransc central coolg were starieds
Goat A was subjected to acute central warming by perfusion of warm "J‘:;
thirough 1ts thermode Thus local warmung of the pre opné 1egion was ol:scn!
to causc marhed polydipsia on seven different occasions 1n additon 10 Poza
pueic panting and peripheral sasodilatation local warnung was thus 5‘;‘}‘“&
induce dnnking after a latency of one to 3 mun If the goat was allowed to "
large quantiues of cold water durmng the first pertod of central “am“n}four
fwled to drink again when central warming was perfonmed 2 t‘]u:u'lcr Or?;hmo-
later Further a preceding )} )] 4 Js
promun, ACO 15 mg hg body waght) completely inhibued the polydpse
effect of central warmung
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L Eflcts of chrontc central cooling on food and waler wntake
A) Thennode located 1n the pre optic re ion

In 2 goats with thermodes wmplanted 1n the pre-optic region (Goats ‘; ‘m (;
B Fig 1) contnuous cooling with tap water for perods ranging from 1 to
days produced an 4 hab of water c puon while Cﬂusmj
hutle or 1o reduction i the amount of hay eaten nor i the evnident relsh max
which the mormng gran ration was consumed Central coohng m‘:’;:ry‘f;c
mn thus study was started sunultancously with the feeding of grain : n: art
ammals were pot being centrally cooled they always drank the greates l]})mr
of therr dauly water intake withun ene to two hours after they hadom:}:n other
gram ration (which was usually consumed within 15 to 20 mumn) . ?asctoraﬂ)’
hand when they were subjected to central cooling water mmh:;) ‘\l et
mhibited for periods ranging from seven to fifty hours This bm l“m“ per
urge to dnnk was most pronounced 1n Goat“ B bmm'duumlg Dy 1ap f d
fusion on three separate d 2 -
lasting from 36 :,p 50 hours W h:nrdus goat did break through ;hxs m};xl‘m:;
of tharst 1z dran relatn ely small amounts of water faling mhm Cl:‘:a‘ U‘st
deficat (Fig 3) Thus arumal ate 1 1th good appetite during the e das
although on one occasion ats CDHSumpu;)n :;‘u };}a‘ye ::z:::“é;:{ Bea.n 41t began

In Go: was pot so sevesely o b
to dnnki::]?:;ttgu of water after 7 hours of central mol:lg lz b 1‘:‘13:::5
It was found possble however to prolong the pena:i Zf o 7me
ammal to over 30 hours by ind a more p b cg:fcc . ‘;:’spu;mnodc
In1ts pre-optsc region (Fig 4) This was accomplished by perfusing
12623015 Acta physiol scand ¥ ol 55
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e ' 1t ermedal perfusion and perusted at thus b
tevel throughout central cooling Lpca cossa k8
11 2 of cooling rectal temperature fell slowly over 2
| two-day penod before react g pee-cooling i
els Water intake was totally blocked dunag ibe
r 12 first 30 houn uf covling and remasned low di
[ 22 1ng th ¢ rest of the coaling period
Q 13 Wos s

withiced water mstead of wath tap water a procedure which appareatly reduced
the temperature 10 the cooled area an addiuonal 1 C Whea this ammal r&
sumed drinking duning tlus deeper central cooling 1t drank relatvely small

mounts of water failing to restore the water defiast 1t had occurred Upod
sppping the central cooling a large increase 1n water consumption wasobserved
on the first post cooling day

B) Thermode located at the pre optic and rostral hypothalamic border

In Goat C the thermode was located ventrocaudally to those 1n Goats A and
B 1t was found to extend from the postenior part of the pre-optic region 1ato the
rostral portion of the hypothalamus (Fig 1 Goat C) Central cooling i this
location ehcited dual effects on alimentation causing both an nlubition of
dnnhing and a sumulauon of eating Duning a three day penod of tap water
cooling water intahe was totally blocked for 30 hours and a condition of rel
e adipsia prevaied duning the ter of the coaling period (Fig 2)
Although food intake was not markedly altered during thus expenment whent
deeper cooling was later aclueved (by 1ced water perfusion) an mereased con
sumption of hay was observed

During the periods of absolute and relative mlubition of drx
goats described above the plasma clectrolyte concentration and the
rose sharply and usually did not decline to normal levels during thi
despite the fact that all ammals began to drnk duning the latter par

nking in all theee
hematocnt
¢ cooling
¢ of cach
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Fig 6 Prodution of hper
phagia wih so whibdtion of
rnkir, by coalin of the 108
tral veniromedial hypothalam ¢
In Goat D the consump-
tion of hay 10 av
esgeof 40 dunng 7 days
of central coolng _The
elaboration of unne of high

praopuco-hypophysial tract
was not blocked by the cen

cooling Brain temper
ature was 1 this aoumal
recorded 15 mm lateral to
the surface of the thermode.

cooling period Upon cessation of central cooling these goats usually dran} -
creased amounts of water wlich apparently was sufficient to restore thewr water

defiaits as mdicated by the return of plasma electrolytes to normal concentra
tions (Fig 3 ¢ and 5)

C) Thermode located 1n the yostral zentromedsal hypothalamus

In one goat beanng a thermode m the rostral ventromedial hypothalamus
(Fig 1 GoatD) chromic brain chilling evoked different alimentary effects than
i the 3 ammals desenibed above Central cooling on three separate occasions
mn Goat D caused 1t to eat increased amounts of hay while fuling to mhubit 1ts
water mtake For example duning one pertod of tap water coolung Iasung 7
days, hay consumption rose 40 ¢, above control levels During the post cooling
penods hay consumption was reduced below the pre-coolng control levels
Central cooltng (which in this goat must have mvolved the median emnence)
did 1ot kbt the release of anudiuretic hormone since dunng cooling the
unne output semained low while the speaific gravaty of the urie rose consider
ably On termunation of cooling the diuresis of very large amounts of unane of
tow speaific gravity was observed on two of the three occasions (Fig 6) Plasma
electrolyte concentrations were Little altered m this goat duning cooling

18U Persistent by pertherma produced by central cooling

Invier of the results of a recent study of the thermoregulatory effects of acute
coohng in the pre-optic area and rostral hypothalamus of the goat (ANDERSEN
o al 1962} 1s 15 not surpnsing to find 1n the present expenments that chromic
<entral cooling never caused shiverng but mn every case evoked penipheral
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tig 7 Tito rvamtles of persustent hyperthermua ¢ oke ! by cent of coolin tn the sene goat In Goat D
zentral cooling, produce ! s ithia 8 © hours a rise 1 rectal temperature 10 403 10405 C 2
‘urther nse o¢turred 810 12 hours later On terounation < a 3-day cooling period 1 ctal tempes
uure remaned elerated for one day n contrad following a ;-day cooli, pervd the coré
cnperature thd 2ot reach normal teved for 3 days

asoconstriction 1t had been found 1n the earlier study that central cooling 18
m yoats accustomed to the experimental procedure 1nduced shnesng only
in cnvironmental temperatures below 18 C - while penpheral vasoconstriction
had occcurred wn environmental temperatures as lugh s 36 C In the presat
studies the rectal temperature of the annmals started to nse very soon afier the
anset of central coaling, and generally reached 4 temporary steady state withun
two 10 three hours A further nse usually occurred six to 12 houss fater this
was most cvident 1n Goat D The rectal temperatuses then remamed relatisely
constant at a lagh level (405 10 #15 € ) duning the cntire penod of cent
wooling even when prolonged for as Jong as 7 days On cessaton of cen e
cooling the rectal temperatures fell rapidly 1n association with the onsct
marhked peripheral vasodilatanon and polypnea The rectal temperatures
however did nat wunediately return to pre cooling levels but rather remae
clevated for 1 to 3 days The longer the penod of central cooling the longer
was the duration of this post cooling elevation of the rectal temperatur® (g
and 7
Amzough penipheral vasoconstriction (as mdicated by a low ear surfact
tal (cmptra(urt

ature) was always present dunng the nsing phase of rec

temper:
; had seached the plateat fenes

3t was Jess © when rectal
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Then the penipheral rction was 0cc My mterrupted by bref

peniods of sheral il aphe which may explaun obsers ed
p

small at 1n the rectal temp e of the animals dunng central coohng

IV Other cffects of chroms central cooling

During the periods of central cooling there was a moderate nse i blood
glucose levels In ammals with the thermode placed in the pre-opuc region
central cooling caused a 10t0 20 S, increase n blood sugar level whereas cooling
the rostral ventromedial hypothalamus rassed the blood sugar 60 °, (from 50
mg % to 80 mg 9,) Milk production was observed to remam at about the
same level 1n Goat B (thenmode m the pre-optic region) and to ncrease about
20 ¢ 1 Goat D (thermode m the rostral \ entromedial hypothalamus) during
central cooling ™o consstent change w the patiern of urnary electrolytes
could be related to coolng mn any of the amimals

Discusston

When trying to mierpret the results of what may be thought physiological
sumuli  apphed to vanous pasts of the bramn one 15 always faced with the
question Is the effect due to an actnvaton solely of neurons speaifically sensitive
to this particular stmulus or has the sumulus activated non spectfically all sur
rounding nervous tissue? In the case of induced Jocal hypothermua the problem
becomes even more comphcated for here at least four possibilities must be talen.
nto consideration 1 The effects may be due to a speaific mhubition of central

warm receptors normally acting as a brake on vanous cold defense mecha-
nisms 2 They may be due to a speaific stmulation of central  cold recepiors
or more accurately central hypothermua detectors 3 They may be due
to a general non specific 1mactination of all nervous tissue i the hypothermic
area ¥ Fioally a fourth possibdity must be taken 1nto consideration a certan
degree of hypothermia may alter the physical and chemical conditsons of nervous
tissue and thereby act as a non specific sumulus

Obviously the first possibility mentioned above must be at least part of the

k of the eflects ob: d by chronc cooling of the pre-optic area and
rostral hypothalamus The exstence of central warm receptors  withun thus
region of the bramn has been clearly demonserated (Macouv et al 1938)
Logically a local cooling of thus region of the bram must mhibit the normal
actvaty of such neurons and 1n thus manner contnbute to the development of
general hyperth The th latory effects of acute cooling of the

c
pre opuc area in the goat (ANDERSEN etal 1962) could entirely be explaned
as due to such an inlubition of central warm receptors  There was thus no
need to postulate the custence of speasal “cold receptors  { hypothermia
detectors ) within the cooled area of the brain The same applics to the present
study Before discussing the ahmentary effects on the bass of an miubition of
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censral  warm receptors , however one must cunsider the third po.sibibin
mentoned above 1 ¢ that the central hypothermia might hase mhubited al
neuronal achsity in the conled repron non speafically Fren of such were die
case the present study clearly demonstrates that the control of feeding and
drnbing 15 exerted by asatomically separate central mechansms Thus weolng
the rostral ventromediaf hy pothalamus caused an increased food mtake but no
simultancous crense m water intake wlhile covhing the pre optic region caused
temporary adysia without sigmficanty altering the food snsake of the goats.
Tlus observed snercase mn food wtake could be thercfore the sesult of a noa
spectfic inhibition of a sentromedial sauicty center  (Brozzen, Terrrrun
and Lone 1943 Comersely the temporary adipua could be caused by a noa-
spectfic mbubition of a shyhth more dorsally located  dnnkng center (Wsoess
sov and McCany 1905

On the other hand  certan features of the present study sndicate that e
loeal hypothiermia has not been deep enough w nfubit nion specifically all
newronal acusits i the cooled region Thus for example the median epunence
of Goat D (k15 ¥ D) must have been cooled 1o the same or cyven greates exient
as Ahe venromedial nuclens Sull no sign of a dminushed secretion of son
drureue hormone was obsened indicating that these was no cold blockade of
the hypothalamicu-neurohy poplivsial connections at amy time dunng the
penod of central coaling Further evidence i supporn of this viewpont 18 Jound
m the observanon that cooling mn this same ammal caused an increase & mik
yield Tor f coohing had caused a non specific blockade in the medisn exuncact
mulh production would be expected to dechine secondary to deficiences of thost

alactopoenic anterior pituitary hormones (such as ACTH and T5H) whose

v €0n 15 largely controlled by thus region of the hypothalamus Thos study
therefore wndicates that cenral thermareceptors may serve as an umpartant ik
10 the ¢ of at and ther gul Thus the inductot
of local bram coohing was found to cvoke vegelatne changes wiuch wher
brought nto play aould tend to eorrert a cundon of generat hypothermsd
the producuon of core Inyperthermsa a mamwained of mereased watake of foods
and an snbsbation of water wtake (thus latier aenon would prevent a furthe?
Jowenng of both wemperature secondars 1o fwd mgesuen) Comersely pre
+1ous studics hase shown that acute central warmung induces 1 egetape chanse
tending to correct a conditton of general hyperthermua \ asodiatation ;:d
polypneic panung correlated with an mnereased water intake and a reduced
sntahe {ANDERsSON and Larsson 1961) ced by >

According to the thermostatic theory of food antabe hunger 18 sedu (:ha
misc 1 temperature n the ventromedsal nucleus of the hypothalamus s

saticty center ) or sn neurons Jocated more rostral but which xm?"{f’c u:;
autleus (Broseca 1960) In the present study howerer chromc Loohng

e
pre-oplic region had httle effect on food mtake whereas hypothermd 19 s
n the rostral 1 dial hypothal; lated food consumptidn
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possible that since cooling of the pre aphic region caused a general hyperthesmia
the resultant pesfusion of warm {405 to 41 5° ©) blood through the bram
served ta rase the temperature n the  satiesy center  and sa to reduce the
appetite to normal Tha would. mabe necessary the postulanion of warm
receptors ot only m the pre optic regron. but also 1n the rostsal ventromedsal
hypothalamus Coohng performed directly m the satety center would of
oure protect it from the warming effects of the core hypertherma Spatal
configuration tends to exclude the likehibood that hy pothermia snduced i the
rostral ventromedial hypothalamus could extend sufficemly far laterally to
fh the lateral hypothak feeding center  {(ANDERSSON and Lagssov

1961}

The arca of the forebrasn which upon coohing mubsted dnoking most
complesely was localized to the pre optic region but m no case could total
adipsta bs prolonged beyond 50 hours That susmulation of the central ssmore
ceptors by a rue i plasma electrolyte concentration apparenily sened 1o break
through thus thermal blockade and to mduce drinking suggesis the exsstence of
paralied mechamsms osmot and thermostatic vegulating water miahe

The fact that lecal thermal change m the pre optic area affected the water
wtake of the ammals to thus great extent {local warming shmulating and local
cooling mhibiung) s swpnsng i the view of eather results of electrical sam
ulation i the same speoes A certam overlapping between the pre opue

heat losscenter  and the hypothalamue  dnnksng area wasabserved (AnpErs

ov and McCanv 1952) but the most obwious polydipsic effect of electncal
stmulation was found at a transsexse level through the hy pothalamus between
the descending tract of the fornix and the mammslio-thalamuc ¢ract Tt has been
recemtly obsened however that extensie bilateral lesions m the pre opuc
region i the goat may cause permaneit adipsa wahout bloching appette m
sprte of the fact that the mam part of the hypoth whach on i
stimuplation normally causes dunking was untonched by the feson (Anprsso
and Lanssow 1962) The polydipsic effect of local warming of he pre optic
area daffered from that of elecincal sumulaton 1w tvo respects It was found
to be smhibited by the previous drinbing of cold water and also by the myection
of amphetamune The contmuation of domhang observed to folio + the cessation
of gratanged cl { L s the hypothal drmkmg center  was
smlubited by these same factoss but the smmediate polydipsic effect of elcerrical
samulation was not so wmdubited (Anpersson Larsson and Persson 1960}
¥ 15 dufficolt to snierpret the suportance of these obseratons before further
wformation s obtasned about the finction of the pre optic area w the regulauon
of vater sntabe Presently howerver the assureption appears jusufied that ther
mal and porhaps other factors mft the of the hyp

sz center b way of the pre-optic ares It is further posable ¢hat the act?

wes of the hypothalamse tlusst center  rmust be propagatest through the pre
optc area in order ta reach consciousness
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In ali goats in the present expenments central cooling quickly induced 3
tugh sustaned core hyperthermia which persssted throughout the entre period
of cooling Ater cessanon of cooling there smrilly occurred a rapid falt
fectal temperature o 85 10 1° € above nomnal levels The further dechre
howeer, was slow and erratic Rectal temperatuce thus did not reach pec
coohing, levels untit onc to three days afier stopping perdision (fig 5 and 7)
Since shivening was not present duning any stage of the expesuments the hyper
thernua must have been due to the uctivauon of other cold defense mechanisms
Penphesal vasoconstriction was always present dunng the rising phase of core
hyperihermia, but later on was Jess consistent 1t scems unlihely that penpheral
sasoconstriction per se couhd have been sufficent o mawmntain the high body
temperatuse Sor periods up to 7 days i an environmental temperature usudly
near 19 C Ahthough no me: of oxygen ¢ ption were made
st seems jusufied to assume that anincrease sn metabohsm of nonshivenng onga
had occurred during the peniods of chironic ceatral cooling 1 these anmals
Evidence that an snereased metabolism of non shivenng ongm may be achined
during centrif cooling by way of the hypothalamico-fy pophy sial thyreid axs
has recently been obtained 10 colfateral studses m thus laboratory Thus, 1t »36
Setermined that Jocal coohng of the pre~opuc area i the goat rapudly leads ©0
a masked increase s the protan bound 1odine i the blood {ANDERDON ¢t
1962) \etabolie adjustments of thus kind may explain the long delay before

ly temperature falls ta nosmal levels after penods of chronic central cooln§
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From the Department of Physiology harolinsha Institutet Stockholm 60 Sweden

Effect of Ethanol on Oxygen Uptake and on Blood Glucose
Concentration 1n Anesthetized Rabbits
By
E 5 Peruav
Recened 27 November 1961

Abstiract

Pervan E S Effert of cihanol on oxvgen uplake and on blood ,lucose
concentration 1 anesthetied vebbuts  Acta physiol scand 1962 55
183—202 — In urethanc anesthetized rabbits wfusions of small
doses of etbanol (02—0 4 g/kg) produced an immediate 1ncrease
m oxygen uptake (10—15 per cent) There was also an mncrease
n blood glucose The increase m oxygen uptabe was apparently
not pamanly du¢ to increased sheletal muscle actwty or to mn
creased secretion from the adrenal medulla and it 15 suggested that
ethanol or one of 1s metabolites has a direct stunulating effect on
the The hy i was due to mcreased
secretion of adrepal medul h — It that
these ethanol effzcts were obtaned 1 2 low dose range

Tt has recently been obseried that ethanol 1n small doses (0 2 g/hg) wcreases
oxygen uptake and blood glucose concentration i anesthetized rabbats (Per
san 1961 a) These effects obtamed in a dose range where other effects of
ethanol are munumal have been studied further in the present mnvestigation

The influence of ethanol on the oxygen uptake has been studied by seseral
worhers It has generally been concluded that in man ethanol has Lttle or
no effect on the oxygen uptake erther n small or i large doses (Hicoms
1917 Grorimax 1930 and others) In animals some s eshigators have noted
mcreased oxygen uptake after ethanol doses ranging from 06 gjkg to 5 g/hg
(Wesss and Reiss 1923, Lusoscasrp 1931 Hemg of of 1952 and others)
whereas other worhers have found no effect For review of the earlter hiterature
on tlus subject see Mrrenerr. and Curzov (1940) — An mcrease 1n oxygen
uptahe after small ethanol doses (< 05 g/kg) 1 ammals has apparently not
been previously reported.
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Earher work hus established that ethanol increases blood glucose under
certam condsions In most studies Lurly large ethanol duses (> 3 ¢, kg) have
been used and it has been stressed that adequate stores of Inver glycogen
ate required to obtan this effect (Fensevt 194 and othens) Matinios
(1912) showed that thus type of ethanol hyperglycemia was reduced by section
of the splanchmic nenves and it has subsequently been confirmed that the ne
i blood glucose afier larpe cthanol duses 1s duc 10 an increased adrenal
medullary sccretion (Russosay and Hasve 1908 Runcuas Haae and Baoe
1908 Remestan Base and Haao 1909, Persian 1961 b) Roiscaan and her
co-wotkers have alw shown that cthanol intexscation 18 assocrated with
creased actinaty in the sympathetic nenous system in general (RLiscuas and
Goopar 1997 Krinesan ef af 1908) Therc 1s cvidence that moderate etha
nol doses (<1 4,kg) albo tncrease the adsenal medullary secreuon a man
(Perstan 1958 1961 ¢ Anens Herres and Beres 1958} and in cats (Peruay
1960) — An ncrease in blood glucose after small ethanol doses (< 05 g15)
has apparemtly not been presiowsly reported

In view of the well known effects of adrenaline on oxygen uptake and blood
glucose aticntion was directed twowards evaluaung, the role of the adrenal
medullary honmones i the metabolic actions of ethanol

Mecthods

\lbino rablus weighing 2—5 kg were used They were as a rule ancstheuzed
with urcthanc | § gkg 13 A few antmals v ere anesthetized with pentobarbital, <0
mgfig 1 In some experniments the amimals recened 3 g glucose (10 ml 30 per cent

ucose ~ 10 ml saline s v} at the same tme as the ancsthene This was done 12

surc adeqguate lver glycogen stores

The trachez was ¢ lated and connected via 4 valves, to an omEe?
filled closed-circunt system for oxygen uptake determination according 10 330
techmque {§ exebicr 1010 Measurements of the tracheal pressure vaniatioss duiot
the cxpenments indicated that the resstance in the system was neghgible ﬂ:;
spisometer had a capacity of 2 hters and a device which automatcally refilled i W
oxygen whea it had been almost emptied wsually twice hourly duning upmm;“:‘
permitung conunuous recording of the oxygen uptale curve The instial oxygea UP:

Jevel when the ammal was i 8 steady state was determined and nplcﬂ'dr;
mifkgimun at 0 C 760 mm Hg (dry; As the closed-circut system had mnli,msfzghx

water absworption 1t was saturated with wates wapor during expermen
heaung ted water cond in the exprratory valve The s mz;Pf;
ture was checked at regular ntenals It vancd hine dunng exprnment ;ln:mf o
usually 26—28 € The colonic temperature was continuously rccnrdcdwlh;mcxil\ %
thermometer {(FLFCTROLAB IE 5 accuracy = 01 € with zmrhﬂ‘j’ P
The body (colonic) temperature of the animals was maintuncd ar 38 —3
expeniments.

The femoral vein was cannulated for flurd or drug
femoral artery for blood pressure recording A\l ansmals were given I

degs for p it (I mljkgofa 2 p;!;ﬂﬂ salun(o:m
samples were obtamed from a cannulated artery and determsnal
uutpm duplicate usng the mothod of Huumtas (1950) which o speaific

adnunustrations and the thu-rﬁ

0 1 20NN
tp)anw ghuco?

were camied
for alde
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Table T Effict of an vatra enpus anfusion of B 2 g.4¢ cthaonsd 4 0x1en upiake and rectod
tempesatae 1 6 wabanr aesthett 24 {1 gihgd mole albina sobbis The ammals
Fad veeeseed 3 g glucose 1 —# hours befare eihanol

Tap | Wesnt | faent | Recid | Echanalahoon | Bffectoa onygen | Con
oy kg oRyZER wmp. uptake comstant
up.ake before <hange
mifbglrund ethanol | Infusion § Ethanol | Largest } Spprox. { apyectal
c ame cone, sigseast | dusayond temp
™ giml {dusng § of s [+
10 mun ¥ crease
penied) { mn
per cent
H '5 27 82 3B ki 893 2 L +84
2 28 90 336 ¥ BE ¢ £ ~fL
3 30 37 85 3 403 12 & —~03
4+ 38 % 86 13 043 17 o0 w01
2 30 LS RN 8 (23 n 153 <05
& 46 66 386 é 213 1B 60 ~a2
\fean 18 12

Anrnal cooled during experiment.

sacchandes Blood ethanol was deiermuaed 1 dupheate samples wizk the Wmsarx
(1937 mechod

Eahanok solunons were made up from absolure wthanot {993 per cear by solwmne)
and sakne 89 per cent) The hughest rohane! conientration used s any of the preseay
expenshents was @ 6 g,ml Pute saline sr distdfed water was used 1n <ontsol snfusons,
Soluons of glucose dusobed  saboe were admustered 31 a sumdar fashion The
unesa caous infusions were made witk 2 motur-doyen wnfuston apparatys set 2k 2 con
stant rait of 10wl run Al solutions were admunssteved at room emperamare Ad
remahne solovons were made up from a standard salunon (100 g mb) which was
dilussed ta the zequued with saine ty before
o 3 fov cxpennmentt the anmals were curanzed An maual dose of ¥ 5 mg & tubo-
cusanine was gven and small addiaonal doser of reqraced These ammals eeve axnsf cualfs
veatlaied with a STARLING pump connected to the elased-cutust SYSITat 50 a4 to Pt
recording of oxygen uptade Ganglionas blockade way obtaned by an wmirayeaous
wyeconn of 30 wgkg bexamathonun brorde when required A the g of
some cxperents the adeenaly were bgated via 2 mudline weiion In other exper
rments the splinchnit senes wese sceuomed bilaterally as close to W adrenal glands
2y posuble

Resalts
1 Qugen upiade and body temperature
a; Eshanol tifision exptrments
In & wrahane anestheuzed rabbus a vmall erhane! dose 92 glgd was
wfustd and xis effects on ovygen uptake and body 1emprrature are shows
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1%L
DD

37

20 _PER CENT
tg 1 Rabbit o 30k Lrcthanean
rathena 14 g hg 3 § glucmegnad
hours before. rapenment Il oo
gen uptake loned 79 o kg min

o From above downwards Recud wm
perature 1 G Charge_ 18 owget
Uptake 1n per cent of mutialiesed Tare

= - scalen hours
1 2 HOURS 1 Canirol mfuson of sakoe 3y
2 Yahandl whusion 02 gbg 1Y
e 1 2
01 _ BLOOD ETHALOL
FER CENT
cost
a \q\
~ ¥
L Fg 7 Blood cthanol cusves from 3 rabbas annlhtl;ﬂ:
o + 1th urcthane 14 gAg 07 gihg cthanols & wofused 13
e fate, during T3 win and begmnng ofum
HOURS  comeides with end of wfusion
) 1

Pable 1 The anverage tnerease i OXygeR uptake was 12 per gent 38 these
cxpenments The exgen uptahe level prior to cthanol admunutraton was
very stable The low uptake Aaluc i exp no 6 probably related te 1€
compratiely hrgh body weight of that amumal — The rectal temperatus
mereased gradually after ethanol 1 two eapenuments Infustons of salint
distilled water or glucose (@1 and 03 g/hg) had no appreciable effect (”1“
oxygen uptake or on rectal temperatare Tig 1383 diagram of ont of the
cthanol expenments {no 4

The ox;;cn upmkc( cur\c, showed clearly w all expenments that the N)S:“
uptake increased dunng the ethanol mfusion when an amount confspﬂ':m: Yi
10 about 0 1 g/hg had been infused and that 1t rapidly reached 1ts TOAXH o
level The oxygen uptahe remamed elevated for about E om0 1‘5\:1
experments After this tme 1t way wsually bach at s pre cthanel
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300 MG PER CENT

W T

15 PER CENT

10

Fig 3 Rabbit ¢4 6kg Urcthane anesthes a 14 004 _PER CENT

kg 3 g glucose gnen 2 bouss before expent

ment It al uxygen uptakelevel 6 6mljkglmm

From above downwards Blood glucose concen A

trauon i mg per cent Rectal temperature 1n H

c ge 1n oxygen uptake 1 per cent of

mial level Blood ethanol concentrat oy in per

cent_ Tume scale 1 hours 3

1 Ethanol infus on 02 gikg 1y 1
Py

Ethanol infusions of 0 01 gfkg, and 0 05 g/kg faled to increase oxygen up
take In other experiments the effects of larger ethanol doses (0 2—35 0 gfkg)
were studied It was found that as a rule the increase m oxygen uptahe
caused by 02— 04 glkg ethanol was not further augmented by additional
amounts of ethanol VWhen larger ethanol doses were infused there was dunng
the latter pact of the infusion a decrease 1n oxygen uptake conconmtant with
the depressiy e effects on circulation and respiration After the mcrease in oxygen
uptake produced by ethanol had subsided a second ethanol nfuston had a
smilareffect usually however of smaller magmtude {Fig 3)

The blood ethanol concentration was followed 1n 3 experiments after the
fusion of 02 glkg cthanol 1v The curves are shown m Fig 2 Withun
the first 5 pun after the end of the infusion blood ethanol concentrations
of 0022—0 056 per cent were obtamed The subsequent fall in concentra
bion was rapid and after one hour the mean value v as 0 01 per cent It should
be noted that n the experument where the peak blood cthanol concentration
was only 0022 per cent the oxygen uptahe mcreased 12 per cent (Fig 3)

In all the expenments described above the ethanol effect on oxygen uptake
was obtaned 1n male rabluts which had been pretreated with glucose Subse
quent experiments on female rabbits not pretreated with glucose gave similar
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«23
[ eLoco orucose
MG PER CENT
.
300 ./
ke
0.
b -
ETHAt OL
azqfu
big 4 Effect of an mtrayenous infusion of D2
wuas  MKg ethanol au Llcod gluctse in 3 urethase:
o b h {14 gig) rabbuts
¢ 2

results Small additonal doses of urcthane gnen duning the expenments 0
mamtam adequate anesthesia did not affeet oxygen uptake Ovygen uptale
mcreased after cthanol also when | barlatal was used as h

It was noted 1n some experiments that there was no or only a small {< 3

r cent) ncrease in oxygen uptake following the infusion of 02 gihg ethano!
n a few of these experiments the animals responded with the usual merease
when a lugher dose (0} ghy, was given In other expermments the Jack of
effect was probably related to the fact that the ammals were in hypesthermi2
or i hypothermia with a corresponcingly affected mitial oxygen uptahe. In
a few experiments however the reason for the lack of effect was unclear

b) Lthano! mnjcction experiments

Wien ethanol was njected within 10 sec wnstead of being adumir
an mfusion the threshold dose was lower The myection of 0 08 g/hg ethancl
caused 2 short lasting (10—15 nun) increase in oxygen uptake of about 10 pet
cent and 016 g/kg caused a ssmular mmereasc of longer duration Controf sye¢
tions of saline were without effect

ustered 28

2 Resprration and blood pressure

The rate and depth of the respiration were unaffectes
02 g/kg cthanol as indicated by the oxygen uptake curve an
servation In no cxperiment was the ethanol infusion followed by any
mediate clearcut increase in respiration

d by the nfusion of
d by direct ob-
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RN,
[ aLoco ouucose
MG PER CENT

300{

200
‘—\”/._—‘.
el -
Tig 5 Effect of an intrarenous fusion of 0.2
g/bg cthanol on blood glucose in 2 urethane 1 2
Sncenzed (14 g/kg) rabbus afier hesa
methonum HouRs
examethonium bromide 10 mgfhg 13 L
2 Ethanol infuson 02 gikg ol e i i .
o 1 ?

The blood pressure which was continuously recorded 1n all experiments
was not affected by 02 gjkg ethanol whereas 04 gjhg sometimes caused a
moderate (10—20 mm Hg} short lasting nise

No ewidence was obtamned that ethanol m the dose range 01—03 g/kg
when 1njected or infused had other than munor and short lasung effects an
respration or blood pressure

3 Blood glucose concentration

In urethane anesthetized rabbits blood glucose increased after infusion of
02 gfkg cthanol Blood glucose cunves from 3 rabbits given thus dose are
shown in Fig 4 The mual level averaged 180 mg per cent The rise after
cthanol was gradual and as a rule the peak blood glucose value was attained
within one hour after the end of the infusion The average increase was 70
mg per centin these expermments Infusing saline 1 comparable amounts had no
stmular effect but a shight mcrease was noted

In simular ethanol expeniments on anumals pretreated wath glucose (Table 1I)
the muual blood glucose level was lugher (about 300 mg per cent) Also
these expenments blood glucose tnereased

The results were simlar when rablats of both sexes were used as well as
1 expenments where pentobarbital was used as anestheuc
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Tadle IT Effect of an intrazenous infusion of @ 2 g kg sihanol on
blood plucose in 3 urrthaneanesthetined (1 4 gkg) male albino
sabbits pretreated with 3 g glucose I~+ hours before ethanal

Eap no Soutial Liood | Jighest ob- Increaw in
ghuoose Jeved wined Llood | Lhood ghucose
mg per cong glucse salue  § g per cent
withun ) hour
after infunon of
«cthanal
mg per cent
1 34 188 138
2 HS 320 174
3 384 462 8
Mean ~ 24 ~40 ~ 130
# Curars.alion ard artifictal resprration
Table HI gives data from (wo exp on h '  and
curanzed rabbis mauntamned on arufical dunng the exp f
peaod. The oxypen uptake increased afier infusion of 02 gikg ethanol, and
the effect was staular to that of 1t ly breathung anuma%

(sce Table I} The anumal mn exp ro { was prewreated with glucose and
s0d glucose was followed It inercased from 294 mg per cent ta 354 mg pef

cent within one hour after cthanol $mall mamtenance doses of d ooy

rannc given durng the expenments did not affect the oxygen uplabe

Table HI Effect of an wntraccnous infuswon of 0 2 g kg erhasol on oxygen vhtahe s 2 wabn
anesthetinsd (1 4 g,kp) male olbino yabbus curarsed and mantmned on artifcal renpurabion

Exp no VWeght | Intad Rectal Ethanol mfusion Liect on oxyged
oxygen temp rplake
urtale | before -
ml kgl ethanst | Infusion | Ethanct | Largest APPN(A
< ume cont. nercse d}‘f
ma g/l (dunng | ¢
10 mn Ak
penod) |
ent
per
w
1 28 28 ~B80 7 0o ; g 40
2 22 as L0 [ 003
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430_MG PER CENT

150

o—0—0—0—0_g_4
37
Fig 6 Rabbus ¢ 30 kg Urcthane anes-
thesa 14 g/kg 3 g glucose g1 en 3 hours
Defore experiment Imtial oxygen uptake 1S PER CENT
leel 81 mljkg/mun
From above downwards Blood glucose

concentration 1 mg_per cent Reetal
temperature 1 C Change i oxygen
uptake 1n per cent of wut al level Time

scale 1n hours
1 Ethanol nfuson 02 gig1v
2 Hexamethonium bromude 10 mgjkg n

1 .
3 Ethanol mfuson 02 gikg 1 v ! 23 HOWRS

5 Ganlwonic blockade with hexamethontum
Ganglionuc blockade with 10 mgjkg h i bromude produced a
marhed blood pressure fall (to about 40 mm Hg) after which the pressure

stabihized stsclf at 60—70 mm Hg It was obscrved that the oxygen uptake
also fell 10 a lower level

Ethanol 1infused withun one hour after hexamethomum administration
creased oxygen uptake The range of mcrease was 1017 per cent in 3 ammals
when a dose of 02 gfkg was infused However the blood glucose did not
mcrease after ethanol in sunilar expennments Fig 5 shows the lack of effect
of ethanol on blood glucose 1 two anumals given hexamethonium Fig 6
shows the effect of an infusion of 02 gfkg ethanol on oxygen uptake and on

blood glucose before and after ganglionic blockade in another rabbat which
had been pretreated with ghucose

6 Lt,ation and denerzation of the adrenals

In ammals where the mfluence of the adrenal medullary secretion was
abolished by acute higation of the glands or by sectiomng the splanchmc
nenves ethanol (02 grhg) sull caused an ncreasc n oxygen uptake The
effect was of smaller magmtude and had a shorter duration than i untreated
ammals This was probably related to an impairment of the general con
13673015 4eta phystol ¢ nd Vol S5
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L9r M3 PER CENT

P / .

/ Fig 7 Lflect of 3 different adrenaline

300 doses an blood glucose in a urcthane

'/,/‘ anest cuzed (1 4 g bg) rabbit gnen3g

o glucose 4 hours before experiment

200 o« } 035 peig sdeenatne 1+ Infusos
rate 003> ;g hgymin

2 35 sehg adrenaline 14 Jafonon
- - = rate 033 pg ke min

3 35 ,ghy atrenaline 1y Infusion
rate 33 pglgrun

dyon assomiated with the operatve procedure A fall :n blood pressure and
body temperature and a reduction of oxygen uptake was always seen afier
acute Iipation or denervation of the adrenals

7 Adaunutration of adrenaline

The sfluence of infused adrenaline on oxygen uptake and on blood glucost
was mveshigated Ten nunute mtravenous of ad lIine at rates
003> 03> and 35 pg/hg,mun were made No smmedate clearcut mereas
in oxygen uptake was noted concomitantly with any of the adrenalinc i
usions whereas the blood glucose increased immediately after the o tugher
doses (11g 7) The blood pressure was shyhtly increased by the medium dost
and marhedly mereased {4 40 mm Hy) by the farge dose A qrlar fack
of effect on oxygen uptahe with these adrenaline doscs was noted ta expenments
on curanzed rabbits 1 on aruficral r Adrenaline 1mjc¢
tions 1n the dose range 02—11 pg/hg did not affect oxygen uptahe

Thus nene of the adrenaline doses employed in the present experments
caused any increase in oavgen uptahe comparable to that which could subst
quently i the same amimal be obtained with ¢thanol However modcmlt'
doses of adrenahne increased blood glucose and this was independent o
whether or not the ansmal had recenved pretreatment with glucose

Discussion
en
The results show that ethanol 1a small doses (0 1—0 4 g/hg) lﬂf"‘“{]’(‘:‘}’jﬂ

uptahe and blood glucose concentration n anesthetized rabbits e
was used a5 anesthetic in most expenments but sumular results ;‘,\C;c:,ﬂu:n“
with Nembutal The anesthesia was as a rule hight and although s
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on the present results 15 not known 1t seems reasonable to assume that anes
thesia decreases the sensitwaty of the orgamsm to small ethanol doses There
was no evidence for a sex difference with regard to the effect of ethanol on
oxygen uptale ar blood glucese A sex difference n tolerance to lugher ethanol
doses under certan conditions has been noted (WALLGREN 1929)

The anmmals were 1n good conditon dunng the expeniments and the pre
ethanol oxygen uptahe level (6 6—9 0 mlfkg/mun) was stable and not affected
by nfusion of saline, distilled water or glucose solutions Shghtly hugher restng
oxygen uptake levels (7 7—11 8 mi/hgfmun) were obtamed with sipular tech
nique 1n un anesthetized rabbus by LuxpHoLm (1949 pp 104—105) It has
been shown m rabbits (TancL and VERzAR 1918) and guinea pigs (LuNpitoLy
1949 p 53) that the oxygen uptake 15 mod ly d d dunng }
anesthesia

"o evidence of mcreased muscle activity was obtaned and no imcrease in
respiration which could account for the increase m oxygen uptahe was noted
A similar ncreasc in oxygen uptake after ethanol was also seen in curarized
anumals which seems to exclude the possibality that the increased oxygen
uptake 15 due to mncreased actwvity of skeletal muscle Earlier work has shown
that ethanol can increase the respiration moderately (Hicorys 1917 and others),
1y via the ch ptors (GERnANDT 1943 LANDGREN LiILjESTRAND
and Zorreryax 1953) Hens ef al (1952) studying the effect of monosaccha
nides on the acute tolerance to infusions of ethanol of fasted chloralose ancs~
thetized cats noted a transitory ncrease in oxygen uptake during the ethanol
nfusion which they ascribed to a increase mn r
Scveral findings indicate that the increase 1 oxygen uptake after ethanol s
not due to an increased secretion from the adrenal medulla If increased adrenal

dull were resp le for the increased oxygen uptahe after
cthanol one would expect a simlar increase 1n oxy gen uptahe when adrenaline
was mfused as adrenalne 15 the rabbits chief adrenal medullary hormone
(Honrerr and McLeax 1950) However 1t was not possible to produce a
sumilar sncrease 10 0xygen uptake with short term nfusions of adrenaline even
when doses were used which caused hyperglycemsa and pressor effects Thus 1s
n agreement with the results of Luspsows (1949 p 117) who obtained no
distinet mncrease 1 oxygen uptake dunng the first 10—15 mun of adrenaline
mfusions (0 9—2 pg/hg mm) i un anesthetized rabbits and with these of
Krew and Wess (1928) who found no sumulation of oxygen uptake after

d n h d rabbis Gangl blackade did not
abolish the increase i oxygen uptake after ethanol Fmally expenments on
ammals with Ligated or deners ated adrenals furmished no evidence that ethanol
mcreases oxvgen uptahe via the adrenal medulla The mereased adrenal
medullary after ethanol ad in the present expeniments
ndicated by the wcrease m blood glucose may however have contnbuted
secondanly to the increase m oxvgen uptake




N

200 E S JERMAN

It 1s tempting to speculate on how cthano] mught increase oxygen aptake
It 1s hnown from carhier work that ethanol mcscases oxygen uptahe of sanous
tissucs 1 tiro (Roseamon and Stemart 1932 Guosu and Quaster 194
W actoreN and Ruvosen 1960, and others) and a simalar 1 rio effect seems
compatible with the present results The incrcase might be caused by acetal
dchyde formed dunng ethanol metabolism Trurr Berr and Arastz (1956)
using brain tissue have shown that { acctaldehyde have
an uncouphng effect on oxidatie phosphory lation which increases oxygen up-
take Acctaldehyde in small doses (0 0+ gikg), when infused causes a transitory
mcrease i oxygen uptake sumlar to that caused by 02 gyky cthanol (PErsar
1962} The rate of acetaldehyde formanon from cthanol i 1 o 1sapparenty
maxinal at Jow blood ethanol concentrations (< 0 02 per cent) due to the high
affinity between ethanol and alcohol dehy drogenase (Bonicitses and THEORELL
1921} An cffect via acetaldeliyde could explain why the wcrease in oxygen
uptahe caused by cthanol occurs at these low blood cthanol levels It ss alo
possible, however that the effect of cthanol on oxygen uptake 15 related toss
depolanzing action on membranes (Gatteco 1918)

The nawal blood glucose values were hugh (about 180 mg per cent) in most
experiments This scems to be due to a high resting adrenaline output from
the adrenal fulla probably duc to the h and prep snce
the blood glucose deercased after hexamethonwm administration The mereast
i blood glucose after ethanol in the present experniments scems o hate
been caused by increased adrenal medullary secretion since 1t was reduced of

Bbolished by hexamethomum These findings are 1n agreement with those ob-
tamed 1n the dog by Auincuw and co-workers (haungsan o of 1959) &
though smaller cthanol doses were emploved m the present study This M3
be related to the fact that the minmmal hvpergh cemic adrenaline dose 15low
1 the rabbit 1 comparnison with other species (Exvis 19o6)

Further studies of these ethanol effects mught provide a new badl
for the conwroverstal sttmulaung  effect of small ethanol doses

)\gmund
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From the Department of Physiology harolipska Institutet Stockholm 60 Sweden

Effect of Methanol, N-Propanol
and Acetaldehyde on Oxygen Uptake and on Blood Glucose
C rationt 1n Anestl d Rabbits

By
E S PerMay
Rece od 27 No cmber 1951

Abstract

Peavax E § Ef ot of methanol n propancl and acetaldeliyde on oy en
uptake and on blood glicose onmeniration w anestheitoed rabbus Acta
physiol scand 1962 55 203—206 — Increases i oxygen uptake
and 1n blood glucose concentration after ethanol admunstration
have recently been demonstrated 1n uxcnhmc anesthetized rabbats
The present were 1o d whether sub-
stances related to ethanol pmducc smular effects The substances
were nfused wmtravenously — Methanal and n propanol did not
affect the oxygen uptake 10 doses comparable to the effecty e ethanol
doses Thus suggests that the effect of ethanol on ox)gen uptake 1snot
common ta lower prmary alcohols Acetaldehyde, the chief primary
ethanol metabolite increased oxygen uptake i a smaller dose Itis
tentatnvely suggested that acetaldehyde s 1y olved ia the productzon
of increased axygen uptake noted afier ethanol ~— Blood glucose 1n
creased only after methanol admimstranon The imcrease was not
abolished by ganglonic blockade suggesting that methanol and
ethanol rase be bloed glicose level via different mechansms

Tt has recently been found (P}:mum 1961 1962) that ethanol 1n small doses
{02 gkg) d an d ncrease 1 oxygen uptake and
a gradual nse in blood glucose n urethane anesthenzed rabbits It was
shown that the increase mn oxygen uptake was not due to actvaty of skeletal
muscle but probably te a direct ethanol effect on cellular resprration
A sumlar sumulating effect of ethanol on the oxygen uptale of various tssues

o



202 E. 5 PERMAN

Femuan k. S5 Obsennanons on the effect of cthanol on the unnary excrenon of hutamuwr
S-bydroxymndole acetic acid catechcmines and 17 hydroxycortcosterody i mas. 41
Poud seand 190Y e 51 6267

Peusian k. S Lfcet of methar o} @ prepandd and acetaldehyde on oxygen uptake and o
Llood glucose concentraton it anatbenzed rabbuts. lels plysied scand V2 55 703~ 06

Rosezmion J D and C } Stewast The effect of alcohol on the oxvgen uptabe of bea
ssue Bichem 7 1932 %6 Go—T4

Tasct, F ard F VerzAr Uler doe Wirkung von Curare und venschiedenen Narkouca a
den Gawechse! Buchem 1918 4. 318—343

Tissext D M Factors fluencing the effects of alcobol on blood sugar 2ad lser glycogen
Quart F Stud thokol 194} 2 283-2/0

Taemr LB, F K Lo and § G hoastz Anasthesa, FHT Effecs of aleohivs and aceal
dehyde on oudatsve { hosphony lapon i brawn, Quart ] Stud hokel 196, 17 594500

Wartereny H o Sex difference an ethanol tolerance of rats, Sature (Lond ) 1959 184 + 6=12

Wanezzn M oand E Ruwones Lffect of ethanol on rospiration of rat bram-cortex lices
Biochen 7 1960 75 1.0—1.8

VWasss, K. and A Rens, Uber die Wirkung des Ak hols auf den respiratonischen Stoffucchack
Zoges exp Med 19°3 38 470--427

Wivmazx, £ VM P Du b diagen und prakiusche dbarleit der g
winuchen { keholbestimmurg Berhn \aen. Ltban & Schwarzenbery. 1932,

hiluchomels




Acta physsol. scand 1962 55 203~206

From the Department of Physology harchnsta Insttutet, Stockholm 60 Sweden

Effect of Methasnol, N-Propanol
and Acetaldehyde on Oxygen Uptake and on Blood Glucose
Concentration mx Anesthetized Rabhits
By
E § Peraax
Recened 27 November 1961

Abstract

Peasax B S Ef of of methanol 5 propanol and scetaldehyde on
sptode ond on blood glucuse concenirtion. = anesthetsoad 1ok gorn
phystol scand 1962 55 203~206 ~~ Increases i oxy <ta

P iond ghacose soncentrauon after etsnol admpppef it
have secendy been o reihane e citon
The present d 10 d ity

A ware hezher
onees related o ethanol produce smolar effects. The sqp,
e iafuaed ntras naudly | — Metbanol 20 1 propaog Lo
affect the axygen uptake r doses comparable o the effecyy d nag
doses This suggests that the effect of ethanol on oxygey ypey
comumon te lower primary aleohols Acetaldehyde, the chyep € nat
ethanol metabobie ncreased oxygen uptahe a.:mzuadmt
tentat 3 that dehyde 15 3030 40 e prog, L5
of ncreased omygen uptabe noted afier ethanol ~ Blood ucrigy
e onty alter methanol admumstration The mereag ¢ 1
abolished by ganghome blockade suggesting that mey 8 iy
ethanol rase the bload glucose Jevel via diffesent mmumm‘iﬂd

1t has recendy been found (PERMAN 196) 1962) that ethayy
02 g'kg} prod an d d WETCAsE 1 gy, . Al doses
a gradual nse m blood glucose 1 urethane anestheuzeg gen Uptake and
shown that the increase i oxygen uptahe Wwas not ducm%'lbbxu Tt was
muscle but probably, 1o a direct ethanal cffect on oy Wty of skeletat
\ sumslar sumulaung effect of ethanol on the oxygen uptae Py ’Csp[raﬂ();
Asous s
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Table I Effect of muthano! ethans! n propanol and acetaldehyde on the oxygen upiake of
ureshane anesthatied yabbats

Substance No. of | Dose [ In Lifect on oxgen uptate
fusio
P (ekg [ £ e | targer [ Spprommae
i man increase durzuon
el (dunng | of effect
g 10 mn | after end
penod) | of nfusen
per cent mn
Methano! CH,OM 3 ) 014 | 44 |6-3 [ -
Lthanolt CH,CH,018 6 | o2 | ¢+ J6-10f r-15 | w-w
almpnacibot,aonl 3 | o7 ) o4a (e-a ) -
\cctaldehyde CH,CHO 3 | oos | o087 |6-9 | w-n 5-10

* Data from Feruax (1902}

1 wiro has been olserved under certan condattons (RoBERTSON and STEWART
1932 WartGres and herones 1960 and others) The nse in blood ghacese
was apparently duc to increased secretion from the adrenal medulla Increased
adreno-medullary secretion after cthano! admumistrauon has been reporitd
carlier (hrinesian and GoobsLr 1927 Peras 1958 and others)

It was considercd of interest to see if compounds closely related to cthanol
produce sumilar effects Results of expenments on methanol n propasol and
" aldchyde are given tn the present paper

Methods

The methods used n the present expeniments have been deseribed in 2o wgz
study on ethanol (Pemaan 1962) [he man features were as follows \lbino rab:d
anesthetized with urcthane (14 g/kg) were used Oxygen uptake was dnermm‘h

ding to c tonal Benepict tech with the ammal conpected t0 (;
closed~circust system via a tracheal cannula Solutions for infusion were made vl“/i
saline (D9 per centt The final concentratton of methanol and n propancl “T‘ sons
mmoles/ml The aceraldelnde concentration used was 0 35 mmales/m! The 30 l:;lwd
were admumistered intrarenously at a slow constant rate (10 mi/mun) The
pressure was continuously recorded from the femoral artery after hcpanmzauﬂﬂ(lgsg)
glucose was d 1 with the ald de specific method of HLLTWAY
The body (colonic) temperature was mamtained at 36—39 C

Results

ble 1
are summarnzed m Tal
The results of the oxygen uptake experiments N osts COmP

Oxygen uptahe was {Tected by hanol and @ prop Gn
rable {on a molar bass) to the ethanol dose which regularly pziu:;m
creased oxypen uptake (44 mmolesfhg) When acetaldehyde was &
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400, BLOOD GLUCOSE

Mg PER CENT
X0
) _—v—j/
100 -

Fig 3 Effect ofa methanolmfus on (4 ¢ mmoleshe} METHANGL
on blood glacose of wrethane anesthetzed rabbns,

44 mmoles/kg
8—# untreated ammals.
¥—2 10 mgiig hexametbomum bronude given

L% between first and second Yood glucese s YRS
sample.

f

m a dose corresponding 1o one fifth of the effective ethanol dose there was
an mmmediate moderate increase m oxygen uptabe which howeter lasted
only a short tme after the mfusion was discontinued  This acetaldehyde effect
was also seen n curanzed astificially venulated anunals Blood glucose was
not conmssently affected by the = propanal and Idetiya fi

Methanol (Fig 1) produced a blood glucose nse smular (o that seen after
admunstravon of ethanol The rse was howeser not abolshed by gan
ghonic blochade with hexamethomum bromude {10 mg/hg 29 ) The blood
pressure and general condition of the antmals were mamly unaffected dunng

the expeniments  dunng mfusions of » propanol there was sometumes a shght
blood pressure fall

Discussion

The present results show that the mcrease in o<ygen uptake produced
by ethanol 15 nat a non speasfic effect common to lower primary alcohols
The obsercauon that the oxygen uptake 15 sunrdad 4 duning anfi
of small acetaldehyde doses snggests that ethanol mereases the onygen uptahe
m 1o iz acetaldehyde its chief primary breakdown product {¢f JacossEN
1932} Trumr Betr and hravrz (1956) found a bimuted degree of uncoupting

of oxidause phosphorylation Jeading 10 increased oxygen uptake 1 brawm
fassue 7 sare i the presence of {dehyd

1 mod but no
sunilar effect of ethanol and ats homologues up to 1 butanol An e cte effect

v12 acetaldehsde could explam why the cffect ocours afier these small ethanol
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doses, as the Jugh affimity between ethanol and alcohol dehydrogenase (Bos
~eiseN and Tueorrit 1951) apparently leads to a maximal rate of acetal
dehyde formation at low ethanol concentrations (002 per cent) The rapid
metabolisra of acetaldehyde 1n the organism could account for the short dura
tion of the effect of infused acetaldehyde on oxygen uptake

This work was supported by a grant from the Alcohe] Rescarch Commuttee of the Swednh
Medical Rescarch Council The technical assstance of Dr  HAcosARK 15 gratefully ac
nowledged
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Increase 1 Oxygen Uptake After Small
Ethanol Doses 1n Man

By
F § PerMad
Recened 27 November 1561

Abstract

Peruan E S Juorease wn oxygen uptahe after small ethan:l doses i
man Acta physiol. scand. 1962 22 207-—203 — It has generally
been concluded from earlier work that ethanch has tile or no effect
on oxygen uptake in man. ‘The present expervnents were made
on 7 healthy young men Oxygen uptake was determined before
2nd after intake f a small ethanol dose (03 g/kg) and in contral
experiments wathout etbanol The oxygen uptake was moderately
increased 20--50 mun after ntake of ethanof o concomutant in

creases 1 respisatory rate, heart rate or general motrr acti aty
were seen.

It s firmly establshed by earlier work that ethanol 1s metabolized mn the
orgamssm and 1ts nutntonal value s well known. Its influence on oxygen
uptake 1n man under vanous conditions has been studied by several workers
and although a shght mcrease 1 oxygen uptake has .ometimes been noted
(MovaLpt 1931 and others) most workers have found no change (Hicorv
1917 GroLwany 1930 Mever 1931 and others) It has therefore generally
been concluded (for review see Mircuerr and Curzow 1940) that cthanol
has hitle or no effect on oxygen uptake either in low or 1 hugh doses

It \ as recently noted (Prruax 1961 1962) that an intrayenous mfusion of
a small ethanol dose {02 gikg) produces an mmmediate moderate (161,
per cent) ncrease n the oxygen uptake of anesthetized rabbits, as measured
with the Be~ebier techmque Further it was shown that this Increase was
not due to activity of sheletal muscle but probably to a direct cthane] effect
on cellular respiration The present paper reports expersments sn wiuch the

effect of small ethanol doses on the oxygen uptake of human subjects way
re investigated
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Table I Ougen uptake sn ethanol and control experiments on 7 human subjects

Subjectno | Control experiment Ethan | experimcat
Oxygen uptake Oxygen vptake
Inta Change i per cent Ethanol | Before Change 1n pr cent
1
w0 [a—100 | 4% “han VT 0
glkg mlfmun
mun min min ma
1 06 —6 03¢ 26 +4
2 282 [ 027 209 +1
3 20 ~3 031 318 +7
4 272 -3 030 240 +7
» 284 [ -4 027 246 +6 -1
6 237 —3 -7 029 233 +4 +1
7 314 —8 -9 027 304 +4 =1
Mean | —~23 +5r
Methods

Seven healthy young mea (age 20—24 years) all with modest ethanol habis senved
a3 test subjccts They had previous expenence with oxygen uptake determinations
I'he expenments were carned out in the afternoon without previous fasung thus sot
under  baxal conditions  but the subjects had 10 rest for 30 mun before determinaton

- of the 1itial oxygen uplake level. Convenuonal haocH technique was used for the
oxygen uptake determination and each salue 1 the mean of two conscoutne 10 mn
eterminatons  Afier determning the mntial oxygen uptake level 1.0 ml chilled fut
susce 10 which 30 ml of 2 7) per cent (w/r) cthanol solution had been adided wab
Ziven 10 the tat subject to drnk within 10 min Flits amount of cthano] corvesponded
10 a dose of 0 3 gikg and produted a3 expecied 1o grom mgns of sntoxication [wenty
10 fifty and 1n a few experiments 70— 100 min after ethano! mtake the vxygen upiake
was again determuned and us percentage <hiange from the tnual value was comput
Control experiments with frurt juice were carried out one day before of after the
cthanol experiments The subjects were recumbent during the whole expenment.

Results

The tesults are shown n Table 1 The msual oxygen uptake fevcls nere
reasonably simular tn the wo groups In the cthanol expenments there was
a small inerease faverage & per cent) m oxygen uptake 20—.Q mn ;ﬁ:r
intake which was not seen in the control expenments The oxygen uyl;]‘
was back to 1ts pre-ethanol level 70—100 smn after cthanol imtake In st .
expenmients the resprratory rate and the heast raie wert dﬂ"mmtd\,ﬁd
comutantly with the oxygen uptake and were found 10 be unchanged The "
ethanul concentration was determined mn some cxperments acwfdmgbb‘
Winaark (1932; and values rangin,, from 0013 to 0034 per ceat were
taned 50—33 min after ethanal mtshe
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Discussion

Ne evidence was obtamed that the increase 1n oxygen uptake after ethanol
was due to ncreased muscular acuvity Because of its modest magmtude 1t
may have been overlooked by earher workers The merease may be of the
same nature as that scen m anesthetized rabbits and could be related to the
ability of ethanol to increase the oxygen uptake of yarious tissues i itro under
certan conditions (WALLGREN and kuronev 1960 and others)

This work was supported by a grant from the Alcobol Research Commuttee of the Swedish
“edscal Research Council Biood ethanol determmations were camed out by Mrs . Hourés

at the Department of Alcoho! Research harolinska Insututet to whom the author expresses
Ius thanks
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Normal and Epsdeptsc EEG Patterns Related 1o Cortrcal
Oxygen Tension 1 the Cat
By
DPuw H Inovar Dietrict W Lissgrs and Bo b Susd
Recened 23 Nunembier 1961

Abstract

Inciam D B D W Legnzas and B b Yo Aemal et
epileptie EEG paderns slated 1o cortwal wrpen tension @ the sa AR
phsel scand 1962 53 210—-22% — The vxvgen lensiod of
the cerchral coriex was measured i relatne tevms with a polase-
graphic techmque (embrane corered plaunum clectrode o the
Coapn tope Lizmrys 1960 m lghds or non anaesthetzed €38
s reparations of the eawphale o € eau Gelé wpe 1o sieady statcswith
controlled ssatcsme crculaon and sespirauen the corucal PO
meaured was found to be siable Onls wmall changes corucal
pO, were seen duntg periods of slowly chapging FEG pattert.
"oute EFG changes an the other hand induced by elecneal
omudavn or chenueall were accompanied b regular RO
bl changes i corucal pO, mdicaung — under these condwans
— a worrtiaton bewern EEG pattern and corucal oxigen <o
sumpuon T arousd reacuon of the EECG chiened by electinedd
symulauon «f the meso-dsencephale bram siest was wudied &
preatly It was accompanied B 4 biphase change ¥ cortical pO:
with a small sninal deirease and 2 more constant subsequent large
imerease pre porucmat o sumulys swergih and of duration about
cqual 1o the F¥ G changr Fhe pQ change denyg arousal was 1Ll
preied as du (o ar acute nerease Jf the corucal OXveEn CconSwRR
Ton whith was secondanky modfied th contorastaut loal corucal
\asomotos + aruons The results support 1he view that the corucs
oxvgen 1wnson 1 <tabihzed b br meostauc m!
the blood fow to the fun tonal Qemands. When the func
demands are greater than he supph the O, Jerel falts This wad

h madert dunng epilepuc sERRTES “en the pOy lodt

felt marked)  ard patiologic pailerns appearcd in e EEG

230
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The relationship between the oxdative metabolism of the cercbral cortex
and the EEG remains emigmatic On the one hand there are older as well
as more recent studies which have shown that the regional corucal blood
flow changes with alterations 1 the cortical funcuonal actvity (Roy and
SHERRINGTON 1890, Lanpau ef af 1953 Sonororr 1961) Such blood flow
changes which closely parallel general changes 1n the EEG (Incgvar 1958),
have commonly been wnterpreted as due to an inherent regulation -— probably
by metabolites — of the blood flow to the functional activity (Scusapr 1920
Ken 1960) On the other hand quantitatve studies of the a erage oxygen
uptake rate of the whole brain have not demonstrated any signuficant differences
between states charactenized by widely different EEG patterns such as sleep
the resting state awake and tense alertness (MancoLp o al 1950, Sonororr
et al 1925 ¢f Sonororr 1959) These studies have however all been made
with techmques mvolving the bramn as a whole Regional cortical metabohic
changes accompanymg shufts .n EEG pattern mught therefore have escaped
detection It therefore seems evident that the cerebral metabolic correlates of
different EEG patterns should be studied locally m the cortex atself

Polarographuc techmques have been used previously for qualitatne studies
of variations 1n cortical oxygen tension conconutant with changes in cortical
functional actvity Thus Davis McCurrocn and Rosevan (1944) and
Davies and Revonp {1946) demonstrated a Jowenng of the cortical oxygen
tension dunng epileptic seizures MexeR and DEvvy Browy (1929) ako ob
served some relations between the EEG and the cortical oxygen avalability

In the present iy estigation the oxygen tension of the cerebral cortex of the
©at was measured with a platinum cathode of the Crarw type (Lupszrs 1960)
by means of a continuous relative technique which has been described recently

{Inevar Luppers and Stesjo 1960) Varous forms of gencral wide spread
changes in cortical electrical activity were brought about by means of

hystolog; h 1 1 or i il While the cortcal
PO, was found to be very stable when the EEG pattern was steady or changing
slowly 1t was found that several forms of regular changes in the cortical pO,
could be recorded during acute EEG changes The general conclusion 15
reached that such changes n pO reflect acute alterations 1n cortical oxvgen
consumpuon These pO, changes may be modified by secondary local adjust
ments of the corucal arculauon

Prehimunary reports of the findings have been presented previously (Inovar

S1£550 and Lismers 1909 LusBers 1960)

Methods

In a previous repart (Inevar Lussers and Sizsjo 1960 a detailed description has
been g1 en of the general expenmental procedares For the present mestigation 18
expenments were carned out in cats of which six \ ere anaesthetized with Nernbutal
imual dose 40 mg kg p) and the remamnder 1 ath cther and Pentothal In the latter
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group a spinal secuon was made at I 10 eight cases fencephales 1ules) and a bran
stem section at the ntercollicular Ieved o four cases (ereaux sscles) Tn all ence hale salt
preparations and i tie majonty of the other eapeniments 2 curanuing agent (Flaxedd)
ard arufical ropiration was wed The sagys and cerical sympatheuc nenes wee
sectioned an ol except two axpenments

The membrane corered plaunum cathiode for pO, ussue measurements (Clax
196 Listins 140, provide a senuune, stable and Lust reacurg snstrument (62 %
deflecuon seached 1 about 5 seconds when aluftng from pure muiro,en o ay for
conunuous reluls ¢ measurements of tusue pO; The acuve aeea of the several electroue
moodels used was 36 mm 1 diameter 1 ¢ the clectrodos recordrd over 4nt area coo-
taning both blowd 1 cuscls and cortical ussue proper (see Disussion} The pO, electred
wus wially placed on the muddle suprasyhiian gyrus In some preliminary expenzients
1 ¢ pO; was recorded by wmall naked plannum cathudes (about 0 » mm 1a diameier!
whith were sharpened and unserted 1nto the cortscal tusue. A sheralver chlonde
seferente elecirode was placed in muscle tssue in those casey

Arou.al seactsons 1n the ¥ G were brought about by adequate sumulation {uw.ally
nouceptiser or by high frequency dectncal sumulation (12200 square wae
pulses of | msec duration dunng 5—10 sce) of retsculae pars of the mesccephalos
and the dsencey halon with stereotaxically onented steel needles (Vorvzat and Macors
1949 A Gxass sumulator with a transfonaer output was used. Seedle elecvods
were sl wed For sumulation of thalamie of other ascas subcorngally Local sumulave
of 1he corucad surfuce was made with (wo platnum ball dectrodex

Epilepuc sesrures were mduced by 13 injecuons of Metrazol (pentameniooe
tetrazol) solutions i a concentration of 5 or 10 per cent The cerebral oxdause me
1abolnm, and hence the EEG was deprosed acutely by imyectsas of a potasiast
cyamde sulution 1} mg ml 10 amounts A 02 to G » g into the caroud artc} throvgh
4 cannula 1 the central end of the cut hngual arters The effects of untravenous &
smtratarosd smycctions of Newmbutal or §entothal (1 — 15 mg'lg) upon the EEG 224
corical pO; were b sudsed

fs s csp relatne of the cortsca) blood flow mere obused
cuther by the technque of Incvaz and Sunruzsse (1145 or by means of a termst s
7laced subdurally 4 fow ram from the § Oyeelectrode. The corical blowd fow sansuics
he EEG the blovd preswre d with an elec (ELEMA 300,
holm through a cannula i tie femoral arters  and the pO; changes were all
graphocalh by means of a0 OFFN\ER nvpe D3 elecisoencephalograh {ff 1 A%
Lueeezs and Sasjo |40

Results

14 1h stable svitemr arculatory cond and fled resy ‘1):
cortscal pO; measured was found to vary sery bude (less than 2 o a8 af:.nd
o Lovar Luzpers and Siespo 1960; The cortscal pOy was not oni)d "
10 be stable 10 states charactenized by 3 umform EEC patiesn such as Ug”w
anassthena but alo dunng states accompamed by gradually r}zangmgc”“u
pattern. For example dunng the disappearance of anacsihesia and I:C e
w1 the EEG or dunng the slow inducuon of an arousal patiern i g \
by small does of Metrazol the corueal pO; did not ch,zngcld ngoxdod-
provided concumitant effects upon the systemic arculauon cou
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Fig 1 Cat Light Pentothal anesthesia wath Flaxedi! Artificial respiration. Vag: and cervica
sywpatheue nerves secuoned

Records of EEG (4 B Cand F) blood prossure (D) cortical susface pOy (E) At s gnal (G)
the mesencephalic reneular formation was stmulated clectrically (3 % threshold itensity for
EEG arousal 250 pulscs per see 1 mscc durauon) Concomtant with the EEG arousal reaction
there was a marked pressor response (D) + hch increased the cercbral blood flow and thus

Bave 1ise o an increase of the cort cal surface pO (£) Note sumilar lengths of blood pressure
and pO reactions

Acute alterations of the EEG on the other hand were regularly found to
be accompamed by cortical PO, changes Some such changes which were
studied systemaucally will now be described

1 Corticat $0, dunn, EEG changes cherted by electnical stimulation

The main interest was directed toward cortical pO; changes accompanying
the arcusal reaction (cortical actnation or desynchromzation ) of the
EEG This reaction was studied s 15 cats (8 encephales 1soles 4 cerveauxasoles and
3 Nembutal preparations) displaying a synchronized EEG with spindles

In Preparations with an intact brawn stem the electrically mduced arousal
Teaction 15 1 most cases accompanied by a pressor response (Hobes and
Macouv 1942) which may outlast the actnaton period 1 the EEG Such
20 mnerease of blood pressure 15 followed by an mcrease in cerebral blood
flow and hence the cortical oxygen tension 1s also mfluenced (Fig 1)} Dueto
the systenue latory changes it 15 ble to ugate local 1nh
cortical changes in blood flow and pO, duning arousal 1n such amimals

In encephale or ceryequ 150le preparations however the above desenibed pressor
response m arousal 1s elimmnated Furthermore 1f a curanzing agent and arte
fial respiranon 15 used any respiratory changes or motor reactions caused
by the bram stem stumulus will be excluded It should also be ponted out
that 1 cerzeay g5l a bram stem 1 docs not affect the
Yasomoter control of cerebral vessels {Horuguist Inavar and Siesjo 1957)
Preparations of thus type are thus suited for studies of the relauonshup between
14625015 Acta physol. scand Vel 55




21t DAVID 1f INGVAR, DILTRICH W LUBBLRS AND BO K SIESJO

|

G [o—
Diec

kg 2 Cat Lutphole wsolé preparavon with Flaxedd Arficial respiration § ags and senial
yympathetic nerves seet n nal
Records of LEG (4 & I' and I cortcal nurface 1O (C) an | Uoud gressure (D) Mgl
G 1he e setcular was I liy (3 ‘hﬂh‘Lim;
pulses per sec 1 mser duranon) \ote absence of pressor sesponse (¢f Fig 1) and the biphasc
Oy reaction concomstant with the EEC arousal

the cortical functional actnity and changes i the oxygen tension i te
sortical tissue It should be emphasized however that m companson with
sreparations with an intact bram stem  those with a brain stem secuon 0%
sspecially those with a spmal scction at CI showed a lower blood pressart
60 to 100 mm Hg as compared to 80—150 mm Hg scc Discussion) |

In all encephale or certean 1sole preparations the ELG cfiect dunng mou:;
was thus found to be accompamed by an imtial small decrease m the cortx
pO, measured followed by a sccondary mcrease (ig 2) The latter \\a;
usually by far the more regular one and the most pronounced one The il
1 started t ly with the 1 or with a lawency of ont
to o seconds The snerease when present alone usually had a latency ©
10 seconds or mare kxg d 1 terms of ¢ taling the 1esung
corucal pO, during ur breathung as standard the ytial phase of dcaﬁ
seldom reached below 90—95 per cent while the phase of mcrease olte
reached 120 1o 125 per cent or more The typical pO; change aro! o
could be ehaited from all structures which gave a wide spread dts)"‘:h"’ihc
zation of the LEG Thus structures pertating to the reucular system m“eu
mesenceplialon (sterestaxic coordwmnate frontal mnus 2 and foruardz, TIS e
as 1 the diencephalon (up 10 plus 11) were sumulated with esscotia y

same result -

Che change 1n cortical pO, duning arousal like the EEG 'If]hm:ig:;a\‘x‘m
grossly proportional to the intensity of the stmulus (Fig 3A) rx;c po
of the imtial decrease of pO; vaned with the state of axygenation 61U
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Diagrams showng different cortical surface pO Teact ons dunng ek sumutation
e mesencepbalic et oular formation The indet dual curses ploted dircetly from onganal
records Encighale tsolé preparauon as i Fig 2
1 Cortical surface pO_reacuon during arousal at different sumulus inteasiuies (3 ¢ 2 < and
4 x threshold for LEG arousal respects ely) and wath different oxygen concentrations i the
map scd air Note relat onhup, of O chasge and sumulus 1atensily Note also lengthening of
rutial phase of deceeased corncal pO with low oxygen respiration and shortesing with high
oxyg 1 Tespectnely

blood Thus the 1muial penod of decrease was lengthened when the
had been allm\cd to brcathc a gas mixture with less oxygen than 1n air, while

it v as sk or d 1n hyperowa. The height of the
secondary phase of increased pO, did not change appreciably when the level
of oxygenation varied while the form of this wave underwent smaller al-
terations (Fig 3A)

1t was also possible to alter the cortical pO, effect duning arousal by changing
the rate of ventilavon Hypenvenulauon which in itself often caused a small
reduction of corucal pO, gave a gencral diminution of the deflectons
arousal while the opposite hypoventlation caused a marked increase of the
wuat downward defl Both p d could be rep with the same
result at vanous levels of oxygenation (Fig 3B)

It 15 of mterest that in hvpoventlauon (1 ¢ muld hypoxia and asphyxa)
of a degree not affecung the resung EEG repeated bram stem stmulatons
Lave nise to very marked miual phases of decrease of cortical pO, which could.
last for nunutes (Fig 3B I and II) In such states the bram stem stimulus
did not ehait a regular actnation with desynchronizauon of the EEG In-
stead after only a very short period of high frequency EEG waves there
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Ffig 3B
ortical sutfuce pO reactton during arousal 1n hyperoxia

B Influence of tespiratc ry rate vy ¢
(40 , O} and hypoxa (12 % O)
Note dunution of total { cight of reaction wath hypenentfagon (dashed fines) and enhancer
ment of tnitial hypoxic phase with hyp ventiation (dotted hines) Yohen two arousal reacins
(1 and 1f} were ehicised in immediate successtan w the lypoxic (12 per cent oxygens and hypo-
venulated state he cortseal pO, records showed excesstvely Icmg&:lmg hypovic deflections.
In l)hr Jast case (§§) e LEG showed slow wanes wistead of the pegular asousal patier (56
text,

semetimes developed a genera! slow wave pattern lasting unted the retun of
the cortical pO, to the resting level

Reeords of cortical blood flow agun demonstrated that the EEG aronsal
reaction 18 accompanied by an increase in the local corhical blood flow which
Jasts as Jong as the desynchronizanon of the BEG and winch 1s unrelated to
ssmuitaneous changes in the systemie circulation (Ingy Ar 1955 InOVAR and
SOpERBERG 1956 Ingvar 1858) The onsct of the increase cortrcal blood
flow started about 3-8 seconds after the onset of the stmulus which induced
the arousal rcaction The merease 1 blood flow parafeled the mcreast B
pO; There was in no case evidence of A diminuwon of blood flow anitially
1 the arousal period when the corucat pO, often showed a small transient
decrease Such u diminution of flow may however, often be scen afier bmg
stem stmulation in non cusinzed preparations with an miact brun siem an
mtact cervical sympathetic nenves (INGVaR 1955 Gricer 1948}

Arousal reactions mduced by physiological stumulation were alse rcmrdml;
In the preparations used these reacuons were, howeser unstable and TC:!;
as pronounced and lenglasting as those eherted electrically Oumc‘!‘;i": i
the pO; changes recorded were small and not sueable for a systemakc
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Local elecircat stimulation of the corlex was made m two expernments with a
pair of electrodes placed on both sides of the pO; cathode It gave nse to an
immediate dumnution of the cortical pO which was roughly proportional to
the mtensity of ) Espeasally large pO; d were ob d
with i} prod a local epilepuic after disch It was
felt, however that further stucies with local cortical shmulation would require
refinement of the techmques used

Thalame stimulation (which was made m three expeniments) which gave a
recruiting response of the classical type (Morwsov and Despsey 1943) was
found to gne a small increase m the pO, measured This mcrease 1nytaally
amounted to only a few per cent and later slowly disappeared even if the
sumulus was d This resp was more widespread than umlar
small ones ehated regonally n the cortex by ¢ g transcallosal sumulation
(1n an area homologous to the stunulation pomt) or by sttmulation of speaific
projection nucler 1n the thal A pl of the top hy
of cortical pO, effects was however outside the scope of the present investi
gation

11 Chemucally induced changes . cortcal $O;

By swtable chenucal agents the cerebral respiratory rate can be either
enhanced or depressed In the present exp M 1, barb
and potassium cyamde were used (¢f Mcluwamw 1909}

‘When ad d carefully in ft d doses Metrazol gives nise to
a desynchronization 1n the EEG Like an clectncally mduced arousal such a

ph 1 arousal 15 d by an mcrease 1 cortical blood flow
{Invar 1998) Like the EEG ecffects this mcrease of flow 15 much more
long lasting than the transient effects eliaited electnically It was found that
the Metrazol arousal when induced slowly was not accompamed by any
substantial change m the resting cortical pO, Some transient effects could
be correlated with systemic latory effects diately foll g each
mjection Even in extreme degrees of corucal actnation there was only a small
mcrease 1f any change af all 1n the pO, provided an epileptic seizure did not
occur

With higher doses of Met 1 or foll g a sudden of a larger
amount a senes of epileptic seizures was imnduced Such sexzures exther appeared

spontancously or could casly be clhiated by afferent somato-sensory or
auditory sumulation It was then possble to confirm the observations of
Davis McCuriocn and Roseaax (1944) and of Davies and Rescap {1946)

who also found a decrease 1n the cortical oxygen tension duning epileptic
seizures

Attention was directed to the tune sequence of the stnkingly regular cortical
events dunng epilepuc seizures induced i encephale or cerzeau 1ol preparations
In such there s no ference by systemuc Jatory Y
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B Influence of respuratory rate upos  ort cal surface pQ reaction during arousal s hyperoxia
{ 0y} and hypoxia (12 , O
Nate dsminution of total height of reaction with hyperventilation (dashed hines) and enbance:
ment of tit:al hypoxic phase with hypa enidaupn {dotted hines) When two arousal reactiom
(L and II) were elicited 1n unmedsate succession 1 the hypoxic (12 per ccat axygen) and hypo-
vennlated state the corucal pG records showed excessncly Jnnggumg hypoue deflectiont
In ()Iu: last case {11) the LEG showed slow waves wnstead of the regular arousal pattern (S
1eal,

sometimes developed a general slow wave pavtern lasting untl the retrn of
the cortical pO, to the resting level

Records of cortical blood flow again demonstrated that the ELG arousal
reaction 13 accompanted by an increase m the local cortcal blood flow which
lasts as long as the desynchronizanion of the LEG and which 15 unretated 10
simultaneous changes in the systemic crrculanon (Inevar 1953, INovar and
S6perseRc 1936 Incvaz 1938} The onset of the increase m cortical bl
flow started about 3--8 secands after the onset of the stunulus which snduced
the arousal reacton The increasc in blood flow paralleled the mcm?sea! ;"
pO: There was i no case evidence of a duminuuon of blood flow b {
1n the arousal period when the cortical pO, often showed a small transies!
decrease Such o dimunution of flow may, however often be seen after bm’;'
stem 1 w noa d prep with an intact brawn st 38
ntact cervical sympathetic nenves (Ingvar 1935 Gricer 1928) el

Arousal reactions induced by physiological stumulation werc also rc;ofc‘ p
In the preparations used these reactions were however, unstable an u:nl')
as pronounced and longlasting as those chated electocally COM:‘}: e
the pO; changes recorded were small and not surtable for a systema
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Fig 5 Cat_Nembutal anesthesia,
Reconds of FEG (1 B E aod B} blood pressure (C)_and coruca surface pO, (D) Sample
record tasen from period dunng which small doses of potasium ¢yamde were myccted tnto

the 1 ght caroud arsery F rst signal (€) marks isection of 02 mg (im 02 ml saline uf 38 C)
sccond 5 gnal injecuon of 0 mg (n 0+ ml)

Note nght s ded depress ons of EEG ( and B) following the injections These depressions
were accompanted by acute rises an corical suface pOj due to acute dimunution of oxygen
consumpuon. (The ligh relatse Jevel of corfical pO 2 well as the mitial slope 1n the oxygen
tecord were caused by preced ng mycctions of cyan de and other drugs )

1 Fig 4 from an experiment with a naked platmum cathode and simultaneous
cortical blood flow measurement

Finally the exp with cyamde and bart should be
summanzed When cyamde was mjected into the carotid system on one side
a homolateral depression of the EEG was obtamned within a few seconds and,
following 1t there was a homolateral increase 1n cortical pO; (Fig 5) Records
of cortical pO, and EEG contralaterally did not show any substanual changes
The magnitude of the cyanide effects upon the corucal pO; showed a clear
relation to the dose gnen Similarly, following intracarond injections of 1—2
mg of Pentothal a homolateral mncrease (about 5 %) m cortical pO, could
be obtained together wath the homol. \ lop of a typacal bart
EEC pattern both changes having about the same duration The effect of
barbuturates adounistered intrayenously were obscured by concomttant blood
pressure changes which affected the cortical blood flow

Discussion

In the present expertments 1t has been assumed that the pO, electrodes
used gave a relawn ¢ measurement of the mean tissue pO; m the cerebral cortex
This assumption has recently been strengthened by a senies of expenments in
dogs (Greliasy o 2l 1962) with a g b

g pO, cl 1
{Luessers 1960) Such quanutatne measurements on the cerebral cortex in
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dogs wn 3 steady state showed a far agreement between the expenmenally
measured “surface  pO; values and the mean tissue pO, caleulated from an
oxygen diffusion moded for corucal gray matter (Tnews 1960} It s therelore
possible to denve same general conclusions from the resufts presented above
concernsng the relation benween the functional actvity and the mean oxygen
tension of the cerebral conex.

The stabahity of the corueal pO, measured, not only i steady states butalso
when slow gradeal changes took place i the EEG, mught be mterpreted 2

further evidence for the of h 1 the torucad
ussue which secure an adequate pQ, by adjusung the blood fiow t the fuse
wvonal acuvity  Iow which d a paralle] between

costscal blood flow and degree of acurauon of the EEG wese mentioned &
the antroduction.

Ducusung the carticat pQ, effects recorded during electnealy wduced acute
EEG changes such as arousal reacnons 1t shauld be emphasized that these
seacuons were studied systemaucally i preparations i which the systemue
oreulatory and resg 3y p of the arousal had been clumnated
deliberately by bran stem or spanal secuons Many of the eneephales and creaa¥
woles also had 2 low biood pressure When 1 an wsolated brawn of dus v
the clectie sumulaion suddenly changes the state of rest mto one of as it
seems extreme actnauon the situation 15 ndeed artfical. The conclusion
reached m the arousal experments cannot therefore be immediately apphed
10 condatsons 1n pormal brains wlach undergo changes from sleep to walefubres

der the full “protecuon of arculatory and respisatory adjustments 1o aoussf
{ef MANGOLD ¢t ol 1937 Sonorory e ol 19>3) Howerer without shis “pro
tection 1t was shown sn most cases that a typical arousal was wwally &
compamed by a decrease of corucal pO, Like the subsequent regular ineease
10 pO, the imual decrease was found approxsmatels proportional t@ stumuls
wmtensity and the EEG effect.

Since the muual decrease n pQOy was never found 10 be accompansed by 2
reduction of the corical blood flow we conclude that 1t was caused by a2
acute increase an the cortical aXygen consumpton conconuiant vk the a¢
wabon of the EEG This } 15 further hened by the fet 15t
the deerease in pO, was sery much enhanced by hypoxa and shortencd of
ehrmnated 10 hyperoxia,

The condusxoﬁbmc would mnply that the wmcrease corncal 01‘5::’
consuaption should last as long as the period of corucal actnation. HDWB‘W
carucal arousal is accompaned by a Jocal wncrease 1 the cortical blot;:i:‘\s 9
{see above) Ths with all hikelihood explams the enswng phase
\nerease m corncal pO, which usually lasted as Jong 23 the a:manm;xpﬂ;o,
 tbe EEG Sunultameous secords of cortical blood flow and “:x;m o
paralieled cach ather closcly except, as menuoned 1 the w3l pend

decreased pO;:
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The mterpretation given above s further supposted by the finding that the
cortical carbon dromde bssue tenson (see Stesjo 1961} (cortieal pCO;) dunng
arousal shows au merease which lasts as long as the actnation period the
EEG 1 ¢ the cortical pCO, paraliels the blood flow record { {\ovaR, SEsjo
and Hemsz 1929) In other words 1o spite of an merease m cortical blood
flaw whach tends to lower the tissue pGO; and mcrease was found This proves
that there 15 an mcreased producnon of carbon dionde dusing the penad, of
arousal There s then ample experumental evidence for the view that the retre-
ular activating system by 115 mfluence vpon the costical funchional aessaty
as seen 10 the EEG abe wdl the audaty : of the cerebral
cortex and that this seondsnyy finences cerebral Plood flow {Ivovar 1958)

The diphasic p0, change dunng ectrcally 1nduced asrousal reacuons would seem
ta be related to the alsa diphasc DG potential shuft concosmutant with arousal reactions
(Cotpring and O Leary 1950 Awourss 1958 Vanasees ot af 1959) s remawmse for
future mvesugations to clanfy whether shifts . dendnie membrane potennal takes

place concoputant with changes mn cortseal oxygen conmsumption wduced from the
bram stem.

There are two observatons abose which espectally iustvate the corncal
events dunng cntwcal qd of In bath
swere created mwhich the avaslable oxygen apparently did not suffice to meet
the fiunctiopal demands of the cortcal tissue

The fisst obsesvanion contcerns bram stem sumulation dunng bypovenn
lazon when the resuling hypoxa was not quite sufficeent to alter the resung
EEG Such stmulations were followed by a Jong Jastng decrease m pO
without any secondary mncrease and accontpanied by slow waves 1 the EEG
wstead, of the regular activation pattern sexn at normal Ievels of oxygenation
It 15 known that hypoxa as well as an wncrease m blood pCQ, both present
n hypovenulaton give nise 10 cerebral vasodilation {No£LL apd Scinemer
1944 hery and Scaot 1948 Sowxzmex and, Ovrrz 1930) Consequently
when the corteal & 1 acuvity 1S ¢ dunng hy if
further adjustment of the blood fow must be houted This would explam
absence of the secondary mncrease of cortical pO, i such sitwations

any
the

The appearance of slow wates 1 the EEG dunng arousal reactions a2 a hypoxie
state ments furcher study  This type of EEG response s most hikely refated to smslar
eflects of bran stem sumulatian descnbed by Mossov Frisy and Lommos {1943)
:):Q:Ak {195%) and by Incvak and Sopzamere (19.8) Probably this response should

from other effects upon the cortex elicted in zh
bramn stem (Macvis Moxezzs and PoMPEANG 1961) e lawer

The second abservation concerns the epleptic seizure Here the cortacsl
00, regularly showed a substanual decrease (up t0 25 %) which alw ays started

3 few seconds after the onset of the lugh soltage epdeptic activity 1 the EEG
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In smultancous records of the cortical blood flow it was shown that the cortical
PO,y stasted to deerease m sprie of the fact that the blood flow was already 1n
creased. In fact the lowest pO, Jevels were reached afier the blood flow fad
already reached its maximum As soon as the seizure stopped the pO; row
asain ancreauny to a maximum duning the pustictal phase of electncal silence
dunng which asa rule the blood flow was sull substantially augmented Ttwas
thus confirmed that the epilepuc scizures were never smually accompanied
by a reduced cortical blood flow (Jasrer and Ericisos, 194]) The dramatc
decrease of cortscal pO; wluch developed afier the great augmentauon of the
cortical blood flow must be explammed by the greatly increased cortical oxygen
consumption during the seizure as shown 1 the monkey (for the whale braw)
by Scisunt ke and Penses (1940) Jr should be recalled here that the
corticel pCO, also shows 3 dramatic increase following an eplepuic seizure
{IxGvAR S1esjo and Hektz 1959) The present results therefore mdicate that
dunng the generabized epileptic seizure a state of relatne oxygen defiaengy
1 the cortex results due to the fuct thar the local cortical blood flow already

1 1y d cannot ads ly y for the great increase
n oxygen consumption (JAPER and Liuucason 193] Gansmrr o of 1999
The results from local cortical sumulauons 1 which local epilepic “after
discharges were produced nd that the mtery grven also holds
true 1n such cases It remains however, for future quanutatise measurements
to establsh the extent and degree of the above postulated relauve oxge?
deficiency i the cortical tssue duning the epilepuc discharge

Note added 1o proof In a recent communcation hanzow of af (haszow E
L Herp and J Ricntering  Bemichungen zwischen EEG akuvierung uad
Durchiblutung der Hirnnnde des Hundes Pllug Arch ges Physiol 1960 6!
272 13) have reported that EEG actsaton 1n non anestheuzed dogs 15 208
always accompamed by an increase of cortical circulanon These workers meas
ured the cortical arculation locally by means of a thermoclectncal method
Thear results emphasize the great vanabibiny 1n loca) cortical biood flow mibe
non anestheuzed state which as pointed out above cannot directly be compared
with the condiuons used in the present expertments

The mvesugation was suppr rted by the Swedih Medical Reearch Council and 11 ¢ Dateit

Forschungigemnnschaft
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Lactic Acd Production and Adrenaline Reversal in
Experiments on Isolated Smooth Muscle
By
Erra Monug Lusprorn
Rece ved 29 “ovember 1961

Abstract

\onve Lvvorows b Lactic aad production and adrenaling reversal
1n expersments on wolated smooth muscle Acta physiol scand. 1962 52
225—230 — I expenments on Bolated muscle preparations from
rabbit stomach adrenalme had a contracting effect and ncreased
the lacuc acd content. Lacte acd was determped wath an en
zymatic method After treatment with dibenamune the prepara
tions were relaxed by adrenaline The lactc and producthion re
smamed unchanged line reversal after d: was mter
preted as a selectne inh b of the
effect of adrenalne, following which the relaxing and lactic acd
sumulating action was evidenced

Studies of the relaxing effect of adrenaline on smooth muscle have demon
strated a close correlanon between that effect and ap ncrease 1n the lactic
acid content of the muscle (Mo Lononors 1953 1956 1927) Stimulation
of the lacuc aad production has also been demonstrated i1n such smooth
muscle as 15 contracted by adrenahne (Luvbmors and Monse Luwpiory
1962) — It was nevertheless possible under certam expenmental conditions
— e g after adminstration of adrenolyhic agents — to block selectnely the
contracung effeet of adrenaline without whibiting the lactic acid production
(Ltsprowy and Monse Luspsory 1960) No relaxing effect occurred how
ever in those expenments — probably because the tonus level of the tissue

was Jow The f& Teport 15 d wath on
rabbn stomach muscle from which 1t emerged that adrenaline reversal fol

lowing dibenamune was assoctated with an elevation of the lactic acid content
of the muscle
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Fig 1 Isolated rabbut ear perfised
with Tyrode solutivn Flow meas-
vred with drop secorder 1 \dren
sline 81 ygn 02 m0y i
3t pHl 3 &1 Same car prrfused wid
% benzylimidazalme 02 mgml At

arow 2 advenalire 03 pg in sl
- . v at pH 3 \tarsew 3 adreuloe
1 OCS s 10 Tyrode slution at pli

226
30 B but showmg the elfect of

e -
s 02ml09 NaClarpH3 ~ltu

m evident from the diagram that al
though the cuntracung effect of ad

reaaline was not totally suppressed

by benzyhmdazcline the and sohent was nesertheless able 1o snduce diataton ot evcn
when the contracung cffect of adrenahine bad been Aetcly infubaird by & fimadazob ¢

hos ever did revenal occur after adrenaline 1n neutral soluvon

Method

3 rabbit weighing between 2 and 3 g was killed by air embolism  The stomach
was removed opencd along (he lesser cunatuse and nnsed out with Tyrode solution.
The muscle coat was carefully stnpped of mucosa and conncetne ussue From the
muscle coat i the fundus poruon were taken specamens 19 mm wide 20~25 mm
long 68—10 mm tuck, and weghing 03—0+4 g Each preparauon was attached
along the sides 1n a small plastic {rame so as 10 ensure a uniorm load over the cotre
surface The changes of length n the longitudinal axis of the circular muscle fibers
were recorded by an wsotomc pen with 2 Joad of 5 g and with a rauo of 1 10 The
muscle toat was thickest towards the Josser cunvature side and this was allowed for
by talong as contol and test preparations two contiguous picces of muscle with &
umfortn 3 Wuckness as possible §t was found that the lacuc acid coment was fugher
yp thick preparations Bach mounted preparaiion was transferred to an organ bath

nlaiung 40 m} Tyrode solution wath O } per cent glucose at 38 € Thus solution V 3
aerated with 935° O, and 65 2, CO; whereby 1t assumed a pH of 715 Tuoof the
preparzuons were first treated for 20 min with dibenamine at 2 concentraton
1 18~% The Tyrode solution 1 all organ baths was then changed To mcrease the fone
of the dit weated p carbacholme in 2 c of 15 107
was added When after 1015 mun the tone had reached a caastant level [n:b!.r
prepared neutralized adrenalne soluiton was added 1n a concentration of25 10‘"
w one d and 10 one dib carbach treated prep Afier 1
raim, when the cffect of adrenatine was distinct but not maximal the adrenaline ueated
preparations were removed from the organ baths and frozen diffuordichlormethase
{frcon 12} contaning carbon dioxide snow at — 73 C

The preparations were dned rapidly on filter paper weighed on 2 torsion palance
and smmersed 10 small sest tubes contasning | ml 1ced 3 per cent perchlonc acid: They
wese then homogemzed with the use of a miniatunized modification of the Lltra THH:;
homogemzer {manufactured by Janae and husker) The extract was (wice :tnlﬂ[ﬂb’
fos 30 sun a1 3000 ¢ after which the clear solution was chulled to — 20 € Lacte 3@
assay was as a rule carrred qut the following day

The exiracts were assaved wath the aid of L( +)lactic acs
od modsm Privipexex and Dose (1925) but with that modt
cn which was reported by Sctiorz etal (1959 In matched 10 um q! e ewib

O m} of the mezasured extract was added 1o a solution conssting of 2 ml i t;dmt
05 M ghone and 03 M Iydrazne pH 95 02 ml 0027 M d,phnspmf:wmw
nucleoude (DPN) and 0 03 m) L{+ Jacuc acid dehydrogenase (2 mg enayme ¢

d dehy drogenase (Borumn(ER)
ficaton of the buffer sov
uartz curettes
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Fig 2 Rabbut stomach muscle Tyrode
olution with 01 lucose. 4 At the
first arfow carbachghme 25 107 av
the second arrow adrenalne 05 10
B Tte preparation has earher been
treated for 20 mn 1wh dibenamine
1 10~ At the fint arro v carbacholine
73 10~ at the second arow adremal
e 25 10~ € The preparation treated
with d benamne At the firstarrow car
bacholine 25 10~ atthe second arrowm
0005 M soduum carbonate at the third
arrow adrenalne 25 107

per 1 ml) A blind test 1n which 3 per cent perchloric acd was substituted for the ex
tract was carned out m another cuvette Following ncubation for 60 mun in 2 water
bath at 25 C the extinction difference at 320 my and 25 G was determuned 1n a
thermostat regulated Beckman DR2 di oh An af
ference of 0 1+ 25 equisalent to 0 161 4 M L{+)lactate (33 8 pg/ml extract) Asa con
ol the lactic acd content was sumultaneowly determuned 1n a solution which con
taned a hnown quanuty of zinc L{-4)lactate

In repeated lactic acid assays of a solution contaiung a known amount of lactate
the maximum yield vaned between 102 and 107 per cent Zinc L(-L) lactate added ta

the extracts could be k d A between this and other
methods for the determination of lactic acid will be published separately

Results

There are reports 1n the hiterature of numerous smooth muscle preparauons
m which reversal has followed addition of adrenolytic agents (for review 1:de
Bover and Bover Nirmt 1948 p 298) — Duplication of such experiments
proved to be a formadable tash A possible source of errar lay m the use of
acid adrenaline soluuons Fig 1 shows that pscudo adrenaline reversal was
induced 1n 1solated rabbit ear after benzylumdazoline and that the cfect may
have been attnbutable to the acid solvent for adrenaline

Furcncorr (1959) however called my attention to the fact thatin cxpen
ments on 1solated stomach muscle from rabbit an uncquivocal adrenaline
reversal could be produced after dibenamine — even when adrenaline was
added in completely neutral solution

It 1s evident from Fig 2 A that adrenaline at a concentraton of 25 10—
contracted rabbit stomach muscle and that this effect was added to the Like
wise action of carbacholine 1n a of 75 10—* When
treated with dibenamune m a concentration of 10— for 20 mun carbacholine
contracted muscle was relaxed by adrenaline (Fig 2 B)

The effect of adrenaline on the lactic acd content of the preparations 1s
shown in Table I With contraction of the muscle by adrenaline the lacuc
acid content had after 1--2 mun ncreased from 16 to 20 mg per 100 g tssue
or 23 per cent In the dibenamane carbacholine treated preparations the Jaenc

acid content was 157 mg per cent and the increase after adrenaline 42 mg
per cent
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Table § Effect of adrenaline on the lacic acrd conleny of puscle strips from rabbat stomach.
Lactic gerd content s mg per cent

7 = numier of tcsts P = probabulity that the cffect was due to chance,

Liffect on tone Control Increase after | Carbacholine | Increase alter
adrenaline + dibenamune | adrenaline

Contraction {n = 28) 16117 40216 - -
- P <002 - -

Inlbion  {n = 14) — - 157125 42£18
— - - p <l

It was possible, as st had ecarlier been with other smooth muscle {Mome
Lunonowy 1003 1957) to block the post dibenamine selaxing effect of ad
renaline by means of glycolysis-inhubiting substances such as sodum fluonde
{0 008 M) and glyceraldehyde (008 M) — The relaxing action of adrenaline
was also mMubsted by sodium carbonate at a concentration of 0 000 M (Fig 2C)

Stomach muscle which had been d by ecarbacholine or dib
plus carbacholine was also relaxed by lactic ad The threshold concentra
tion for thus relaxing effect was 000055 M The lactic acd content of the
bath comcidently rose by 5 mg per cent — Earlier expeniments (Morse
Lusoitora 1923) had shown however that the wcrease of the Jactic and
content n the muscle on addition of lacuc acid was only 20—30 per cent
of that m the bath These data suggested therefore that the adrenaltne
nduced augmentauon of Jactic acid 1 the muscle was of such magmtude 5
to presuppose a relaxing effect

The above results testify to the very close correlation between adrenalines
relaxing effect and 1ts effect on the carbohydrate metabolism.

Discussion
At the employed, dib blocked selectvely the cot

e
wractile effect of adrenaline on stomach muscle without mfluencing the lﬂﬂfu'
acid symulating action while concomitantly a reversal of adrenalines €

became fest A plausible expl of thus resersal 1s that prior to diben
amune adrenalin lated both the 1 b and the caffrb“;

1 I b d the relaxng eficc
hydrate L but that its cffect *) been

of the lacuc actd production When howerer, the contracting effect ha o
sclectnvely blocked by dibenanune the lacue acd sumulaung and rclﬂ;““
action became app Ths 1 15 o with the h)P‘"l e
for adrenale reversal formulated by Dare (1906) According 10 DALI:l g
exist two kinds of adrenergic receptors m smooth muscle of which ¥

the
atatory 1s blocked by adrenergic blocking agents unmaskmg the effect of
mhibitory receptors
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BuLerine and coworkers (BULBRING 1960 AxELssony BLEDLING and BULBRING
1961) have p d add 1 exp 1 evadence of the correlation be
tween adrenaline s relaxing action and 1ts effect on the carbohydrate metabo-
lsm According to BuLerinG however it 1s the mcreased energy production
assocated with stmulaton of the carbohydrate metabolism that has an 1m-
portant beang on the relaxing cffect. As a result of increased energy produc
ton itisargued the sodium pump would be sumulated and the cell membrane
hyperpolanzed, and this 1n tum would Jead to relaxauon The ncreased
climmation of radioactve *Na after adrenaline adnunsstration lends siipport
to this view {AxEissoN Bueping and Bursring 1961}

It1s at the present stage not possible to state with certanty whether sumu

lation of the carbohydrate bolism produces rel via an
energy prod or an d lacuc acd prod or al ely
Via an unkn h Confl with BULBRINC § interpretation how

ever 15 the fact that adrenalne relaxes smooth muscle which has been com
pletely depolanzed by k SO, (Evars Scuip and Tuesterr 1928) and
which the sodwum pump can hardly be operatne

The increased sodum elumination afier adrenaline can possibly be regarded
as a q of hegt d of lactc acid from the muscle
Accotding to Suanes (1958 p 143) 1t would secem that organic acids can
pass through the cell membrane only 1 an undissociated state Hence 1t 1s
not altogether unhkely that with ncreased lactic acid production some of the
lactate 15 releaed from the cell as sodium lactate ~— 2 phenomenon which
could account for the mncreased sodum ehimunation

1 am grateful for the technical assistance of Mr \axpor Vasos Financial support has been
§ en by the Swedish Med cal Rescarch Councll
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The Panse Durmg Contraction
m the Discharge of the Spindle Afferents from Primary
End Organs in Cat Extensor Muscles

By
Racnar Grawt and J P van DER VMEULEN
Rece ved 30 November 1961

Abstract

Graxtr R and J P ovav vex Meraevy The powse dunng contrac
tton 10 the discharge of the spindle afferents from primary end ofgans n cat
extensor muscles Acta physiol scand. 1962 o5 231—24 — Recently
much detailed informaton has become avaifable about the structural
design of the muscle spindles It seems highly pertinent that the
farge spindle affesents from primary end organs possess two hinds
of termunals onc set dersving from the nuclear bag of special nuclear
bag fibres another from purely muscular short so-called nuclear
chan fibres Ako pindles may vany i length over more than a
tealold range (cat) The pause i the discharge of the muscle spndles
10 1sometnc contraction has been studied and the findings evaluated
from the pornt of siew of spmdle anatomy The pnmiary end orgaus
were found to fall mto two groups long pause spindles and short
pause spuadles This grouping 1s assumed to express their anatomical
Iength This may vary between 2 and 22 mm The pause either ended
with a phasic burst often succeeded by a brief secondary pause or
else the discharge was resumed in a toruc fashion Thus spindles \ ere

phasic or tomc with Fespect to how they resumed finng after the
Pause Nearly all the tonic spndles were found among the long
pause smndles The by pothests adopted 1o explain the phase tomc
dutferentiation 15 that phasic spindies are dominated by nuclear bag

fibres tomic ones by puclear cham fibres Smundies are also hnown

to van cenuderably wah regand o the relative number of these
wo different fibre types

VY sung pecal Tramee of th Nat ona) Inst tute of \curolog cal cases and Bl adpess
Beth sda. Md L S AL e D >
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B H C Marmuews (1933), who discovered the pause s the discharge of
the muscle spindle afferents dunng contracuon also gave it an eaplanation
that has been generally accepted Despite 1sometric recording the tendinous
portion of the muscle elongates 1 contraction and allows some shortenng
{}~2 mm) of the fusal fibres The { fibres of the spindle beng
situated m paraliel are thereby unloaded and ther stretch receptors become
slenced as had been anticspated by Fuvtos and Pr Sunen (1927—28) Ths,
no doubt, 15 2 sult vald generadization but what shall concern us below s how
the pnmary end organs are re excited after a contraction or n other words
how long the pause s and i what way the discharge recommences In ths
respect spindles vary a great deal and the question is what these vanations
suggest when they are reproductble and ndependent of gamma control

In the past it scemed an unp. le task to sy and try to explan
the vanauons alluded to because too itde was known about spindle anatomy
This defictency has now been remedied, lacgely owing to the work of Barker
and hus assaciates and of Boyp work that was preceded by some proncet
studies of SypiL Coorer and lately confirmed by Swery and Evoren {ref
below) The new picture of the organization of the muscle spmdle that has
emerged from these studies 1s detarled envugh for the first tume to mahe & stody
of the pause worth while It will be easier to follow the arguments of the preseat
paper if the salient features of spindle anatomy are ghven already at thss stage.

It has been known for a long time and often confirmed that there ar
long and short spdles and also that the mtrafusal fibres of one and the sane
spindle hasve d length and thick {sec ¢ g SnErmnoTOv 189
Cuagunco 1927 and summantes by Hives and Tower 1928 Bamssr 1947
Coorer 1960) New 1 the knouledge that there are two binds of mtralist
fibres, nuclear bg (NB) and nuclear cham (NC) fibres the Jatter bang
shorter and thanner with nucler i chams the former rdentical with the nuckar
bag fibres known from the classical Iiterature The new nformation 1s found
1 a note by Coorer and Daner (1956) 1w papers by Barger and Can
(1960) Barner and Gioumat (1961) Barker and IP (1961) P“’“d‘dlg
prebuminary reparts as well as m a number of bref reports by BoyD (’9;
1958 1959 1960 1961) and in two papers by Swerr and ELDRED (19'504 h]c
The large fibre p ly held to as annul 1 lm
nuclear bag are now hnown also to dwpatch branches to the purely musc"n
NC-fibres which are lacking bags This means that these afferents derne 4
formaton from an NB elasuc structure m senes with muscular poles of ﬂ!‘fz
viscous contracule material as vell as from short purely muscular NG fm
and hence from two different structures provided with cantractdle ﬂbf;’ e

paraliel with one another ‘The whole spindle structure is 1 paralltld‘;‘» .
extrafusal fibres There 1s also some histological evadence | Caom:i;\ ;{1 S NG
1956, Bovp 1929, 1961) for differences 1n motor nnervation of
fibres According to the new findings it 15 legitimate 1o differe

ntate betwet
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nuclear bag and nuclear cham termmals of the primary afferents from
muscle spindles

The new knowledge also means that the tern nuclear bag organ 15 too
restncted to describe the primary end organs adeguately nor can they be
called annulospirals because they are not always provided with anuulospiral
endinys We have therefore returned to RuFpiStS {1897 1898—99) alternative
tcrm primary endings The secondary endings according to the same recent authors
are chiefly found on the NC-fibres but also 1n the myotube region of the long
NB-fibres None of them have ternunals on the nuclear bag

The new k ledge makes 1t 1mp € to der hnown spindle proper-
ties among them the pause 1n the discharge of the pnmaries during contrac
uon An evaluauon of the general situation (Gravir) as well as detailed m
formation will be found summarzed mn the Proceedmngs of the Hong hong
Symposium on Muscle Receptors (to be edited by Barner 1962)

Methods
In the present expenments cats were used the mz_;cmy of which were decerebrated
suction The der were with 2 mixuure of chioralose

p:mnhaxbnnnc (20 mg/hg of each I P} A lamunectomy was performed exposing the
spinal cord and roots from Ly to cauda equna Single fibres 1 the appropnate dorsal
roots (L; S;) were split until single spihe discharges could be recorded from spindles
1 the gastrocnemuus or soleus muscles of the left leg These fibres gave conduction
velocsties s the Gr 1 afferent range as calculated from the latent period sometimes
recorded photographically but often merely observed on the screen at high sweep
speed

The left leg was denervated except for the medral and lateral gastrocnemrus nerves
which were used for simulation at knee level and in the decerebrate preparations the
right leg was di d The soleus or musclcs were separated so that
therr tendons could be attached to the A strawn gauge
myograph and an inductance length recorder connrcted to the tendon allowed for
alternate or simultaneous recording of tensior or length during either wsometnc or
wotonic contraction The muscle was pulled out by weights from 100 te 500 g on a shory
lever For sometnic contractions the lever was clamped at the length thus attamned for
1sotonic recording 1t was allowed to Lft the weight Since only the early onset of the
discharge was of mterest i thus work oscillauons afier complete relaxation i 1sotonic
recording were of no importance

In some expenments gamma efferents were selectively blocked with dilute procame
solufion m the mannes of P B € Matruews and Rusaworth (1957 @ & 198) For
cocamization xylocaine (hdocaine) was used

Results

General remarks on the pause The enswing descriptive secnions should be read
with tho pownts of view o mund (1) a pause w the discharge takcn 10 m:zm
that the spmdle 15 relatnely too long pared with 1
clements so that i 1sometnc contracuon we are concerned \vl(h the time 1t
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takes for a sptndle to become matched i length with the latter, {n) 15 ths
matching process initiated by a phasic burst or not?

To (1) both gastroenemus and soleus spindles fall mto tno groups clearly
distingusshable in the extremes these are the short pause (SP) and the long
pause (LP) spindles (see ¢ g Fig 1) There 1s of course an arbitrary clement
in these distinctions owing to border hine cases Actually, however, when the
muscles are properly siretched, from some 9 to 7 mm, there has been no over
lap n our matenal winch consists of 11 LP and i) SP soleus spindles 15
LP and 19 SP gastrocnemuus spindles, 1n all 53 analyzed at different exten
sions out of 61 1solated

With double shocks excepuonally three shocks the average pause of the
LP spindles in soleus was 310 msec the range from 270 (o 340 msec for the
SP spindles the average was 150 msec the range 100 to 200 msee In gastroc
nemuus the average was 180 msec with range from 130 to 300 msec for LP
spindles corresponding valucs for SP spindles averaging 70 mscc with range
from 40 to 110 msec With single shocks the LP average for soleus was 220
msec {range 170—320) the SP average was 90 msec (range 58~—130) for
gastrocnemmus the corresponding figures were  LP-spindles 110 msec {90—
200), SP spindles 60 msee (30~83) In general when the pause ts long it
also tends 1o be labie and influenced by muscle length and stimulus strength
the shorier 1 35 the better reproducible despite vanations m extension of the
muscle and sumulus sirength

There was une soleus spindle which 1n the beginming of the expenment

clonged to the SP-category with a double shock pause of 130 msee later
suddenly changed type and the pause lengthened to values around 300 msec
The others matntained thewr character except at extreme exteasions when
some spindles lost their early component and gave pauses of long duration
In others the pause tended to shorten somewhat with extension (values below
5 mm extension not considered) the majonty being fairly stable The values
gnven do not refer to extremes of extenston and cases when this has led to 20
alteration of the duration of the pause

The effect of sumulus strength whether just maximal or supramw““’
proved 1o be of hitle importance with SP spindles even when bnel ""f“
were used 5o as 1o actnate gamma fibres The SP spindles on the “b":o
had more definite ume constants than LP spindles though 1 raPﬂ’“’h
gamma actnauon frequency nught change withun the burst by which lﬁn‘é
tended to resume function Wath the LP spindles we were surprised 0 i
a number of them to have longer pauses with supramaxmal sumuls :‘a
whea the silent period then was sprinkled with spikes owing to gamma acth

od 10
uon. In others the pause shortened somewhat n the ma;(;m‘y 13 ff:)‘ .
mnfluen T} ot that by sulf
be umnfluenced We hatve no cue to these differences he a(cnd: gl

cient gamma activation 1t 1s possible to fill out the pause 1n ex

a8
{MATTHEWS 1933 hurrer Huwt and Quuiisam 1921) recently 2§
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Fg 1 Pentobashitone-chloralose wntact preparat on Twd prunaey gasteoonemm affereats
swmulated by bnel tanus Jsometne recording somatunet vath length-measunng devace
Nuscle 2v4 5 {7 2) and 65 {3 #) rum extensian Spike responding m { and 3 became shost

pause  phasc 1pon extension 10 35 mm  sp ke responding i 2 and § remamed Jong pause.
and ton ¢ The phasic sprke {1 ) started finng to pull at 2 70m extersion e tome {2 1) fred
1520 per sec already at zero extens on The corved i a diagram plotng duscharge frequency
aganst exlension were roughly pa allel mercly shifted by the threshold d Berence gen Con

Sutnion yelocity of phasie spike 115 mjsee of ton ¢ spike 90 misec

studied by Hanrvey and P B C Martusws {1961 o) does not enter into our
considerations Very strong strauds of losger duration than we have used are
requred ta dernenswrate 1t Zlare extension may be necessary with de efferented
spindles than with mtact ones to define thew properties

To (4} the pause erther ends with a phasic burst often followed by a sec
ondary pause and a tomsc discharge or else resumption of actvity 15 tomc
from the beginnng We shall speak of phasc and twmse spindles sinee the
terms dynamic and static discharge have been defined with respect to fast
stretch (of hatz 1950 Hasves and Mavruews 1961 8 There were 5 %
phauic spindies m gastrocnemaus hence 49 % tonic 67 ¢, phasic spindles 1n
soleus hence 33 °, tome These figures refer to the total nurmber of 61 spindles
of which 37 were wo gastrocnemns 24 1n soleus The general wendenty 1s for
the S¥ spindies to be phasic and for the tonc spindies to belong to the LP
category This rule held for alt the gastrocnemus spindles but o few LP
spindles n saleus had a phasic companent Among the 55 spindles analyzed
m detat Yhere was one tomic spndle n gastrocnemius {after sentral root sec
ton) which had a short pause (SP spinddie) The other tome spindles were alf
LP spindies

The of panse di m and naterse contraction
the furmes more of an mrernal adjustment the fatter a response © stretch
by the falling weght showed that with a couple of exceptions alf spindies
responded phasically to the pufl of the waght For LP spindles the msotome
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Fig 2 Decerchrate ammal with good streech reflex and spindle response 1o twist of pinna.
Sciews spmdle }—3F repeated supramaximal sumulatian by baef tetans llustraing pause par
ually filled out by gamma activation of spindles f~6 gradually wcreasing effect of xylocine
appued below sumulating electrodes. In secord 6 also some effect on alpha motar fibres G2
duction velocity of sptke was 100 mfser

vajues for the pause also tended to vary conssderably less in durauon than
the 1sometric ones As is to be expected the SP- and LP character of a spindle
Iess 1 evidence with sotonic when the pausc was
long the 1sotoric was defimiely shorter and, vice versa, when the 1someint
pause was short the isotonic pause was longer or of much the same fength
The main role of the 1satonic tests 1n s work has been to demonstrate that
nearly all the spindles have been potentially capable of grung a dynamic
response to pull and thus finding adds emphasis to the quesuon of shy s¢
many of these same spiadles have not been able to respond phastally after
sometne contraction
Samples analyzed Fig 1 shows two spindle alferents whose prumary end
organs by pressure were localized to the upper portion of the medial gastroc
nemus muscle The results reported in Fig 1 wese obtamed both with just

| and ! lus strength The spiadles were i ¢he Sﬂ"';
thin filament and first recorded together Stparation proved possible amcio ; d.f

expentment was repeated by studyiny, them alternately as in Fig ! Re
7 and 3 belong to the first spindle (phasic), at 4 5 and 95 mm extension T"};
spcml\c)y, 2 and £ to the second spindle {tonic) at the same cxicnsions o
pause of the first spindie, which had the higher threshald (see legead) “r
derably shortened by ting the muscle to 95 mm Thys s)mncn; ‘f
1s of an unusually Jugh order The pause now ended with a burstof impuls
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Fg 3 Deeflerented, chloralose pentobarbitone preparation. Two phauc gastrocnemius
spindles studied at different extensions as marked on films. Third record on the nght 1s 2 single

shock response the others brief tetams Spindie on the left studied with submaxumal spundle
on the nght  ath maximal sumuls, Five simiar spindles were isolated in the same preparaton

The v conducuon velocities were between 90 and 100 m/sec

at the turung powt of contraction The secondary pause seen here 1s typical
of the majonity of spindles with an early phasic burst. The second spindle —
acuve even at zero length — always responded lly and d finng
at the oniginal rate when contraction was over even when this rate was high
as i the present case (records #) (In record 4 there 1s also another phasically
responding spindle, the small spike ) The experiment was repeated after de

afferentation (on the nght) to remove a possible reflex component with preser
vaton of whatever tonic gamma bias d after } hloral

pentobarbitone}

Fig 2 llustrates a soleus spindle under some gamma actwauon because
mn the controls a supramazimal bref tetanus was used (I 2 ) The pause 1s
spankled with some <pikes induced by a varying contnbution of gamma 1c-
twaty Then xylocane was applied (below the sumulaung clectrodes) o semove
the contnbuuion from this source (\arTHEWS and RusttwosTu 1907 @ 4 1956)
Thus also mAuenced the course of the contraction which 1n the intact prepart
tion 15 determuned by nvalry between y and y impulses from
sumulated muscle afferents and end organs (Grasis 19,0} The end of the
pause however should be consdered with respect to the end of the con
traction As xylocaine successisely took effect from records f 1o 6 it 1 scen
that i spite of a very large drop 1 gamma bias the length of the pavse
changed but Lttle when measured 10 relation to the falling phase of contrac
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Fig 4 Decercbrate preparation Pruary efferent endieg 1t gasisoepems £ and 2 at 3 s
eatenson { wotonre (wesght {68 g} 2 somenc Then spindle was scinated by pona refies
and reeord 3 talen. Nate persstent kag sometrie pause snd abseoce of phasic comporent
Sven m 1otome contraciaa

Fig 3 Decercbrate preparason sporal of 2t Th NI Primary afferent endiog m soleus ¢
sngle ? doulile shock at G mm extenston §and 4 correspanding records at 13 mem exiensios
5 a repetstion of

ton Clearly the Jength of the pause was a praperty of the perpheral st
ment merely modufated by vanauons in ‘gamma tas

Fig 31 for dafit Mo g spindles {de

\cﬁ"crcmcd} starung ta discharge with typcal phasic burses follaved by 2 5
“mdary pause As always some extension of the muscie was needed © revea

phasic component {as expected here i view of the de efferentanon) For

spindle on the caghe it should be noted that i the upper record 7 the
phasic burst was emphastzed by usimg a single shock instead of a brel tetants
This may be seen with a fast musele hke gastrocnemus The stow soleus ofien
regaaved a4 double shock or bref tetanus to show up spindle properies of the
kwnd studied.

By comrast Fig 4 presents a gastracnemuus spndle which even wsofonic
contrachion {record J) could not moke phasic Record 2 gies the 1sometric
equivalent at the same length When shiftng fram ssotome to ometsic con
teaction many spindies displayed very long pauses for the fisst few tests wih
contracuon  This slow adyustment 1s not what 1s sBustrated 10 record 2 whuch
had been preceded by several tests 1 the ssometric condion  Actination of
tus spindie was then attempted (record 3) and though suceessfial 1o Judge
by the greatly increased rate of Arng the discharge suil started affer contac
uon and @ 3 fonric fashean 1

Fig » Mas been choseq to diusirate what sometmes can be scen dlm?:ﬂf
that the pause greatly lengthens av great extengions It a sofeus spen I?I ;nm
an casly phaste buwst i records 1 and 2 {ungle and double shotk) 3t 'y
extension  Adding 5 mm 1o the lengeh of the musde {records 310 5) P"}“m‘
Jed to some over extension of the spindle to judge by the dmununion &
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Fg 6 Deeflerented chloralose barbitone araton Prumary afferent ending in soleus,

stud ed at two extensions as marked i ﬁgu?ckgumulus wength 1n muluples n;‘ﬁ)h:s! value

o8 the left Actnation of gamma f bres by stmuh from 2 5—6 3 umes the just suprathreshold

uppermost value {10) shows some Biling i ¢f the pause but no mft of major phas ¢ burst

r:!a::\e 10 contraction Nate tension recording sense organ filling out the pause with stronger
outract ons

contraction tn 3 fand 5 to be compared with I and 2 respectinely Record 5
15 a repenion of 4 The discharge now began when contraction was nearly
over Some spindies have behaved in this manner

Fig 6 shows wath a soleus spindle the effect of increasing sumulus strength
at two extensions 45 and 70 mm It was a de efferented ammal The dis
charge from another sense organ a tension recording iRstrument sensiive to
contractile tension only 1s scen to fill out the pause The mteresting feature
here 15 that 1n spate of the relausely late discharge at the end of contracton
the spindle responded phasically with a secondary pause follow ed by the wome
component of the discharge (LP spmndles i gastrocnemius have not shown
up a phasic component ) This mode of behaviour was very little influenced by
gamma bias and extension In fact gamma acuration has 1o beyery strong to
alter the fundamental features of the response obtaned at the end of contrac
ton and even then these features mostly shine through thereby supporung
our general conclusion that thev reflect some basie orgamizayonay l:-;p:x les
in the design of ndividual spindles prncip

Thas statement 1s best illustrated by Fig 7 records 3apg ¢

sometne but
recorded with length measuring device)  Strong spindle acu\aufm 1n record ¥
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Tig 7 Decerebrate preparation spinal ed at Th \1I Pnmary ending in soleus pulled out by
wesght of 500 g 10 13 mm 7 and 2 1sotonic J and #1sometric all taken by length recording
device §and J have becn secorded without special actnation of spindle 1 2 and # spindie
has been activated by repeated taps on muscle welf {slon then stimulated a3 welt) Nuie
# that depite filling out 'of pause the phasic burst 15 located much as in the cantrol (3)

Fig 8 Schematic Iiagram of the mlmmum)ﬂ[
3 spindle types aceded to account for the rould

Gbtamed 1 and 2 are two vemions of s

spindles the sccond long pause (LP) 3 the
L I EPtonie spinde

shortened the pause if 1t be measurcd as duration of full sijence by com
panson with the control 1 record 3 But the basic length of the pause, n
herent 1n the spmdle design 1s clearly set off as a burst at maxumal frequency
1 record 4 begmmng mn the same place there as i record 3 The paust n
1sotonic (active re ) ) 1s shown to be dependent on gam;n-’l
Dras n the pair / and 2 which are otherwise cquivalent with 3 and ¥ a)’n‘c
adentally the 1sotome record 2 shows how strong gamma hias ;;ﬂ u’:lxhc
spindie length shift together with extrafusal muscle length so a3 10 DO s
pause over 4 considerable range of shortening as concluded by ELDRE

it and MEerrov (1953)
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Spndle types needed §t 15 mecessary to restrct a dragrammatic presentationof
oor findings to major types since at the woment 1t 18 hardly posble t© push
explanatians based on spundle anatomy too far Fig 8 wall have to suffice
The spindic with the marked phasic component may wceur 1 vermons 1 or 2
the latter ~— we believe — not uncommon in soleus as 3t has been seen 1 our
matersal of 23 soleus spindles but not among the 34 gastrocnenuus spindles Type
315 the tome spindle which only exceptionally 15 of the SP vatiety when studied
over a range of extensions The discharge 1n spindles of Type J need not
necessanly start at the wrming pomnt of contracuion 1t may be shified down
wards on the falling phase but 1t serves no obvious purpose 10 make such
disuncuons 1 2 dragram of thus sort

DMiscussion

Phasic tome MaTTHEWS (1933) 1n discussing the properties of primary
endings wath respect to sudden stretch pownted out that the mmnal barst of
smpulses underment rapid adaptation and aseribed this to the mteraction of
the elastic nuclear bag with its viscous contracule polar regrons The bag
would respond to quick stretch by a quich extension but its tension would
thereafter be released by the secondary adjustment 10 the new length of the
plaant matertal in the viscous poles The mmnal burst of impulses and the senu
stanonary state of the adepted discharge bave been idenufied {Grasir 1955
Jansex and P B © Marruews 1961) with harz s (1930) dynamic and stauc
phase of the tesmunal {generator) potenual i frog spndles as since jusnfied
by the obsennations of LirroLp Nicrorts and Renrears (1960} on sumilar
terminal potentials i the spindles of the cat It 1 of connderable mierest 10
note that the dynamic phase 1 absent in direct electrical sumalaton of cat
spundles (Laeeorn Nicwosss and Repreaes 1960)

The hypothesis of Marriews should to-day be confronsed with the face,
fiest noted by Coorer (1928 pubhshed in full 1861} and then confirmed by
Luwozerc and Wrvsetry (1960) Hamvey and P B C Marvzaews (1961 8)
and Brssot and Larorre (1962) that secondary eadings shich are restricted
to NCanerafusal fibres and never termunate on bags possess a very msigmificant
W any phasic response 1o strerch Only primary endings bas e both NB-and
NC-termsnals (much as the Jarge fibres from the setma pick up messages both
from rods and cones) $ve have therefore cogent reasons for meddying Mat
THEWS hypothess to include these facts At the moment it merely states that
the phasic burst on cessanzon of contraction 15 a vesponse from the NBwcom
ponent The modified sersion suggests that the drawn out tome discharge 1s
likely to be a response from the NC-component Jaxsex and P B G \Mar
THEws (1961) basing thewr argument on expenments m which they found
differentsasion of dynamic and staue senstovity of primanes with respect 10
gamma control have explamed dus along smular hnes s 15 afso quite 10
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heepmg with what we know from other sense organs to find separate trans
ducers for phasic and tonic responses

Let us now see what a hypothesis on such hnes can do for our findings
Spindles are known to vary with respect to relative number of NB- and NG~
fibres BarhER and GipuwaL (1961) report from one 10 three large NB-fibres
and from one to erght small NC-fibres 1 different spindles The NC fibres which
are about half the length of the NB-fibres divide somewhat twist among them
selves and cross over the large fibres If the NB-fibres of a given spindle are
few m number and the NC-fibres many the slack will first be taken up by
the latter slow tomic structure and the discharge wall be tome Our resuls
suggest that basic spmdle design suffices to explaim the differentiation described
w the present work The h ofa dary pause 1n phasc
spindles followed by a tomc discharge suggests a change over from NB- to
NC-termnals and mahes 1t necessary seriously to consider the possibility that
the NB-component never may be able 10 respond tonically The present results
cannot of course be conclusive on tlus point The hypothesis also provides
a satisfactory explanaton for the cases m which at great extensions spudles
lose their phasic response The one case 1n which a perfectly good spindle (in
an ammal useful for several hours afterwards) Jost its phasic component and
merely responded tomcally may be due to selective loss of bias with respect
to NB and NC mtrafusal musculature (¢f Jansen and P B C MatTaeEws
1961)

Long pause — short pause The of why
fusal length sometumes 15 slow sometumes fast concerns the relative length of
te spindle and not only whichever component responds first the NB- or the

C-termunal apparatus Single spmdles 1 the rectus femons of the cat 13y
m length from 24 to 137 mm while tandem spindles run up to 223 ’mm
(Barker and Ip 1961) Of the latter there 1s a sigmificant number 21 %
soleus 44 ¢, in gastrocnemius (SWETT and Erprep 1960a) In the tande;ﬂ
spindles the ntrafusal NB-fibres run through from end to end of the whole
structure  Unless heavily biased by gamma actnation these are hikely to show
up a considerable number of LP responses The spindle in Fig 4 which C;If“
1 the 1sotoruc test failed to give a phasic burst ;s hkely to be a tandem spin Ce
Sumularly 1t seems likely that when there are long pauses undcrgomgI larxir
varrations the responstve structure 1s hikely to be a tandem spindle The Ofﬂ;l:hc
pause of the Jong spmdle may favour the slower NC clements Ontamﬂa
most strnking correlations 1 the present matersal was that the tonc spu
were found among the LP spindles

he length of the pause ultumately must emcrge as a ¢ .
anr:tomlc:j length (relauve to adjacent etrafusal fibres) and whatev t:hctl"‘;::
1s domant NB- or NC-fibres A reservation must be made here for PPou

fast motor fibres (GRAMT
bility that some spindles are Likely to possess 1961) huch means
peLano and WALTMAN 1999« b Rutrepce and Hadse

hing of- fusal to extra

ompromusc between
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that the spindle 15 co-contracted and pulled up to a shorter length together
with the fusal fibres Asa 3 the NB-fibres are ready to respond
at an early moment n the turming point of contracuon This reservation does
not concern the prnaple of our explanation It merely means that such
spindles ate provided with a length correction operating parallel with the
changes of length m the swrrounding extrafusal tssue

Our work ongmally began as an attempt to use the length of the pause as
an index of autogenetic gamma mhibition However this fine soon proved
unprofitahle because the great differences 1 the length of the pause dis
covered by systematic analysis persisted when the findings were controlled by
de efferentation or gamma blocking by xylocame Hence st followed that the
pred factor was penipheral and inherent 1 the design of the spindles
and their attachment to connective tissue fascra or tendons Agarnst thus back
ground possible munor effects of autogenenc ihitation could not be demon
strated by the index used

This work has been supparted by the Swedish Medical Rescarch Counail ani the Rocke
felter Foundauon
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¢ of Bload Flow,
Glomerular Filtration Rate and Urme Secretion 1n the
Separate Kidneys of Anesthetized Rabbits
By
Matus BERLIN
Recened 2 December 1961

Abstract

Beru M Simultoneous measurement of blood flo glomerular filtration
rale and unme sectetion n the separate hidneys of anedthetsced rabbus Acta
physiol scand 1962 55 245~254 ~ A method lias been cvohed
for studies on anesthetized rabbits of the renal uptake extraction and
excretion of sub: Renal which frequently oc
curs i rabbuts dunng surgical procedures was partly prevented by
premedication with reserpiae In 11 anestheuzed rabbats vanations
in renal blood flow glomerular filtration rate unne flow and extrac
ton of drodrast were simultaneously studied Stability of renal blood
flow glomerular filtration and unne flow could be mamtaned for
several hours By means of changes 1n the blood volume or the size of
the extracellular fid space vanations could readily be produced 11
renal blood flow and glomerular filtration rate These two ariables
showed strong correlation Diodrast extraction showed 0o large sana
uons The rght and the left hadney vaned i the same wav with
respect to blood flow glomerular Eltration rate and unne flov

For studymng the renal secretion and metabolism of heavy metals 1t has been
found advaniageous to make renal artery and vem accessible for measurement
and blood sampling Thus requutes surgical measures and fawly protracted
anesthesia on a switable laboratory ammal Expenence from prelumnary
imvestgations suggested that rabbits can be used It has long been hnown

however that ancsthesia and surgical mterference can significantly alter renal
funcuion

16673015 4¢ta physiol seand Vol 55
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Earlier observauons on the rabbit kadney (Laane 1943, WiLes and Man
1938 Ssrrns 1921) have revealed deviations durmg ancsthesia with respect to
anter alia blood flow and glomerular fil Esen the hetized expen
mental rabbut can differ considerably m these respects from the mtact rabbt
n the resung state This 1s the reason why several worhers (haptay ard
Swimit 1935 Dicker and Hrerier 1945, Forster 1947 and others) haie
stated that durests in the rabbit accurs partly by mobtlzatton of in.ctine
glomerult and thereby mercased filtration rate

Brop and Sikor (1949) and Forster (1952) showed that of the experimen
tal cond do not produce renal + wction, the rabbut kdvey dees
not differ m prmaple from the hidney 1 man dog etc In the rabbrt Audney,
howeser, the tendency to vasoconstriction s strong and may even lead o
ohguna N\evertheless 1t seems feasible that i the anestheuzed rabiit the
Lidneys can be brought to a stable and reproducihle state 1 which they are
swtable for expenments

In order to deterimne the extent to which stabihity and reproducibility can
be obtained renal blood flow, glomesular filtration rate and unmne flow were

d n rabbns ! d with Nembutal and mitrous oxde The
rabbnts had been subjected to laparotomy 1n erder to catheterize both ureiers
and the left renal vein Premedication with reserpme was given to reduce the

di to renal vaso AV tn renal blood flow and glomer
ular filtration rate were studied as well as possible differences i these respeet
between the two hidneys by measuning the estraction and elearance of I
abelled diodrast and the clearance of creatinne (hapra and Swim 199
osepison and karzas 1953 in both hidneys during brief successne perods
ser seseral hours

Methods

The expenimental procedure was exohed i a large number of experimerts in which
the vanous component steps were tested and modified The final expenments \\u;
performed on rabbits of Belgian guant race weghing 4 0 5 bg The 11 mpmnwnsc
now to be presented were those in whuch the rabbuts were judged from their respor’ -
to the surgrcal procedure to be suitable test subjects The requirements were ¥ L
secretion of more than 01 ml per munute in each kidney and stable blood prm‘:;“
When the surgical technique has been acqured these entensa ean be mev.rm a .

2 of 3 espenments The method for g the art 0 hi
Iabelled substances 1n the blood 1s described 1n an other paper (Berity 1951), W
s rebability and speed of response are discuss

Suegreal Procedure
Oaq the day hefore the experiments the rabbr
"

7 J sub N

ts were grven 0} mg of reserpise {Ber
was induced by ntrarenons m_;rrw‘:u
antamed duning the expenment “)S
nrtrous axde and repeated ByEE

f about 1 mn thovgh @

pedin

of pentobarbutal sedium [Nembutal) and was m;
msuffiation of a maxture of 25 oxvgen and 75

of Nembutal. The gas and ar muxture was gnen at 2 rate ol
fine-calibred tube 1n a double branched tracheal cannula
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and collectng apparatus

The abdomen was opened and a nyvlon catheter was inserted mto each ureter with
the tip reachung up to the renal pelvis The left renal vein + as threaded ta the left
femoral vemn with a polythene catheter whosc outer drameter was 0 9 mm. Canaulas for
measurements and nfusions were introduced mto the larger crural vessels and the
Jugular veins as shown n Fig 1 Blood loss dunng the operation was replaced with
dextran The body temperature was hept at 37 to 38 C yath the aid of hght bulbs
the operating table and v as regustered contmuously by means of an intrarectal thermistor

smouc diuresis was produced by infus on of 2 3/, to 20 per cent sodm sulphate
solution 1t the jugular rein The infusion sas made with the help of compressed air
All adminustered and excreted fluds were noted Changes 1n glomerular filtrauon rate
and renal blood flow werc produced by excess infusion of electrolyte or deatran

duning a short penod Postse balance of more than 20 ml/kg body + eight + as not
permutted

{rrangement of Veasuring and Samplin, 1pparatus

For assessment of the renal extraction of diodrase, I ! labelled diodrast (about 50
nC/hour specific actnaty 01 mC/mg diodrast) was 1nfused 1nto the jugular ven m
such fashion that the arterial concentration of diodrast was kept constant as far as
possible

The concentrauon of diodrast m artenes and the renal vans was measured with the
ad of scinullation detectors through which artenal and venous blood was conducted
For this purpose polythene tubes  erc arranged between the left renal ven (114 the
catheter) and the nght femoral vein and between the aorta (ra the left femoral artery )
and the nght femoral vean The rate of flow 1n each tube was maintaned at 0 75 ml per
mmute by 3 pump (Berery 1991, The pohthene loops in the santllaton detectors
contaned less than 0 5 ml of blood The artenial concentration of radioactine diodra t
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Fig 2 Typical regastrauons.
A = artersal concentraucn of diodrast 1 cpsm
A~V = antenovenows difference 1n cpm
BP = blood pressure 1n mm Hg
t = temperature in C
\ = urnne flow 1 drcps per minute
The abscissa shows the tme 1n minutes and the rasscd levels mdacate ume for collecton of
unne xpu(’-:xmm: The dots above the abscissa tndicate experimenial procedures such as myecuon
or $umn; uon.

and the arteriorenous difference 1n ths concentration over the left hidney were contin
uously registered (BERLIN 1961) The apparatus for radioacuie measurements was
calibrated and the background level for the sannllauon detectors was regustered before
and after each expeniment In all ratemeters the ume constant was 30 sec

For measurements of clearance unne was collected from both hidneys separatel) 1
portions of + to 5 ml. Perods representing the collected portions were marked by the
recorder The delay caused by the dead space 1n the catheters renal pehes and uren
as compensated by delaying the period marking for the tme necessary to collect 022t
fne O Covvor and Coswav (1922) found that in the rabbit kidney the tubull,

1er and pehis contam on the average § 16 mt The volume of the catheters war 5l
The unne flow on the left side was continuoush regustered with the aid of a drop ¢
corder consisting of two potenuated sihver electrodes The impulse evohed by the une
drop was conducted 1o 2 ratemeter

C was wnjected sub one hour belore the clearance measuremtt
started 10 ml of a 25 9 solution were 1njected

Samples of artenal blood each of 05 ml were collected 2 to 3 umes in each hour

Blood pressure was registered contnuoush with the aid of a pressurc recepior {VF¢
Schwartzer) dtoa g bridge (pe L ;

All registrations were made with an exght-channel loop oscillograph (
Fig 2 shows typical racings

Methods of Analysis

‘The samples of urinc were diluted to > ml and were frozen i polyth
stored unti the radioactivity had decayed enough for measuring wiil
losses The 1™ activity was measured i a well crystal with a constant measu
of 5 ml The results were corrclated with the standard solution used for ca

c detectors. .
tthc creatiune concentrauon o urne and plasma 1 as determined atw‘;i“:i:e
Bonssesand Taussky (1949) The error of method (coeflicient of saration) it ol
tests was 3 7 per cent The satues found in plasma were used to determine the eApo
cun ¢ for plasma creatiune duning the exp

\ wscordes

enie oyhadens 203
hout comeideac
ring volume
Lbratoa o
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Cawculation of dearance values
The following paramcters were calculated for all pertods and for both hidneys

1} Renal extraction of dicdrast Ep The extraction fraction tn the nght ludney was
sct as equal to that 1n the left Lidney
Ap—Vp
Ep= Ap

where Ap and Vp are the concentration of diodrast in artenal and fenal vern blood
respectnely

2) The renal blood flow RBF
Up V
‘p Ep
shere V 15 the urine flow and Up 13 the concentration of diedrast in unine Up Vwas

obtained by determunation of Up V t (where t1s the clearance period 1n minutes) in
the well erystal Up V bemng computed by division with t

RBF =

3) Creaunine clearance was calculated accordmg to
Ue V
Pe
where Pca 15 the plasma concentration of creatimine

Cor =

On the basis of determnations of error of method and caleulations which in part are
presented elsewhere (BERLv 1961) it 4 as judged that the calculated values for Ep
the presented matenal vaned within the margin of error For calculatron of Ep and
RBF therefore mean values bascs on the Ep values for the 1 hole matenal were used
In calculating absolute values of RBF and Ep special consideraton must be paid to
the p ity of errors VWuha d mnterval covering 92 per cent of
the cases an error larger than 20 per cent should not be expectable In determining the
size of changes dunng an expenment corresponding value however was less than 10 per
cent since systemanc errors here are of minor importance (Berury 1961)

Results
General obseriations

A dose of 01 mg of reserpuie 18 hours before the expeniment 1n rabbts of
351045 kg body weght sufficed as « rule to prevent ohgurta due to renal
sasoconstriction and to heep the blood pressure stable at about 70 mm Hg
for a long time provided that the blood volume was sustained Reserpmne
treated rabbits were found to be sensitive to loss of blood and flwds and
meticulous substiution of all loss was necessary These precautions taken 1t
was possible 1 most experuments to mantamn stable blood pressure and diuresis
for several hours Increase 1 renal blood flow and glomerular filtrauon rate
was readily produced by tncreasing the fluid wfusion or by expanding the
bloed volume with mtravenous dextran

Infusion of adrenalne or ! produced oliguria 1n the
reserpine treated animals
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Fig 3 Extraction of dio-
drast by the Jeft kidnes
The valucs are ratio A~
difference o aricnal con
< centration of diodrast Each
graph represens one ex
peniment

Fig 4 Renal blood flow
(RBF) glomerular filtra
tion rate (GFR) and ure
flow (V) an the left budney
i 1 expeniments The
‘analions are shown 1 pet
cent of the mean yvalue for
cach experiment = siate
1n the columns atJeft The
graphic lesel of each mean
value 1n relauon to s dia
gram 1s shown immediatcly
to the lft of the diagram
the mean valucs being pre
sented as 100 per cent
levels The diagrams are
arranged 50 that the spe
between  adjacent  mead
values always  represcals
100 per cent

The ratios of GER to RBF
are shown at right.

RBF
GFR
upne flow

020 40 €0 80 106 120 140 m

In two rabbits the CO, content n the blood and the hlood pH were studied
dunng the experiment It was found that metabolic acidosis devcloped durng
anesthesia The unine pH usually fell to about 5 during the first 3 hours of

anesthesia
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Table [ Comparssons betaween left and right krdneys with respest 1o RBF GFR
unne flowo and ueight

Expert | Reoal weight | REF GFR Lrune fiow
meat | (grams) (b rmin) (ralfsm ) (0, min)

™ Teft [Rught |Left |Rught |Corre |Left [Right | Gorre |Left |Rught | Comre

laton latien lauon

coedl. cocfl coeff

Lefe/ Lef/ Lefy]

Rught Rught Right

v | 7s7] 728| 72| so|oer| 20| 24 |09s |01 |01 | 08s

2 |nz2 J1s | 265 | w2 {0 | 48 ) 20 | 097 | 011|012 | 0%

3 1157 {151 | 193 | 210 | 09 | 23 | 32 } 092} 037 | 031 | 093

3 | om) o1sf1ss | 183 | oss | 22 | 27 | oss | 030 | 037 095

5 133 [1aa | 225 ] 289 oo | 40 ] 16 | oas | 029 | 0w | 097

5 {152 (141 | 649 [e37 |09 | 78 [ &3 [ o099 [ 037 [ 045 | 030

7 1138 124 | 207 | 239} 09} 45 | 56 | oo | 014 ] 019 | 07

g {126 Lue | w2 {17slas| 3¢ | 48 {ost {o1{onl|om

9 1140 J129 | 170 ) 176 | 079 ) 33 | 33 }ose | 018 | 018 | 008

o {123 120 | 314|308 {oss| 71 | 70 | 017 | 034 [ 031 | 0%

n {106 |106 | 169 | 192 | 094 { 30 | 35 {098 | 014|020 | 0%

“ean value for angle coeffic ent of 094 — 089

- 077
regress on liae

Measurements

Renal eatraction of dwdrast In all expenuments the ayerage renal extraction of
diodrast was 80-—90 per cent A statstical analysis showed a clear falling
tendency m degree of extraction dunng the experunental period The values
are shown in Fig 3 No fluctuations 1n the extraction fraction were detected
In prelmmnary experiments 1t was not possible to influence the degree of
extraction by mfusion of adrenaline (1—20 ug/mun) noradrenabine {I—20
pgjrun) or pitustrin (1—500 mU) travenously so long as duuresis continued,

Renal arculation In Fig 3 the flow of blood in the left kidney 1s Mustrated
The scale on the ordinate represents the deviation in per cent from the mean
value which is stated 1n the column marked RBF

Strong correlation was found between blood flow vanations in the nght and
the left bidney (Table I) In no case was any difference observed between the
ludneys wath respect 10 direction of changes in blood flow On average the
night kudney had 20 per cent greater blood flow than the left lidney This
dufference was sigmficant On the other hand the left kidney was almost
waanably the heavier of the tvo

Glomerular filtration rate In Fig + the glomerular filtration rate 13 expressed,
i the same umis as the blood flow 1 e m per cent of the mean value The

1 between i fil m the two hidneys was fugh as a
rule (Table I) In exp 10 the vanations in glomerular filtraton rate did not
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exceed the error of Fit was
nght than n the left dney

‘Filtraton fraction  Analysss showed 1 most experunents strong correlation
bew een vanations 1n blood flow and filtration rate i the left kidney mplying
that the filtrauon fracuon was constant throughout. The ravo of GFR to
RBF (Fiz 4) vaned widely from experument 0 experument.

Urine flox The unne flow 1n the left hidney 15 likewise stated in Fig 4 Ttss
scen that the values often vaned sndependently of RBF and GFR. Dutinet
mutuality of vanation between the night and the left hidney was also present
with respect to unne flow (Table I) the nght kidney showing sigruficantiv
higher <alues

1y greater m the

Duscussion

The experimental obscrs ations indicated that 1n preparations such as those
described, the renal blood flow glomerular filtraton rate and urine flow can
be Lept fauly stable for long, peniods It would also scem possible to produce
vanauons in all three by simple such as expanding of
dsmmshing the blood volume or the extracellular futd space by infusion of
loss flurd. In these vanations renal blood flow and glomerular filtration rate
are correlated. Between the ] prep no sig diffe
with respect to the menuoned propertics were observed. Nor need differencs
between the two kidnevs as regards vanauons m unine flow  blood flow aud

1 fil rate be reckoned with Therefore unless adsantageos
or othes reasons 1t 15 superfluous to cathetenize the ureters scparately Conser
juently such preparations would seem to be swrtable for phanmacologic
studies provided that the posssble effects of anesthesia on tubular funcuon &%
talen into consideration,

The sirong corselanon between renal biood flow and glomerular fltrauod
rate 1 the indivadual experiments was 1n good conformuty with ebseratiost
desenibed by Forster (1947 Dicaeg and Herrer (1949) Sciov (1942) and
Lasxe (1945) These wnters found that increawed diuresis was 4ccompant
Dy increasng glomerular filtration and renal blood flow Later studies by Bao?
and SimoTa (1939, Fokster (1952} and Josrrnson and haitas {199%
showed these findings 1o be artnbutable to the Grce that the hidnos nert
1tially 10 a state of vasoconstriction and proceeded to vasodilauon in sespunse
1o flud loadn,

The rcbmcgcons!ancy of the filtravon fracuon 1 the separate tXPm”;Tb:
of the present study suggests that fluctuauons 1n the renal blood ﬂl';:‘ “‘c
preparations were produced mainly by changes i the resistance 1 elhc o
supplying the glomerul The striking mutuality of vanation bd“f:,nﬁ)mum
Ludneys of each preparation with respest to blood flow and glomeru g
would seem to argue for a central ongin of the constrictor Amp!

humoral regulation

I
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The tests did not reveal much about tubular funcuon 1n the expenmental
rabbuts Since the quanuty of the injected diodrast was far below the rabbits
Tm — maximal rate of tubular transfer — for diodrast, only large fluctuations
in tubular function could be reflected as changes i the extraction of dwdrast

The cause of the trend towards 4 of diodrast g d
dunng the expenments could not be eluadated Berastrox o af (1959)
found a corresponding trend 1 human whjects They atinbuted this ta the
fact that the content of the diodrast wn the blood celfs rose dunng the minal
hours of a continnous tiodrast infusion regulated so as to mamtam a constant
artenal concentration Laang {1945) found no corresponding increase of dio-
drast 1n sabbit blood cells In the present experuments 00 no elevation of
diodrast content 1n blocd cells was observed, which could explain the fall
dodrast extraction  OFf ather corcenable explanatons sphiung of 12 away
from the diodrast molecule could be rejected as no sigmficant nse m the [
content of the thyroid could be demon trated

Clear dufferences were found between the left and the nght fadney with
respeet 1o weight blood flow glomerular filtration rate and unne flow with
lower values for the left kidney These discrepancies nught concersably have
been due to anatomic differences or to the catheterization of the left senal vemn
A scarch of the § yiclded no evidence thas such diffe es between
the Jadneys enst 1 normal rabbits Smce T found no corresponding weight

difference between the hidneys of control rabbuts of the same breed and size
the ohserved dascrep n the

P ! anmmals sould seem to have
been a product of the experimental conditions It seems unlikely that the lower
salues in the left hidney were attmbutable to raised venous pressure produced
by the catheter m the retal vem unce the catheter occupied only a munor
part of the vemns cross atea The catheter probably cvohed reflex sasocon
sincuon by nmtaton of the vessel v alls

The admunistered dose of reserpine (03 mg 1820 hours hefore the expen
ment) did not seem completely to block the constrictor action of the adrenergic
fibres The values for glomerular filiraton sate and renal blood flow were
lower than those reported by Brob and SiroTa (1949) Forster (192) and
Jostrnson and hactas (1953) Red of the ho, m rabbit
adrenal medulla by more than 90 per cent and m perspheral ganglia (such as
the superior cervical solar and nfenor mesentenal) by 20 to 60 per cent
following adpumstration of 01 mg reserpwic per bg of bady weght was de
seribed by Museworr and Voor (1938) About one fourth of that dosage was
used n the present expeniments [he obsenation in prelmunary experiments
that wfusion of d drenat d perstent ohguna alsa

or
p
m reserpmestreated amumals was in agreement with the finding by Rostie
1 drenal
ot after Tpiv

(1961, that w cats infusion of ad
eor Tesponse to sumulation of

P iy restores the «
sympathetic fibres
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The Effect of Oxygen at High Pressure on the Histology
of the Central Nervous System and Sympathetic
and Endocrine Cells
By
J E Epstroam and H RockerT
Reces ed 13 December 1961

Abstract

Eostrow J E and H RockERT The effect of oxpgen at high pressure
on the Iustolo,y of the central nervous system and sympathetic and endocrine
cells Acta physiol scand 1962 55 255—263 — Rats were exposed
1o 0xygen at 6 atm daily for about 8 weeks 1n one series and for 4 weeks
1 a second scries The exposure umes were 5o adjusted as to give
a low incidence of convulsions and lung symptoms The treated an
mals did not show any evidence of lung damage at autopsy Shght
mator symptoms of a paralytic nature developed in some of the rats
of the first seres after about 2 weeks  Fhe symptoms regressed dunng
the continued treatment and had disappeared after further 5 wechs
Hustological investigauon of the nervous system after 7 to 9 weeks
showed na degencracion The cats of the sccond series exhibited no

t The exp to high oxygen tension were
found to hase an action on the sympathetic nerous systen resulting
10 an increased size of the nuclestus of neurons of the stellate ganglion
and the adrenal medulla In both serics there was a decrease in the
weight of the thymus but the reduction was significant 1n the second
senes onfy [n agreement with carlier inv esugators a weight increase
of the adrenals was found (P ~ 00 for the first serics) and histo-
logically a thuckening of the zonal fasciculata A weight increase of
the same statistical significance was obtained also for the thyrotd The
tustology of the pituitary was unchanged Determinations of ribo-
nucleie acd and size of nucleolus tn the supraoptic nucleus did not
reveal any changes Theinvestigation consequently could not provide
any evidence for a direct degenerative action of OHP on the central
nenous system The obsened changes are characterisuc for a stress
reaction However the weight increase of the thyroid 1s not typical
for stress and may be an expression of a speaifc OHP effect
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In spue of the dramanc acuon of oxygen at hugh pressure (OHP) on the
nervous system, 1t has been difficult usvally to observe at autapsy or with
tustopathological hods any changes in the central nervous sys-
tem {C\S) of ammals exposed to 1t Indeed 1t has heen suggested that the ac
tion of OHP on the C\S may be eanrely functional (Beay 1940 2 and b for
ref) On the other hand, 5t has been found by Bong and Bean (1942), Beas
and Siecrriep (1943) and Beay and Warnex {1943) that repeated expusure
10 OHP, even 1n the absence of convulsions may produce more or less per
manent alterations in the funcoons of the CNS Bean {1945 b) has reported
changes i the white matter of OHP animals showing motor dysfunction.

Like ather hinde of <tsess exposure to OHP shows a particularly pronowsced
cffect on the sympathetic nervous system (Beas 1936 Jounsow and Bean 1937)
Data on the morphological correlates of this action hosenves ase entiely
lacking

Considening the p Lappl involsng the usc of oxy gen at creased
pressure the reports of permanent nervous changes appeanng wn rats even (@
the absence of cons ulsions deserve attention and should be studted further Its
therefore the aim of the present investigation to study manly with morpho-
logical methods the nervous system of rats after repeated eaposure to OHP 1
which convulstons have been avoided as far as possible In order to optait 2
more complete picture of the effects of OHP on the animal body a number of
~ndocrine organs were studied 1n addinon

Experunental

In the first scnes 19 young male rats (Sprague Dawley ! weighung 190210 g athe
start of the expeniments were used One amumal showed an unusual sensivity towar
OHP and died after convuluse attacls at the beguaming of the cxpenments Data fro2
this ammal are not included in the results OF the remaunng rats 9 were used 2s €08
trols and 9 were subjected to OHP treatments The ansmals were placed Jata tmt
1 an lluinated pressure chamber having a solume of 32 | and provided with a wndo
Jor inspectron from the outude. The chamber was fint washed with pure axygen m:
Semun penod after which the pressure was rawed under contmuous sentilation amcd
period of 10 min to 3 maamum of 6 aim absotute 1 AT Y5 This pressure + a3 mantae
for 7 10 18 nun under »cntifation and was reduced gradually over a period of 10224
to the atmosphenc pressure

The of CO, was mod. 1y these
ductron of 3 m! mum per rat and using a chamber venulauon rate of 51 mun e ma:n'?r‘:‘;‘
CO, pressure in the chamber will be 5 mm Hg /216 mi CO at atmosphen };;mc”‘

The exposure to OHP was selected 50 as to give 2 maxtmal effect 1 the a s
convulsions but sexzures covld not be avoided enurely To chmuae the rsh ::m”‘
sulssons completely 1t would have been necessary to seduce esther the cxposuri1 e

the pressure considerably as shown by the great mdivadual varabitiy 0 mne o
wards OHP as well as by the mdicidual rat from one exposure to another .

were gnen 2 darly treatments 51 2 days a weeh for 7 0 P weeks wn‘;“;:rmp!&IU”'
with an average frequency of 5 per cent usually during the phase o

Assuming a GOs o
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The weights of the anumals were controlled with the weight curses for the controls and
the teeated rats camnading rather well

In the sccond senes 6 controls and 6 experimental amimals were treated 1 the same
wav but for 2 shorter pertod of time (4 echs) The aterage inaidence of convulsions
33 12 per cent 1n this series

Mthe termination of the experiments the ammals were hilled on the day after the last
weatment by decapitasion after ether anesthesia The Jungs were nspected. macroscopical
Iy andthe following organs weighed pincalgland pitmiary adrenals thymus thyrod
testes lungs heart Iner hudneys and spleen Preces of the nervous system were fised
20 seutral buffered formalin and Carnoy s finatne preces of adrenals testes and lungs
2 d the thyroid were fined 1n formahn and the pitwtary 1 Zenker s fluud Some of
tbe formalin fixed matesial from the central nertous system and from the adrenals
were frecze sectsoned the remawning material was parafin embedded

Freezesechoned matertal was stamned with Sudan I in different combsations
For the €\S the lusol fast blue B of ALUVER 1n combrmation with Sudan 111 (Me
Maxts and Aowry 1960) was used for normal and degenerating myeln 1 addition
‘o luxol fast luc B — peniodic acd Schff — haematoxyhin Adrenals were staned
with Sudan fIf ~— hematorylin — eosm In the central nenous system trans
$eTe sections were taken at vanous lesels of the neuraxis 2. the mesencephalon 1n
<luding the overlying part of the cerebral hemispheres the pons and cerebellum and
the cerucal spimal cord
Tor paraffin embedded matertal various methods were employed For the C\S (hypo-

LS mator costex cerebellar cortea and spinal cord) and for the stellate and tn
geminal gangha methylene blue according to PISCHINGER (1926) was used The pitwi
anes were stmed according to PEARSE (1950) and the rest of the materzal with hema
1x30in and eogin

Deternunauons of nucleolar ssze was carned out on stellate ganglion cells on chromaf

cellsef the adcenal medulla on neurons of the supraoptic aucleus of the bypothalamus
20d o Puckinye celss of the cerebetium For this purpose nutla containung single nu
ok were used always Determinauons of nucleaf size + ere carricd out 1 the cheomal
B2 cells o the adrenal medulla and . th raid parenchvmatous cells Sucleolar size
“atdttermineq with the aid of an immerston lens, 100 A N A = 125 and a calibrated
€Cpiete 14 x ang nuclear size by projectng sectsons 1n a camera luaida arrange
& 2 magnificauion of | 340 % and measuring the drawa nucles

Ribonucleic acud (RnA, was determmed for rene cell bodics n muceus supra
PHCUs of the hypothalamus usmg a method of microextractions (Epstrost 1933)

L

Results

1n 4 aumals of the first series shght paralyuc symptoms mansfested them
selues afier about 2 weehs the most charactersstic tratt was a tendency towasds
dragging the huind legs parucularly on a smooth <upport Other symptorms,
ndicating C\S damage 1 ere absent The ob erved sympioms were  iry il
i strength from weeh to week and disappeared entirely after a penied of ahony
3 weeks from an rats During the latter part of these 5 weeks a fifi}y rat b
showed shight paraly tic signs of the same nature Hypereacnable Post convirhye
$13%es which lasted about a dav appeared 3 umes 1n a few cases the OIID
reatments resulted 1n post-convulssc dyspnea When this happened, (he treate
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Table I Body and organ weights 1n OHP beated rats
“Mean values £ S E M

Controls n | Exposed ammale {n |2 for
! real
{ differ
! e
| Semex 1 7~9 weeks exposure
Body weagnts '
trutial { 13g 3 | i8¢ 9
Finat | 39¢g 9 | 37 3
Organ weights
P neal gland | 16lmg 6 1.5 mg 8
Pruitary 93 wg a 180 mg 8
Sdrenals absolutcweight 4714 §83mg | 9 | 503:265mg | 9 [ <00
Mrenaliper (005 | 131£03mg | 0 | 156%dbmg | 9 {00
Thysoud abwlore weight'| 419% 229 mg 7 | 534x407mg | 7 | 0O
Thyrod per 10 g We=00mg | 7 | Moxioimg | 7 {<0B
Thymus 529 = L mg ] 478£20 mg | 8
Tates 339g 5 3483g 5
Hears 1112002 g H 1452003 8
Lungs 149 008mg | 9 | 139:008g 9
Liser ladg 5 | I55¢ 5
Radneys 2774 5 | 260¢ s
Spleen 0ei g s+ | 0e7g 5
Senies 2 4 weeks exposure
¥ weaghts
Tosteal 258 6 | 26g 6
Final 30g 7 322¢ [
Organ weights
Adremals abw luc weight 401 +326mg | 6 | o30%2a2mg | ¢ |70
Adrenals per 100 g 147210l mg [ 198> 092 mg 3
Thyrod absolute weight [ 380t} S mg 6
Thyroid per 100 g 1102077 mg 6 122200 mg | © e
Thymus 3% = 31 mg 6 A2 & Brmg 6 {7
Heart V63 005mg | & | 10831003 4
Lungs 1142 003 me 6 §.0 -00g _i_/

ments were micrrupted for a day for the affected ammat n thie sccond 0%

there were no signs of lasung paralyuc or hyperexcitable states ol
The first senies showed no difference 1 body weight betweend lh; :}‘:; s

and expenimental groups n the second senes the cxpenmental .%xunu’; e

a shight weight increase over that of theiw controls (Table 1) hm) o

signs indicaung that the exposures . bt interfere with gencral hea
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" Auclear and sucleolar dameler yizes after exposure 1o QOHE (series 1) Numbers gi en
thesis sndicate vumber of ammals and aumber of nucles or m leoly per ammal respects ely

values % S E M

Controls Exposed 2nimals Change | P

# [
al nucleols
e ganghion 3132000 {§25) | 34020037 (925) | +86 [<000
aopuc nucleus 32440043 (6 25) | 33540037 (625) [ +35 (Tnagn
e cells 31040027 (6 25) { 31540035 (6 29) 415 |Insgn
affin cells of the
| medulla
o F17:£ 0.5 {6 100) } 703 5015 {6 100) +50 |Insgn
<ols 19640033 (6 22) | 2080008 16 °5) | +61 <001

* wesght recordings of a number of organs are gnen i Table I It can
n that there are only shght and nsignificant changes in lung and heact
ts as & result of OHP eaposure which tends to confirm the macro- as uelt
croscopic findings of the lungs that these were completely free from de
e pathological changes Vost ather organs as well showed unchanged
its In the case of the thymus therc was a 10 per ceut decrease m weight
e first senes staustically insigruficant but the second senes showed a
v sigmficant decrease (P << 8 003) as a result of the OHP treatments
splanation for the difference amang the two series may be found i the
F convulsian frequency 1 the second series and in the fact that theam
belonging to this scnes were younger at the ume of sacrifice gving rela
" hugber contro} values The thvroad and the adrepals show increased
5 n the first senes the P value is Jess than U 0 for both organs trrespec~
of whether the absofute weights or the weights per umt body weight are
The wewght of the thyrowd showed a smaller msigmificant mncrease m the
' series \farersat for histological imesugation of the thyroid was tahen
‘tunately from thus series only Nuclear size and the hstalogical picture
uncharged in this matersal The mecroscome examinanon of the adrenals
ated an ncreased hormonal actintty The zona fascrculata was thuchened
comparatnely neh m hpds smsble with Sudan 11} In the adrenal
Mla measurements of nuclear and nucleolar sizes indicated a hypestrophy
akrg an ancreased actwvity {Table 1)

view of carlier veports of an atrophic action of OHP on spermatogenesis
RIG BE ALupipa 1934) the testes wereamvestigated lustolohxcally using xhc
ien reaction Mo evidence of any imp of fo
lustalogeal imvestigation of the pitwtany did not reveal any dmnga n
roporuon between the acdophuls basophils and chramoghobes 25 far ay
L be esumated subjecusels
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Table I Body and orgon weights tn QHP treated rats
Mean salues = § B M

| Contrals 5 | Exposed amemals Ju P for
real
dufler
ence
| Senies 1 7—9 weeks exposare
Body woghts
Iniual 198 g 9 198 g 9
Final 39g 9 357 g 9
Organ weights
Pineal gland 161 mg [ 175 mg 8
Prwary 93 mg 3 100 mg 3
Adrenals absoluteweight; 4714189 mg | 8 | 553-260mg | 9 [~00
Adrenals per 100 g \ 1311029mg 9 156+ 08 mg g | <00
Thyrad absolute weight | 419 £ 229 mg 7 5344407 mg 7 | <00
Thyrod per 100 g | U6+£070mg 7 146 L 109 mg 7 | =00
Thymus | 294 36mg 8 478:29 mg | 8
Testes 3 9g s 343g 5
Heant | 1ilzom2g 7 1152003 8
Lungs | 149 1008 mg 9 192 008g 3
Luer | Ia3g > 155 s
Fadneys 277 g > 269y 5
Splecn I 066 g a | ae1g 5
|
J Series 2 4 weeks exposure
weghts
Imtial | 2ise [ 2165 6
Final 310g 6 22g 6
Organ weglhs N
Adrends abslutewaght| 491 4 3.86mg 6 | 39x262wg | 6 |<®
Adrenals per 100 g 147 = 101 mg 6 16.3 £ 095 5 6
Thyrod absofute weight | s44 = 220 wg 6 | 3Bat19img | 6
Thyroud per 100 g 101077 mg 6 Z2500mg | 6]
Thyrus 694 + 31 mg [ 502 - 3o tog 6
Heant 109+ 003 mg 6 108:003g L3
Langs 1474008 mg 6 176-00g 6

ments were wterrupted for a day for the affected ammal In the second seri®

there were no signs of lasng paralytic or hy perexcitable states sl
The first series showed no difference 1n body weight between the Uvm,.ed

and experimental groups 11 the sccond senes the expenmental amm«ﬂi f ;0: .

a sbight werght merease aver that of thewr controls (1ablc I} Th;:m

signs indicating that the exposures might interfere with general hs
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tion may occur (BEAN 1945 1) but that rathier seveTe exposures are Tequired
{Beax personal commumicanon) Clearly more worh 15 needed for the cluad
ton of this aspect of the acton of GHP

Tt has been found that OHP exerts a sttmulating acuon on the symphathetic
nervous systern (BEAN 1945 a for ref ) where maybe the miost stnking effect of
an mereased sympathetic tone 1s seen on an mbubited g nal p 1
(Taoewt [947) The findings of increased nucleolar size i neurons of the stel
late ganghon as well as m the homologous chromaffin cells, are thus m agree-
ment with the view that the b systen was lated {The grounds

for using values on nuclear and nucleolar size as mdices of cell activity rest on
empincal obsersations rather than on an understanding of what this hyper
tcophy represents m chermcal terms However there seems to exist a general
agreement that wereased size 13 an expression of wncreased actvity both with
regard to the endocrines and the nervous system sce Benwigiior 1920 Eiouver
1923 AMiter 1994 and Epsrrom 1957) It would be of interest of course
10 determine whether hustologeal signs of increased actmaty are to be found
centrally pechaps at the preganghomc Ievel Jomisov and Bran {(1907) con
cluded, on the baus of pharmacological expenments that OHP sumulated
the sympathetic nenvous system and that ganghome blocking agents reduced
as well as pul y damage wlhile penpheral sympattucolyne
compounds did not pratect agawst the convulsions
Tt 1s thus likely that the mfAuence of OHP on the adrenal corte< 15 mediated
largely through the sympathene nervous system and the adrenal medulla Jis
incteased activity 1a tun would sumulate the pitwiary to an erhanced pro-
duction of ACTH It 15 hnown from earbter sorkers that adsenal hypertrophy
orcurs after OHP (Beax 1921 Bean and Jomnsov 1924) and thys was con
firtned 1y the present mvestgation Apart from the weight meroase one can
obserte hustologically a thuchening of the zona fasciculata Whether this zone
1 depleted of stamable Iipsds or not wilf depend upon the length of e that
has clapsed between exposure and sacnfication In eur expenmients, 1 here
the ammals had become adapted to the treatments and were allowed, to rest
overtught before they were Adled 3 Iipad rich zone could be demonstrated Ir
the ammal that died after a convulsive atiach early dunng the treatments
the zona fascrculata exhibied a low content of stamable hprds Tt 18 bnown
that the response of the adrenal resutung from OHP exposure 15 2 part of the
§encra) stress 1dapration syndrome and 1t 15 possible that the stress evohed
Tespanse renders the ansmals more sensiin € towards the adverse effects ofoxygen
Sdrenalectomy (Gerscinan and Naow 1992) as well as hypophysectomy
IBEAN 1952 Bray and Jounsow 1952 Bean and Syms 1923) are tn fact meas
ures tending marhedly 1o wmprove the resstance of rats towards QOEIP Adrenal

cctomy mught also owe ts therapeunc effects to the eliminaton of adrenabine
which aggrasates the symproms of OHP posomng even m the ahsence of the
adrenal cortex (Bras and Jorvsov 1955)

1 —625015 decta physeal seand Vol 55
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Itas evident hawever, that the c[fccu:of hypophysectomy are mare complex
than that which can be ascabed o the ehmsnation of ACTH only Grasuax
and Penrop (1949) and Swur et ol {1960) found that the 1y rosd infuences
the seventy of the reachons following cxposure (o oxygen at increased pres
sure, thyroxn aggravaung and surgical or ch 1 thyrod proving
the viabiity The recording of a weght increase of the thyrod it one of the
scries 15 consequently of some mterest If this 1s a representauon of an increase
m activity the response of the thyroid to exposure to OHP parallels that of the
adrenal, 1 ¢ 1t reacts n 2 manner resnforcng the harmbul effects of OHP
Ssnce the activtes of the adrenal costex ang the thyroid are reciprocal (Harss
1953 for ref} thus wonld ndicate also that the acton of OHP 1 of a speafic
character and not merely an unspecific stress stuation

The present work was carried out wath the aid of 3 grant from the Swedish Aavy Ve ould
lke to thank Dr L. Troriz, Surgeon General of the Navy for hus tterest and support and
Professor H Hypks for providing factlies to da the expenmental work at the Departmeat of
Hustalogy Unwversuty of Gothenburg We arc also mdebied to Professor § W Bean Ann \ibor
Michsgan and Dr E horaie for serutinging the maguscnipt and correcting the English teat
Finally our thanks are due to MLiss Incarert Sanoers and \iss Maroarsva Heow for carcld
technucal assistance
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Electrolyte Effect of Cardiac Glycosides on
Dog’s Heart-Lung Preparation
By
N H Anzssoc
Recened 15 December 1961

Abstract

AREsh0G N H Electroly e effect of cardiae glscostdes on dog s heast lung
pregaration Acta physiol scand 1962 55 264269 -~ The electrolyte
effect of the rapid acung heart glyconde consalatonn was e
gated on heart lung preparations of dog labelled with 1k and *Na
Total of plasma and sodum were deter
mined by flame photometry The radiwactnaty of plasma heart hmph
and myocardsal samples was determined by gamma specirometry 3
net loss of potasstum from the myocardium was induced by the glyco-
side but there was not a corresponding loss of 4k Thus means that
notopte equiltbrium was not attaimed n spate of an cquuhbration
nme of 60—90 min and the conclusion 1z drawnn that the glycoside
mamnly affected a part of the intraceliular myocardial potassium
wiuch has a relatnely siow eachange rate The changes 1o heart
Tymph were principally the same as i plasma Nosignificant changes
of the sodum balance due to the ghcoside action was found

t
In a previous study { AREsnoc 1962) the effcets of two rapid acung heart

glycosdes comvallatoxn and acetvl strophantiudm were stushed o8 dﬂf;
heart lung preparanion (HLP) One of the mawm cfiects of carchac glyeosk

1s the miluence on the electrolyte balance of dufferent kinds of cels ¢ 5
Cawnovy and Harmisov 1931 Woop and \or 1842 Sciatzstad™ ngm)c
This action results m an ncrease of the potasssum loss from the cells dfnd e
previous study the clectrolyte effect of the cardiac glycosides was smh:g "
relaton fo the posttnve otropic effect and the toxic effect (prove
arrhythmia) and also the mfluence of pH

264
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Tn order to analyze further this electrolyte effect themon ementsof ¢R.and
2\ have been studied 1n the HLP Flame photomerry (used for analyss of
potassium and sedium concentrations in plasma m the previous paper) has
been complemented with 1sotope techmque 1 order to get a conception not
only of net fluxes but also of umdirectional fluxes and exhange rates

Methods

Eacept for the 1sotope techmque the methods are the same as in the previous paper
(Aresxoc 1962)

‘The HLP was labelled with -k (100—200 xC as hCl) and 1n most experiments also
with ¥Na (75—100 4C as MaCl) The total amount of potasstum and sodium m the
radioactn e samples d did not bly change the 0 plasma.
After an equlibration tme of 6090 mun the heart glyconide was mjected The glyco-
side used was comvallatoxan (Convalyt Dr Madaus & Co Cologae) 1n a dese of 0 005
mgfkg body weight of the tact dog The arculating blood volume in the HLP system
was about 400 m! and the heart weights about 100 g

A lymph vessel dramng maindy the left ventnidle was cannulated m some expert
ments! and Iymph samples were collected The method 15 Iaborous smce 1t 15 very
dufficult both to cannulate the lymph vessel and to get a ood flow 1 1t because of its
very small calibre and the difficulty of :dentify ing 1t after 1acision

Vfeagurements of the radwactinty The 42 and *Na actity i plasma, blood and m
some cases myocardial samples from the night auncle were measured by a two channel
gammua spectrometer (Oprivn and Utrespant 1959) The samples were counted in two
fixed energy channels a techmque which presupposes a very high stability of the elec
tronic equipment For measurement the plastic sample tubes are enclosed i brass cascs
to screen the detector from the (3 raciation (especially the high energy f§ radiation
of # K}

With a suitable choice of channels the formulas of Obnok and Ulfendahl for the
calculation of the actvaty can be sumphfied If only N 15 counted in the hugh energy
chaunel {channel 1) and the other channel (chanmel I1) which 1s wide open counts

the total acuvity from both 42 and #Na the following equations for calculation of
the actvsues of * K and %Na are obtained

_ 1 by I — Nyid
Gl =y (“ &1 *—qc—}

6]
Call T+ Cn IT ky I = N, T (2)

— 069 11

A= AL
i ( Tij2 ) @

_ G I
95 = oy Wor 2 standard sample only contamung #'Na) )
glx‘x € 11 = counts per smun of *Na i channel I and 1T at tume 0

counts per mun of * K 1n chanue] 11 at ime 0
:K\Ig M1 = correctson factors for decay between time 0 and tme for aetnal counnng

¢ 11 = total counts per min 11 chan
nel 11 at tme for actual countiny
T 1/2 = hall Lfe tume for the actual sotope *

The author 1 indebied to Dr € GROTTE for expert asstan € 1 these expenments
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Fig 0

Fig 1 Total potassiure concentrauon (A mEf1 Klled cureles) MK concentration (counts per
mun{y plasma x 10 ¢ open aircles) and a measure of speaific 2ctinaty of k(S relatne unus
open tnangles) i plasma before and afier 1jection of convatlatosin toa HLP

Fig 2 Percentat change of the specific activity of K 1n plasma after mjectson of comyallatoxn
Dufferent symbols denote different experments

As 55 clear from the cquauans correction for decay 1s made This ys necessary as the
3sotopes used have short half liyes

Apart from the countng error (S D = Vnumber of counts) 1t 13 possible to deter
mine the two 1sotopes 1n 3 425 247\ g mixture wath an accuracy of 1—3 °, (Osrink and
Urrenpany personal cammuaication) if at least 10 000 counts are noted for every

unple 1n the wide open channel

Results

assium

The results of the expenments showed constantly a discrepancy betwcen the
findings of the flame photometry and the results from 150tope analysts with
regard to potassium concentration This 1s allustrated 1n a ty pical expeniment
(Fig 1) After the admmytration of the glycoside the “k concentraton of
plasma increases only shghtly and transiently 1n contrast to the considerable
and steady increase of the total potassium 1n plasma This means that the
spectfic acovity of plasma decreases (z ¢ the rato “h/total k) The other
cXpenments gave a sumular result (Fig 2) Compared to the premyection valml:x
the decrease of specific activity was signuficant 1 11--30 yun (P 0 01—~0 001}
and 31 —50 mun (P < o 001) after the mjection but was not sigmficant 30-:0
min (P > 0 1) before 3nd 1—10 mun (P > 01} after the imyection One might
therefore expect the specific actvity of myocardium to show a corresponding
inerease and the analysis of some sental myocardial samples lcndcdtaconﬁr;:
this expectation The concentration of *K n myocardial samples from lhcnic
auncle mcreased m twa out of four expermments (by 9 and 21 per cent "’P‘
tively at15— 20mun after the ) and wasunc} din two exp
mn spite of the net potassium loss to plasma

l‘l;u: findmgs illustrate that uotopic equilibnium was not rcaChc’d W 1}!;:2;::
system dunng the equilibranon tme The results suggest that the gly
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Fig 3 Total potassium concentration (k.
mE/! filld arcles) K concentration
(counts per min/g lymph X 10~ open
arcles) and a measure of specific activity
of K'(S relatne unts open triangles)
1 Beart lymph from a heart lung prepa
ration before and after myection of con
val

0 0 0 20 30 40
minutes

action mainly affected a compariment of Itular myocardial
which had not reached 1sotopic equilbrium and had a low specfic acuvity m
spite of the rather long equilibration tme (6090 mun) t ¢ the affected
Potassium compartment should have a relatnvely slow exchange rate

Of the lymph experzments only one was entirely satisfactory from a technical
powmt of view and the results from this experiment are illustrated in Fig 3 The
changes of labelled and total potassium concentration 1 heart lymph were
ponapally the same as in plasma after mjection of the heart glycoside

Sodium

The plasma concentration of #Na and total sodium did not change signif’
wantly In three out of five exp the *Na of plasma
tended to change i antiphase to total potassium in plasma but this finding
Was not judged to be sigmficant (Table I} The average change of total sodium
m the percentage of mdividual mimal levels amounted to + 1 4 per cent
dunng the first 10 mnute penod after the injection and to + 07 per cent
about 25 min after the mjection of the glycoside

Table I Percental change of *Aa conceniration 1 plasma before and after tnjection of the gheoside

W8 fite heart lun, preparations n equals number of determunations M 1s mean percental deviation
™ “control value ot time of vyection and P s probability of sigmficance (¢ test) that the mean

talues do ot differ Jrom the control ialues

—_—

Before After 1nyect on, mun

tnjection

ma

0—10 [1-—-10 N—20 |[21—30 |31—40 |41—50
—_—
a 7 8 6 5 H 4
M —13 —46 +13 —34 —51 —12
3 >010 [0es—010| >010 >010 |oeo—ot0| >o10




268 N H ARESKOG

Discussion

The effect of cardiac glycosides on cation movements has been extensiselv
studied durmng the last decade In red cells for example several worhers have
shown that the glycosides act by blocling the ‘acie transport, while the
passive flunes are not affected (¢ g Scuarzaasn 1953, Giaw 1927) In
muscles {¢ ¢ Happu 1953} 1t was shown that the active mward transport of
potassium ws suppressed by the glycosides

In the pre.ent system there was 4 net loss of potassium from the myocardnm
which 15 10 agreement vath the majonity of carhier reports (¢ ¢ Woob and Mog
1842 Brachyon ef of 1960) Tlus finding might well depend on a mechansm
which blocks the mward transport of p The basic h and
site of such a blocking effect 1s stddl of course unhnown As have been pomted
out n the previous paper (AREshog 1962) 1t 15 probable that a part of the
potassium increase m plasma was due to the lungs whereas no measurable
wfluence of the glycoside on the red cells could be detected wath the doses
used

In order to explam the beh of tracer p and ordmary p
a two-compartment system for the myocardial potassum was proposed m a
prelumnary note (AreskoG 1961) The term compartment 15 not intended
necessanly to mdicate any anatomically distinct region but merely mmphes
that there are two different rates of p hange The proposed system
would consist of one rapidly exchangeabl p and one comp!
}mh a low cxchange rate In the present experiments 1t has been shown that
1sotopic equilibrium with the whole myocardal potassium could not have been
attamed In terms of the present madel this means that the slow corapartment,
at least was far from equilibrium and 1t 1s on thus slowly exchangeable phase
that the glycoside acuon 1s supposed to be mamly directed perhaps b]ucluuxllg
the active mward transport  The concentration 1n the fast compartment woi "
wmerease secondanly to a decrease in the slow one The mtracellular Inbcllh
potasstum will chen ncrease continuously smce the system 15 closed The

its and the
present results are exphicable in term. of this model Both the rosul o
model are 1 agreement with the results of SCHREIBER (1996} wha ﬁ"mdg an
the myocardial potassium of frog heart existed m two phases and that ouah a:
caused an intubition of potassium entrance into the slow ly cxchangmglli “:H'
while the fast compartment exchanged freely ScrrepEr Orarz and ‘; "
scaitp (1961) have recently confirmed these results on the isolated ral .
heart In contrast Woop and Cov (1958) found mamlv one ndxang; rzhc
of ¢k on solated perfused dog hearts However therr data md:cz(rlgpa
presence of an additional intracellular compartment (compnsing ab:m do mot
cent of the total) with a slower exchange rate In thar discussion tlczh ve 3
exclude the p of an mh g P pool inclu
additional small cormpartment exchangmng at a relatively slow rate
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Studies on the Effect of a Nitrate Compound on Artersal

Hemodynamics 1 Human Bemgs
B
I G Porjuand B Rupewarp
Recened 18 December 1961

Abstract
Porjl I G and B Rupewawn Studies on the effect of @ mtrate tom
pound on_arterial hemodymamaes 1 human bewngs  cta physiol scand
1962 55 270275 ~ The effect of | hydroxy 22 bis (hydroxy
methyl} butaninmitrate (Eteynut Bofors) on artenal blood pressure
aortic blood flow and feft ventncutar external work {power) 1 human
beings has been studied with 2 pressure gradient method An un
steady state 1 mnduced with rapid changes which cannot be studied
with methods based on obsen, atons of mean flow over an apprecable
ume A transent increase of cardiac output and feft v caurrcular work
may be observed durtng the first 3—4f mun and then fuctuatng de
crease of these modalitres aray follow The effect of the drug on blood
acceferation and artenal biood pressure s discussed
Despric the extensive use of rutro compounds tn heart and vascular diseases
our knewledge of their effect and mechamsm s far from complete
Honie Tensey and Gapes, (1961) who 1 an excellent work studied the
effect of miroglycerine on csrculation 1n dogs consider that the controsersial
results obtawned tn the study of the effects produced by this substance are due
to the methods apphed bemng based on mean flow determinations Such methods
presuppose however 2 steady state  — but actually we are dealing with 2
sapidly fluctuating unsteady state
Accordmng 1o the classical theory the effect of mtroghcerme dtPC“d;ozg
vasodifatation of the coronary vessels and an mcrease n the coronary l:duc
flow According to recent my estigators nitroglycenme veduces both ca 9
work and the oxygen requirements of the heart muscle Improvement wc
to be due to the fact that coronary blood flow 15 decreased but not to dxé SM;‘
extent as cardiac work (Frovew and Ganz 1960) Honio Tevney and c‘:td
(1961) however found that as aortic pressure fell cardiac output m:;;:lo\«
from 10 to 35 per cent for 1/2—3 /2 mun then fell 10 to 25 per cen
cantrol levels as the diastolic pressure recovered
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Fig 1 Disgram shouung the positon of the cathees in the

In this connection 1t may be mentoned that Stay and Hovic (1961) mam
1am that mitroglycenne changes the metabolism of the heart muscle w such a
way, that 1t ples’ the oxygen c P from the ligh energy
pho phate bond formation and reduces the chemucal efficiency

The differential pressure method described by Porje and Rupewarn {1961)
has made 1¢ posssble to study 1 man the hemodynamc effects of drugs at any
gnen moment of tme Here only an outlme of the prmeiple involved will be
guen

Method

Hemodynamuc data on the motion of blood 1 the human ascendmng aorta can be
dctermined from 2 measured pressure gradient Such data are wstantaneous blood
ateeleration and veloars and by recordmg the pressure sunultancously ¢ 1s posstble
10 determuce the external work ¢f the Jeft sentnicle from one moment to another In
order ta messure the pressure and pressure gradient a double lumen ¢atheter 1s pos:
tioned in the acending aoria (Fig 1) Yhe differenual pressure between two pomts
sparated by a shost distance along the vessel ss measured by a special differential
Pressure transducer For technical détarls and calculation of data see Porye and Rudes
wald (1961) and Rudewald (1962

Results

We have studied by this method the effect of a nurate campound | hydroxy~
22 Iy (hydroxymethyl, butantnmirate (Firymt Bofors) on artenal hemo-
Yhamies i 7 cases The types of cases

Ses. sgen  Dagnosis
years
Man 39 H art ohservavon
AMan 40 Hea t obsenvation
Woman o0 Pseudoranthoma clasucum
Man N Hem paress
Vioman 39 Pseydoxanthoma lawncum

Wornan 64 O thostane hypotens on
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Fig 2 Diagnoss Heart Obsena
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the enamuny oo

The patiens here given 5—10 mg Etrvit 1 tablets which were resorbed
0 the o) caviry Subsequently seres of records of pressure and different;a}
Pressure yere taken at 2 mun inteny o In order to obtain 3 steady state in the
Patents were allowed to rest for 10 min before the drug was
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18 7 Curves showing mstantancous blood velocuty 1n the ascending aorta before and alter
10 mg Etrynat

administered Duning this period the mean flow vared less than 5 per cent
in agreement wath earher results from persods up to 1530 mm

We found that the drug proveked an unsteady state 1 the circulaton 2
shown by the figures dlustrating the effect of the drug This unsteady state was
observed in all cases o

Ths finding means that the cardiac output may increase duning the first o
msnutes, and then decreases with certain fluctuations (Fig 2,347 “l;t
same time the arterial pressure may mintally be unaltered decretsed or somew, l’ar
wereased and then on the whole falls (Fig 2 3 4 7) Theleft vcn;;’fl‘mg
work may inerease somewhat during the first few minutes During the follow
munutes 3 marked decrease of the work 1s observed tn these cases u

The blood acceleration expressed here as the mean vatue of msr:mka:n:om
acceleration during a time nterval from the peah of the ECG RO;\:”M)
maximum blood veloerty increased considerably i case no 26 and m
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m case no 2% during the few munutes In case no 26 {Fig 4} the patient had
an episode of weakness and to prevent Lunung her head was lowered and
oxedein tartras was given

Dascussiwon

The wvestigation shous that the mitrate compound used on this materal
ghves 1se ta an unsteady state m the arculation Since the changes produced
are rapid 1t 1s tmpossible to obtam a correct concepuon of thewr character by
methads which are based on observations on mean flow over an appreciable
tne as emphasized by Howie ¢faf (1961) With our differental pressure
method 13 5t posuible to follow these changes The hemodynamic effects of
Etrymt on human bemgy agrec to a great extent with the effect of mtroglycenine
mdogs shown by Honte et ol (1961)

Of course the results cannot without further experiments he transferred on
patients with caranary snsufficiency -— nor can any direct conclusions be made
about the effect of the drug on angina pectons attachs
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Self-Stumulation 1 the Goat
By
NiLs Perssov
Recenved 20 December 1961

Abstract

PERSSON N Self ctimulation 1 the goat Acta physiol scand 1967
55 276285 — \ method 13 describx 1o obtan tracerebral self
)} i the goat Pe ) wridum el des were
mmplanted into the hypothalamus The ammal could eltcrt the elec
trical sumuli by pressing a switch connected to a sumulator that
delivered trams of damped square pulses to the electrodes High
rates of self sumulaticn were obtamed tn the premamullary regron
of the hypathalamus, between columna fornices descendens and trac
tus mamillothalamicus The behaviour of the goats duning sell’
sumulation was observed as well as the diffecent rates and frequen
aes of self sumulation that they developed at various electrode sies
The influence of diferent strengths of current on the rate of self
tmulation was also observed In some parts where high rates of
self sumulation were obtatned an mcrease m current strength up to
¥ 0m A did noc deerease the rate of self sumulation A sudden change
1o sumult in  rewardmg arcas that never before had been testd
with clectric current immediately developed high rates of <elf
tmulation Amphctamine was tested on self sumulating animals
The drug increased the ammals urge for sclf sumulation

Self stmulation was first observed to occur m the rat by Ovrps and M.
nER 1854 Electrodes were mmplanted at varous places mn the rat s bramn and
the anunals were tested n Shinner boxes where they had the opporturty ';'
stmulate themselses electrically by pressng 2 bar The cxpenments Shouc[
that duffe self: 1 7t were of d 1 the vanous parts ©f
the bramn tested.

Studres of self sumulation have later also been made in the cat by Smu:;
etal (1973) RoBERTS (1998) and 1n the monhey by Burstev and DELGA
(1928) Brapy (1928, and Liirv (1928)
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Since a techmque for 1implantation of permanent electrodes 1 the goats
brain was developed 1n this laboratory (AvpERsson  Persson and Strov 1960)
1t seemed fo be of interest to determune if self sumulauon could also be ob-
taned wn this species The present series of experiments were made i order
to develop a techmque suitable for self stunulation m goats and ako to study
some features of self sumulation 1n this species

Methods

The expenments were carned out on 4 female goats all remaining 17 a very good
condigron dunng the entire eapenmental period

The technique for implantation of plattnum widium clectrodes was carlier described
{ANDERSSON el 1960)

All dlectrodes were placed i the hypothalamus or m sts close iamty In 2 of the
goats three electrodes were inplanted unilaterally and in the other 2 animals 3 elec
trodes were finst rmplanted 1nto the left side of the hypothalamus and then another 3
‘tkclrodn were placed in the corresponding positions of the right side of the hypotha
aus

The position of the electrodes was determined first b rav exanunation of the
head of the aumal and when the experiments were fimshed by histological examina
uon

Anstomucat control When the expertments were finished the ammals were sacrificed
and thar heads were perfused first wath Ruinger s solution and then with formalin. The
brams were fixed in the latter and embedded m cellodin Senal traznsverse sections
0 gi thick were made through that part of the bran which had been the site of the
clecrodes The sectsons were made parallel to the clectrode tracks and staned with
tohudin btue

Technieal equipment The roomy stable pen (16 12 m) that was used for the self
sumulation studies had an opemng through which the ammal could put us neck In
the botwom of ths opening was a switch connected to the sumulator In a few days
bt amimals learned 10 use the switch to obtarn an electric stmulus This was generated
by a damped square pulse constant current sumulator which was set to a frequency
o 50 sumuh per sec and a pulse duration of 3 msec Each ume the anumal pressed the
Switch the sumulator generated a tram of pulses for a tune 3 hich could be vaned
between 0722 4 sec The duration of cach pulse rain was usually set to 30 sec
Before getting a new tram of pulscs the anunal had to release the switch bar agam
‘;“:S thus impossible for the ammal fo get a continuous sumulus by Jeaning agamnst

® bar

Recording of self sumulation frequency was made by a Philips recording potentio-
eter {type PR 2210) connected to a staircase generator generatng one step for each
sumulus period After 75 steps corrosponding to the width of the recording paper the
Matrcase generator voltage returned automatically 1o zero

Poceture Afer unplantauon of the elecirodes the ammals were not used for any
xperuments for at least one week Dunag this ume they were placed in roomy stable
Pens of the same size as that used for self simulation studies During the second v eck
Aex the smp, of the ¢l des the goats were dly placed in the sclf
mulation pen Here the antmals were at first tested on the different electrodes with
Smuli eheited by the observer Dunng these prelimunary tests no bar switch v as
BTSentin the pen The behaviour of the goats was noted at d fierent levels of current
*ngth (005 up 10 10 ma
V3-620015 Aeta phy 1ot cand § of 55
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Big 1 Anatomical localization of the clectrode tips
A Sagittal section two millimeters lateral 1o the midline of the bran Self sumulation fates
above 200 per thirty munute periods are dicated by filled symbals and rates Lelow that by
cpen symbols (¢f Table I)

B A transerse section along the track of the rostral clectrode on the right side i goat II The
encircled area mdicates the 2pproximate Jateral pastion of all electrodes with sclf stinlaton
rates above 200 per thurty mnute test (filled symbols in Fig 1 4) Stunulations within the
stippled atra and more caudally at this lateral level gave no or less obvious responses (goat 1\ |
G M _Corpus mamillare ¢ O Chiasma opticum EP Epiphysis F Culumna fornices descen
dens T h p Tractus habenulo-ped T m t Tractus \! 3\ entriculus
tertius

When the clectrodes had been tested in this way the sclf stimulation experiments
Ywere started The ammals were daily contact with the bar switch 1 the sell sumula
von pen Each electrode was tested for half an hour following which the animal was
towed 1o relax for at least an hour untl another clectrode was connected Towards
the end of the first week 1t was generally obvious which sumulus strength that had to
be used 1n order to obtam the highest rate of sclf stmulation at each clectrode Thus
due 1o daily tests obvious self sumulaton developed within a week and the rate :
self sumulation saned with the position of the electrode tips and the strength of the
stumulus

Results

A Anatomcal localication

The electrades were implanted within the arca of the hypothalamus shown
m Fig 1 Aand B Most of the electrodes had thewr ups in the region betweet
the llothalamic tract and col formces d dens where also the
highest rates of sclf stumul were ot d Three cl des were x:‘:[
planted 1n the medial part of the mamullary region of the hypolhalamu; ac .
these had very low rates of self sumulanon {electrodes CL in goat I an "
and CR 1n goat IT — fable I and Fig 1) A sumilar negauve effect uzx‘!:dc
at one electrode mmplanted m the rostral part of the mesencephalon (‘k;; -
CR 1n goat I — open square in Fi, 1 A) and at threc electrodes llluc}lm.”cd
the medial part of the cerebral peduncle {goat IV) The most rostrally
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Table I Number of self stimulations durng thirty munute perieds

Goat Hec Symbol | Sumulus | No ftests | \ean value dard
no trode mA e aton
1 AL [N 02 o) 269+ 7 bid
BL A 0° 10 24713 12
cL n 02 1 10022 3
AR = 0> 10 377412 38
BR n 02 10 266+ 10 3t
CR 0 ' 0 1747 2
u AL 4 0z + %= 14 28
BL 4 02 + 243 1y 30
CL 4 02 4 4 6 12
AR A 02 9 254 14 41
BER A a2 2 281118 49
CR A 0? 9 165413 40
m N < 03 10 12432 n
3 ° 01 127 294+ 13 at
G [ 03 ” 347+8 11
w [N v 07 3 169 & 31 54
B v o7 3 66 %6 +
c v 07 4 8432 6>
—

The clectrodes are named 1 ath fetters A corresponds to ro t al, B muddle an C caudal pos
tons, L and R refer to the positjon It and right to the mudlime of the bram Tl e symbols for
e electrades corzespond to those fn F g 1 \ The carreat s sct at a constant frequency of 50
Wbl per second and a pulse durar on of 36 m ec Jn ez h case 2 30 sec pubse Tam was de
vered when the animat p essced a bar

electrode (clectrode A m goat I — open arcle m Fig 1 A) had 1ts uan
sulated np just lateral to the paraventncular nucleus At thus size self sumula~
ton did not devetap

B General behaviour

As stated above the anmmals learned ain less than a week how to recene the
*wmulus and soon obtaned stable self sumulagon rates Ther urge for self
Sumulaton was reflected 1n thewr general behavtour during the expeniments
Thus when high rates of self sumulauon were obtamed the gaats were un
affecteq by their d and c d : themseles wath lugh
enaty for at least an hour gradually self sumulation became more arsegular
2nd Iess frequent At some elcctrode sites the sumult seemed to be unpleasant
and thus the rate of self sumulaton 1 s low (electrode CR an goat I — Table
%) and the goaws sometimes even behaved as if puns hed

Goat 1 showed durng the eaperuments a tendency to lich offered block
salt dunng the stmulus The short lasung trams of sumuls may explain why
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Fig 2 Frequency of self-stimulan n in succesne
five munute periods in goat H during tharty mr
ute tals Sumulus parameters 02 m, 0 sec
30 msec 30 sec tran. For nomenclature of elec
trodes compare Table 1

no ahmentary or other conspicuous effects were seen during self stmulatio
i the other anumals Such effects were occasionally seen when longer pulst
trains were used

C Studies on the frequensy of self stunulation and the influcnce of diferent poramtiers

When the ammals had reached stable rates of scif sumulation they were
sested for half an hour on each clectrode 1n suecessie days to obtain mean
values of self sumulation (Table 1) No clectrode was tested more than oace
daily and a pawse of at feast one hour was made until another clectrode was
tested for self sumulation 1 the same ammal The current was set at the
strength that dunng the presious traiming seemed to cause the highest rates
of self sumulation The ammals could start a 3 0 sec tramn of pulses and then
again had to press the bar switch for more sumuls On the basis of stumulations
jates the clectrodes could be divided into two relatnely distinct groups In

ne group ffilled symbols i Fig 1 A and Table 1) the rate of sclf sumulauon
always exceeded 200 per test penod. The mean value for the sumulation raic
via the most efficicnt electrode 1n thus group was 342 stmulations per (ot
penod In some expenments rates as hugh as 400 were obtaned.

In the other group the rate of self sumulatson was generally much btiow
200 and the response was irreqular (Fiy, 1 A and Table | — unfilled symbels/
All electrodes tn goat IV belon,ed to the latter group (Table I, Obvous sell
stmulation n this goat was seen to develop only when the sumulus strengih
was as lugh as 07 mA

Vanauon 1n the ntensity of self stimulation during singlc test periods were
also studicd The recorder made 1 possible to count the stimuls and analyze
the dustnbution 1 successve periods The results ohtained durng sudﬂﬁ:
n goat Lare shown in Fi. 2 The results were sumlar m all the other anm;ﬂ :
Tt was thus found that during the first part of the sumulanon peniod the bxgd:cn
rates of selfsumulaton were < braned The tensity of sclf sumulation ;
decreased slightly throughout the enure penod This dechne seemed 1
ndependent of the position of the elcctrade tips

Stx:;:cs were alsopmadc during tests of three hours duraton 1o d;;ﬁ‘:‘;
1f the decreasng miensity of self sumulauon that was observed m the
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st would continue Ths happened and the rate of <€lf sumulation was low
towards the end of the three hour tests {Fig o A)

To determine the vamation in frequency of slf sumulation at different
strength of current tests were made in which the current was increased dunng
Successive ten gunutes from 0 0 to 1 0 mA as tlustrated 1 Fig 34 Band ©
On clectrodes with posiave response the optimal self sumulation rate was
generally obtained when current strength reached 02—03 mA In some
electrodes a further mmcrease 1n current strength did not affect the rate of self
sumulation (Fig 3 A — electrode BL and i Fig 3 C — electrodes B and C)
In others a further eurrent wcrease reduced the self sumulation rate {(Fig 3A
— electrode AL Fig 3 B — electrodes AR and BR) In such cases a certain
egree of punmishment seemed to be mixed with the previously rewardmng effect
f sumulation and the p was not ¢ d up 1o 10 ma
Tests were also made 1n which the durauon of the stumulus train was saned

© Tange tested was between 07 and 22 4 sec Generally the rate of self
Sumulation was mersely proporuonal to the durauon of the sumulus tratn
However at duration below 3 0 sec the anmals became restless and estremely
3367 10 press the bar as if the sumulus delnered 1 as madequate 10 sausfy
thexr urge for sumulaton On the other hand + hen the duranon of sumulus
A \as 30 sec the ammals remaned relaunvely calm and the raie of scif
Simulation was high and with a stable frequency Thus for the further ex
Periments 4 3 0 sec duration of the pulse train was used

of
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Fig ¢ A Recording from goat I indicating a sudden switch of stumult from electrodes of L}:
lelt to the nght previously untested side Stmulus pertods are marhed by arrows Esery pe
25 self Electrical the same as i Fig

5 Recording from the same goat the following day showing the sumilasity of self stmulsuon
sates between the left and nght sirgin side Electrical parametcrs the same as 1 Fig

D Effects of a sudden change of stimulus to the contralateral unlesied side of the
Iy pothalamus

In goat I and I1 three elcctrodes were implanted on the left side and three
others m the corresponding positton of the right side of the h)polhahmtﬂ‘
Duning the first weeks of self sumulation caperiments the response to clccmcln
stimulation was carefully studied on one side only (the Icft in goat I and l;z
night in goat II) During this ume the electrodes of the contralateral sxdcruc"
not used for any electnical stimulation Afier these two weeks the rates 0 s‘t) .
sumulation on cach of the tested clectrodes had become stable Then o:i\ nll
filtcenth day afier the beginning of the eaperiment the sumulus was sud ;rd)s
changed to the virgin untested side In Fig 4 A are presented thc“r:rc "
from the experiment 1n goat I The intensity of self sumulation at the d‘;lg‘fall
stde was of the same degree as on the previously tested side The gra l;ongrd
1n the 1ntensity of the new side was sumilar to that observed during pro)
stmulation at any effectine electrode (Fig 2)
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Fg 5 A Decrease 1n rate of self sumulation 1 a 3 hour test and the effect of amphetamine
{eaudal clectrode 1n goat 1} Amrow indicates myection of amphetamune (Phenopromue
MO 1 mpilg bwt) Sumulus parameters 03 nia 30 sec 30 rasec 30 sec tram

R Selfstmulauon dunng o II Amphetamine was injected after 30 min (arrow)
The dosc amph, 'S 50 i goat 1 Fors ate the same asan F g 3 \, Stuppled e
iodicates the rate of self sumulation when the mjoction was made The unst ppled libes sha
the eesult of testy with no ijection of amphetamine

A corresponding experument was made the next day This time the “vrgin
side was first tested for ten mnutes and then the contralateral for half an hour
Even 1n this case the rates of self sumulation on the virgin  side were of the
ame mtensity as those on the old side (Fig 4 B)

¢ mtensity of self stunulation on each wvirgin  electrode was then tested
2 the usual manner with thirty munute tests A companson between night
2nd left side 1n goat I and II 1n Table I shows the results of this test. The
deviaton that was seen between the rate of self sumulation especially on the
Posterior electrodes i1n goat I and II may be due to the fact that their position
»as not identical bilaterally (Fig 1 A)

E Efect of amphetarune on self stunulation

Some experiments with amphetamne were made 10 study the effect of the
drug o the intensity of self sumulanion Fig 5 \ shows the results of such
An expenment In this case a three hour self sumulation penod preceded the
administration of the drug Dunng this period the rate of self sumulation
gadually dropped to zero Amphetamine (Phenopromue ACO 1 mgjkg
but) ghven intravenously now almost instantly caused a consprcuous in
©tase of the rate of self sumulauion The effect of amphetamune was also
tested 1 another way In tlus casc the drug was njected ntravenously in the
S2me amount as 1n the previous expentment but after asclf sumulauon period
ofhalfan hour only The rate of sell sumulation after the mjection was markedly
Nigher than that recen ed during a normal pertod without amphetamune njec
“on One hour after the of ampt the rate of
self stimulauon had returned to the control level (Fig 5 B)
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Discussion

The experiments reported here prove that it 1s possible to obtam self
stumulation in the goat The part of the goat s brain that was chosen for these
studies was the hypothalamus In the rat, the amimal in which self sumulation
first was described (OLbs and Muner 1954) a topographic localtzation of the
various self sumulation effects has been made (Orps Travis and Scawne
1960) It was claimed that the structures that yielded behavioural reward upan
self sumulation 1 the rat were a dorsal system 1n the caudate septal area, the
dorsaltthalamus and the tectum, and a ventral system mainly located 1n the
medial forebrain bundle These two systems were connected 1 the regwn
of the anterror commussure The electrodes that were used in the present ex
perments 1n goats were according to this nomenclature implanted m the
ventral system High rates of self sumulation were found when the electrode
tips were located between the Ilothal. tract and coll formices
d dens in the pr llary region of the hypothalamus (Fig 1 A and B)
The proxamuty to the medsal forebrain bundle makes 1t possible that the cur
rent ivaded areas of this fiber system However 1t can not be excluded that the

temyl, of other hypothal structures may have been involved 1n the

self stimulation response

The study of the mfluence of different strength of current on the rate of
self sumulation also indicates the importance of the position of the electrodes
In the present material (Fig 3 A B and C) mne clectrodes were tested,
*three of these produced only shght self stmulation but the other six reached
nugh rates as the current was increased to 0 2—0 3 mA The further merease

current strength divided the effective electrodes in two groups In three of
the electrodes the rate of self sumulation was decreasing and m the other
three the rate was stable as the current was rased The electrode tps were
1n the first group located n arcas with hugh self sumulation effects but 33 the
current was mncreased surrounding areas were apparently stimulated causing
a disorganization that lowered the rate of self sumulauon (Fig 3A— c]:cf
trode AL and Fig 3 B — clectrodes AR and BR) In cases where the ralc;
self sumulaton was unaffected by the increase in current areas were ol )
winch seermngly were not surrounded by focs with compleaung (P“"‘s}g"i
effects Thus stable and high rates (Fig 3 A — electrode BL and Fig 3 -
clectrodes B and C) of self 1 were d The el
produced a constant low effect of self sumulation as the current was ;ﬂsckf
might have been placed m neutral areas Furthermore 1f the rate O,odcs
stmulation was immediately decreased with mcreased current the c]c;l e
may have been located m an area that was negatively rc\mrdng 1“‘;: ke
especially obvious 1n the nght caudal electrode m goat I locatc l;uau)
hypothalamus 1 the anterior mesencephalon (Fig 1 A — "Pc‘;' sq} od Iugh

When the goats were obscrved in self stimulation tests they derve ai g
rates of self stmulation 1n the beginming of the penod, but the rate ¥
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4 tme passed One possibility for thus fall 1s that the ammals became satiated
by the electrical sumulanon This fits dme reduction theonies 1n which
sauahon occurs as a result of obtating a reward (Orps 1928)

It was of wntesest to study the effect of a central nervous stmulant such as
amphetamune ont self stimulating animals m respect to this satety Since the
fate of setfsumulation was d after the ad of the drug i1t 15
possible that the threshold for satation was sased by amphetamine

Inthe expenments where a sudden change of current was made to a virgin
sde of the hypothalamus an immediate ligh rate of self stmulation was oh
tamed This seemns to mdicate that if self sumulation onee has been built up
on the basis of stmulus of one particular part of the rewardmg system  any
aber part of that system will mmmedsately respond with a hsgh rate of self
smulaton
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An Automatic Bubble Flow Meter
By
Hars R Urrewpanc and INGEMAR VOGELER
Recensed 30 January 1962

Abstract

Urrespaur, H R and I VOGELER, An automatic bubble flow meter
Acta physiol scand 1962 55 286290 — The construction of an
automatic bubble flow meter for measurement of artenal or yenous
blood flow 1s described The blood passes through a plastic tubing Lept
at a constant by a water th An air bubble 18
automatcally ijected 1nto the tubing and the passage of the bubble s
detected by two ph The ph crcut 1s favour
able because of low sensitnaty of external pickup The blood flow 13
correlated to either the number of bubbles per minute or to the rea
procal value of the passage time of one bubble, In both cases a good
linear relationship exists between a flow of 15 and 300 ml per munute
The flow ressstance 15 0 03 mm Hg/ml/oun

The bubble flow meter 15 worthy of 1ts good reputation for giving ‘aluut;f
tugh reproducibility (Janssen 1957) and thus several constructions are roung
mn the hiterature (Soswiv ef af 1934 Duske and Sciupr 1942 Seeaar 194
BAUMGARTNER ¢f al 1935 Nasi and MiLLIGAN 1929, Rocsraanvy 1961)

This paper describes an automanc bubble flow meter with phototransistors
as detectors for the air bubble

Description ol
The flow meter 15 butlt on 2 Perspex plate as llustrated in Fig 1 The blﬂ:z
has to pass through polyvmyl tubing with an mside diameter of # n-unDsm
tubing 15 kept at a constant temperature by curculating water from a therm! -
The operating solenord (81n Fig, 1 and $21n Fig 2) compresses a lal]c:; o
and an air bubble 1s injected into the streamung blood through a +a ‘\“ o
On decompression of the latex tube air 15 sucked through another va
from the air bubble trap (7,
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During 115 passage from the injection part to the bubble trap the bubble i
registered by two photodetectors 29 et apaxt

The detectors consist of twa phototransistors (OCP 71) which feed a bistable
Bip flop arcut {iwo OC 44) throush capacnors {Fig 2) The fhp flop areun
13 switched on when the atr bubble passes the first phototransistor (3) and
switched back when the bubble passes the second phototransistar (4)

The two switches m enes with the re sstors R 8 and R 12 respectively make
1t possible to swiich the fip Aop circut by hand and thus start and stop the finc
ton of the Aow meter To the fhip flop crcurt a switch transistor (OC 70) 15
connected 0 aperate a relay (8 1) for a timung circuit When the bubble passes
the last detector the awr pump mjects a new air bubble Humination for the
phototransistors 15 obtained from two munature lamps (L1 and L 2) wih
it 1 Jenses {(Philips 22V, 0 18 A) Only sumple precautions need to be taken
10 screen the phototransistors from the light of the room In an unsereened test
apparatus a 60 Watt tungsten bulb had to be as near as 30 cm before any &
turbance occurred m the proper function of the circwt With the nme constant
used for the capacnne coupling even the siowest bubble swatches the arcutt
The phatotransistor with us low aircutt resistances and output impedance has
an advantage over photeelements and phototubes in that 1t 1s [ess scnsinne 10
eaternal pickup

The Aow r 15 0 03 mm Hg/mi/mn

Recordung

The recording of the blood flow through the flow meter can be made 1
several ways

1 The sumplest method 18 to lead smpulses from crther of the collectors of
the two OC 44 through a capaciter to an LGG apparatus or sumilar recorder
A spihe i3 seen on the kymogram when the air bubble passes the first phato-
etector and a second imyersed spihe appears when the sccond dclmor;s
passcd The tme saterval hetween the two spikes 15 measured and flow s &2
culated from a caltbration curve (BavueiRTNER #f of 1955)

The sclatian between the flow and the passage tme of one bubble 38

= O]
!

where

F = blood flow m] per second

¥} == volume of Liood between the (wo detector pomts ™

1 = ume for one hubble to pass betseen the (wo detector points,

The equation (1} gives after loganthnue transformation o

logl” = logb — logt

repsesEnung 2 siraght line s ith the slope — 1

seconds
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Thus equation (1) gives a strasght line on log los, paper
sumtlar method was used by Nasit and MitLiean (1929) but they
Pesured the time smierval between the jection and the arnval of the bubble
:’ﬂ Photodetector The accuracy of this method may be mftluenced by the
8¢ 1 bubble size a¢ different arterial pressures
b Vasi and \fivuioay {1959) ako calculated the flow from the number of
ubbles They recorded the blood pressurc sn the flow meter system and at
2:£“Jtcuun of every air bubble a small pressure 1mpulse was seen on the re

We regstered the number of bubbles and plotted the result apamst the flow
Bsenm by 3
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The accuracy of the method 1s good and allows the conncction to a tacho~
meter The ume constant of the tachometer, however must be hugh and the
reaction to rapid changes an flow s slow

4 Bavmcartaex el {1930) let the first bubble start an ordwnate recorder
and the second bubble reset st With this method a reaiprocal relation is ob-
taned between flow and response Desprte this reciprocal relation thus method
1s used 1n the present flow meter because of 1ts simplietty When there 1s no
bubble between the tsvo detectors the relay contacts shart circuit the capacitor
{C 6) mn the integrating or tummg circwt When a bubble arnves at the first
detector the charging of the capacitor begins and continues untd the bubble
reaches the second detector when the capacitor s discharged The potental
over the capaciior 13 measured with a hughly sensine murror galsanometer
with a Jarge resistance m senies The time constant 1s chosen so that only the
fisst (approximate) Linear part of the charge curve 1s used A calibrauon cune
1s seen n Fig 4 The slope of the cune deviates from that epected (cf equa
non {2)) probably due to the small dufference 1n speed betsscen the blood
and the bubble {cf BiuUMGARTER ¢t a! 1955)

The bulding of the apparatus was supposted by a grant from the Swedish “Vational A
non against Heart and Chest Diseases
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Plasma and Laver Lipids of Ethuonmne-Treated Rats
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Abstract

OuvecRons, T Plasma and liuer bipnds of ethwomne treated rats \cta
Physiol scand 1962 55 291—302 — The changes 1 Inver and
#asma pid concentrations caused by ethiomne have been studied
wiherat A dose response curic was obtained for one tiume 1aterval
For a constant desage the time response curve was measured The
%=ponise of rats of different sex and nutritional state was also studied
Ethionine caused a r1se 1n ver ipids cssentially confined to the
gheende fraction a fall of plasma phospholipids cholesterol esters,
free cholesterol and glycendes and a nse of plasma free fatty acds
F¥Y) The bver lipids rose to a hugher level o fasted fomale than
a fasted male rats Male rats also required a higher dose of ethionine

waumal response. Carbohydrate feeding to otherwise fasted fer
?;Je ats diminushed  but did not abolish the hiver fat accumulation
aﬁ= changes 1n plasma and lnver hipid levels werc maximal 24 hours
: “ﬂ the ethioune admunustration At 72 hours the Iner lipids had
‘:‘ 7 again almost to the zero nme value Dunng the recovery phase
© Plasma gly cendes rose above the zero time value and at 72 hours
were 3 nimes higher

&;:::umn; the ethy! analogue of methtonne nhtbus some of the hnown
l\"ngh“‘sca}, feactions of methiomne and interferes with hepauc protemn
A liyep {Farnzn 1939) It has also been shown to cause a rapid imncrease
Pesphor > (FARSER et al 1920 Jusen o ol 1991) and a fall in plasma
I 7P cholesterol and glycendes (FEmnsEr of af 1994 Fursay ef af

o S study has been undertaken to obtam detailed informauon on the

Whle ka},u omine on Iver and plasma hpsd concentrations
Penmeny, study was n progress a report partly dealing with sumilar ex
“as published by Harris and Rosmsov (1961)

gy,
0,
'S Acta physiol seand  of 55 291
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$1g 1 Effect of dufferent doses of ethionine on lier Upids Female raws were fasted for 15 hours

then gu o sngle mirapeestone) ingections of eduomne and killed 24 hours Jater hl"g

shown are means of 4 of more rats + standard deviation of the samples The clear area 4

the difference between the sumn of ¢hemcally determuned phosphol pids and cholesteral an
y o total hpids and reg trglycende

Experumental

The expenmental anmals were Sprague Dawley rats (obtained from AB A"gé‘"":l'
Stockholm Sweden reared on a standard pellet diet They weighed (60190 §
the ume of the experiment 1

Filteen hours before the wjection of ethromine all food was withdrawn and tht“f:"
gven only water w drnk during the expenimental ume Carbohydrate fed 1ats read
treated similarsy but guven 20 per cent glucose an half strength saline to drink ins
of water at

d { ethiomne (F Hoflmann -~ La Roche Basel) was gnen as a smgle LAt
mpection of a 25, solution half strength saline Controls were gen 3
myection of salne

Rots were kiled by from the abd zorta Clotting ‘\'f(g:f,ﬁﬁf
wasprovented by the addstion of a smalt amount of the disodium lecofEDd ;’ oo ausly
dutnle-tetraaceuc aad) Flasma and Tiner hipid extracis were prt‘p‘;f ::Ph ¢ Cndl
described {OLIVECROWA 1962 21 Total Inver lipids were determined by weig)
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3 Effect of sex and nutritien oa the response of tiver lipuds to ethiomne Rats were fasied
" 15 hours then given single intraperstoneal imyections of ethionne and Lilled 24 hours later
~grbohydrate fed rats were treated snularly but gaen 20 o glucoss a half strength sahoe 0
+ " instead of water Valucs shown are means of 4 or more rais + standard deviatien of the
samples

Results

Effect of different doses of ethiomne

Female rats were fasted for 15 hours then gren single intrapenstoneal 1
Jections of cthuonine and kiffed 24 hours later Fig I shous the bver lipid
levels from this expeniment Total hiver hpids showed therr highest levels at
doses of 200 and 300 mg of eth Luser phospholiptds and chalesterol
were within or near normal ranges at all dases of ethuonine The rise 10 tosat
liwer Itpids thus was due to an merease m hver glycendes Jenscv of of (1951
and Harwms and Rommson (1961) have also reported that the ruse m Iner
hipids after ethuionine 15 confined lly to the hver mghycende
fraction

Fig 2 shows the plasma hpd levels from the same expermment Plasma
phospholipids  cholesterol esters and free cholesterol were decreased a al
doses of ethionsne  Most of the decroase had occurred by a dose of 100 msﬁlf_
cthuomne  Plasma glycendes were decreased at doses of 200 mg or more of
cthionine The fall of plasma estenfied fatty acads after ethiomne admaustration
s been reported previously by Ferserc ¢ ol (1904) n the dog, FLanay
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Fig 4 Plasma Lipids from the same experment as Fg 3

e al (1957) in the camne and by Harws and Rosmsov (1961) and Ouve
€RONA (1962 b) mn the rat Plasma FFA were mcreased at doses of 200 mg
or more of ethiorune That plasma FFA increase after ethionine treatment
has previously been reported by Harws and Ropinso (1961) and by Ove
cRona (1962 b)

Effect of sex and nutrstional state

Female or male rats were fasted for 15 hours then given single intraperntoneal
mjecuons of ethionine and killed 24 hours later The carbohydrate fed rats
were treated sumularly but ginen 20 °% glucose i half strength saline to doink
wnstead of water The female rats were given 200 mg of ethionine as this had
Previously been shown to give a maximal inerease 1n Iver lipids Prehmunary
€Xpeniments on male rats showed that a dose of 400 mg of etluonine gave

Maxmnal mcrease 1 lver lpids Therelore thuis dose was gnen to the male
Tats
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WEIGHT

Mo LIPID PER LIYER AND t00 GRAM BODY
3

748 3 % w 7
HOURS AFTER INTRAPERITONEAL INJECTION OF 200 M3 ETHIONINE

Fig 5 Lover lipid levels at different times after cthionine admunistraton Female rats were
fated for 15 hours then given single intrapentoneal mjections of 200 mg ethiomne and killed
Bt various tune intervals Each pownt represents values from | rat
#To ease comparison of the data a curve has been fitted visually

Fig 3 shows the Lver Iipid levels from this expenment Carbohydrate
feeding 1 otherwise fasted female rats dimunished but did not abolish the
Iiver fat accumulation Farser et al (1950) reported that carbohydrate
feeding prevented the rise in liver Lipids after ethionmne treatment Therr rats
were given carbohydrate by h tube 1 ly with the eth
and were lalled only 12 hours later OQur rats on the other hand drank 20 %
glucose n half strength saline ad Libitum and were alled 24 hours after the
cthionune admunistration These differences in expenmental conditions as well
as differences in the stram of rats used may explan the different results

The male rats accumulated less fat 1n their Livers than the females This s
agreement with the results of Harius and Ropmvson (1961) but daffers from
those of JENSEN et al (1921) and Farser of al (1951) who reported thiat male
rats accumulated little or no fat i their Livers when treated with cthionine

In all sentes the hver phospholipids and cholesterol were watlun ur near
normal ranges so that the increases n total biver ipids were due to wncreases
i liver glycendes

Fig 4gs}:o“1 the plasma lipid levels from the same expenment Al3 gm:gf
showed a decrease of plasma phospholipids cholesterol esters and free ©
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Isterol The fasted females and the fasted males showed a decrease of plasma
8hyeendes whereas these were essenually unchanged 1n the carbohydrate fed
females Al dhree groups showed an increase of plasma FFA. These results
4 1n agreement with those of Harwis and Roemsov (1961)

Time response

Female rats were fasted for 15 hours then given single intrapenttoneal i
Jectons of 200 mg of ethionine and killed at vanous tume ntervals

Big 5 shows the lnver liprd levels from this expertment The total Iner
Yipids increased only shghily dunng the fisst 8 hours then rapidly mcreased
10 3 maximum at 24 hours after which they fell off agan and at 72 hours
%ese near the zero ume salue At all imes hiver phospholipids and cholesterol
“e1e within or near normal ranges so that the changes in total hver hpids
Were esenuatly changes m Incr glycendes

Fig 6 shows the plasma hpid levels from the same expeniment Plasma phos-
Phobpids fell to a mupumum at 24 hours then rose agun and at 72 hours

-
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LIVER PLASMA ADIPOSE TISSUE

Fmom—————> piFa

—m—————— I6fa TGFA
: 7

FFA oo ffA

FEA ~> €0,

TGFA &2 PLFA

WORKING TISSUES
lig 7\ tentatse model for the transport and metabolusm of endogenous fatty act it 1n the rat

showed 1 mean value simular to the zero tme value Plasma cholesterol esters
and free cholesterol showed a1 sumlar response However the studics were
not sufficiently extensive to aliow exaet defimtion of the curves Plismaghe
endes showed a doubtful deerease between + and 24 hours However the
zero e value in this experiment was very low 1rom 24 to 72 hours the phisma
glycerides rose rapidly to values 3 times ligher than the zero tme value
The plasma I1A rose and scemed to pass 1 masumum at 24 hours Howaven,
the studics were not sufliciently extensive to allow exact defimtion of the cune

Discussion

1ig 7 shows 1 tentauve mode! for the transport and metvbohsm of endoy
cnous fatty acids in the rit mamly based on data fram tracer expermenis
(O ccrona 1962 1) Duning, starvation plasms 11A are derved mamy from
adipose nssue (TRLORICKSON nd ( orpov 1958) Plisma 1TA re tihen up by
the peripheral ussues and by the liver In aither cse they are ather oxiduzed
or mcorporated mto tssue fatty acud esters The fatty wrd esters in the hver
can be ncorporated wito hpoprotems and 1s such trnsferred to the pl.lsll;’l
I'atty acd csters from other ussues probably cannot be transferred :In x:l:
plasma (By£rs and FRIEDUAN 1960 Borastrow wnd OQUIVECRONA 1961) 151::“
trglycende futty acids (ICIA) can be tiken up ntact by the Iiver (
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and Suarmo 1959) and probably also by adipose tissue (Ropsess 1960}
It seems likely that they may also be hydrolyzed travascularly and the
Iberated fatty acids metabohzed as plasma FFA (Fawmeir 1929) Plasma
phospholipid fatty acuds (PLFA) onginate 1 the Iner (Gornuan et af 1920}
and are taken up manly by the Iner {(Znverswar etal 1942)

We have previously shown that the Iners of ethionnie treated fasted female
rats take up and estenfy plasma FFA at 2 rate sumdar to normal rats but that
the further metabolism of liver tiglycendes 1 slower than rommal (O scrona
19626} If fner triglycendes are synthesized at a normal rate from plasma
FFA but are relatsvely unavailable for further metabolism, it 15 apparent
that the Iver tnglycende pool must snerease enormously Sccording to this
bypothesis the hver tnglycende pool remains constant in normal rats because
of equbbrium 1n the rates of FFA estenfication into mglycendes and sub-
sequent metabolism of the tnglycendes ather by transfer to the plasma or
by wtsahepane hydrolyns and sub : or wmearp wio
ather metabolic pools

In our previous study of plasma FFA metabolsm: v etlwonine treated rats
{Ouveenona 1962b) we showed that the fracuonal turover rates of plasma
¥FA 10 normal and ethionine treatedt fasted female zats were | 13 and 07
mnute? yespestnely and that approxumately 30 ¢, of the plasma FFA flux
was taken wp by the hver \ssummg that these figures are the same n tlus
Sxperument and that the plasma volumes of these rats w ere approximately 4 0 mi
et 100 gram body weight the amount of plasma FFA taken up by the Iner
et 24 hours can be calculated as follows

Fasted female rats recening no ethiomumne
V24017 x40 %030 » 1440 = 332 mg/24 hours and 100 g body wesght »

Fasted female rats recenving 200 mg ethiomne
075028 x 40 x 030 > 1 440 = 363 mg/2+ hours and 100 g body weight *

The Agures are sumfar m the two groups indicating that the uptahe of
Plasma FFA by the hver was only shghily or not at all wncreased 1n the ethio-
ne reated rats 1n spute of thewr increased concentrauons of plasma FFA
Thus it 1z doubtful of ancreased mobthsation of FFA from the depots to the

1S A factor in the pathogeness of ettuomine induced fatty ler

At doses of 200 or 500 mg of ethiomne the fasted female rats showed maxumal
'Berease in bver bpnds This amounted on a mean 1o 315 mg Lpnd/ 100 g body

beght If this 1 al) tnglycende 1t equals about 300 mg fatty aad {calculated
ddlee aad) Thes figure 13 only shghtly lower than the calculated uptake of
f;‘:;r FFA'hy the Iver per 24 houss and 100 g bodv weight indicanng that

Fats recerang 200 or 300 mg cthionime almost all fanty acds taken up

“;ﬂ;nu recened 200 my ethion ne dinded e 4 equal deses at 25 bours wtersals and
e po e 24 hours after rece vog the first dose
(mm;“ 2alturnover rate {mumutes™  plasma FEA concenwateon (mg ml) < plasma volume

¥ body weghtl x L er uptake (fraston of plauma FFA fux} 4 Lume (rmumutesy
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by the hver remamed there and only a small fraction was further metabolized.
The plasma FFA, probably, is the only important source of Ier fatty acsds
m fasted rats Thus the amount of fat accumulated in the hers of the rais
recewing 200 or 300 mg cthionmine was close to the maximal posstble amount
if as has been indicated above the transport of fatty acids to the hiver docs ot
mesease appretiably after ethiomne treatment It might be predicted that at
doses of more than 300 mg cthiomne the hiver fat accumulation should reach
the same or a Iagher leve! as at 200 or 300 myg ethionme However ratsrecav
tng more than 306 mg cthionine appeared very sick and probably many other
factors influenced the results, such as altered cardiovascular dynamics

RopwsoN and Harmis (1961) have shown that ethiomne admunistration
markedly reduces the mcorporation of C' leucine 1nto serum lipoproteins
and have suggested that a reduction of the ratc of synthesis of the proten
moictics of the serum hipoprotens occurs at an early stage afier the admunistration
of cthionine 1o the rat They suggested that thus 15 the cause of the depressed
serum hipid levels of ethionmne (reated rats Since all the classes of hpids carned
by the lipoy (+ ¢ phospholipids chol I esters frce choll 1 and
glycenides) were depressed an our rats our results are consistent wath this view
However the different classes of lipids were depressed to different degrees
ndicating that there must be qualtat I in the plasma lipoprotan
composition In recent worh from thus laboratory Arvipson and OLIVECRONA
(1962) have been abic to show that the fasty acid composition of plasma phos-
pholipids  cholesterol esters and glycenides are also changed by cthionine
treatment

1t has been suggested that decreased transport of fatty acids from the 2":;
as triglycendes 1s an smportant factor in the pathogenesss of ethiomune nduce
fatty Iivers (Harws and Ropinson 1961, Ropmson and Harwis 1901, Omﬁd
CRONA 1962 b) In the present expersments the plasma glycendes were dCP“‘S;‘I
1 all rats developing, fatty hvers except the fasted female rats recesvng of c’s’
100 mg ctluonine and the carbohydrate fed female rats However the Ch?"geh
were fairly small and no direct relation betseen the plasma glycende c‘au
and the amount of fat accumulaung 1n the ner of the cthionine treated ¥ "
could be found An esimaton of the smportance of the depressed l;ﬂ;“}:"l"_
of fatty acids from the liver as plasma glycende would require knowle gun
the fractional turnover rate of these n addion (o hnowledge of l)}:lf,;m‘
centrations The posubility exists that the fracuonal urnoees raie & \id e
glycenides other than chylomicron glycerides 1s lower 1n cthionine ‘Tgnﬁl) o
than 1n nermal Tlus has been shown by Harris and Ropinsoy (“lcj
by BoRGsTROM et al (1962) to be the case for chylemicron Sl)f'-'"] ver s

There was a lag ume after the injection of ctluonine before nclhx A
began to rise and the plasma hipids to falt Thos 1s cunsts(cmdu:mbmca .
that the all w hpd bolsm were sccondary to dis

T AN
protemn metaboliym (Ropison and Harrgs 1961) The changes in Inc
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Plasma iped tevels scemed 1o be maximal at about 2% hours The effects of
ethionine then dunmshed The sunplest explanation of tus 1 that at 24 haurs
most of the ethronme had been metabohzed At 72 hours the Iner hiprds were

Plasma ghcende legel vose abave the zero time value and at 72 hours was 3
“mes hus valwe This T™ay represent an intense wanspost of glycendes from
the lner

The author wishes to oxpress hos apprecution te Miss Aovira Crrasnes for her slalifut
thncal sstance and 1o Brafessor Benor Borcervos and Dr Asay Hornny for thewr
Belp 1n prepuning shy masusceept

Thi otk bas been supporied by graats from the Swedish Meddical Reseacch Cowncsl and
the United States Pubgie Health Servace (H 5.02)
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Fatty Acad Composition of Plasma and Tissue Lipids of
Normal and Ethsomne-Treated Rats

By
Gosta \Rvioson and ThOMas OLIVECRONA
Recenned 22 December 1961

Abstract

Assmsoy G and T OQuveerona Fotty aod composition of plasma
and fissue biprds of normal and dthwnne teraled rals Acta physol scand
1962 55 303—312 - The fatty aad compossion of plasma hver
adipase tissur and carcass NFEA EEA and PLFA hiave been studind
1 normal and ethionime treated fasted female rats The fatty acud
componiton of adipase nssue and careass Iipsds and alsw that of
plasma FF A were ! 4 by etnonine Thus there
was no uign of any quak 10 the mobtl of fatty
aads from the depots in the ethomne weated rats FThe fatty acd
compositton of lner NFF Y and PLFA axd of plasma TGEY CERA
and PLEA an the other band were ugmaficantly rhanged by etiamne
tzeatment 1n the normal rats most of the ratios between the fauty
acds were dsfferent m Inver NFFA and a hipose tssue NEY % Inthe
ethionine treated rats the Tatos ot Contanng I noleic zed were
nat signdficantdy different 1 bver NFF\ andd adipowe tuue NEA
Thus agreement 1s taken 38 cvidence { radipose unue NFFA briny
the source of the merrascd bner VEEA \s Linoleic attdsany(the
synthesszed 1 the rat the hn lec ar1d whs howas groeweaan the
accuraulated Iner NWEF X i an ~vrn highe  per enlag  than 0
adpose tssue NFEA must also havr deav 3 I m 4t raieal epat
Daue most probably adipose tsaur

4 Ethugnime the et} analogue £ meths mne indu o3 fatty lwvers in fanteid
female vats (Fagper o al 1306 Laver oh lester band phoaph bpsdy se
vithin or near normal salues whereas tngly en decare meee sed seversd £ 3d
Abbreviatons used
I‘a — Free Dauty ac ds
\n*~Tngl)cmde B owd
Pu*v Neatral far far 2 B
c“\ ~ Phosphal p4 fatt  cods
N Choleterodesier fa sy
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(JEnse et al 1951 Harwis and Rospvsow 1961, Orrvicrova 1962 2) Plasma
estentfied fatty acids are lowered (FENBero of of 1924 Furman o of 1907
Harris and Ropmsov 1961 Qrivecrona 1962 a) whereas plasma FFA are
clevated (Hawrris and Rorinsov 1961, OLivecrona 1962 a) Luersof ethiomine
treated rats take up and estenfy plasma FFA at a rate sumilar to normal ammals,
but the fractional turnover rate of kver NFFA s lower than normal {Oinve
crova 1962 by

In order 10 study more closely the alterations mn lipid metabolism nduced
by ctiuonine we have studied the relative amounts of the major fatty acids
of plasma fiver adipose ussue and carcass hpsds from normal and ethionme
treated fasted female rats

Experumental

The expenmental ammals were fernale Sprague Dawley rats {obtained from AB
Anucimex, Stockholm Sweden) reared on a standard pellet dict * The rats weghed
160190 g at the ume of the expenment They were fasted for 16 hours then gnen
a swgle ntrapentoneal myecuon of 200 mg of cthionne m 8 mi half strength salne
and fasted for an additional 24 hours They were then sacnficed by exsangunaton.
Plasma (artersal) lver and pensovanan adipose tissue samples were obtamed and
analyzed as previously described (OLsvecroza 1962 ¢) The remains of the rat were
homegenzed 11 a Wanng blendor 1n 1 000 ml ethanol The homogenate was diluted
10 4 000 ml by adding diethy{ ether and allow ed to stand at room temperature oy ermights
An aliquot was taken to dryness dissobed m chloroform methanof 2 1 (v v)and
washed free of non ipid material by equilibrating against 04 solumes of 2 RHLIO:
wm water The lipid extracts from plasma lver adipose tissue and carcass were thed
separated into their major classes using sltaic acid chromatography as previousy
described (OLivecronA 1962 ¢) Free fatty acids were separited from newtral fat on
10n exchange columns as described by Carissoy and Vwabstrox (1958)

The neutral fat fractions were saporufied by refluuing in 3 ° ethanolic hOH for
2 hours Hydroquinone was added to the saponifying medum to prevent lossof poly
unsaturated acids (BorTcHER et of 1959) Afser extracton of the unsapomfiable matter
and zadification 1he faity acids were extracted into petroleum ether taken to drypes
and converted into the methyl esters using boron tafluoride in methanal as described
by METCALFE and Scurrz (1961) The methyl esters were extracted into petroleum
ether and dnied over anhydrous ™2,50, The free fatty acids obtained from the 108
exchange columns wese methylated directly with the boron tnfluonde reagent a
described above 4

The phosphobpid fractions were transmethylated by refluxing for 2 hours 1 Oy
methanol with sulfunic acid as an nterestenticauon catalyst The methyl osters weie
extracted mnto petroleum ether and dned oser anhydrous N2:504

All samples were stored n solution at — 20 C until analyzed Chro

The methy} esiers were analyzed by gas chromatography unng a NI ""‘”"“b,,g
matograph which was equipped with a i ray mmaz;u-o;v ogﬂc;‘}‘:rm(;o :;TJ? e
consusted of 10 °, pohyethylenc ghcol succnate on my by Jonss 1359)
515 The polyester was synthesized under the conditions descnved by Ja

far The fatty acsd composition was

X These pellets contamed 3 4 15 2483 19 3snder™ O

16 0192 , 16 112° 18 026 18 1 38
51 o
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Table I The parcentage futty ocid composition (by w 1ght) of licer fat fractions fiors normal and
etaonne breated fatied female vots

Normat Ethionine treated

t 2 3 4 5 Mean! 6 7 8 9 10 Mean

160 |523(488 |42 (487 (518 494 (384 | 389 | 429 (444 {425 [ 414
161 25} 1s] w5t oast 11} 16| 19 ) 21 ) 13 14 16) 17
Bo |wi| 90| 96) 81) a3z { 90 { 91 (8 {134 118 (U5 |15
11 laso{278}303| 286|268 | 275 [321 | 324 ) 290 | 286 | 294 | 203
B2 1109131134129 118 | 124 [185 [147 | 133 (140 [ 150 J151
04 nd} nd| nd| nd| nd | nd ] nd | nd ] nd { nd | nd { ad

NFFA

160 |245|278)344|306(300 |301 J208 [234 (211|250 {225 225
1 425y 43) 20) 34) 31 31 ) 63| 397 27) 22| 31 36
i3 q 92| 74| 73| 90! 48 ( 75| 32 26 31| 41 ¢ 34| 33
B U losy)957 231|236 ] 243 | 264 | 333 [ 335 ) 306 | 290 | 337 | 320
3'32 206|302 280( 270|201 | 292 [326 {347 | 387 | 336 (348 349

4 78] 43| 23| 64 51 ) 58| 36 24 38| 61| 25| 37

PLFA

B0 darzlar|asr)as7|as |230 166 [172 ) — 1179 | 169 } 172
116' wh 081 ] tr tr tr tr - tr 23 o
w0 lss7lars|ato| s s [a17 Ja5 | 289 ] — [3e9 faed d a9
B tea)ss)es) es| 89 ) 72 Juo )10} — ) 87 98 | 106

2 140{ 135|155 139147 | 143 | 197 | 233 — | 190 [ 207 207
W loagloss|ona|oza)oze [235 [192 | 176 | — | 195|182 | 186

—t

™~ not detertmuned  tr = trace,

¥ g sucaime acd mstead of adipic aad The peals on the chromatograms were
e by companng their retention ume with those of known standards Peak
Eh

eas were caleyl of the fatty aads gn es number

y e
of carbon atoms and double bonds (FARQUHAR <t al 1959)
Resalts
In order 1o munimuze the handling of the Iipids prior to the gas chromatog-
Tphy analyses no deter of the ¢ of bpids 1 the

110m8 containing small amounts of matenial (¢ ¢ plasma Iipids ussue FFA)
“Ee carned oyt However detcrminations of the liver hipids of these rats
e values wmlar to those previously found (OLVECRONA 1962 a) on wdeau
$I\ Ueated rats These values may therefore be taken as an approumation of
© ssue lipid contents of the rats in the present study
Since the Purpose of this 1 estigation Wwas o get a rough estimation of the
3nge that cihuomune mught induce i the relative distnbution of the major
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Table I The percentage fatly actd compostion (by waght) of adipose tissue fat fructions from
normal and etviomine treated fasted female rats

Normal Ethionine ireated

vode s fs fs IMens 7 s s [0 |vem

FFA
160 326320350 (350(356 (340 (348 {352 {350 {330 | 352 346
51 191 271 34§ 23] 23} 250 1B 23| 16| 22} 17 19
18 ¢ 704 69} 66| 86| 85) 751 88 95| 91| 74| 88/ 87
181 388 ) .85 385} 3741386 | 384 379 | 370 | 370 | 394 [387 {380
]2 2001200] 168 ) 1671153 ] 178 | 170 158 § 173 [ 181 | 156 } 168
20 4 nd| nd} nd| nd| nd | nd | nd | nd | nd [ ad [ nd | ad
NFFA
60 28112621287 )292) 284 ) 281 ) 300 ] 303 } 240 [ 264 [256 1273
16 1 41} 431 321 38| 44 41 39 42 34| 36) 44/ 39
1B o a4) 38) a7 28] 43 ) 44| 44| 44| 53 [ 41 48] 46
18 13 25113541946 377 1382 | 364 } 371 | 3¢9 | 360 | 372 {364 363
g 2 973|302 | 284 ) 246|240 [ 271 | 249 {262 | 314 | 289 288 | 280
4

nd| nd) nd| nd| nd | nd | nd | nd | nd | nd | nd

nd = not determuned.

fatty acids only the peak areas of patmiuc pahmitoleic steanc oletc Lmaleic
and for some fi tudonuc acid were calculated Thus the fatty acd
spectra gnen here wclude only the major fatty acid components

The statsstical analysis of the data have been performed using the St
t test Dufferences having a probability of less than 2 % of being due to chance
have been designated as significant

udent

Luer bpuds (Table 1)

YFF1 The neutral fat fraction contamed the cholesterol ester and the
glycende fatty aads Both i the normal and the ethiomne treated ;a!ll
however glycende is the major fraction (OLfVECRONA 1962 a) so that the .1};)l
acid composttion of the neutral fat fraction may pr bably be taken as lhw
of the glycende Dittsrr and Hanaman (1959) re worted that the fner d "
Yesterol estess contawn more arachidome and stearic acid but less hnoleic :fdx
than the Iner glycende and that the percentages of palmitic and oleic a
were sumlar for the cholesterol ester and glycende fatty acxds facuon

In the normal livers the most abundant fatty aaids in the neutral {;nh ra:t“:ls
were palmatic, hnoletc and olec aads In the ethionine r:myl lnc:l:b ch o
a sigmificant ncrease in the percentages of hnoleic and oucds P
sigmuficant decrease 1n the percentages of palmitic and sxc:m; nuu gl
the amount of NFFA in the hvers of the cthiomne treated 13!
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Toke 1T The pesntage feity acnd composiion (by 1 =ght) of careass fut frockuns from normal
and ethsomure dreated fusted female vats

Ethiomne-treated

d = not determuned.

6-fold 1ncreased (OrnvecroONA 1962 3) Thus there was an mncrease 1n all the
lﬁ“) aads this increase beipg most marked for oleic and lnoleic aads and
least for palmutic and steanc acds

fullowed by olesc and hinolexc 2aids In the ethionine treated rats the percentage
of palmine acid was sigmificantly low ered whercas there were shght ncreases
1 the percentages of oleic Linoleic and steanc acids

ful’ll OI—F 1 The most abundant lner PLFA mn the normal rats was steanc aad
& wed by arachidome and palmutic aads In the cthionine treated rats
a:dz were sigmificant decreases 1n the percentages of palmtic and aractudomic
e and sigmficant increases oleic and Linoleic acid percentages Since
tv.h:; was little or no change 1 the content of PLFA mn the hners of the
n nme treated rats (OLVECRONA 1962 2 b) these changes reflect changes

tatal hver PLFA composiion
623015 Acta physiol scand Vol 55
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Table IV The preestag fotty acsd compostion {by wesghtJof plasma fat fractions from mormal
and ethionine treated fasted female rats

Normal Ethiomne 1eated

1 2 3 4 3 Mean] & 7 8 9 10 ) Mean

nd( nd| nd| nd| nd [ nd | nd | nd

FFA
60 |33alaz| —lasefasse [338 1332 [3te | a6 {371 {381 {3t
16 1 30 27| —| 35( 21 ] 28] 29| 41| 30 32 35 33
B0 |1w06| 89 — [ 91) 99| 96 as| 1 |101] 81| &5 8
181 |340)385) — (3321360 |354 ) 362 } 360 | 368 ;344 1324 1352
182 (194187 — 1185|167 [183 {194 (202 | 196 | 172 176 | 188
20 4 nd{ nd| —| nd{ nd | nd [ nd [ nd | nd | ad | nd [ nd
TGFA
16 0 |334}3241316)316)295 | 317 | 393 | 492 | 342 1392 ) — f402
16 1 40| 32| s6{ 39) 35{ 40| 75| 97 |32 [n2| - f10¢
18 0 59 49| 50) 50| 27| 53 |t06 | 93| 99 w03 | — f100
181 )278(383 232|246 305 | 289 332 [196 | 204 | 272 ) — |64
12 fslurimalme]ar (el eslaz el ~ 1t
20 4 94| a6lnsfize{ 62| 92| v| v v] «) -]~
CEFA
16 0 179 —j194|195]138 J177 [ 383 | 348 [ 296 1305 [4ed 1373
61 25{ ~| 49{ 41| 32 ( 87| 90 92 &3 | 50 ( 49 7:
18 0 35| — | as| 41| 26 48 |n2| 86| o[ 82| 59 &1
181 |180] —[137)126] &7 {133 |189 [ 182 [176 [ 298 | 365 ﬂz
182 {us| —1a701s3]1e0 [136 |109 | 155 188 f17ey 84 4
20 4 |466| —|.85|454 (577 {471 {ne [138 (167 | ¥
PLFA
160 |402]350] 410 405] 352 [ 384 | 329 | 375 | 362 | 381 1356 35_1
16 1 13 « « u tr - r '3 tr tr 1&‘: 200
180 ([301]362]312 338256 | 314|216 |203[226)163 o
181 J14)1nef107] 125227 | 143 J176 141 122 J 164 ;lm; ot
B2 | |islirzlisslies {157 f2ar for fo8a faod -
4 ot | nd | nd

nd = not determuned  tr = trace,

dipose tissue lipnds (Table IT) _—
\FFA4 The most abundant NFFA 1n the adipose tssuc were oleic p:d .
and finoleic acsds There was no sigmficant change 1n the ethionmine treat u;ue
FFA There was more palmitic and less hnoleic acid 13 the adxpcscm e
FFA than 1n the adipose tissue NFFA There wasno significant change
cthionine treated rats
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Canass lpeds (Table TII )

VFF{ The composition of the carcass NFFA did not differ significantly
from that of the adipose tissue NFFA There was no significant change n
the ethiomne treated rats

PLF{ The most abundant carcass PLFA was palmiuc acid followed by
steanc oletc hnolere and arachidonic acids There was no sigmificant change
m the ethiomine treated rats

Plasma lipds (Table IV

CEF4 The most abundant fatty acd mn the plasma CEFA 1n the normal
fats was arachidomie acid accounting for approximately 50 % of the total
CEFA. The next most abundant fatty acid was palmitic followed by oleic
and Iinolesc acads In the ethiomine treated rats there was a drastc decrease
n arachidonic aeid  All other fatty acid percentages were increased palmutic
palmstolere steanc and oleic acds all by factors of approximately 2 linoleic
aad however only very shghtly As the concentration of plasma CEFA m
the ethuonrne treated rats was decreased (OLvEcRona 1962 a b) there was
Probably a decrease 1n all plasma CEFA

TGF4 The most abundant fatty aad m the plasma TGFA m the normal
TS were palminc olerc and Linolerc acids In the cthuonine treated rats there
Here ugm m palmitic p lesc and stearic acid percentages
d stgruficant decreases 1n Linolese and arachidonic acid percentages

FF1 The most abundant plasma FFA was olesc acd  closely followed by
Palme agg, Also present were lmoleic steanc and palmutoleic actds There
%28 0o sigmificant change in the ethionme treated rats

PLFA The most abundant fatty acid in the plasma PLFA m the normal
Tas were palminic and steanc acids In the ethiomne treated rats there was
#sgificantly decreased percentage of steanc acsd and a significantly mnereased
Percentage of hnolere acid

Discussson

Liver fat accumulanon can result from mereased synthesis and/for uptahe
“fatty acids by the Iner or from decreased disposal of fatty acds by the
"¢t or from a combinauon of these two mechanisms In previous papers we
hase shown that 1t 1s quanutauvely posssble that all the accumulated fatry
3ads 11 ethionine treated rats are denved from adipose ussue via the plasma
FFA (Ounyecrona 1962 a b} despute the rate of mobilizauon of fatty acids
l":lng close to the normal one Artoy (1999) has shown that hvers from
fthuonine treated rats show decreased abiity to oxidize fatty acids and we

e shown that the rate of transport of fatty acids from the hvers 15 also
ecreased  Therefore available evidence suggests that the mobilizaton of
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fatty acids from the adipose tssug 15 normal i etluomne treated rats and
that the major catse of the hiver fat accumulation 1s that the Iner riglycendes
are relatively fable both for oxwt and for sport o the plasma
The data are considered, wath respeet to thus hypothests

There were no signtficant differences between the faty and tomposition
of adipose tissue liprds w the ethiommne reated and the normal rats The
carcass liptds were also sumdar m the two groups of anumals The plasma
FFA were able i compositon Thus there was no evidence for any qualitasne
difference m the mobalizatan of fatty acids from adipose tissues ia the ethiomne
treated rats

In the liver and plasma estenfied fatty actd fractans the cthionine treate
rats showed marked differences from the normals In the normal rais th
fatty 2ad composition of fiver NFLA and plasma TGFA showed many s
tantes In the ethiomne treated rats these fractions no fonger resembled cacl

other and both differed sig ly from the respective fraction in th
normal rats Interesungly, the changes went 1n oppostte directions For examph
the of pal acid nas & in plasrea TGFA but decseased

P

m hver NFFA the percentage of Inoleic acid was decreased m plasma TGFA
but wncreased 1 Iner NFFA Arachidonic acid however, was decreased i
both Iner NFFA and plasma TGFA and was also decreased to about 15 ol
as normat value s the plasma CEFA The compoation of both heer and
plasma PLFA was kedly <h: d w the et teeated rats in botk
cases towards decreased saturatton

We thus find that ethiomme does not seem to interfere with the mobilization
of fatty acids with regard to composition but sigaificantly changes the l’a(;l)
aad speetruam of diver and plasma hipids This 1sn good accerdance wath Ib )c
results of aur previous studies on ethiomine fatty Ivers (OL1vECRONA 1 9623, e
We nave previously shown that 1t 1s quantitatiely possible that i the fatty acx
accumulating m tae hivers of ¢thionine treated rats may denve from ﬂ}dlp"::
nssue {OLIVEGRONY 1962 a b) fr 1s therefore of smierest to find whet x:’r“
not the present results support the hypotheus that the accumulah}r:g JS‘Y
sads do actually derme from adipose tssue Bropie o af (1961) 3‘°My
templed to compare the fatty acd composition of the addutional h‘t;mwl
acids m the neutral Fraction with adipose hissue NFFA i rats with el o
wnduced fatty hiver and found that these compositions comnpcided wag}uw
vahdily of any such caleulation rests on pumerous assumptions ‘;;mm
nonethefess made sumfar calculatiops on the preseat rats Ina F;i)l s
caleulation performed essentally as described by Broois ¢f al (IIJ MFL
found that the composiion of the additonal fatty acids 1 the Iner s
of the ethionine treated rats did pot differ significantly from the rolrr;f: et
of the total Ives NFFA The compo won of the iner NEFA doc:l nbm o
comaide with that of the adipose ussue NTFA There nas J&hl" .127 m'c P
and olere acds but more fmolese acid in the ler than n the ad
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Table V Retros betuween the fatty acuds i liver NFFA and tn adipose tissue MFFA

-
Rato Normal P Ethionme treated P

Mk — Beeinieboi

Adipose | Liver Adipose | Liver

tisue NFFA tissue NFFA

NFFA NFFA
161/160{014.:001 | 01043 004]00> <P <010 [0 144002} 0144013|No dufference

120/160|016.£001 |0.26 £009]0.02 <P<.D0> [017003| 0141002]100> <P <010
181)160|1.294:006[082 +015 P<0001[134+014] 1432016{030 <P<040
1807161 |1 1060 17[ 205 4 107 0001 < P <001 |1192071] 1022053|060 <P <0.0
1817161902 1062|849 222|060 < P<.070 |940£109) 982130310 © <P <080
18.1/180|831L079(341 097 P «<0001]796::080[1003£207|005 <P <010
160/182|1024015{104 5017[090 <P 098+019] 065+007|0001<P<.00}
161182 |0 152002 |0 1052003 |0 02 < P <.00> |0 14::002{01062005|020 <P <00
1801820171003 (026 +006{001 < P002 |016::002]00952 002 P <000k
181{182(1354£017|083 2003 P <.0001[130013[092 £009 P <0001
A hamens e e v =

P epresents probability for the dufference between the ranos for lner and adipose tissue
NFFS 1o e due to chance. Caloulated using the Smdeat ¢ test.

NFFA However the ranos between the fatty acids for the bver NFFA and
for the adipose tissue NFFA show some nteresting relations (Table V) In the
nermal rats most of these ratios are different in the hver NFFA and the adipose
tissue NFFA In the ethionine treated rats however the ratios not contaimng
Imoleic acid are not significantly different m the Iiner NFFA and the adipose
tssue NFFA This agreement may be taken as evidence for adipose tissue
NFFA being the source of the mereased lver NFFA Ths reasonmng cannot
be applied to the hnoleic acd which was presenr m the accumulated liver
NFFA at cven higher percentage thanin the adipose tissue NFFA. Since hnoleic
acid cannot be synthesized in the rat (MeaD and Howrov 1960) the addisonal
Lnolerc acid m the hver NFFA of the ethionme treated rats must have dernved

om an extrahepatic tissue most pobably adipose tissue

If the fatty acds are transported to the Jner from the adipose nissue this
most probably takes place 1n the form of plasma FFA However these and
also the adipose tissue FFA duffered 1n fatty aad composttion from the adipose
ussue NFFA from which they were probably denved This mght be due
to the plasma FFA having some source other than adipose tissue NFFA. The
most probable such source 1 the plasma TGFA (Latrein 1929) Strong
evidence agatast this possibility 15 the similanty of plasma FFA in normal and
cthionine treated rats despite the latter having lower levels of TGFA which
differed 1n fatty acid composition It 15 thus probable that duning starvation
plasma TGFA s not an umportant source of plasma FFA

We thus have the perplexing situaton that the addisonal fatty acids taken
up by the luer of the ethiomne treated rats show many resemblances 1n thesr .
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fatty acid composition to the adipase tissue NFFA which most probably 1
therr onign but show Iess resemblance with the plasma FFA, which most
probably 1s the velucle for ther transport to the hiver Interpretation of these
differences must aware more data on the turnoyer rate of sndwidnal fatty acids

The authors wash to express thetr appreciation to Mr Warriep Pout, AMus [Rene Livpeiy,
and Muss AGNETA Criasper for ther shillful techmcal assistance and to Professor Beacr
Borcstrow and Dr Apan Hormanx for theye help 1 prepanmg ths manuscript,

This work has been supgorted by grants from the Swedish Research Council and the Unued
States Pubhc Health Seryice {H 5302)
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Blood Sugar and Alcohol Intoxication 1 the Rat
By
LasSE SAMMALISTO
Recened 23 December 1961

Abstract

Sasuarste L Blood suger and alcokol wntosscation i the rat Acta
Physiol scand. 1962 5> 313--318 — The effect of tusulin and glucose
on ph; gical ethanol was studied 1 rats by means
of a ulting plane technique It was found that raised blood sugar
tempered mtoxicatson whilst lowered blood sugar enhanced it. Thus
blood sugar 1s 3 factor affecung alcohol mtoxication. In addition
msubin seems to have a speaific (enhancing) cffect on alcobol mtoxs
cation not related to ats cffect on blood sugar

These 15 no compl

among 1ny as to the infl of
“sulin and sygars — glucose has mainly been used — on the mtoxicatng
effect of ethyl alcoho! \ost studies have dealt only with the effect on alcohol
metibobism ot with that on pharmacological 1ntoxication In hus review
JAcorsex, (191) concludes that both wsulin and glucose are able to increase
the rate of alcohol metabolism but that if the alcohol 1s already beng oxidized
# maxmal rate the admunistration of these substances will have no effect on
tbe blood alcohol curve

‘ere are only a few investigations dealing with the effect of glucose on
I;:;mxacologlca] ntoxication In one of these (Hacoarp and GREENBERG
. 8) 1t was found that glucose combined with aleohol caused a mulder 1n

eanon than did alcohol alone

Methods

m{‘nll\h: tilung plane test devased 1n our laboratonies {ARVOLA of af 1938 Frizpuasy
Sifagyei1s 1960 WaLLoe ef of 1960) the ammalis placed on a board with a rough
gy tilting the board the ammal sbides down at a certan angle. A sober rat can

‘D 13 posttion at a steeper angle than an intoxicated one The performance

4
TIRg 1ntaxication 1s expressed as a percentage of the sober salue. —
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Tadle I' Treatmens n the deferery Expenments A ~ aloofol G v &wose I ynoglyy, kel
indices refer g dosage aleokol ang &lurose 1n kg dody u AL msulin 1mnt ymgs
Sex aluays mofe

Bpeni N0 of | Source o of | Treatments Test nunutes
ment raty rephea after adanotza
no ttonsap toa of alcghot
each
treat
ment
1 3 | From 2 huters 1 s Auslos, 4iGys %0
2 3 | From 2 lLues 3 37 Az log, Aglog %0
356 Asalog, Asalay
3 8 | From 2 lters 3 | Ase Assloy, 454G %0
AsaesGz
E] 24} From 5 Luters 4 | SeeTable 1 60 120 180 40
300 360 420 40D
>
4) Blood
alcoliol # | From 9 lustery 1 | SeeTable Vv o
b)Blood
sugar 30 | From 6 lnters 1 Sec Table \ 6
Totat 16 | Prom 30 kuters

Table I The infuence of by on alcolol sntoxcasion ns measused & performance
1 the $lted plang tesy

Means for differeny treatments, expressed as prreeatages of the “sober value

Alesho) | Tneyty Replications Toul
g kg uasts P) l 3
7
27 00 %66 %2 864 o
04 88 %69 ey 849
[ a3 868 83 P
54 00 814 €80 B 25
04 204 20 60 s
(1] 188 00 650
Toual - 87 80 78

ol was
The amvesugavon consisted of 5 series of expenments In all ;:Kéhl‘hc;:’z’: o
given as a 30 per cent fyiy, salution in 1ap water by stomach tuh etk e arls
1 a soular way The insulin was snjected subeutancously an the Fre reaiment
were fasted overnight 1 the Ja6 expenment, but not in the others

the different expeniments are shown w Table I
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Table 1l The wnfluence of rnsulin and glucose on alcokol snioxication as measured by performance
wnthe tilted plane test Alcokol dosage 5 4 glhg body uerght

Means for dufferent treatments, expressed as percentages of the sober value

Tasulin Glucose Replications Total
unts. ks
glkg 1 2 3
0 00 753 768 843 788
27 795 801 798 798
04 00 773 813 818 800
27 898 850 sl 860
Total —_ 804 808 823 —_
Results

The results of the first expenment suggested that insulin ncreases the
Phannacnloglcal effect of alcoho! whereas glucose seemed to do the opposite
howeser the results were not statstically sigmificant

In the second expermment the effect of msulin was studicd 1n greater detail
The results are presented m Table 1T from which 3t appears that wmsulin
enhances alcohol intoxication but only if 08 umt s mjected 0 4 umt scems
1 have no effect on alcohol mtoxication {between msubin levels p < 0 05)
The threshold for the effect of msulin 1s thus rather high

In the third experiment the anm was to ascertain the mode of interaction of
aleohel msulin and glucose The results are given 1 Table 1

The insulin dosage was low and had no effect on alcohol imtoxication as
was expected Nor did glucose alone have any effect but nsulin combined
with glucose pered derably (for mnsulin glucose inter
acon p < 001) Thus was mterpreted to mean that high blood sugar mahes
the animal more resistant to alcohol but there remained the problem of why
glucose alone did not have any effect on aleohol mtoxication In order to
resolie this contradiction a different umung of adnunistration was apphed in
the fourth expeniment For brewity s sake Table IV includes only the data
fﬂl’Fl and 3 hours after the adrumstration of alcohol The whole curve 1s seen
mFg |

Table IV shows that

~— Insuhin enh alcohol derably when given 1
ously with the alcohol when gien one hour after alcohol admunistranon 1t
Rarkedly retards recovery from the intoxicated state Thus fits 11 well with the
results of the previous expenments

~— Glucose has no effect on alcohol mtoxication when given at the same
ume as the alcgho! but if administered one hour carher it considerably reduces
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alcohcl administration test {sober vatue) hours
Performance I3
Pper cent of 1
the sober s ’
ralue 0o

]

80

Fig 1 Tume cunve of aleohol intoxscation (hird experiment)
Treatments O alcohot alone

© aleoho] and insuln at the same morment

& wsulin one hour afier alcohol admunstration

I 2lcohol and glucose at the same moment

A glucose one hour before aleoho] admuaustration

Table IV The ¢ffect of aleohst ghucost, and 1nsulim on performance on the tlting plane The
dosages ase 30 g alcoal ( 4) and glucose (G)lhg body uerght and 0 # units nsulin (1)

\\I Time hours
3 [1 [z I+
1 Admmstraton no A £ ae
erformance - 1000 ato &2
2 Admuustration no A 1 n
Performance — 1000 a4 71
3 Admunistration a0 Al no ne
Performance — 1000 81 %3
4 Admunsstration na AG no a0
Performance - 1000 799 853
5 Admuustration [ A ne "gj
Performance — 1000 92, 8

3 s gnificantly Jower| 2 and 3 » gificantly
5 b gher than o crs | fewer than others

the degree of intoxication The faluse to obtan a glucose effect 1n llllt‘:):"l‘“

expenments was thus obviously due 1o wrong tming of its “d"“""”“‘ ‘aan o
The fifth experiment was designed to show whether the admunuste e

msulin and glucose nfluences the blood sugar and blood alcohol cunve
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Table ¥ The effect of alcokol glucose and wnsulin on blood alcohol and sugar and performance
on the tlting plane The dosages are 30 g aliokol and glucose/kg body werght and 0 4 umts
inshin The test was made and blood samples taken I hour after admmstration of alcohol

Mean test perform Mean bload alcohel | Mean blood sugar
ance as percentage of | mg mg
the sober value

Contruls ©) 1000 0 8
Alecholalone  (A) 816 160 2%
Aleobol + glucose (AG) 935 s 127
Alobol + wsulin - {AT) 748 154 77

AGIAP <03 AG/A P < 001 AG/AP < 001

AYAP <02 AG/AI P < 062 AI/AP <001

AUCP < 04

stress caused by withdrawing blood from the tail tip was suspected to raise the
blood sugar the samples were taken from rats tested and killed one hour after
the admunsstration of the alcohol The samples were taken within half a minute
oflulhng Blood aleohol was determined according to the method of Newsan
and NEwyan (1923) blood sugar by the method of Somocvt (1945) The
Tesults are presented 1n Table V

Glucose raised and insulin lowered the blood sugar as expected. Alcohol,
to0 seemed to rasse the blood sugar as already noted by Vartia ¢f al (1928)
2d Lance and huine (1960) but our result 1s not statstically significant in

Tespect

After the admumistration of glucose the blood alcohol level was significantly
lower than when glucose was not ginven Insuhn had no effect on bloed alcohol
The results 1n the uling plane test agreed with previous findings The effect
of glucose 15 thus related to a decrease 1n the blood alcohol level whereas
1asulin enhances intoxication but does not raise blood aleohol This suggests
Yat isulin has a speaific effect on alcohol intoxicaion but m additon it
‘l"b"“’“ﬂy has an effect on intoxication ria 1ts influence on the blood sugar
©¢l a8 seen from the results of the third expernment (p 3)

The matenal used for all exp hasbeen g lly b and

© Epenmental conditions have vaned somewhat Nevertheless the result
% aluavs been the same nsulin cnhances the pharmacological effect of
#lewhol whilst glucose tempers 1t These effccts are correlated with the blood

3y
Qilr level but in addiuon 1nsulin seems to have a speafic effect on ntoxs
on,

“ I; this case the result 15 clear but 1t scems to unply that m all kinds of

t: S on alcohol mtoxicaton the material should be both geneucally and

hr“'“nmmuu,: far more vaned and the body of data, accordingly sery
s
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Tubular Excretion of Serotonun (5-Hydroxytryptamine)
in the Chicken
By
Exranp SANSER and BErRNARD WORTMAN
Recenned 30 December 1961

Abstract

Sawvgr, E. and B Worraan Tubular exivetion of serotomn
{Shydrosy myptamne) wn the chiken — Acta physio} scand 962 55
39321 -~ Seratonun at a dose of 200 #g guen to normal chickens
by unilatesal Jog vom wfusion showed an ipsilateral excess of ex
arcion The excess excretton was below 10 per cent of the dose
bowever Bards prewrested with a mono ammne omdase iniubitor
thowed an spsilateral excess of such a magmtude (26 ger cent of
the myected dose} that it proves a tubwlar excretion of serotonm

werpne fasled to block this process bus 3 small blocking efect of
feserpine canaot be excluded  Unine flow was not significantty at
xeted by the dose of serotomin used sn this study

Nothung s fnown about the remal hamsm of
(&hydfﬂxb‘nx)tame) 1t has been shown by Lixoany and Seerper {1956
1928) g bstamunie 35 excreted by actse tubular secretion sn the chicken

ey It was therefore considered of interest to study the remal tubular

h“s‘d"ﬂs of serotonsn 1n the chicken
" PNCe reserpine causes a release of serotomn by certam cells for mstance
m“:ﬂ Platelets {Carrsson Snore and Brooie 1997) 1t seemed of mterest

3t wheiher or not reserpine affects serotomn transport by tubular cells
< tnfluence of seserping on renal excretion of serotorn was therefore studred
*erehon of serotomn nught he affected by a srmudtancous destruction by

'{“&“ﬂ e oudase The mflnence of a mono amine oxidase whgitor
*on3) on the renal of swas th also studied
$Pec 3l Felfo,
Preser,

w of the Nauonal Tnsututes of Health United States Public Health Service
* 33 Wash ngron Lnsersity School of Mediane 5t Louss 10 \ssours
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Materials and Methods

The general procedure was that of Caspsesrs, (1960) CamrszLe and Sjoserg (1960}
Rhode Island Red chickens about two years old weighing 2 4~3 4 Lg were used
They were kept on a commercial mesh and frech water ad lbttum  Generally the birds
were hept fasting overmght before the expeniment The birds were unanestheuzed and
hept 18 the siting pomtion dunng the expenment  Small plashic Sunnels were sutured
over each ureteral onfice under toprcal anesthesia The funnels were irrigated with 2
canstant flow of distilled water 2t a rate of 6 5 mi/mun on each ade to prevent clogging
of the funnels by unc and The unine was collected from cach kidney sepasately
the birds were tested by iyecung 02 mg/kg phenol red inta onc leg van The very
few birds thas did not excrete phenol red with a clear excess on the agected sde were
discarded sulphate (Sandoz) was provided 1 ampoules contataing
10 mg/ml All .erotopm solutions were diluted with 09 per cent aqueous saline ta
contain J00—~200 pg/m! The serotomn was mfused by a motor drnven syringe mte
one leg vein through 2 polyethylene catheter at a dose of 200 pg/bird 1a all expen
ments (5983 ug/hg body weighty The infusion way made over 10 min Reserpine
(Serpedin®  Pharmacia) was provided 1 ampoules containng 2 § mgyml and snyecied
23 such into the pectoral muscle or mnto the wing vein at a dose af 1 mg/kg The sub-
stance JB 516 (1 phenyl 2 hydrazinopropane CatronQ Lakeside) was gien at a dose
of 10 mg/kg (10 mg/m! in 09 per cent agueous salme) mto the wing ven genesally
{ hour sometimes 25 hours before the expersment The urmne samples were hept
m the refrigesator at + 4 C overmght and analyses for serotontn were made the

following day by a R 1 method by BerTLER and Rosenorey (1930)
and Berrrzr (1961} The fluorescence activity was read mn an Ammco»l)o»m:n
hotof] The wate length was set to 300 my and the

fluorescent ware length was 540 mu The recovery of seratonun added to the d.lu:j
chicken urmne was 109 per cent (! expt ) The difference between the amounts :xcrrLl
y the ipsilaterat and the contralateral hidney dnided by the dose given wat & ;"
a measure of the tubular excretion of serotomn This was called the appasent tubular
eacretion fFacuon (ATEF) according to Livpaut and Spsraer (1958)

Results
A Serotomn guen to normal birds 4
Servtomn af a dese of 200 ug infused mto one leg vewn for 10 mun prﬂfiﬂﬂs "
an mereased output of serotonin 1n the unne on the 1psilateral side Almo!
no serotonin came out 1n the urme on the contralateral side The \al;;c:':;
the 1psilateral side were very varable In § expeniments the unne was @ c( o
with a somewhat diffe ume schedule After 20 mun of unme “’"‘“m
the average excess of excretion in per cent of dose given (ATEF m?nL
66 =17 (9exp) In6 of these expenments the unnc collection was <on e
for 30 mn from the start of mfuston Hese the corsespanding ﬁg“":‘cd or
76 £ 24 per cent In 4 out of these exp the collection was wn;mu e
30 mun Here the figures were 79 4 32 per cent In one of these uﬁ;{}: ot
collection prriod was 50 mun In thus eapenment the cxcr;ss n;t;:m s i
36 per cent (Table I) Serotonn appeared the unne after e ecuon
of mnfusion In almost all experiments the peak excreuon was it
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Tale

Number | Serotomn excreted Total xcess Collec

of exp. recovery excretion uon

adav | Iny side Non iny per cent per cent period

weght | g side of dosc of dose munutes

of buds e (ATEF 100,
A. Serotomin

9 36412 03401 20+ 08 17106 10

Goig) lnox2s 06402 5814 s2£14 15
M0+34 08103 74217 6617 20
155453 (6) | 05401 (6) | 80£24 (6)| 76+24 (6) |30 (6}
162463 (4) ] 05201 (4) | 84%32 (4) | 79£32 (4) [0 (&
7 ] os 1y | 41 (1] 36 (1|50 ()
B Catronserotonin

b 83125 0727 45413 38412 10

B01g) fas2132 17£06 175217 158£16 20
438145 25507 232423 207423 30
517466 (10) | 34413 (10) {276+ 35 (10) | 242 £ 33 (10) | 40 (10)
542276 (9) | 43517 (9) (293441 (9) | 24937 (9) {50 (9)
57979 (9) | 5422 (9) |319=41 (9 |260£37 (9|70 (9
€ Reserpine serotonn

2
27 05 16 1 10

g | 67 1 40 29 |l5
158 (1) 43 {1 101 (1) 58 (1) 50 (1)

; D Reserpine-catron sevotomn

a1, 66427 07401 37415 30412 10

% {285%53 19£11 137£30 18124 20

Bek58 29412 180+32 12127 30
32461 38+13 205£34 w7122 10
9816y 17114 23+34 1061208 0

\430157 65416 248+ 33 183127 i

¥y

Bures 1 b il o

Bven iy m:";;nﬁu indicate number of exper ments wh 1t was La (1 o ale i

Periog

g Just afier the end of mfuson 1orty sanstes wter the ened of tnfuslon

um:l“ "0 further serotonun was excreted Unine flcw ws w taliened syt
g

1 ? Electrolytes were not analysed

aﬁ“zﬁxp (not shown; nfusw n wan perli sned first dnto o Tegg woed then
" 3 hours intg the other lotsl secavery il oneese cxnibon o

P
Pilatera) g4, were only about hdf s Dupe ahee the seeoteh iy Hiint
18 the firge
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TIME I8 MINUTES

Tig 1 Uninary excretion of scrotomn after unilateral leg vein wmfusion of 200 g scrotonn
(5-HT) 1o chickens "
Serotonin (4 birds) A~—a infused side A—A4 control side Catron scrotomun {9 b rds)

mfused side  — control side Rescrpine-catron serotonun (8 birds) B—= mﬂ:r:
sde © 5 conrol pide The pomnts given represent the means and the verucal bars ther
standard errors,

B Serotonsn 8uen to birds pretreated waith a mono amine oardase snhibilor

In 15 exp unnc was collected for 30 nun from the start of the infusion of
serotoun The mean excess excretton was 158 £ 16 per cent of the dose at
20 mun and 20 7 £ 23 percent at 30 run In 9 of these expeniments collecuc::}
was continued to a total of 70 min These gave a mean excess excretion
260 4 37 per cent In catron pretreated birds the excretion of,scmtonm;fll
the unine conunued for a somewhat longer ime than i normal birds Tot
recovery was markedly increased and some more escaped out on the contra
lateral side compared to normal birds (Table I} Unne flow was not signf
cantly altered Electrolytes were not measured

C Serotomn nfusion 1n previously reserpinsed birds e

In 2 exp rescrpine was admumistercd as follows Tirst | mgrkg fcs\‘ﬂ'}’ ”
was given into the pectoral muscle 17 hours before the experiment ,bd'off
ditional dose of | mg/kg reserpine was gien nto the wang vein 20 mmw o
the 1fusion of serotonin Thereafter 200 g of serotonin was mfusc':i 1';5 i
leg vein for 10 mun In these %0 experiments unne was collected a:' e
after the start of serotomin mnfuston The excess excretion i per ctnnu o
given (ATEF 100) a5 20 and 37 In the sccond of these cxperme
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collection continued for a total of 50 mun after the start of the infusion At
that tume the excess excretion was 5 8 per cent With the corresponding dose
and tuming of serotorun 1nfuston 1n a normal bird we got the figures 52 + 14
percent at 15 mun (9 exp ) and 3 6 per cent at 50 mun (! exp } respecuvely

D Serstoran infusion to preziously reserpimized burds pretreated unth a mono amine
oxtase snabutor

The same dose 200 g of serotomn was wnfused for 10 nun to chickens that
recened | mgfhg reserpine 17 hours before the expenment One hour before
the infusion started the bird was given 10 mgfkg catron mnto the wing vein
Eight expeniments were carned out The urme was collected for 70 min after
the start of serotorun snfusion At 20 30 and 70 mun unne collection tume the
TXeess excretion 1n per cent of dose given (ATEF 100) was 118 +24
2427 and 183.£ 27 respectnely (Table I) The excretion pattern
tesembled closely that of the other catron expenment reported but the values
for tota] Tecovery and excess excretion werc somewhat lower

Discussion

0‘““ figure 2nd the table summarize the mamn results Unilateral mfusion
"0 pg serotorun nto a normal bird gave an easily measured excretion on

Ge 1pslateral side with very small of pp m the
\:;m: on the contralateral side The clearcut excess of excretion on the infused

© pomted 15 2 tubular secretion but the recovery of the dose ginen was
;“:s:ma" definitely to allow such a The excess of the
1 5 Sven was less than 10 per cent and could therefore also have been due
2 smple diffusion process 1n the infused hdney (Seerser 1948 b) After
m“ﬂorn of serotomin 1n one leg vemn and thereafter repeating the same infuston
the other side total recovery and excess excretion were only about half
lnon]( t‘f‘ﬂ' the preceeding infusion procedure If this phenomenon (observed
On)m *0 expenments) 1s not duc to chance its explanation 15 not apparent
e ‘Pul:( birds pretreated with catron the nfused serotonin was excreted on
@ t7al uide to 2 much higher extent than in normal birds The excretion
© Contralateral side was sull very small but some more escaped out on
By ey TS Excess excretion i per cont of dase pven (ATEF 100) was
!nbul; when the unne was collected for 70 mn This shows that the
A I;xmuun of serotonm could not be studied 1n a normal bird because
.s 8¢ breakdown of the njected substance 1n the kidney
s Bm(iru of excess excretion strongly pont to the concluston that serotorun
meratmby tubular excretron
reso 0t with | mgfhg reserpine the previous day and an extra dose
ealy g R JUSE prior 1o the mfusion of scrotonn was tried 1 two expenments
1"‘210:‘ xcretory pattern of serotomn 1n these two expeniments pointed 1,
S Acta phynol seand ¥ of 55
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the direction that reserpine mught mhibit the tubular excretion but the number
of expertments was too small and the great variability of the eacretion figures
m normal birds made 1t impossible to draw such conclusions

If 2 previously reserpiuzed bird was treated with a mona arwne ol
hibitor prior to the experunent the excretion pattern was sinular to that
1n birds treated with catron only, but the total recovery and excess excretion
were shightly less This suggested a possible shibition by reserpime of the
excretion mechanism for serotonin, which however did not stand up to
staustical tests It 1s possible that serotommn 1s excreted by two mechanssms by
an unspecific transport system common to many bases and by a reserpine
sensitive onc Further worh 15, however, needed to settle this question

Addd n proof

This excess excretion of serototm on the psilateral side could also be shown to be
true in birds treated with soldsm bicarbonate to make the urne alkahne to pH 8
Thus the tubular excreton of seratatin 1s not due to pH dependent von wnic diffusion
and can be considered to be an active one

This work was supported tn part from the Medical Faculty Uniscrsity of Uppsala Sweden
and n part from the Svenska Sallskapet for Medicinsk Forsknng

The authors are greatly indebted to Professar E BARANY for keen wterest and sumulatrg
discussions during this work.

Thanks are due to Mrs Inua Rarsay for saluable help with the serotomn analyses The
skulled techmeal assistance by Miss Bearr CowstepT 15 greatly appreciated

Scrotorun (serotontn creatinine sulphate) was kindly supplied by Sandoz Inc
(serpedin D) by Pharmacia Inc Uppsala and the substance JB-516 (catron
Laboratories Inc  Milwaukee Wisconsin

Basc] rescrpine
O) by Lakeside
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The Solubility of
Carbon Dioxide 1n Cerebral Cortical Tissue of Cats

With a note on the solubility of carbon dioxide 1 water,
016 M NaCl and cerebrospinal fluad.
By
Bo Kk Siesjo
Rece ved + January 1962

Abstract

Swsjo Bk The solubility of carbon dioside wn cerebral cortical tissue
of cats Acta physiol scand 1962 5. 325—3# — The solubility
of carbon dioxide 1n cerebral cortical issue from cats was determined
1n homogenates aadified to pH < 4 {¢f SAN SLYRE, SEXDROY
Hastings and \ert, 1928) The homogenates which were prepared
from brans frozen 1 stz with hquid mitrogen were equilibrated
with pure carbon dioxide at 375 C The carbon dioxide content
of the b was d by the diffusion method
of Covway (1950) and the resulting hueses cocfiaents (ml CO,/g
and ml CO,fg of H,0) calculated \ Lincar relationship + as found
between solubibity coefficient and tssue concentration 1n the hormo-
gemates. Extrapolation to undiluted tissue gave the coefficients 049
(ml €O, /g isue) and 0 61 (ml CO, g of H O 1n the ussuc_respec
tively The solubility of carbon dioxide m the tissue followed HExeY 5
I ‘which should ndicate that no appreciable amount of carbon
dioxde is adsorbed onto ussue consutuents Mfeasurement of the
wlubility coefficient for carbon dioxde 10 cerebrospinal fud at
375 Crescaled that this cocficient came sery close to that obtaned
102016 M \aCl solunsn The solubility cocfficient in water ong
nally determined to test the methods used was 1n good agrecment
with two but in less good agrerment with the majority of the coel
fiaents reported 1n th Dierature An examnation of the literatuse
indicated a source of error i the determination of the laiter salues

32,
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A better und, ding of the fold and mportant effects of carbor

within the bicarbonate/carbonie acid bufler system of the tissue Such hnonl
edge 15 pertnent not only to studies of possible mdividual effects exerted by
the components mvolyed m the buffer system but also to studies of acid base
shfts in the tissue

The HCO,/H,CO, buffer of hquids, such as blood, has been thoroughly
analysed In such studies, the relation between the components of the bufler
system has usnally been expressed 1n the famultar Henperson Hasseraaait
equation

(HCO;) (Tep ) — (Pgy_S) o

PH = ph, + log .60, = phy 4 log )

where ph, s the first apparent dissociation constant of carbomc aad, Pey
the carbon dioxide tension § a solubiity factor (HenRy s law constant), and
Teo the total carbon dioxide content of the solution (CO; + H,CO, + HCO,)
In formulating the cquation for use 1n a biological system 1t 1s assumed that
the solubility of carbon dionde follows Heary s law, and further, that no
complex bound carbon dioxide (ke carbamino CO,) exists Provided the
constants are known the ¢quation will make 1t possible to calculate one of
the factors pH P, or HCO] if the other two {or Tey ) are measured I
has been shown using blood plasma that such a procedure 1s vald only
when the expenmental conditions are nigidly controlled and the constants
accurately determined (SEvERInGHAUS STUPFEL and BRapLEY 1926)

A corresponding analysis of the HCO;/H,CO, buffer system of a tissue
such as the cerebral cortex 3s far more dufficult In the first place neither
c nor values d can be referred to a single compartment i
the tissue Secondly even if the tissue 15 tentatnnely divided into compartments
no direct measurement of tissue pH can be carried out These difficulties :[:;:
reflected 1 the sparse literature on the subject In fact the only vanal .
which has been studied directly 13 the total carbon dioxide content of uss:d
samples obtained afier decapitation of cxpenmental animals (Bropig a "
Woobsiry 1958 Nrcuows 1958 Tuomeson and Browv 1960 hocit nsu
Woopsurs 1960 It 15 debatable however whether these mc;xsummm:‘:zuil
represent actual  tuo conditions Thus the carbon dioxide .;omcmmuC
be influenced by the kind and concentration of the buffer amons in the ln“n
These anions are composed partly of labile tussue metabolites the a:;‘ o
tration of which change markedly in few scconds after dcapnnuoumu
MclLwary 1959) \Moreover the ussue metabolism gives nse to an A]E;j I
lation of carbon dioxide 1n the penod between decapitation and a:: )ualcll
1s thus evident that as long as the post mortem changes c:mnolbc-l} gauuun
controlled the total carbon dioxide values must be treated with
when used for quanutative caleulanons
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A sull greater uncertamty 15 mtroduced when the values for total carhon
dioxide content are used for calculations of the acid base metabolism of the
ussue In previous works 1t was necessary to assume that the tssue carbon
donde teasion was the same as that i artenal {or venous) blood and further
that the pk., and the carbon dioxde solubility coeffictent of blood plasma
could be used for bran mtraceliufar water {BromiE and WoopBury 1958
Nectes 1958 regarding the solubtity sec below) Further assumptions were
ntroduced by the use of the chlonde space to scparate extra and mntra cellular
compartments

Altbough our knowledge of the HCO,/H,C0, buffer system of the cerebral
cortex 15 meager and the measurements performed are open to theoretical
ehjections accurate measurements of the total carbon dioxide content stll
represent a useful approach Thus the devel of a methed for quanu
e measurements of the average carbon dioxide tension of the cerebral
cortex (Stespo 1961) affords a means of studying an important \vanable
of the buffer system continuously #1 22 o Knowledge of the solubihity of carbon
doxde 1 the ussue would mabe 1t possible to express the results of these
measurements also in terms of carbomuc acid concentration If then the total
catbon dioxide content of the ussue 1s ty d d a d
@n be made between the carbon dioxide dissolved and that combmed
chemucally

The present expenments were prompted by the niced for further work along

e Lires 1ng above The exp to be reported below were under
taken to analyse the HCO,/H,CO, buffer system of homogenized cerebral
cortical tissue by d of (1) the solubility of carbon dioxide (2) the

amount of carbon dioxsde bound by buffers at different carbon dioxrde tensions
(3) the apparent dissociation constant of carboric acid and (4) the relation
between PH and carbon diwoxide tension Duning the study an attempt was
made to mimimize post mortem tissue changes by fieezmg the brams of cats
i situ The subsequent homogenization of corttcal tissue and equilibration
With different carbon dioude tensions were made 1n an anaerobie atmnosphere
M the presence of an mhubitor of tissue glucolysts Carbon dioxide values
were expressed as amount per gram of tissue and per gram of water 1 the
iusue respectively Thus no artempt was made (o scparate extra and mtra
ellular compartments Values for undiluted ussue were found by extrapolation
from the homogenates

This paper deals with the solubihty of carbon dioxide 1 cortical tissue

cept for an wsolated d m fat free h of rat bram
2nd muscle ssue (Nicrows 1958) no of the solubshity coefhi
for carbon dioxide 1n a composite ussue seems to have been reported Previously

€ significance of the Bunsew cocfficient obtamned by Nicwors 047 mt
€O,Jml of H,0 1n the ussue) 15 questionable (see Discussion)
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In the present work the homogenates were acidified and the Rigses
coeficient (m! CO,fg tssue and ml CO,fg of H,O m the tssue respectinely)
determuned for homogenates contarng from five to forty five per ceat cells
It will be shown that the solubility cocfficient was hnearly related o the
per cent by weight of tissue in the homogenates After extrapolation 10 un
diluted ussue the coeflicients ¢ 49 (m! CO,fg ussuc) and 061 (ml CO, g of
H,0 i the ussue) were obtamned. Expenments performed with fower carbon
dioxsde tensions revealed thar the solubtlity followed Heaavs law a fact
which should exclude adsorpuion of carbon dioxide mn the tissue under the
expenimental condinons chosen

Additional experiments were done to determme the solubility coelficicat
for carbon dioxide sn 016 M NaCl, in cerebrospinal flud apd mn water
The experiments on water which served as a test of the methods used, clesrh)
mdicated that the majonity of ginen m the | are toa hugh.

The solubility coefficient for carbon diowde 3n tissue densed from the
present experyments made st possible to study the amount of carbon dioxide
bound by buffers at different carbon dsoxide tensions the ph, of carbonic
acid as well as the relation between pH and carbon dioxide tension 1 the
homogenates The results of these expersments will be presented i subscquesnt
reports (Siesyo 1962 b—c)

Theory

Hznay s law states that the amount of gas dissolved 1n 3 bqud 15 durect]y p
o the partial pressure of the gas n equibbrium with the hquid At modera
dioxide tensions the equation can be wnitten

roportional
te carbon

Peo, R = (COyp @

m
In contrast to most other gascs carbon dioxde docs combine to  certan exteat
the solsent molecules
5
CO, ~ H,0 T2 HyCO, kg = amycoy/aco, = 000317 a1 38 ¢
e will thus cxst partly ¥

P e
oes, however form ©
Epsase and Wy 138)

In water solutions the physically dissalied carbon dioxd!
anhydrous partly as hydrated gas The hydsated form d
negligible part of the total carbon dioxide 1 sofution (¢f “damde o
and 1 1 conventional 1o designate both forms eiher 1n terms of carbos
for acd base calculations 1n termy of carbonie acid dely wsed cod
“The solubility 15 wually expressed as a coefficient the two most m[..z.l’:r :«/fnﬂ“
fients beng the Bussen chiorption coefficsent (@) and e OsTwALD ;0 " { o
{L or #) The Bensen coeflicient {a; 15 defined as the ratio of the w.}l:mwhtﬂh
standard conditions of gas dusohied at | aun. 1o the volume ¢f cblmd s faszd
cocffiaent has been used (o express the solubility of carbon dmx;dc“u;lmn ol
{vax Spyxe Sesprov Hastnes and s 1928 BaxTELS m7 M the e
erythrocytes (VA Stikz e ol 1928, and body far (Nayors 1957)
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2d the carbon dsamde tension are known the carbonic aad concentraton can be
calewdated thus

Peo, a 1000
60 Wl

H,CO, (mMfl) = o)
2226 bewng the volume of | mg molecule of CO, at 0 and 760 mun Hg (Guye and
Porza 1908)

1o the majonty of previous studics, the carbon diaxide dissolved has been measured
5 phyncal meass. In calculatng the cocfficients, the volume of gas + as reduced to
s120dsrd conditions using the deal gas lavs Thus, coefficents obtaned by chemical
wethods can be expected fo differ from those measured by physical methods 1 the
sam¢ degre- 3 the gas deviates from the wdeat gas Jaws (Marxaast and hose 1941

In the present work the carbon dioxide dusolved v as cheoucally determuned. The
Beation 15, when dealing with a tssue lke the cerebral cortex, o express concen
#3003 per umit weighs and not per unst vofume Accordingly the solubility was
@ledused as a Boswev coeffictent, encept that the amount of sohent was 1 g The
g coefficient 1 then m fact a hvEvey cocffaent (, = ml CO_g) In ac
fodance with previous work (vAn SLYAE ¢f o 1928) the cocfficient obtuned was
Buca the subscript () when the carbon dioude concentranon was calculated per g
o warer 1 the solutions,

When earbon dioxide 15 dissolved 1n water solutions 1t does not only combine with

Wwater molecules but also with the hvdroxl woas

€O, + OH™ == HCO™ )

The biearbonate jons formed represent chemically combined carbon dioxide. As this
TR0 may be of ¢ when the solubility n water

@ procedure of acidif 1ng the water and the salt soluwons was folloy ed (VAN SLvaE
A al 1928} The aad becorues of p + hen v orking s 1th
Biologcal fluxds and tisues + here bicarbonate sons are formed through the meracuon
o easbonic acid and different buffer anions (A7)

H,CO — A"== HCO™ ~ HA ©)

X she solutions are acidsfied to pH below 4 neglgible amounts of bicarbonate can be

ed and all the carbon dioude m the solution can be looked upon as bewng dis-
sohed. The addion of scids 11l ko ever shightly influence the solubihity of the gas.
Ta account for this wfluence correction factors for the added 1008 kave been determumed
A% SLYRE 4t of 1928 ‘These factors were used .o the present work.

Vbl and experymental techn ques

The anumal experinents were performed on eight cats after prelunmary tests on
YA and rabbits, The cats  ere anacsthetized wath Nembutal {0 g g body weight
p) and allowed to hreathe spontancoush The bram was expased chrough 2 wide
Suotomy The dura was then resected  carcfullh avoiding myury 1o blood vessels
4 yengus simuses Liqud nitrogen was then mmediately poured onto the bran
“ul 0t way completely frozen The frozen tissue was scparated and placed 1 hquid
Qogen, The cortical ussue was then chiselled from the underbang white matter i
A cold room (+ 4 € and fragmented m 2 chuled staaless stee} beaker In scparating
the coruical pssue the frozen ussue fragments were cleft 1—2 mm from the surface of
e gym, and the pieces truamed 30 23 1o TEMOVE ad substance which was macro-
opically white The procedure of freezng m suu 1s that of hene (1932)
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During the wholc process the frozen fragments of cortical ussue were not allowes
1o thaw unul they were mtroduced tnto the icecold acid (0 1 N hydrochloric or previ
ously bolled lacuic aad) contaned n a 5 ml Porter glass homogemzer with ¢
ughtly fitung pestie Prior 1o this the acid was equilibraied with nrtrogen and th
amount pipetted mnto the homogemzer was weighed by difference on an amalyucs
balance After the ntroduction of the cold picces of tissue 1nto the homogens ef th
latter was closed with a rubber stopper leaving a small sht at the nozzle of the homo
genizer to allow the expanding gas to escape. The tissue was then homogenuzed fol
3--5 munutes care being taken that all fragments of tissue were ground up The surface
of the glass homogenizer was carefully dricd before the homogenizer was once agaur
weighed to determine the amount of tissue The latter was thus expressed as perceat
age of weght of the homogenate

The water used was distlled once and aaidified 0 a concentration of 01 N lactc
acid or 01 N hydrochloric acd For the determunation of the solubility cocfficient
1 water the lacue acd solution or alternatively a 001 N HC! solution was used
Sodium chlonde solutions of an 1ome strength of 016 M were prepared from th¢
analytical grade salt and 0001 N HC! Cerebrospinal flud with a protemn content
of 20—+#0 mg per cent, obtained from humans by puncture was acidified by adding
1 per cent concentrated lactic acd

For equibbration with the gases used the homogenates and the solutions were trass-
ferred to ball tonometers (LALE 1951) 10 a water bath the temperaturc of which %35
keptat 375 C (= 01 C) To ensure that the gases attaned (he temperature of the
water bath they were led through copper tubes before entening the bubble humidiicrs.
Double samples were taken after about 30 miputes and 40 minutes cquilibration usng
ordinary straight glass pipettes with sufficient bore to permut 2 0103 ml sagnple
0 be pipettcd in about 1-—2 seconds The pipeties which were kept at the temparaiirt
of the water bath were flushed several times with the equlibration gas before the
samples were talen The speed of the gas flow was increased dunng the sampling
from the tonometer RED
Y The gas used for cquilibration was either carbon dioude (hOLSYREF ABRI )
Malmo) stated to be 99 7 per cent pure or a carbon dioxide mitrogen mixture b
carbon dioxide concentration of the latter mixtures was determuicd by SGHOLAT: .
analysist The steel cylndens contaimag the muxtures 3 cre bept honzonm“)W e
nuxtures usually contained 020 3 per cent oxypen which was removed 3t len "
1n an electnic oven by leading the gases through Pyrex glass tubes wnwnmimii,
copper wires The glass tubcs were first packed with cupric oxde wires (
which were reduced by hydrogen gas duning gentle heaung®

The carbon dioxide tension was caleulated according to the

Per cent CO,
100

usuat formuls

Peoy = (B—484) &

where B 1s the corrected barometrie pressure i mm Hg and 48+ the \apou:n;::’:’“"
of water at 375 C The barometric pressure was read from a mereun

diately before each od with the

The carbon dioxide content of the equilibrated samples vas dAeTmne 0,

mcrodiffusion method of Cosway (1950; using 2 A units (CALI-F)}; Copenluagen!
and a 500 1l horizontal burette (DANSh LABORATORIEUDSTYR Cope

3 Parformed at the Iastitute of Physiology Lund
* The metbod was suggested by Dr E. Buapi (Dept of Analyucal Chemsiy 14
help i grasclully acknowledged

) who#
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Pipette

Tz | Conway unit (24)
amanged for perfus on wath

Pch

B
hondioude freemtrogen
Y i = cu
C.u = Comnay umt wath

1d i place,

74
5 = sample, = s
2 eh. ~perfusion chamber
Btedwth cover of Perspex s \Batow,.
g mounted at the I 2 3em
Tower erdaf the steel walls, [

ed by
Tre mfiuence of atmospheric carbon dioxide upon the measurements was a1 oid
3 saght modiication o? that descrsibed by Hors Jewses (1901) Thus a sm: ::.—;ur
Bale (5 i 1 duameter) was made 1 ihe glass Iid matching the outer chaun - of
Beuntvath the ld 1 place. This additronal hole could be covered with a steel ¢ amadc
* Prrfusng the unut wath carbon diowde — free mirogen gas Contact nas made
Stwten the perison chamber and the Ld by sacans of an oring. fited 1nto the fo
<d of the chamber Fig 1
ttration was p(e.-fgnnZd as follows _the unst and the penphery %f;h; d;;gl h:l::
Ve coated valy vaschme and the bids brought o place 03 ml \ HOL was
¥etted 15t the outer chambers of the amts trogen gas was then passed theangh
fasbon diomde abuorber and ted an parailel streams through three was ﬁ‘;mmm“
Wiough the perfusion chambers mounted on three uniis After namies
Perfusion 025 rol 00§ N Ba(OH), (wrth thymolphtatemn as indicator) was e
{80 the central chambers of the umts by means of a 1 m! hrorn S’I’:ni:ss T p
Tye 22 ten stopped and the holes 1n he hids smmedsatels closed wit gl s i ;pc;lsr
The Covryay units were weighed to the nearest tenth of a mg  After equ:hl ’;m«haw
Samples were quickly pipetted 1nto the outer chambers of the umg[ ‘:rl.e Jpmediate
pRlacement of the glass stoppers and the units weighed agaim  the theec unas
Pelised snaltanconsly ome was used for Blank utration Sty minulcs wer allowed
for diffuyon After that ime the utration was carrred out 3 1th 002 ) f(lhc ol
AERCR) 1y 5 stream of carbon dioarde free nitrogen gas The normbalnll)l o(\ e
x :};ﬂ 2 <f other aaids used was cheched by utration with acd phtalate
* G atidimesre st
e amuunz";r u:;od:r;ondc titrated was expressed as u\M/g and calculated ac
ORdINg 10 the formula

8

002 (T —T)
O, Mgy =

w
;‘h"e Toand T are #1002 N acid utrated for blank and sample respecinely and
b5t the wesgh, ams
ght of the sample 1 gr: N
¢ salubulygy i {y) was 2 to the formula
/60 CO, 2226
} T TP, 1000

©)

In ey tration was expressed as g\ per g of
ulauy bon dioxide cancen }
Batee 15 1 si]&’uo:‘ e’I'fnaexarnnum of water 1 the tssue was measured by drying preces
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Table I Solubilty coefficuent (ml CO4/g) of sarbon duoxade 14 1ater 016 M NaCl and conchro-
spiral flud at 375 C X = mean calue of the group N = mumber of determunations gy =
stondard decxatson of mean In caleulating the salubabty cosffent Jor water the depresss ¢ fictof
the added hydrocklone and was corrected for by adding 0 0003

Solution < Range B Joa

Laztic 2nd 01\ 0510 0546305584 ] -

HClo01N 05518 0.5451-0 5292 19 ool
Water acdified 05018 - 27 0001
Water not aadified 0.607 05,01 —0.5681 2 00010
NaCl 0163 0.5306 05223-0.5377 7 00018
CSF 05296 0.5220~0.5358 21 toad

of ussue overmight at 110 C and determumng the Joss of weight Ths 1 the usual

procedure for obtatmung the amount of water 1a the tssue (sce ¢ ¢ van Suake o of

1923,

Xn)auorda.ncc with VAN SLYRE of af (1928) 1t was asswned that the undusoaated
lactie acid a3 well as the hydrogen 1ons added to the homogenates did not mffuen ¢
the carbon dioxide solubthity The effect of the chlonde jons added and lactate sons
formed was hawever altowed for by wsing the correction factors detommned by the
above werkers The chlonde 10n concentration was taken as that of the hydrochlore
aad corrected for the dilution 1n the homogenates The concentration of iam‘;"‘:‘"

Mas ealenlated from the Henpersow HAsserparc equation using a ph’ for
- of 374 duod of

The pH of the bomogenates was determuned at 375 C with the microme e
},ouxn ANDERSEN - EncEr, Joroeasew and Astaur (1960) Al pH ralus

- 1o the 005 M phtalate phosphate and borate buffers according to the iwl ’d“md'
of \ B S (Barzs 1923) {for interpolated values af different temperatures sce Ma iy
1928) The phualate and borate buffers were used to check the lincanty and the z:s;:“ -
cation while the phosphate served as primary standard for all wdnsduad ”::1 "
meals The buffer soluuons were prepared from freshlv boiled disulled wal
<orresponding \ B S sals

Resalts

The solubthty of carbon dioxsde 1 water Prior to the solubility mmur]d:::ﬁ:
the utraton method was tested on freshly prepared carbonate sa\umc‘
Esghteen deterounations on 2 solution contaiung lO/:moIcn\agcoa/gfl) The
P 3) gave as a result 999 = 002 gmoleslg (mean + 8§ D of mmumﬂd
procedure used 10 determune the solubidity was then tested by mcasc o
of the solubibity coeficient for carbon dioxide 1n water at 37.31 e
solutions of 01 \ lacuc and ¢ 0] N hydrochloric aad. The rcsuclls e
measurements as well as of the measurements on 016 M Ma P
cerebrospinal fluid, are shown tn Table T It s scen that there 1 n0 e
diffesence between the two kinds of acidsfied water solutons ‘I'hz,:lj s
of all measurements on water 15 05518 (ml CO,jg water) I 1
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ermced 1038 C asumng a 2 per cent change per degree (BaxteLs and
Wasmzsy 1960) 0.046 15 obtained. The latter value should be compared
with the coefficients 0947 (van Stvne < ol 1928) and 0 316 (Baxrers and
Wasrrzzy 1900) earber determined 2t 38 C. There 15 thus an excellent agree
zient between the three sets of determunations The divergent values obtained
by vther workers however made 1t desiable to determune the solubibity
weffeient also . water which had not been aadified previously (see Dis-
uon) It 15 seen n Table I that the coefficient thus obtaned 15 almost
2 per cent hugher than that obtaned on the aad solutiens

The sulubshity of carbon droxade 1a 0 16 M NaCl and in cescbrospinal find. The
wlubiity of carbon dioxide 1 CSF has been assumed 10 be the same as in
a st soluton of the same 1onic strength (¢f Aexaxper Cetrasp and
Laoerrses 1961) To test this assumpuion Measurements were made on
816 M N\aCl solutions and on acidified CSF (Table I) The coefficient ob-
tiutd 2t 37 3° C on the 0 16 M NaCl solutons 0 2306 (ml CO;(g solution)
% 1 good agreement wath the value of 0527 (ml CO, m! solunon} at 38 C
which can be denved from the work of van SLYRE et al (1928 Fig 2 p 776)
115 al56 scen that an almost sdenneal solubality coefficent (0 5296 m) CO, /g
luuon) was obtaned on the GSF a fact which strengthens the above
asumpuon,

The solubility of carbon dioxsde tn cortical tssue The nwration method used
meauses the amount of carbon diomde dissolved sn the sample at the ume
withdrawal from the tonometer and any carbon dioxide which could possibly
be formed, dunng the ume allowed for diffusion. In order to evaluate this
:’“’c‘ of ervar 18 determunanons were made on dfferent homogenates equy

brated wagh carbon dioxide free mitrogen gas In 11 of these no carbon dioxide
Y3 cvohved the mean value of all 18 bemng 003 mmolesfg
Z”m%matc. The carbon dioxde produced should thus be an nsignificant

aclion of thas dussolved when the h were eqt d with pure
;ﬂ"’“ dimde At low carbon dioxide concentrate s the above figure will
m“nﬂ‘ form a sigmficant part of the total amount f gas ovoled (about

Per cent at 1 per cent carbon dioxide!

" enteen expenments were carszed out on the homogenates The and
¢ 7 values obtaned were plotted agamst per cent by weight of corucal tissuc
' the homogenates (Fig 2) Each wdimidual value m the figure 18 the mean
%0 1 four determunations fusually two double samples each with its own
} The per cent by weight of bramn wssue 1 the homogenates vaned
Yetween 5 and 45 per cent Homogenates more concentrated than that could
';‘01 be Iesugated as they did net flow freely enough 10 permnt equbbranon

% alf homogenates pH was below 380 In a given homogenate pH vatiations
g0, 20 seem 10 have any wnfluence upnn the results as judged from the coef

Gients obsained with identical home genates except fr r the acsd bang 02 N

£ seen 1 the figure that there » a hnear relsuion between solubility cocf-

—
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Fig 2 The solublity coeff
cient (ml CO,fg) of carbon
dioxide 1n cerebral cortical
homogenates at 375 C,
The indus ddual symbols de
note expenments on diffcr
ent ammals Note linear
relationship beween solu
bility eocfficient and tissue
concentration 1 the homo-
genates also themtersecton
of the regressian hines with
the zero per cent lne at e
powntpreviously detertmined
for water (sce text) The
extrapolation of the egres
sion hines to the 100 er
cent ine gives the solub bty
coeficient  for  undduted
tissue,

Timico /g

100
P e lssue

and tissue concentration n the homogenates The solubihty coeflicient
for undiluted nssue was found by extrapolation of the regression hines assunung
Imcaruty also at tugher cell concentrations The slope of the regression lines
and the mtersection with the zero and the 100 per cent lines were found by
applying the formula of least squarcs to the homogenate values The values
thus found for the 7 and the y of undiluted cells were 0492 (ml CO,/g) and
0611 (ml COjg of water) respecuvely The analysis fusther showed that
both regression Lines intersccted the zero per cent line at 0551 a value that
comes very close to thag actually determmed for water (0518)

The solubility of carbon dioxide at low carbon dioaide tensions The possibilty
of an adsorption of carbon dioxide to structurcs i the ussue must be borne
i mund Thus there 15 some ndication that carbon dioxide may be adsorbed
to particles in collodia] solutions (Fixprey and WirLiass 1913) although the
lack of informauon about pH i these studies excludes any definite staterment.
Since adsorption of carbon dioxide should mantfest stsclf by a devatton from
Heary s law, determunations of the solubl T were perf d 3t
low carbon dioxide tensions ¢ 25 and 15 ;)cr cent carbon dioxde m the
equibbration gas no deviations were found from the coeflicaents obtancd
with pure carbon dioxide At sull lower concentrations however, there ¥
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Table IT Solubility of corbon dionde at low carbem dioxide temsions
y was calculated according to equanion {9) A COy 15 the diference
betueen the amount of carbon dioxyde dissol ed 1n the abore expertments
and that dissolted when the equabbration gas was pure carbon dioxide
caleulated per amm Hg a mm Heg s the carbon dioxtds tensions tn the

abo ¢ experments
Peo, Per cent 7’ 4¢co,
mm Hg homog ml COy/g AM/g
91 131 087 002
91 366 0.560 002
366 152 0542 000
366 319 054 00>
366 363 0551 002
660 195 0541 oot
660 68 0539 004

4 progressive ncrease mn the coefficients obtained (Table II) This ncrease
Was suggestive of an adsorption If however the dufferences between the
amount of carbon dioxide evolved at the lower tensions and that obtained
with pure carbon dioxade for the same tension were plotted the 4 CO, values
in column 4 were obtamned These differences were evidently not greater than
that they could be explained by carbon dioxide production mn the homogenates
(see above) The results thus gave no wdication of an adsorption of carbon
dioxde 1n the homogenates but showed that within the experimental error
of the present method and at the actual pH values the solubility of carbon
dioxide followed Hewwry s law

Caleulation of carbonic aad 1 the h The solubility coef
fient () derved from the present work can be used to calculate the amount
of carbonuc acid (by comvention the total amount of carbon dioxide dissolyed)
Indifferent cortical tissue homogenates at any carbon dioxide tension To do this
one has only to draw a straight Line between a 2ero point representing the
solubility 1n the hqud used for homogenization and a 100 per cent pomnt
o 1

2 the sol y 1 undituted ussue A sumple wnterpolation will then
give the solubility 1n the b at any ussue on If the amount
of carbon dioxde 15 expressed as uM/g it will be gien by the relation
CO, (uM/g/mm Hg) =Py, S (10)
where § 15 the solubility factor given by the cquation
, 1000
= 760 2226

The S values for the homogenates using either water or 016 M
homogenizaton fluid are shown m Fig 3 If another home,
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Fig 3 Carben dioxide solu~
Inlity factor for intercon
version of catbon dioxide
tenson {mmlig) to carbon
dioxide concentraton (M
g} The hnes given are aps
plicable to  homogenates
prepared with water and
016 M NaCl respectinely

o W oW 3% 4 S0 60 70 80 90 w00
Per cent lissue

15 used a new line can be constructed, by snscrting the solubthty factor for
the particular fluid as zero pownt In finding the solubility coefficient for carbon
dioxide m the fnd used advantage can be taken of the fact that the cffects
of the added 1ons upon the solubihty are addine (VAN SLYhE ef ol 1928
Marnnanm and Kone 1941)

Discussion

The solublity of carbon doarde n water ‘The vahdaty of the titration method
used 1n the present nvestigation for the determnation of the carbon dioxde
content was confirmed by the measurements on the carbonate solusons
Likewsse, the close sumilanty between the present solubility coefficient for

thon dioxide 1n water and two such coefficients determmed earlier (VA

YAE el al 1928, BarTELs and Wrarrzay 1960) at first indicated that the

cedure followed m determumng the coefficient was a valid one A study
of the hterature concemming carbon dioxide solubihty did reveal howeter
that the abose coeffictents were lower than scveral others reported Althought
the duscrepancies were commented on sometimes no cxplanation was put
forward to account for them In order to find the cxplanation a comparison
was made betwcen coeflictents determuned at 25 and 38 C The Osrward
coefficients (7) and the Hesmy s law constants (Q = mngo /atm ) were con
verted mnto Bunsew coefficients («) by applymng the formulac (at 2 C)

a= %) a=222 Q d

where d 15 the density of water At 38 C the comparson was made beiwees
the Kueaen coefficient (y) after correction for the density of the sol;lwn’
used (Table I11) The volume of | mg molecule of CO; 2t 0 C and 760 mm
Hg was taken as 22 20 mi -

1t 15 seen n the table that at 20 C the majonty of cocflicients nppmm"-'; ot
to 0755 while one (0765 Harsep and Davis 1043) 18 considerably hl‘}i‘;n
and another (0743 BarTELs and Wrarrzay 1960) considerably 10““38 o
all the others The RuEREN coeflicient obtamed by the latter workers at
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Table 1 Compansson betgeen olubalety coufficserts veporied, } Ostvwarn coeffirert

(2l €0 frl, gay rolurmg measured at actual temperature) @ = Buoss coefficicut (i COyfmd
248 Solime redbueed g shondord tonditions) e Rvewes cogficeert {md COutg gas volume reduced
B 2odond cnditions) Thg iffevent cocffcsents repored mere inlerconterted by the cusiable equasions
(00 138) The walime of 1 g mateoty €Oy w205 assumed 1o be 22 6 ;i

Tovesagaror Az a5 FE)
S
S 1899 0826 2757 (]
Jur 190 6876 0756 -
Grerexey 1904 0826 756 ~
Fovuev-Chsioroy 1919 0817 0749 -
Fsonry Susx 1917 0825 0726 -
Foon Wasanws 1913 [J:3 0748 -
Aeverr 1977 o818 049 -
¥ Sive e ol 1903 - ~ 0347
Morcax Pz 1939 8827 a7 -
Y Melvves 1935 08i% 075 -
Bose-Watraesa 1935 - 07at -
b rat gggy 6819 0720 -
Coay Huzverow 19,8 a8zt o 52 -
M Nozz Igt - 0737 -
Haasin Dy 1953 — o & 0556
TR RSty 1960 - 713 8548
e Nonx as dfied - - 0546
ST WoRK, 1ot acidified - ~ 0.522
———t T

0746) 1 howerer m close agreement with the coefficents obtawed by
SAY Styme o g (1928) and by the author Iz 1 also clear that there 15 2
Tarked dufference between these three coeficients and all others when a

this seems 1o tmyolve 3 questian of termunology It s clear however that s
2 d8Uncuon 15 10 be made between true salubility and chemeaj bunding the
shublity coefficient should be measured on Water which docs nog possess the
bty 10 bing carbon dioxade n the form of bicarbonate The same argumeny
®ust hold for salt solutions
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The solubslty of carbon dwsids 1n cortical tissue homogenates “The method used
to measure the solubility of carbon dioxide 1 the homogenates does inude
errors resuling from any carbon dioade produced by the tissuc and errors
resulting from the handhng of the frozen tissue The control expeniments
referred to above did not mdicate any carbon dioxide production of an order
sufficient to mfluence the results As for the second <ource of cITor, it must
be corcluded that the intersection of the regre sion lines with the zero concen
tration hne at the value previously determmed for water should exclude anv
large systematc error The spread of the wmdividual homogenate values akso

mdicates that the solubility coeffi denved for undiluted ussue 15 valid 1n
the second decimnal place provided of course, that a straight relatronship
between solubslity it and tissue can be assumed to exst

also at high tissue concentrations The latter assumption cannot at present be
proved expenimentally As remarhed by VAN SLYAE et ol (1928) st appears
unprobable however that the effect of the clectrolytes and the solids of the
tissue upon the solubihty should be other than linear Another assumption,
which cannot be subjected to cxpenimental proof, concerns the effect of the
replacement of the buffer anions of the tusue upon acdification There 18
thus 10 way 20 deaide whether the und d buffer aads infl the
solubility to another degree than do the buffer anions although 1t 1s clear
\lhat the difference 1f any, should be small under the present conditions {¢f
A< SLYKE ef ol 1928)
jl'hc expeniments on the homogenates clearly show that the solubility of
dioxide per gram homogenate decreases with increasing amounts of
tissue constrtuents The solubility per gram of water in the solutions however,
shows an increase with increasing cell concentration The latter finding 1ndh
cates that apart from water some other tissue constituent (or constituenis)
acts as a solvent for carbon dioxade and 1t 15 tempting to ascnbe the soln;g
<apacty to the lipuds of the tissue A positive statement cannot however be
made on this pownt Thus the cerebral cortex contains only neglgible amounts
of neutral fat (¢f \elrwary 1959) and nothing 1s known about the mﬂucr;tc
of the special ipds of cortcal tissue upon the solubility of carbon dioxs f!r
Further 1t cannot be excluded that other cell constituents fike proteins ac
as solvents for carbon dioxide ot
It 15 debatable 1f measurements on fat free tssue homogenates (Nj:m
198) do give any useful mformation on the solubulity of carbon dxobx‘: e
the bram Thus 2 coefficient obtaned from such experiments cannot e
to distingussh betw een the amount of carbon dioxide dusul»cdland ll:::o oo
respectively \oreover the 1 of a coefli thus obit  carbomc
base calculations will be of very huuted value as long as the ph, of ca e
acd 15 not determmed on the same system. Finally such a dﬂcmu(:bulc
would still be adventurous partly because the Iipds undoubtedly con o
to the carbon dioxide buffering partly because the Iipid extraction 15 op
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change the tomc strength of the system since morganic salts are removed
{Forcn, Lexs and Sroane Stancey 1937}

The mam value of the present exp 15 the deter of a coef
Scient (y) which makes it passible to disunguish between the amount of carbon
dioxde dissolved and that bound as bicarbonate 1ons respectively Thus if
the carbon dioxide tension as well as the total carbon dioxide content are
known the bicarbonate concentration of the ussue Is easly calculated (o
equation (1)) The » coefficient has no wseful meamng other than that it
demonstrates the capacity of the tissue constituents to dissolve carbon dioxide
“one of the coeffictents, however 1s @ good measure of the S factor 1 the
denonunator m cquation (1) since thus factor should denote the carbomic acad
¢oncentration 1 the water phase of the system under study (¢f Sizsjo 1962 <)

In the present work no attempts were made to separate the tisue into
©dra and intra celiular compartments The present controyersary about the
size and even the existence of an extracellular space in the bram gives no
ratonal basis for such a procedure  Moreover, 1t can be shown theoretically
that 1t 15 hughly improbable that a large part of the bicarbonate of the tssue
s confined to the conventonal chlonde space (StEsjo 1962 b) ¢ s felt that
unte] further Loowledge 15 avaslable concentranons are preferably related to
the tisue as a whole Such a pomt of view does not ivolve any greater draw
back wath regard to the present results as their principle value should be the
Posubility to distinguish between the carbon diossde dissolved and that bound

apphed the present extrapolated coefficient nught even be assumed to be
vabd for intact nssue

Thu invesugation was suppo ted by funds of the U ve suy of Lund The technseal assstance
WM Unsuza Meves and Miss Mag Lis Ostertovn 18 gratefully acknowledged
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The Renal Excretion of Lipord Soluble Substances as
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Abstract

CroNE C The renal exeretion of bipord soluble substances at exemplified
by the eacretion of etharol Acta physiol scand 1962 55 342~352 —
The present communication deals with the excretton pattern of
ethano} an organic substance for which the kidney 1s 2 very poor
organ cf excretion The purpose of testing this substance was to see
whether the gencral laws relaung chemscal consttution and ability
to cellular lated by Cortasper and
BaRtune are applicablc to the renal tubular cells The findings were
n accordance with that general rule Contrary to what s usually
found for passively transferred substances with higher clearances,
the U/P ratio s were found to be lowest at low rates or urine flow
The L/P rato s varted between 09~1 1 over a wide range of rates
of unne flow Further it was shown that for ethanol the renal
papilla only very stonly attains equilibrium with the arterial plasma
and as ethanol in the final unine s probably 1n equlibrium wih the
interstitial tssuc of the papulla thus fact stresses the absolute necessity
of g a constant af cthanof m the artenal
blood 1n experiments on the renal treatment of this substance Where
casily diffustble substances are concerned the renal papilla behaves t0
some extent as an autonomous part of the kidney

Nicuores and HERRIN 3 invesugauons (1941—42) on the renal cxc’xcu:;l
of dufferent non electrolytes urea thiourea and dervatises of thiourea s ‘o:on
that the cl of these sul: es di hed as the lipoid water pars
coefficient rose Tlus unportant obseration suggested that the pmnt, Tt
diffusion of non clectrolytes from the tubular lumen to the mrersu;l::J i
takes place 1n accordance with the general biological faw for ‘ht(fgozjsand
non-clectralytes across cell membranes formulated by OverToy
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later by Corranper and BarLtan (1933) They showed that the ability to
pass biological L by diffi 1s dependent on the tend of the
molecule to form hydrogen bonds with the water molecules or as they stated
the polarity of the molecule 15 the most smportant single physico-chemical
charactenstic determining the rate of passage® Many imnvestigations on the
tenal excretion of typically polar substances {polyvalent alcohols .nd carbo-
hydrates) have been published, but the excretion pattern of less polar or
non polar substances has hardly been invesugated A study of the renal ex
cetion of ethanol may therefore be of some mterest

Tt known that only small amounts of ethanol about 1—2 9%, of the onginal
dose are ehminated by the hidneys This indicates the absence of any marked
abilty of the renal tubules to concentrate ethanol and so the substance may
be grouped 1n accordance with the Collander Barlund scheme However, 1t
i not known whether or not the renal tubules can concentrate cthanol to
3 swall extent or of under steady state condinons the ethanol concentration
1 the unne 15 1dentical with that of the water phase of the plasma In the
Present series of expenmments the U/P,, rato?® for ethanol has been determmed
OVt a wide range of unne flow rates Earlier experuments on renal excretion
of ethanol haye only been performed under conditions i which the hidneys
“eee producmg a dilute urme as ethanol blocks the release of vasopressin from

© neurohypophysis Thus report includes observations made at very low
Taiesof flow established by the continuous infusion of antiduretic hormone

As the ethanol concentration m the urne 1 close to the concentration 1n
the water 3¢ 45 reasonable to assume that it 1s the concentration of ethanol
;h the renal mtersutial ussue that determines the concentration 1n the urine
t has become apparent 1n recent years that the kidney may be regarded as
wmsistng of two separate parts from the pomt of view of blood perfusion
{eortex and medulla) because there is a ratio of 20 1 between the cortical
and mtdullary blood flows (lraver Tuurav and Deerjen 1960) In conse
Quence the medullary parts of the kidney will enly reflect changes in the artenal
ncentration of infused test substances relatively slowly and the counter
current exchange mechamsms of the medullary capillanies wall further delay
e cquilibration of the artersal plasma and the inner parts of the kidney
Specially in the papillac These considerations together with the expected
Squhibration of ethanol between the collecung duct unne and the medullary
tersntial flwd, stress the importance of maintaing a constant blood level
of ethancl i myesugations on the UJP ratio of thus substance
tnments were made to find how umportant 1t 1s to maintain a constant
of blood ethanol Observations were made of the changes i concen

level

f
The term polanty 1 used b re to describe the p ope ty which d pends on the polanzable
E';Hm P esent . the molecule rather than on th magmsud of the dipole moment,
* Sgnufies the concentration 1 the water phasc of the plasma, caleulated as the plasma
Seceatranon X 105
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Fog 1 Apparatus for the un:h‘{
€quilibration of plasma and

urine with ethanol The

vessel D contamns an aque

ous solution of ethanol

Vapour from this 15 ciren

lated through the apparatus

by the pump C The flashs A
A and A, contam urine

and  plasma respectss cly

and are mounted on a

rocking table B

tration of ethanol 1 the urine which follow the rapid cstablishment and
subsequent maintenance of an approxtmately constant level of plasma cthanol
From these results the rate at whuch the renal papilla comes mto equilibrium
with the artenal blood has been estmated

Substances with a conssderable vapour pressure at body temperature do
not neces anly have the same concentration mn different tissues even if tension
dsfferences do not exist In other words the proportionality constant (k=conc |
tension) which relates tension to concentration 1s not necessanly the same for
;p]asma as for urime If 1t were greater for plasma than for unme 1t mght be
expected that the ethanol concentration in unne should be lower than that
m plasma evenifan equihbrium had been established between the two phases

As it was mdeed found thas in some cases the U/P,, ratio was Jess than 1,
N Vilro expermments were performed 1o determine the ethanol conccmrauo;:
w plasma and unne after the two substances had been equilibrated wit
ethanol at the same tension

Matersal and Methods

L Debermunction of the UJP rateo for ethanol The experiments were perform“:x on f‘:‘n':f
mongrel dogs (weight 1329 kg) In (he majority of the cxpenments the expen
were anestheuzed with Nembutal® 25 mg/kg body weght In a few (md,mcun
ments were carried out on unanesthetized tramned ammals because l‘r “sz ol b3
to obtam high unne flows 1n ancsthetzed ammals A priming dose °H:od concen
gwven through a gastnic tube after suitable difution with water The b of ethancl
trations of ethanol were usually betwcen 100—200 mg/100 m! Constant Jeve! nt sohution
1 the blood were obtained by continuous infusion of ethanol 1 a 09 pes r‘;;“ and the
of NaCl At feast 1Y, hour elapsed between the 1njection of the pﬂmmﬁ were loaded
start of the expeniment In cxperiments at high unne flows the amma:,om Puessa
with water (about 3 %, of the body weight) 1 experments at low urie sampled from
was admmistered by continuous nfusion of 10-—40 mU/mun Blood ‘;:u + introdvced
the femoral astery Unine was collected through an indwelling cat ’; was lost bF
mto the bladder through the urethra Je was assured that no ethan:
evaporation duning the collection peniod normally 15—20 mun e ab cqual lensons

2 Experiments to determine the ethanol oncentration plasma and ""\) “contain plaidd
The experuncatal procedure may be seen from Fig | The fasks {4
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aud ethanol Tesp B s 2 roclking table secuswg convecton m the fiuds € 15 2 one
way pump drving asc teaugh the Hstem and thus ateulaung the eshanol vapour
from the sesenvorr D contamung an ethanol solution €2 $00 mg/100 mI The duration
of e experuments was 45 mn

3 Deternunatum of the tume required for equiibratson with ethanol of artenal plasma and
the fissue 1 the renal papille Ideally these expeniments requuife 2 constant concentration
of ethanol 1 the artenal blood from the very begraming of the expeniment By means
of a dimsmshing infusion fale it was atcempted to supply ethanot at a rate corre
sponding 10 the loss from the blood during the penod of distribution an the body water
A dumnshmg infusion Tate was obtaned by means of 2 logarthmically dechinmg
pressure head the tatter being provided from a compressed a7 Tesenort from which
the air escaped 10 the atmasphere through 2 tonsiant resetance {capllary tube) Stnce
upon establishing & constant plasma ethanal tevel the rate of loss of athanof fom the
plasma does not fall with ume as a single exponenual fnction the successhe use of
two different resistance tubes was found necessary 10 obtaimn reasonably constant plasma
ethanol Jevels

“The time relation of the nse 1n concentration of ethanol 1o the unne was followed
by sampling urine over penods of a few munutes duration in order to avord delay
it the passage through the Tower urinary tyact the urne was collecred through a short,
than polyethylene ratheter mserted . the renal pels

4 Determusation of the 1oss of ethanal by diffusion in the fousr urinary tract In these expen
ments a polyethylene catheter was wserted mto the wreter just beneath the pelas
A salution of ethanol was wlused thyough the catheter and the perfusate was collected
through another catheter in the bladder By varying the mfusion rate the loss by &f
fusion could be determined at different rates of volume flow The amount of ethanol
duffusion through the useter and the bladder wall was inuestigated an other expen
ments tn which the urine from one hadney was sampled through a catheter in the.
pebs and that produced by the other Ludney from a catheter i the bladder

Analytical teckmgue Bibanol was detenmined enzymaucally by the method descnbed
by Lavoguist (1959) In the presence of aleohol debydrogenase thanol 18 oxidized
with simultaneous Teducnon of DPN o DPNH The nse of density at 3400 A s
praportional to the DPNH {ormed 2ud thus the amount of ethand] oradized By adding
ethauel to plasma and urne 0 a concentration of about 100 ;gfi00 ol she following
secoveries were found for plasma and urne vesp 1015°  (coefHacnr of vanauon
04 n=11)and 1000 (coeffrent of vanaton 102 n= i)

Ip streral cases 16 was obsened that uninc gave blank values which wese hugher
than. diose for pure water This dufference 1 the blank vatues varsed from sample to
sample and it as therefore found 10 be necessany 1o determune the optieal density of
the unne alone (withaut the addiwon of DPN and enxyme) after dulution 1n 2 \ohyum
of water sumulax to that used n the eneywatic proceduxe Failure 1o makhe thas cormec
tion can Jead 1o erranecusly high values for the unne concentration Abhsorption at
3400 A as a sesult of the presence of excretion products of Nembutal was chminated.
by thy procedure

In a few 1astances another sousce of error was detected  ethanol
had been allowed 1a stand wn the Jaboratory for a day sught show[;;:xrmcdzuc‘?: "
actaty as o ethanol had been present By treaung the unne with perchlone. agg
immedsatedy afier the samphng (as @ the deprotemisation of plasma samples) thu

source of ervar cowtd be eliminated The nature of the phenom
cuctdated ks €n0n was not fusther

In a contrel anumal ancstheuzed with Nembutal no  cthanol
usine 18 an expenment lasung 3+ haurs ol s found 1 dhe
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8 2 UfPu-ratio s for ethanol at varying rates of unine flow Ordinates U/Pe-ratio \bscssae
nne flow mifmin (For the meaning of U/l yratio sce text }

Cal wlation of the UjPurratio As stated m the foot note a calculsted concentration

" plasma water phase was used wmstead of the concentration t the plasma itsell
, - calculauon of the ethanol 1n the plasma water was performed by means of a
ofistant correction factor 105 Assurmng a mean protein concentration 1 plasma
of 7 g/100 ml and a parual specific volume of the proteins of 07 the volume occupied
by water would be 93 ©, of the total \olume of the plasma

Results

U U, satio of ethanot 20 expenmments were performed on 8 dogs The
unne flow varied between the hmuts 0 05 mijmmn and 6 8 mljmin The results
are given 1 Fig 2 It can be seen that the U/P, ratio 1s always close to |

At low rates of unne flow the ratio tends to be somewhat lower than !
whle at flow rates higher than 3 mlfmin 1t tends to stabilize at 1 I The resuls
mn one dog deviated from this pattern 1n 2 expenments on this ammal Uyll’,
rauos of 10 and 116 were found at diureses as low as 02—I 5 mifmin
{these results arc not shown on the figure)

Observauons at low urme flows were made 1 expeniments where the low
flow rates were obtamed by mfusion of pitressin and also in cxpcnmt:’:
where the low flow rate was spontaneous No difference could be detecte
as a result of these two diffe p i

For cthanol the pattern of excretion has thus been found to differ frt;:
that which 1s usual for other substances jtke urea which are ml;mal:;lal
subject to only passive transfers in the kidneys wn as much as the sm
degree of concentration was found at the lowest unine flow

[
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w Fig 3 Ethanol loss from the lumen of
the wureter at sanung rates of flow

E) through the ureter Ordinates Per cent
\\*&_‘___‘ o Abscssae Flow rate of perfus on
Ru

o5 » 15 M

From medico-legal investigations 1t 15 known that one can find rather hugh
B/P ranios of ethanol when the concentration of ethanol i the bladder unine
{formed. during an 11l defined perrod of ume) 1s compared with the concen~
dration 11 the plasma drawn at the ume of unne collection Thus can probably
be explained by the fact that most of the unne was secreted over a period
during which the blood ethanol concentration was higher than at the vme
of eollection of the urine sample One experiment 1n the present sefies was
performed on faling plasma concentrations and the unne was permutted to
st3y 1 the bladder 1 thus case U/P, ratiosof 1 34 1 40 and 1 66 were found
{the urine remamned in the bladder for one hour in the first two cases and
Tor 2 hours 1 the last case)

2 UJP, ratwo of ethanol as determuned on urine from the pelits and from the bladder

In order to investigate whether the low U/P, ratio s found at low diureses
were due to equilibration between unne and plasma during the passage through
the lower unmary tract experiments were performed 1 which the unne from
©ne ladney was collected from the pelvis and that formed by the other from
the bladder In 2 expeniments of this type (with 11 collection pertods) 1t was
found that the U/P,, rauo i the pelwis unnc vas 103 £ 004 (S D 2 = 11)
and m the bladder unne 098 £ 00% (S D n=11) The experuments
showed that the low U/P_ ratio 1s already present 1 the newly formed unne
and that the U/P, rane i reduced somewhat during the passage shrough
the urcter as the difference between the two figures 1s sigruficant (P < 002)

3 Exchange of ethanol betueen urine and wnterstitial flud w the lower urnary tract
The magnstude of the diffusion loss of ethanel m the lower uninary tract was
miestigated in espermments where a large concentration gradient was es
tablished bemween the fluid 1n the ureter and the blood In an ammal not
tontaining ethanol the ureter was perfused with a solution of ethanol (166 mg/
100 i) and the perfusion fluid was sampled through an 1ndweiling catheter
m the bladder By varymg the perfusion rate the diffusion loss could be de~
termuned at different  dsureses  The results are given m Fig 3 which shous
that at volume flows greater than 1 mi/mun the diffusion loss 1s insignificant
while 1t 15 of unportance at sery low diureses
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vein and i the unne

Fig 4 Ordmates Concentranon | ¢,
thanol in the renal artery and
?:;‘,';f,"i’,{’c"’;n“c“ ra s Abscusac Time in migutcs from the 1ari of the ethanc] &
anenx;lauom @ the blood are g ven as the concentratons 1n the water phase
;ron P cCr eoRcentration o——g  yenous concentranion  x- X conene
pelvic unine The three figures show the results from three diff reat £xperiments.

* The lime necessary for equibsbration of ethanol betucen the arteral blood and 1
renal paprila These experiments were based on the assumpuon that the con
ol i the newly formed urine sampled from the renal
pehvis represent the ethanol concentration in the interstital flud of the inner
most part of the kidney By establishing a reasonably constant ethanol level
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12 the blood from the start of the experiments it should be possible to get an
impression of the rate at which the renal papilla equilibrates with the attenal
Plasma

Three expenments have been performed, the results of which are gnen
m¥ig 4 Intwo of the cxpeniments the nise 1 concentration i the renal vein
“asalio followed (a catheter was troduced 1nto the van through the femoral
van) Although st proved difficuls to maintain constant plasma levels of ethanol
fom the start of the expentments they clearly indicate that the tissue 1 the
renal papilla only selately stowly attans an ethanol concentration sumilar
to that of the arterial plasma perfusing the kudney In these expenments the
equbbravion tmes were found to be 13 23 and 36 mun The fact that the
sthanol concentraton 1n the blood is nsing dunmng two of the experiments
tends 1o delay the tme for definite equlibration The expenments show
howerer, that the ethanol concentration of the renal effluent blood very
Tapidly nises towards that of the artenal blood and this demonstrates the
marked dsfference 1 perfusten intensity between the cortex and the mnermost
part of the kidney

3 The concentration of ethanol wn plasma water and wn urine at equal tensions Some
B Vitro experiments were performed to mvesugate the possibility that the
UIP, rauos of less than 1 which had been found 1n many instances at low
Tates of unne flow (see Fig 2) were due in fact to a hugher solubility of ethanol
i plasma than 1n unne The two hquids were exposed simultancously to
ethanol vapour (see Fig 1) The concentration of ethanol m the plasma water
¥ 23 talculated from the ethanol content per volume plasma (usiag the correc
Uon factor 105 see Methods) An average ratio (U/P,) between the absorp
on coctficients n the o fluds of 095 £ 003 (§ D n = 23) was found
s mdicating that plasma s a better solvent for ethanol than urme

Ihscussion

The reported results all fit 1nto our present conception of the function of
the ludneys and only a few comments seem nccessary The U/P, ratos found
cearly show the effecuveness of the kidney as an organ for the excretion
of non polar substances and for those substances whose molecules are domu
rated by non polar groups {the role of the iner in the elumnaton of 2 large
group of foreign substances 1s therefore to convert them nto polar forns
which can be excreted by the kidneys)

In the analysis of the mechanusm of cxcretion of these types of substances
the filtration reabsorption theory 1s without much relevance It 1s reasonable
%0 assume that at any point 1 the passage through the renal tbule ethanol
™ the lumen equilibrates with the g ! flnd IF thys len
takes place m the last part of the nephron the concentration 1 the unne
depends cnurely on the concentration an the renal papilla At hugh and 1mter
Mediate rates of urme flow U/P, ratios were found to be a litde over vty




350 CHRISTIAN CRONE

This might be ‘nterpreted as baing due to the back diffusion of ethanol from
the collecting ducts lagging betund the reabsorption of water by osmerss at
the same site 1 ¢ 2 condition 1o be expected if the Intter process produces
the gradsent required for the former process
The possibility must also be considered that consumption of cthanol by
the tissue in the kidney especially in the papilla might be the cause of ethanol
U/P, ratios below 1 Perenrsen and Lunoguist (1960) demonstrased tfe
presence of alcoho} dehydrogenase kidney tissne from dogs, but did not
make any speafic report of the topographicat localization tn the cortex or
medulla
The reported nvestigations on the tendency of cthanol to cquilibrate with
the mntersutial flusd m the fower urinary tract show that at low rates of unive
flow 1t can be of a considerabl order of magnitude This 15 1n accosdance
with the expenments of G arm and Urrenpauc (1956) 1 which it + as shown
that D,0 1 rabbits exchanges between the fuid i the ureter and the sur
rouading tissue flind Rennie, Reeves and Parecanenes (1958} s csugaed
the diffusion of oxvgen through the urcter in expeniments on dogs, where
ureter perfusions were performed with solutions of varying oxygen tensiont
While 1n the present experuments 30 per cent equilibration fisst occurved at
flow rates as low as 0 06 mifrun these authars found 50 per cent cquilibrauon
~for oxygen at flow rates 10 umes as great as that salue This marked tendency
readily diffusable substances notably water) to display net moxcmtf;“
%cndmg on the chemicat g 1 gradient may tnfh °r:d‘
concentrating ability of the kidney 1n a manner that has been partly
overlooked i experiments where unne samples were taken after pasa,e
through the Jower unnary tract huch
In the bterature no mformation can be found about the rate at wh
the renal papilla becomes saturated with test substances to the same c(;nw:c
tration as the anenal biood The present invesugations with ethanol 1 tur
that blood 1n the renal vem does not reflect candstians i the papdla """":;
parts of the kidney and that those regrons are charged with cthanol & i
much slower rate than the cortex The concentration of ethancl in r;ﬂ)‘
venous blood becomes almost mstantaneously the same as that af}ﬂﬂnm
blood The experiments thus stress that when applied w0 the hidneys 1 n:ux””g
gas techmique (Re™y 1931 will — 1n pracuce — only be capable ”r’";"‘(qm
the flow through those parts with a high perfusion rate (1 ¢ cortex han an
hibration of the mner parts of the Judney would not be achiesed ‘mmm'l
experimental pened whach would allon the mean arteno-senous coneen
fference to be determined with acceptable accuracy o
lehc vesults of the sawranunn cxperiments thus stress that the tonccn(::;‘nu
of ethanol in artenal biocod must be held absolutely (onslan[;m z;?‘l‘“lmrg
where the excretion pattern of cauly diffusible non polar substan ccatrato
o d. There 15 a considerable delay an the changes sn con
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m the renal papilla when the artenal concentration vanes and under such
condstions the urine wall thercfore contain for some tune the test substance
0 toncentrations which ate greater or smaller than those present m the ar-
tenal blood

Conclusions

Imestigations on the renal excretion of ethanol m dags have shown

1 The relaton between the concentration of ethanol 1 the unne and in
the water phase of plasma (U/P,, rauo) 1s 0 9—1 I at rates of unne flow varying
between 005—6 8 miframn The lowest UJP, ratio s 1 ere found at the Jowest
unne flows

2 The loss of cthanol by diffusion n the ureter and the bladder is sigmifi
caat at low unne flows By perfusion of the ureicr 1t was shown that 50 per cent

Iib wath the sur ings occurred at flow rates of 0 1 ml/mun The

diffusion loss 15 msigmficant at flow rates greater than | mljmmn

3 The renal papilla only slowly comes utto equlibrium with the artenal
plasma, In three expenments the umes necessary for saturation were 13 23
and 36 mun respectiely As the concentration of ethanol 1n the urine reflects
the concentration 1n the mterstiial tissue of the papilla detenminations of
U/P, ratio s for this substance are without value if the artenal concentration
1 not hept absolutely constant dunng the experiments

4 The concentrayon of ethanal 1 the renal ven only reflects the con
¢entration of ethanol i those parts of the kidney with a high perfission rate
1 ¢ ¢ortex. This means that determinations of the perfusion rate of the kidneys
by the mert gas techmque {hsm 1921) gnes no indscanon of the perfusion
Tate of the medulla and papilla

5 Investiganons i vitro have shown that at equal tenstons of cthanal,
ot 15 dussols ed 10 plasma than m unne and the fluzd behaves as if the proteins
4id not occupy a part of the volume Thus probably explains why U/P_ratios

wer than one can be found

6 The i estigations have supported the view that CoLLANDER BARLUND s
wheme (1933) can be used to predict the renal clearance of an orgame sub-
stance when 1ts chemycal constitution ts hnown Polar substances having a
Poor abyhty to penetrate through cell membranes will be excreted at high
dlearances whilst non polar or less polar substances will be excreted at low
clearances Varked deviauons from this general rule are presumably due to
enzymavcally dependent transport 1 the tubules
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or himited acuvity, a long or short working period physical work n the field,
or tests 2 g on the cycle ergometer When assessing physical working capacty
for work with large muscie groups dunng lengthy penods the individual s
pulse 1ate at submaximal work often serves as a siarung pont An ofien
used methed, SjosTrano (1947, 1960), 1s 1o fet the subject work on a biycle
ergometer for 6 min on each of a senes of workloads increased step by step
until the pulse rate reaches a level of 150-—170 beatsfmun Wath this method
the physical working capacity 15 indicated to the power level where the pulse

rate after inter- or pol 8 170 ¢ /) (= PWC,,) Anather
method 15 that of AsTraND, which transforms the pulse frequency for a certun
power level to a value of d 10, }¢ by using a special
nomogram

The question as to which method 1s the most relable 1 an assessmient of
physical working capacity nught be discussed on the basis of, more or less,
absolute physiological cniteria of true  working capacity But the rchabibty
can also be assessed 1n a purely empirical way so as to form a bass for an
operational defimtion of phystcal working capacity This does not necessanly
mean that an esumated value of the workng capacity mn a more tru¢ semst,
mammal O, uptake or the power at steady state has a higher degree of
rehability or predictive vahdity than ¢ g the pulsc rate at a certain power

level
The error of method has often been assessed by re testing mdnsduals Thl:
15, perhaps the best way of g the rebabibty if 2 complex e
[t

15 desired 1t also ncludes the variation of results for a certamn penod o
But if we want to estunate the reliability m a more restacted semse, ¢ ¢
technical accuracy of the test instrument, the indiadual inconstancy bewmeen
the tests should not be allowed to have any ¢ffect It scems to be of mlcrﬁ‘l;
therefore 1o attempt an cstunate of the rehabibity s this more '“'"‘l,;
sense for such a physiol lly smportant as ¢ g, the pu
and breathing frequency duning a work test how &

A study 15 also made of the degree of validity of the work test ¢ ¢ o
carrelates with an independent cxternal enterion of the physteal \\o;u th
capacity The criterion here represents results from 3 P"r""mnsc ’:iu:ﬂl
besides a special technical ability 1s greatly dependent upon the i
physical worlung capaaity viz skung race results

In this investigation an attempt has been made to
validity of some different measurements of importance
capacity

study the reliability and

for the physical workig

Material e vorkiss
w
In 1958 at a regiment in Umea  Damstroy and H.ummt; ‘“t“:,:;:err during
capacuty of pracucally all 20-year old forest workers on the HT! chcimmu of 1957
the perod of ther military traiming The tests wese performed 10 the
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immediarddy afier drafung (first test) and were thea reprated before the end of the
ramng hespring of 1958 (re-test) Out of the tested 78 recrmnty 42 had t2hen pare
@230 mule (30 km) skang race about one month before the second test /Some of the
TeCruis on fatgue duty or belongung to Test Group | of the enrolment test tncluding
debde sndraduals wee exchuded) The group of 42 recruits formed a farrly represen
Gine ample made up of mdividuals charactenized inter aha by height with a normal
dsperuon asound \f = 174 0 +08 em body woght of M =682 4 10 kg and
erzge phyneal working capacity from the Ist and 20d tests PUC 1980 +35
kpmfinun, The Beaeral mntelligence test at the ume of enralment gave surprmingly
nomat fesults Howeser the preponderance was somewhat below 5 1n the S-graded
aadard scale and ng of Gsoup 9 weluding the mest ¥ m
dvduals were found

Method

The bicycle ergometer test was carried aut wath successtvely wereased power Jovels
and for 2 Pentod of 6 nun for each level 600 900 1200 etc bpmjmin The pulse
Frequency vag determuned after working penods of 2 4 and 6 ymn and the breathing
Iequency afier 4 aud 5 min for each level The pulse rates were obtamed from the

Churecord and each satue was based on 3 2 4 see work. The breathing frequency
W2 recorded, by counung the number of expuratary puffs on the outstretched hand
of the Ieader of the experment.

n order o obtan 2 measure of the mtra test consistency a reliability coeffierent

 assessed by correlating the pulse rates with each other afier 2 4 and Gemunute
P08 of wark Two sntea test measurcments of the pawer at the pulse rate of 170
beatyimua (W, ) were also obtamed by usng two pulss sate Sgures sas foam 3
#0d the other from & mun work for intes or extrapolation In order to obtain a rehabubity
elficrent based an seasurements from the same test octason accordance with

rand s tnothod of tajculation the mawmal O, uptake esumated from pulse rates
from the fipgy power level “withun the nomogram  ffor the majority of experimental
wbiects 600 kpmmun but for a few 900 kpm/oun) were correlated with the corre
’IP;ndmg results from the second power level (900 kpm/mun with a few alues from

00 4,

As ai?llgpnl,:u)senl to the assessment of the intra test telubility several re test cor
ations have aleg been calculated from most of the measurements 10 bath tests As
2 ntertan of condition for test validation results from a 20 mule (30 Lea) ekusng race
%ere chosen, The results consistng of tme +alues vaned approxmatcly between 2
20d 4 hours and revealed a posusely somewhat skew distribution These alues were
Uansferred to 2 9 graded standard scale A rough weasurement of the rehababty of

€ Critenion was obtamned 35 15 of the 42 men also took part sn a wabseguent 10 mile

{13 k) stng race
Resulis

In Fable 1 the mean values dipersions and ranges for diferent varables
re given The pulse rates and breathing frequencies reveal farrly symmetesead
dstnbutions and agree with the averages between both tesss 4 decrease of
the physcal worling capacity from the st to the 2nd tesis was howerer
Obtaned The working capacity ealculated according to PWC,y, 15— \f, =
13087 and \f, = 12495 kpm/oun which denotes a nignificant difference

623015 Acraphy of cond bal 35
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Table I Mean standard deviation (S D ) and range (d} for different vanables at the fost (1)
and second (1I) tests

N=142
M sD d
Chest wadth T test 9t 4 45 87~ 107
Body wesght M (I + II) 682 67 si— 85
Hesght T test 1740 49 161~ 182
600 I | Pulsc frequency 4 1186 115 95— 139
Pulse frequency 6 1209 14 9~ 147
Breathung frequency M (3 + 5) 222 41 n- 3
€00 II | Pulse frequency 4 1169 128 9~ M7
Pulsc frequency 6 1203 130 - I:7
Breathing frequency M (3 + 5) 21 37 10- 76
900 1 | Pulse frequency 4 1507 139 115~ 165
Pulsc frequency 6 1421 142 1n9- 1 g
Breathing frequency (M 3 4 5) 251 51 12—
900 1 | Pulse frequency 4 1396 156 107~ 1;
Pulse frequency 6 1428 166 109- l”
Dreathung frequency M (3 + 5) 237 44 10-
1 PWC, 4 1334 245 1000-‘5;3
PMC 6 1309 237 100-: R
O upt, tstr A (st + 20d level) 35 06 25—44
—1 00
1 PAC 4 129> a3 86>
PWC 6 12,0 210 B;;:;:"g“
Opupt, Astr M (Ist + 2nd level) 35 06 | 2T

(P <001 at the t test) No difference between the testsin estumated Oy "P“‘;‘
according to Astrand s method of calculation 15 however obtained in amt,:oo
ance with the fact that there 15 no difference 1n pulse rate at the 600 or e
power levels But as the PWC, , values are founded on pulse ral.:s l'romlzx
whole power range the ob d diffe must be d an i
esting fact

\Iiny product moment correlation cocflicients have been c.ﬂculatcd-“lnl
wll be seen from the correlation matnx Table I that the correlaton bbt:::“n
the pulse rates 15 good The highest intra test correlations are found a:d 2ed
the pulsc rates from 410 6 min to ber = 097 and r = 098 at the lle jagui
tests for 900 kpm/muin The corresponding correlations for the 600 p"5 o
level are r = 090 and r = 094 The correlations between the pulse T The
2 and 4 mun arc somewhat lower r = 088 and r =09! rupd*;“)sow
re test correlations are between r = 0 50 and r = 0 60 for the 600 and T
and r = 070 for the 900 kpm mun levels
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Teenr Thr vl tiom corfutris fur L pale roes of wt Ixt cod Zed tests v 2 f ond
€528 cling ot 600 end 1D b ity Gl Lt € weesoones Bbucer thas rnbis ond Cn
moed avmon bt cueg remas (K ¥}

MR Urm @) P 00 and aty = 0ud 6 P < O0T

vofzx fs e {s fs J7 {8 Je |n
Mdgarazr [l =] -~ =~ — |-
lediment f@f{wf i~~~ —f—]—}-2
Yledbmmas o] ) ~§—]—~}—~}—~]—f—~1i-1s
theokmmms lalsfo{—f—]—]—{—1—1-2
*Medlmemnt fo3)ss)oofon|—f—~f—f—~f~—]-3
Clwbigmnmas fafarleafomfo]—~t—~]—]—f-u
flOgamesy fo bl — -t~ | —1—1]~3
31 Wmens |afe] salm]s]wfjo]l—~]—1-3
Tl kmmnt o] — |~ ~f—1—]ow)le] 1
B B0kmmae Jerfe] ] s 6] of afsm|-

Tt NN Cornloian coeSinents for oLics of pigsical working ewpitir acording o PUCy s,
Cftd picamd O ke accordirg b2 Asteand £ the arera es (M) proou the It (1 § oxd
A2} brrer beels false rte ot S0 kpoe run an ibe It (1) ¢.d ke 2nd (1T) lests,
adsbriarn, reatls (5)

N2 M 0304 P < 00 aadats = 039S P < 000

1 2 {3 }¢ §5 }Js J- }8 }e |Jwju s
P opwe, s -1 =1 =t =P =0~ ~{ - -~ -~ -] 8
LIMme,e o) ] ~| -] -}~ ~f -1 -] ~] ~|
L png,, 4 eal 3f -t ~f -t -t ~{ -} ~{ -f ~{ -0
Ltumg, s I LI Bl ek Bk Bl Bt B B B A
S1 Acrand 1 -~ st -~} of ~f ~t ~t -l =} -1 ~{ 2
S5 Sgmad 2, -1 o}~ T8y B~} -~ ~f —f -~ o:m
(8 daasdng | o) ) 9 @) —f = -1 -~ ~f - 3
11 Arand | ~1 a2 =] & €] o3 —~f —f | ~t ~{ %
9 11 Xarand 2. ~} et} =} S} &3 LY I B 1 Y SR S I )
A Aarmnd vt | 00| 03] 8] 81 1 —f &7 | - ~f | a2
YUY Pl 9006 [~ 9f- 81|~ 6] 8|—8¢[~F |~ ot{-otl—e3]-a3] —~ {15
20 Putie 900 6 |— 92|~ |~ O }=B3|—62]= 6 |~ b/ |~ Bof~ 93] 9¢)- gl — 51

The correlancns m Table HI also reveal hugh rehability coefoents Thus
intra test ¢orcelavtans for the PWCy o values are £ = 094 and r = 097

G the Is¢ and 2nd tests respectnely The comrelanans besween the Lstrand
Yalues wattun the tests are r =083 and r = 079 Thewe comclanons must
considered tugh as ther 10 a certain extent ase based on the assessments of

’

2 poer levels and could th be compared with the “co
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Table IV Correlation coefficsents betuwcen some morphological anables a enterion constsurg of
resul s from a skung competition and some physwlogical tanables

When r =030 P < 005 and when r = 039 P < 001

-l £ - =

2 2lg le =1 F =051,

F . g g

sl 20 5 s=(55 o]l B8,

£ E; ¥ ids 4 sl = 2 -

| = 8 |AQ|&8)] & R B A
Chest width bt 27 5 |—-43]-% 40 37 50 3 (i3]
Height - _ %6 [ —16]—-20 04 15 15 20 03
Body weight - —_ - | —-5%][|-2 45 36 55 32| 2

correlations between the pulse rates at two power levels, which are r =018
and r =083 (Table II) The re test correlations for the PWCyy, valucs from
5 minute assessments are as high as r = 076 The Astrand values from the
tiugher level on both occasions correlate r = 0 71 , the averages for both power
‘evels beng r =067 The correlations between the Astrand values and the
pulse frequencies (6 mun) from 900 kpm/mun range between r = — 0 92and
r=—094 (Table IIT}

The vahdity correlations reveal a fairly good correspondence between
several test measurements and the criterion  The hughest correlations obtancd
were thosc between the cnuterion and the different test measurements from lh;
2nd test which as regards time, was nearest the criterion and was performe
approxumately between 1 and 2 months later Thus the correlations between
the pulsc rates from 6 min work at 900 hpmjmun sn the lst and 2nd md“
and the cnterion are r = — 0 35 and r = ~— 0 51 respectvely The correspon
ing correlations between the critenon and the PWCy values are r =0 4 :"(
r =054 and between the cntenion and the Astrand values from the Jughts
level r=038 and r = 045 e

The averages (M) of the Astrand values from the st and 2nd pover &
reveal no closer conneguon (but about the same) with the cntenon than
the values from the highest level onl:

The inter vanation between brcm}fmg frcquencies has also been w:;
The 1otra test correlation has here been calculated between the frc‘l‘;‘;n
after working periods of 3 and 5 mun and shows a very clos¢ cornspﬂﬂ’
Thus the corrclations at the 600-level on both occasions were about ¥ ;07
and at the 900-level r = 095 The rc test correlations ate bcmccn; e
and r =084 The correlation of the breathing frequencics with xnﬁ :u./n
rates or the criterion however s throughout very low The best ;uncsl‘"’
from 900 kpm/min was here obtained sith the Astrand values with o
correlations from about r = — 020 to r = — 030 (the fater SCIIC
nificant, P < 0 05)
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The correk of the morphological vanables chest width body weight
and hewght with some physiological vanables are seen by the coefficients
1 Table IV, which contamns ail the sigmficant corrclattons There was thus
ma sgnificant correlation betw cen the morphological measures and the breath
nzfrequency Asseen from the Table the height shows no sigmificant corselaton
wath any of qur physiological measures The highest correlations ace seen
between body weight and pulse rate or mawmal axygen uptake according 10
Sstrand wath 1 = ~~033 and r = 053 respectnely Body weight correlates
o with PWC,, r =045 Chest width shows about the same carrclations
asbody weight though the ceefficients e somewhat lower The best correlanon
with the cntenon shows body weight r =024 Bur this coeflicient 1s not
siomficany

N faur of the reliabihty of the can be made The cor
relation coefficsent between both shung races was r == 0 90 but tlus coeflictent
1 rather uncertam as st 15 based only on the achievements of Lo participants

2

Dasenssion
The calculated of relsabihty proved to be comparately high
Yis applies both 10 the different ntra test correlations and to the e test
orrelations This reliabud can be d to that of Linder

Y P

i {persanal communication) who for a heterogeneous group of 18 men
2d women with a physical worbing capaaty according to PW Cyy, ranging
Som 625 10 1322 kpm/nun found a re test correlation between two tesis
Wb 4 dags imgeral of 097 thus establistung the lugh degree of rehability
of thus method, The difference between the re test correlanons from Linder
bolm s study and ours shows that the wfluence on the soldiers of the oulitary
¥t from the summer of 1957 to the spnng of 193 has been actng mn
Uffezent dicecuions Inter aha the physical working capacity has declned

* some of the indniduals with the highest tinal capacity and wcreased for
e of those with the lowest capacity

\auuzll) the different pulse measurements of 2 4 and 6 mun work are
ot independent of each other as later measurements wclude previous ones
Plus an additional contnbution The computation of the correlauon between
the dffereny lesels results m coefficients more independent of each other These
rrelations are m fact also very good as are the ve test correlanons which
throughou zey cal good rebability

\ study of the duffe between the ¢ shows that the reliabilicy
$6ems 10 increase with a longer penod of cycling from 2 4 10 6 mun An
ntrease also seerns to take place from 600 10 900 so that a lugher po ver fevel
¥ elds 2 hugher rebability

The breathing frequencies appear 1o show the same tendenicy as the pulse
frequencies The diferent relabihity coefficients are very high As the breath-
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Power

"
3
%
3

5
4
&
B o #
Fig 1 The vanation i the validity 0
coefficients (Fisher's Z) due (o the ume

at constant power level and to the power 30
at time kept constant

4 s s 60
g freg may be vol ly i i the ey ! subjeets
breathing attitude may have been conducive to constancy
At best the caleulated validity correl ke about r =050 Judging

from these the best test measurement appears to be the power at a pulse rate
of 170 beats/muin according to PWC;,, The pulse rates from the highest powes
lesels correlate almost as well with the cnterion as do the power values As
there was about one month between the skung race and the second fest dl;
validity cocflicient may have been lowered by this difference 1 tme A sull
hugher correspondence between work test and shung race as shown by the
~vahdity corrclation may therefore have been obtamed if these tssa indicators
:ph)sxcal working performance had been arranged with very short ume
al

There appears to be no correlatve advantage n transposing the pU))fﬂ
frequencies to estmations of maximal O, uptake in accordance m;hhl"
Astrand nomogram except 1n the case of a low power lesel with a slﬂl (;'
posiuvely shew distnbution of the pulse rates when a transfer to O, m(‘}lc
may bring about a certain normahzation At a lugh power level uhcln}
distnbution of the pulse frequencies may be wnfluenced by the pulse cethng
the effect 15 however the opposite

The condition criterion ufcz was 2 20 mule (30 hm) shung race N“lt’:‘:
race formed part of the obligatory tramung the groups of participants
considered an unbiased <ample On the other hand the meenuné Zﬁf;:m
achicvement may perhaps have been uneven The correlatson ;:md)
with the Jater race of 10 mles (15 km) revealed a good connection GLiLroRD
of mterest 10 correct the correlation coeffictents for aucnuauond( th, ot
1954) If the rehability coefficient of the criterion 18 r = 090 "“}. Hl“mg the
rehability 1s r = 085 the validity coefficient will be r = 0 62 fol D;non fue
correction of erroncous measurements tm both varables 1 ¢ con:clmbxhly
attenuation If the cruierion rehability 1s only r = 0 70 and the test
the same the validity coefficient will be ¢ = 070 o tgher fur

It was previously stated that the reliabiity c:oclficwnul ‘\;‘ff cocllicieats
the hugher power lesel This 15 also the case with the vals m’c way as the
But the ume increase from 4 to 6 mun 1s not active 1n the sa
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pover mcrease In Fig | a graphue desersption 1s gnen of th  ncrease of
anelnon both due to the ume at a gven power level and to o ¢ power at
2 ume. The correlation coefficients have been transformed 15 Fishers
Zaneficsents 5o as (a gne a better picture of the real difference i strength
Swll be seen the ncrease of power from 600 to 900 bpm/nun 15 a power
flly acwne factor whilst the tme increase from + t0 6 1s not In the assess
ot of the working capacity of normal mdiiduals 4 work appears to be
suffieny, 1y may be swtable to increase the number of power levels at the
et of ume for cach Jevel without prolonging the tofal test period

I sputc of he: good reftabsliny of the breathing frequencies there was hardly
0y correlagion at all or only a moderate one with the other values Itis a
elknown fact however that the breathung frequency offers a serviceable
Measuremeny for purpases of dragnosts and consequently a hnowledge of 1ts
Telabihty 15 of great interest Inak g group of 1subjects
eluding also pavients with different diseases this reliabiity coefficient wall
pmbab]) be sull greater

Ths 25 one 11 a series of snvestigations made possible by a rescasch grant from the Rempe
Founda som,
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Abstract

AUALAND K Lrine o gen tenston  lack of correlation to some renal
Junctions \cta physiol scand 1962 55 362—375 — Unine oxygen
tension (LpO,) can be vaned independently of oxygen tension of
renal venous blood and renal blood flow by means of vasoactne
drugs Tt 18 asumed that UpO, 1s determuned by pO; i the ronal
papilla by equibbration across the walls of the collecung ducts LpO;
mught therefore be a function of the rate of blood flow o the medulla
and papilla. To test thus hypothesis 8 expersments were carried out
i Nembutal anesthetized dogs UpO, was recorded polarographt
cally and was varied between 8 and 60 mm Hg by ¢ ¢ mfusion ¢
b pap drenaline and nor adrenaline LpOj shoned
no consistent correlation to Ty q Frau or Cupe (Co  functions
which nught be expected to depend on the rate of medullary blood
flov The expenments thus gave no support for the hypothesis that
the vanations 11 LpO, were due to vanauons m medullary blood
fiow o definrte conclusion 15 permutted however because the de
pendency of these parameters on medullary blood flow has not been
proved

In a previous studv 1t was shown that unne oxypen tension (unnc ondl)
may be vaned by vasoacuve substances such as histamune, papavensc -
renaline and nor adrenabine fAvaranp and hroa 1961) The \aﬂﬂ'l‘":;‘or
unne pO, were not accompanied by parallel changes in renal blovd o
oxygen tension of renal vennus blood Since the availability of ox)gﬂ‘” s
senal papilla was found ts be low (ALaranp and koo 1960) 1’1:‘1: e
gested that uninc pO, reflects the oxygen tension of the renal pap! ‘)n T
bibration across the walls f the collecting ducts Based on this cong‘;;d P
furthermore suggested that the rate of medullary and papilaty

362
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might be an mmportant factor in the determuation of unne pO, The present
were d d ta test thus hypoth by !

of wnne pO, and some renal functions which would be cxpected to be i

fuenced by alterations m medullary blood flow, 1 ¢ renal concentration ca

pacity, PAH (para amune luppurate) enteaction rato and bach diffasion of
urea from the tubules The data were also analyzed to find out of there cxists
any relanonship betw een unne pO, and glomerular filtration rate, renal blood
fow unne flow or tubular sodiurm reabsarption

It has recently become evident that urine s concentrated m the collecting
ducts by water reabsorption due to a gh osmolar concentration 1n the nter
saces of the renal papilla Although several hypotheses have been advanced
0 explain the ereation of hypertonicity mn the papiila (Wirz 1953 BeRLINER
el 1938, Gorrscisara and VLt 1959 Urtmien RRraer and Boyran
196! harr. and Aunrasn 1981), 1t 1s gencerally agreed that the counter current
exchange effect of the vasa recta contrbutes to mamtain the high osmolar
toncentration (Wirz 1953) Increased How in the vessel loops will reduce the
cﬂ”mcncy of this counter current exchange mechamsm and would therefore
be expected to lower the papillary osmolar concentration and thercby reduce
the ameunt of nater which can be extracted from the collecting ducts It was
therefore of mterest to esumate the negatie free water clearance  (Ty o)
dunng hugh osmotic dwresis at saryng unne pO,

Tt has been assumed by Reubr and coworkers (for references see discussion)
that bloog flowing through the juxtamedullary glomeruli 1s not cleared of
bara aming happurate (PAH) because the efferent vessels of these glomerull
dip drrectly nto the medulla withont comung mnto contact with the PAH
seaetirg proximal tubule cells Although thus concept has been denied by
other ivestigatars 1t was of wtercst to find out if there exists any relanonship
between urne PO, and Ep,y {extracuon rano of PAH)

¢ hugh papillary osmolar concentration 1s made up chiefly by sodsum
cilonde ang urea {Uririca and Jaravscn 1906) It 1s assumed that urea 15
Provided to the papilla by diffusion from the collecung ducts which hase
been shown to be permeable to urea (hivwrer Utirics and Hircrr 1928
L and Avhranp 1960 Auntann 1961, An wcerease of the flow rawe in the
Y22 recta would be expected o remove more urea from the papilla and there
by merease ucea lass fram the collectng ducts An attempt was therefore made
10 comelate bach diffusion of urea to urme pO,

Methods

Eight cxpersments 1 ere performed on healihy mongicl dogs of either sex weighing
1522 kg Anesthesia was induced by Nembusal sodma 1 25 augihg body werght
3d mamtamed with subsequent doses of 12 mg/lg A trach.al tube was mseoed
0 assure free air ways M were perfo vt breath

of ar >
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The left ureter was exposed by a small flank 1ncision and cannulated by a polysinyl
catheter which was then connected to the pO; measunng chamber Urine pO, was
recorded continuously by a tefloncoy ered clectrode (hroa a6 1 Jortansex 19.49) mounted
1 a plasuc chamber as previously described (Aukzano and Rixoa 1961) Usne was
collected for analysis at the outlct of the electrode chamber Unne from the other
kulney was dramed by an indwelling bladder catheter

A polycthylene catheter was inserted mto a brachual artery for continuous recording
of artenal pressure by means of 2 Sanborn amphficr and recorder A three way stop
cock wasinterpositioned between the catheter and the strain gauge transducer allowing
artertal blood to be collected from the same catheter In three expeaments the left renal
vem was cathetenized by a cardiac catheter of size 7 or B F, ntroduced through a
Jugular van and the vena cava Side branchies fo the renal vemn were Igated Clotting
m the renal vesn catheter was prevented by conunuous infuston of a dilute hepanne
saltne sofution at a rate of 05 mlfmin  The posttion of the catheter i the renal ven
was checked at the end of cach expeniment

All expenments were performed dunng high unne flow produced by a priming and
sustaining snfusion of mansitol 1n 0 45 ¢ saline 1n order to mntmuze oxygen cquilibra
tion with systeauc blood 1n the walls of the renal petvis High unne flaw was abo neces
sary for measurcment of the negatn e free water clearance (4 experyments) and in these

p §0 or 15% 1 was given at a rate of 8 mlfmm In the remaimng
four cxperiments 5 ¢ mannitol was infused at the same fatc Creatsune (Cr) and

+ sodwum para amine hippurate (EAH) was added to the pnming and sustaining iofusion
amounts to provide a constant plasma conceniration within the following ranges

P H 0519 mg/i00 mt Cr 816 mg/i00 mi At high unine flow 0 ts sshre
asgnens ¢ by drip at a rate adjusted to compensate for salt and water loss \fler an
eqmhbraton penod of at teast 10 mun clearance penods of 5—10 minutes duration
were started Arterial blood was colfected at the midpomt of cach period Renal ex
traction ratio of PAH (Fpam) was csumated mn three expenments Systemic astesal
and renal venous blood was collected stmultancously immediately cooled in ice waler
and ceatrifuged at + 4 G Ilasma was thus prpetted off withi 8 wmun after sampling

H par drenalime and nor adrenahine were used to vany unne pOy
The drugs were admnstered 1 ¢ in 045 % saline with an clectric infusion pomp
calibrated to deliver 025 08 and 1 5 mlfmin respecu cly 89 clearance pertods “'f{'

eformed without ad of drugs H was given in 10 penods o -
~63 min duration in 7 cxperments at a ratc of 860 yg/min 52 clearance ";112
were performed duning mfusion of lustamine  Papasenine was infused at a rate of o
mg/min i three periods of 25 35 mun durstion ncluding 14 t'b"’;’"“ P"T‘mm

Adrenafine and nor adrenaline were guen 1n 1x caperiments at a rate of 5— 3z l“ﬁlmng
in periods of 1525 mun duration Frve clearance periods were carricd out e
adrenahine and 16 during nor adrenahine infuson In two expenments clearance pert
were carried out ¢ !y throughout the whole wlle sn the mn;(;!m:
experiments 3 —1% min were allowcd for equilibration following start and stop ol
infusion .

Creatinine was cstimated by the method of Bosssrs and 1ass¥ (E45) :.1‘“{‘ ‘lﬂ:‘:
by the method of Sutin et 11955, Sodmm and potassum “:; O e a1d
Bauwrd Mame phatometer using mteraal Lo standard Lrea 1 l‘;; [(::w\mv )
unnary ammoma were determined by the microdiffusion method ol e e
1lasma and unine osmolanity was determined m 2 mt umplﬂ"" Y epance frss Lane

Negatne free water clearan ¢ (Tig o) was caleulated a3 mmblﬂ" :n:wml vexs deser
flow (Coum—V) (WESSOY and Vastow 13u2i Systemr artenial be
mined 10 Winirobe tubes sy un for 30 mmn at 3000 r p @
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Tale I £gy & vanous drugs on e 0x3gen fensson P At learance rengy blood celt flo.e
onerules i/inaion 1ate tubular sodinm reabsorption and urne Sow See text for dosage
Umnepn Jopor RBCF GFR v
and Ty,

Hutamine + —a ~ o0+ -0 —0
Papasenng + —0 —0 -
Meenzline -+ — -0 o
Do adrenafyne ~+ —+ + 0 +
Inerease or decrease relageq 10 adjacent contral penods

F = increace, g unaltered, — '« deeregse

1n addigg ¢ the experimenss described above one peament was performed 1o
M estgate whether histagyne P
temal bl

Whular sodum reabsorption (Ty ) It should be noted thay 5 Wicrease of
inne pey, duning histanune infusion wag Sometmes obser, og also when GFR
and T, femamed unchanged and irespective whether RBCF ncreased op
dm’&ned

Pabaerine mose often produced a moderate decrease of G,y RECF GFR,
an T, while urine poO imvanably inereaseg
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Histamine pgAnin

GFR
™ /mia

RBF
it fmi

O X T @ 0 ™ 10 %180 fame

Fig 1 Effect of hustamune on urine PO and other parametcrs Dog G @ 15 kg Pnnungnfusion
50 mun before start of clearance pesiods 10 g mannitol 1 g creatimnc and 120 mg sodium para
amino-huppurate in 100 ml 045 9, salne Sustaimng infusion. 50 g mannitol 1.45 g creatinine
and 350 mg Na P\H 1n 1 000 m] 0 %3 %, saline Infusion rate for both solutions 8 ml/mn,
Histanune gnen by continuous ¢ v wnfusion at rates indicated at the top of the diagram. Hatched
areas on renal blood flow columns (RBF) indicate renal blood cell flow

Duning adrenaline mfusion Cpay decreased markedly while GIR remained
unaltered or decreased shghtly  Nor adrenaline had no consistent effect on
Ceag while GFR remaned unaltered or mereased shightly (RBCF was not
esumated duning adrenaline and nor adrenakine infusion ) Both adrenaline
and nor adrenaline had a varying effect on unine pO, 1 some infusion periods
depressing 1 others mncreasing and quite often great fluctuauons m unne
POy were obtamed (In Fig 2--5 the mean unne pO; of cach penod has
been used )

In most expeniments there was a slow fail in Cpayr and GER apparently in
d lent of drug ad No change mn the filtration frac

P
tion Cg,{Cpyy was observed
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Bg 2 Illustrases Jack of correlation between unpe pO and tubular yeabsorption of solute f ce

water (Ty, o) at vanious Jevels of solute excretion i four experuments Tmy ¢ and Comain

Dlfrayn, Sustauung nfusian of 10 or 15 % mannutol solut on at a fate of § mi/mun, Unn 50,

}aed by penods of contunuious infusion of hustamune, papa enne adrenalie o nof adrenalme.
g A, Q 154g DogB ¢ 154g DogC, @ 19kg DogD & I5kg

Renal concentrating copacity and unne p0s

The neganve free water clearance (Ty p) vaned considerably throughout
cach of 4 experiments Since the osmolar clearance (Co,,,) m several penods
diopped beyond the value required to obtain 'Tuo ( ding to
Pack and Reess (1952) 35 umes Ty o) 1t 15 reasonable to correlate Ty o
10 C,. However as shown n Fig 2 the scattenng of the values seems not
tohe exphicable only by varyng osmolar clearance The diagram shows further
mate that the vanatons 1 Ty ¢ were not assoaated with changes 1 unine
PO, 1 any consistent manner In three of the four dogs (B C and D) Ty o
was better correlated to glomerular filtranon rate (GFR) than to Cp,, as
shown 1n Fig 3 The mean ratios between Ty o and GFR were Dog A 0089,
Dog B 009) Dog C 0070 and Dog D 0070 Asis also shown n Fig 3~
Was no consistent association bemeen unne pO  and negatne free
dlearance at any level of GFR
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Fig 3 Lack of correlation
between unme pO, and
T o 2 vanous leels of
glomerular filtration rates.
Ts; o and GFRsnml/mia
Same expeiments asan Fig
2 Note that :n 3 expent
ments (BCD) 1 Tf o
better correlated 1o GFR
than ta (,om.) (the latter

shown in Fig 2

Fig 4 INustrates lack of

conssstent eflect of adrena

nine, nor adrenaline bista Control

nuac and papasenne on ty & Adrenaling

bular reabsorpiion of salute - Nor

frec water Same expen

ments as 10 Fig 2 and 3 » Histamite
& Papaverine

Tiso and GFR 1 ml/mun

The correlation cocflicients between Tig o and Cous were Dog +3zimlr}:§
B+ 060 Dog C - 051 and Dog D + 069 and the corrclation todﬁc:cnu -
Tito and GFR Dog A + 06 Dog B + 08> Dog C + 069 and Dog D
However this staustical evaluanon of the data suffers from twe ol;‘uousv )
emror Siee Tho (= V(U Poy — 1) Con (= V U/Pous) and GF (:c i
all include the term v (unae flows a false postne correlayon m;’;ld et
Sccondly f Com 25 not high enough to sccure maximal Tii o ane; e apprgach
a straight Lne correlation between Coug and Tit o but rather ant 3")h “"m abjeetion it
of Tit g to 1s maximum However mspection of Frgs « and JB";} e e beter
mund shows that the rather large varauons of Th o 10 Dogs e med
explasmed by vanations of GFR than of Coa The negatine fr:wl(r:‘wm e
an equally high corrcfation o reabsorbed sodium as to GFl ;:mbcd s
from the fact that more than 85 of the filtered sodium was rea
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The data were also analyzed to find out of the infasion of drugs influcnced
the cancentrating capacity It seas found that adrenalne and nor adrenalne
1o consistent effect on Ty ¢ 10 the doses used while the mean Ty o dunng
Stamane mfusion was Jower than m control periods However when GFR
% used as parameter (Fig 4) 1t scems unhibely that ustamine has any speasfic
offect an the concentrating mechanism apart from that exerted by reduction
of GFR

Lnine pO, and renat estrachon of PIH

The renal extracuon rauo of PAH (Epuy) determined m 46 cleasance
Penods 1 thice experiments varied between 77 and 92 5 °, The mean values
i cach experiment were (range gien i paseuthesss) Dog F 896 (88 5
23)9, Dog G 81 @ (18582 3) ° and Dog H 800 (7883 5) 0, In 41t
three expenments the extraction £auo was found to be unrelated 1o wrne ¢
(Fig 55)
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Fig 6 Lack of correlation bemeen unine pO, and urea extzets an ratio at s anous leels o unnc
flow Bro_en hine drawn through cbservations and through U/P¢ = 1 UfPte U P =1

{In dog C ammonia 1 included 11 unnary “urea concentration)

It has recently been shown that E,,,, vanes imverscly with renal plasma
flow (Harti Rreienserc and Lurz 1959) This effect might possibly otk
a correlation between urme pO, and Epuy InFig 5b Epyy has thercfore been
plotted against renal plasma flow using unine pO; as a parameter Houwever
even when compared at a gnen rate of plasma flow, there was no conssicnt
relationship between unine pO, and E,,,,, As also shown m Fig 5 b vanauons
m plasma flow had only shight effect on Ep,y 1n these cxpenments

Unne pO, and senal urea excretion

Simultaneous esumation of urea and creaununc clearance was canmed ot
1n 129 clearance periods in 6 dogs with unne oxygen tensions varyng between
8 and 36 mm Hg Urea excreuon rato 1 ¢ the ratio of filtered ured whueh
18 excreted 10 unne 1s given by the ratio Cy,./C, which is cqual to UfP !
U/P¢,. Since urea excreuon rauo is strongly dependent on unnc flow (lar
UJPe), the excretion rauo cannot be directly correlated to unne POt ':
Fig 6 urca excreton rauo has been plotted agamnst UfPg, using a scrm‘vs-‘":i‘“;‘
svstem (Sansos 1936) and dufferent levels of unne pO; are indicat ¥
the same symbols as used in previous figures The values show rather S's
scattering but 1t 1 evident that the vanavons bear no conistent relanonship

to unnc pO;
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Discusston

In planning the expeniments reported above it was hoped to establsh a
poesitive correlation between urine pO, and renal medublary blood flow It
was found however that none of the parameters used — renal concentrating
capacity PAH extraction rato and tubular back diffusion of urea sho ved
any consistent correlation to urme pO, This may mean aither that urine pO,
1 not determuned by medullary blood flow or 1t may mdicate that none of

e used 1s d dent on medullary blood flow The latter pos
sbibity will be discussed

The funcuon of the vasa recta m the renal medulla as a passtve counter
current diffusion system seems ble from the morphol I ch
sstics of these vessels and 1s alse supported by experimental evidence (Winz
1953 Gorrscan and Ve 1959) Furthermore theorctical considerations
show that the flow rate 1n the vasa recta must fluence the efficacy of the
exchange mechamsm 1n such a way that an increased flow would reduce the
efficacy 1n mamtaining a high osmolar concentration within the papilla
(Harorrax and kuuy 1951 Beruner efal 1958) It 1s possible however that
ather factors such as sodmm load to the loops of Henle may be more critical
i the determination of hypertoniaity 1n the papilla (Levinshy  Daviosoy and
BerLneR 1959) Furthermore it can not be regarded as proved that osmotic
equilibnum 15 established across the walls of the collecting ducts even in the
Presence of antidiuretic hormone If this were not the case Ty o will not
reflect the capacity of the concentrating mechamism  as pownted out by Le-
VINSKY and Berever (1959) who found positnve free water clearance even
dunng high solute diuresis In the present expeniments however the negatnve
free water o d hugh h all exg at all levels
of solute excrenon and the mean values of Ty o/GFR are equal to or even
Mugher than those reported as Tmg o/GFR by other invesugators (Pace and
Remy 1952 Anstow and Wessov 1955 BRicker etal 1960)

It must be ded that the b must be depend
on the flow rate 1n the vasa recta but other factors may be of greater sig
tuficance Furthermore 1t cannot be ascertaned that Ty ¢ gives a correct meas
Wement of the capacity of the concentravon mechamism The lack of cor
relation between Ty o and urine pO, therefore does not exclude the pos
sbilty that unine pO, ss mam)y determined by medullary blood How

If the concentration process 1 the medulla depends upon the load of sodium
10 the Joaps of Henle 1t would be expected to be influeaced by the glomerular
Gltration rate and especrally the fil rate of dul ph
haung long loops It was found that Ty o showed better correlauon to CFR
than to C,,, It 1s thercfore concenable that the filtranion rate of juxta
medullary glomerult has vared pasallelly with the measured total GFR whuch ™
Probably mamly reflects the filtration of cortical glomeruli because of

He673015 A ta phys 1 se nd F ol 55
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far greater number The relatvely great vaniauons in GFR obsersed 1n these
prolonged expenments thus seem to affect both corucal and yuxtamedullary
nephrons
Brane (1961) found recently that mfusion of nor adrenahine reduced the
negative frec water clearance at any level of Cq,, and concluded that nor
adrenaline may merease medullary blood flow 1t the expense of cortical
nephrons Netther adrenaline, nor adrenaline nor histamine had any con
sustent effect on Ty o apart from that associated with alterauons in GFR
It should be noted hov , that the exp with nor adrenaline 1s limited
to 5 clearance pentods 1 2 dogs
The concept that PAH extraction ratio 1s determined by blood flow through
the medulla has been ad ted especially by Reub: and collaborators They
assumed that plasma feaving the juxtameduifary glomeruli does not come
contact with proxsmal tubular tissue and 1s not cleared at all for PAH while
cortical plasma 1s cleared 100 9, 1f this assumption were correct the medullany
plasma flow would be given by total renal plasma flow minus Cpyy Based
on this hypothesis the effect of a great number of drugs has been insestigated
with the conclusion that cortical and medullary plasma flow may be vaned
independently (Reusr and Sciroeper 1949 Revst and Futcier 1949 Reust
 ~0,19:8) Mo effect of adrenahne or | on Epyy was faund
agreement with the present studv It should be noted, howener that the
1 1s based wholly on anatomical considerations and not on expert
mental evidence and that other authors have armved at directly opposute con
clusions Maszwerr Breep and Ssurn {1950) and Sauri (1921) have mamn
tained referning to PeTers (1909) and TRueTa efal (1947) that in the outer
meduilary zone the vasa recta are internungled with the descending straight
Limb of the proximal tubule probably capable of removing PAH also from
the vasa recta They therefore believe that PAH 1s extracted from medullary
blood as well as from cortical blood and furthermore that the uncleared frac
uon (1 Egy,) represents blood supplying the renal pelvis capsule and pent
renal fat The dependency of PAH extracuon on renal plasma flow has recently
been explamed by Ruw (1961) m terms of enzyme hincucs without cxcludzdng
that a small portion of the renal plasma flow may pass uncleared through the
medullary areulauon
At the present ime the question whether Epyy depends on medullary ND‘:‘:
flow remains unsetled and can probably only be deaded by mucro punctu
studies
The dependency of wbular back dffusion of urca on medullary 1)100: ﬂ::
may be even more quesonable than that of Ty o and Lea :Il h"‘n‘;;‘ ;;JIA
erally accepted that the hugh interstitial urea concentration in e renal p e
diffusion (for sefesences
s dernved from the Offecting ducts by passive [ the vass Fecta
Auatasp 1961) The pasave counter exchange mechanism o . Ipcreased
will mumrmaze the loss of urea from the papilla via the blood strea
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fow rate m the vessels will reduce the efficiercy of the counter cur ent system
and tend 10 wash out urea from the papilla Thss an turn should nc - 1se urea
diffusion out from the collecung ducts and theieby reduce the urea escretion
o It seems reasonable to assume however that dogs on mused diet the
mam urea back diffusion occurs from the comvaluted tubules and that vana

Bons 11 yrea loss from the collecting ducts are tos small to produce measur

Al alserations in the final excrenon rato

Furthermare since the tstimation of usea excrotion satio depends on four
chemical determunations each with their sources of error a rather great scat
fenng of the values would be expected It 15 concenable however that the
0ore extreme vanations seen Fig 6 may be duc to madequate equilibra
Hon resulting in falsely high or low urea clearances due to washotet or accurnu
fau0n of wrex 1n the papilla {For references sce Athrann 1951)

The above discussion may be summarized as follows No consistent corvela
uon could be demonstrated between unne pO, aad Ty o Epyy and Cuee 1Ce,
respectnely but unfortunately nonc of these p has been und; bl;
Proved to depend upon medullary blood flow The results sherefore permut
o defingte conclusion as to whether unne pO, 15 mamly desermuned by the
fate of medullary bicod flow or not

In the preceding discussion 1t has been referred 10 medullary and papiliary
blood fiowy ay ¢ these would always vary paralielly This may be an unjusufied
“mphfication Bath the outer and mner medullary zone (the Jatter comprising
the pa, ila) dertve their bload supply from the efferent vessels of pun tamedullary
glomernk via the vasa recta However independent vanatons of blood flow
8 outer and 1nner medulla nught occur and evidence for red cell shunts i
the outer medulla has also becn presented (Thumau SuGra and Lities
FED 1960) This mught mfvence urme pO, Epgy Ty o and UiPy, /UJR,
'8 differcat and unpredictable ways .

We have d that mn Y oxygen con
Sumption mz:y be an mportant factor w determmuning unae pO, {Avntano
and Rrog 1861) If medullary oxygen consumption is marnly concerned with
Sodiury transport as scems to be the case for the adoey as a whole {hxaner
and Degrpen 1960 Lases Muncs and Taasey 1961 R Ackeao and
Rersey 1961) the load of sodwm to the medulla might he of amportance
Some observations m the present study support this concept A rise n unne
P04 was most ofien accompanied by a fall m GFR and sodium filtracion Qn
the other hand rapid 1+ nfusion of hypertonic mannitol glucose or urea
reduces unme PO, (AunLarp and hroe 1961} This mght be due ather 1o
the mcreased amount of sodium delivered from the proxumal eubules in~
Creassing medullary sodwsm transport of 10 3 more fxp:,nsnc sodwm reab-
0rpion in the p of large of non r ble sobutes (huy
AtkLasp and Rersuse 1961) & smular effeet of hypertome sodium chlonde
mught faror the former explanation Furthermore 1 unpublished expenments
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1t has 1lso been shown that unine pO, s lowered by mercunal diateties Al
thougl an mereased oxygen consumption scems unlogical m the presence of
2 transport mhibitor 1t nmught be due to 1 preferentil effect of mercunals
m the proxumal tubules, increasing the amount of sodium delivered to the
loops of Henle, thercby increasing sodium 1eabsorption and O, consumption
m this place

Although medullary sodwm transport atself cwnnot be measured o 2 0 1t
18 hoped that further studies along this Imc may provide w explination for
the surprismngly low and vanable oygen tension of urme

This study was supported by a grant from the Norwegian Research Council kr Sc ence
and the Humanatics
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Abstract

Jansey T kS and P B C Marrnens The effects of fusmalo!
actunty on the static responss eness of promary and secondary endings o
wuscle. spundles 1n the decerebrate cat Acta physiol scand 1962 55 36—
386 — The effect of fusimotor activity on the static behaviour ol soleus
muscle spindle receptors 1n the decercbrate cat has been investigated
by companng their responses before and after ventral root sccuoft
The endings were classified as primary or secondary according 10
the conduction velocyties of their afferent fibres Their static behaviouf
was assessed by thar of disch at different
lengths 0 5 sec after completion of a slow stretch at 3 mmfsec Fust
motor actiity increased the static responses of both kinds of ending

d at physiol 1 full the average increase was
slghtly greater for primary than for sccondary eadings Thestate
responses of both hinds of ending tended ta ncreasc of decrease

together when the level of fusimotor acuvity changed Thestatic
taty (slope of freq ©elation) of both kinds of
ending was commonly but not mvarnably 1ncreased by fustmotor
acusity These findings 1 conjuncuon with previous work, shokv;
that the behaviour of primary and of sccondary cndsngs i more 3l
under statc than under dynamic condittons This 18 discussed 10
relation to the posstble funcuons of the sccondary ending

differ

The pnimary and secondary afferent endmgs of muscle sl’""il](" "’: 1893
ently arranged with respect to the intrafusal muscle fibres ( Ulf " e
Barker 1948 Bovo 1961) and mught be expected © be duffesent );b -
+ Fellow of the Rockef ller Foundation, Present address Laboraiory of \europhyoio8)
pan.mcnlofAmmrn) Uni ers ty ¢f Oslo Norway

376



STATIC RESPOMSES OF MUSCLE SPINDLE ENDINGS 377

NOMBER Fig 1 The cffect of spontancous
A OF ENDINGS B fusumotor activity on the static
responses of 45 primary endings
(A) and 22 secondary endings (B}
The abscussa is the increase 1o stat
1c response above that of the de
efferented  ending  produced by
funmolor actn ty 'ic static fe
ponse was measured wih the
- ;A ) muscl‘e‘ & phim;logxcall full exten
ng o AC 0 son cn the level of fusimotor
IMPULSES/SEC IMPLLES/SEC activity varied during the exgers
ment the largest increase ohserved m the static response has been plotted (] obsenations
made 1n preparations with ipsijateral dorsal roots cut observations made with dorsal roots
L7 and ) imtace)

by their contraction A preceding paper (Jansen and MATTHEWS 1962) has
described some effects of the fustmotor activity accurning m the decercbrate
cat on the dynamuc responses of these endings to slow stretch of the muscle
The present paper based on obsenvauons from the same senies of expert
ments compares the effects of fisimotor activity on the static responses of the
two lunds of ending to mamtained extension

Methods

The methods used have already been descnibed (Jansew aad Marruews 1962)
In outhine they were as follows Fourteen cats were decerebrated by aud bram section
under ether anaesthesia The discharge of single afferents from musele spindles in
the soleus muscle was recorded from dorsal oot filaments The endings were classified
a3 primary br secondary &ndings on the bass of the conduction vclotittes of their af
ferent fibres (cf Hunrt 1924) The response of the endings was observed during and
immediately alter siretching the muscle at a slow constant velocity of about 3 mm/fsec
the final extension corresponded 10 full physiolegical extension as determined while the
soleus tendon was stall attached to the calcancum Thus was done both when the motor
supply of the endings was intact and agam afier they had subsequently been de ef
ferented usually by ventral root section but occasionally by curanzatien In all but
four of the expertments the appropriate dorsal roots were cut at the beginming of the
expertment 1n order to simplify interpretation of the results A few results obtained
with sntact dorsal roots have been included sn the present series and suggest that the
present results are also apphcable to fully nnenvated endsngs any result described
55 however from a de-afferented preparation unless otherwise stated The responses
of the endings to the stretches were d by thesr mean
of duscharge orer penods of 81 sec

Results

The afferent discharge from a musele spindle cvoked by stretehung the
muscle contaming 1t may be considercd to consist of two parts a static
response related to the amount of extension and a dynanuc response related
to the rate of extension \When the muscle isstrewched and then kept extended
the dynamic response of any spndle ending disappears on completion of th
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Fig 2 The responses of a prumary and of a secondary ending recorded simullancowly dunng
2 crossed extensor reflex in soleus a 1sometric tenswn b discharge of sccondary end ng ¢
discharge of pnmary ending d signal Light ind ! of popliteal
pemveat I8sec e 1/100 sec fume marks (Inial tension 50g length 9 mm short of physilogical
full extension Conduction selociues of afferent fibres 46 and 97 mfsec for b and ¢ respecunely
Dorsal roots cut ipsifaterally  but not contralaterally }

dynamic phase of stretching leaving the static response The disappearance
of the dynamic response 1s not however 1nstantaneous and it may bemany
tens of seconds untd a completely steady duscharge 1s reached a plienomenon
more familiarly known as adaptation Measurement of the final stanc response
to an extenston should therefore be made lony, afier completion of the dynamic
Phase of stretclung But this restricts the possible scope of experments, for
¢t of fusumotor fibres cannot necessanly be mamtained at a constant
Ievel for prolonged periods and 1t also nisks damage to the endings through
the effects of prolonged tension (MatTiEWs 1933) However, a large part of
the dynamuc response decays 1 the first half sccond aficr completon of the
extension the subscquent decay being much slower (Jwsen and “"""EN}
1962) from the point of view of reflex function this carly decay may I"";
more importance than that occurning over many scconds We thercfore wuh
{0 present results on the static behaviour of endings assessed by mcasurcmcnl;
made 05 sec after completon of stretching even though the results obtaine
by measurement at a later time might be different
The effect of fusimotor acuvity on the static response of the endings was
Y + mm at
assessed tn the first place by apphying a standardized slow stretch (1 ot
3 mmfsec termunating at physiological full extension) to the musccdltd
before and after interruption of its motor supply All the endings so m( o
whether primary (45, or secondary (22) had a smaller static rcspomcdn e
final extension after de efferentation than before showing that i l'lfc :cnculur
brate cat both kinds of endngs are tonically excited by spontancous ru::motur
actinity The relauve magnitudes of the effeets of this spcmnnc;n;‘s ‘Ham“u"
activity on prmary and sccondary endings are shown in Fig 1 xl?c amaunt
for endings of one kind s probably due mainly to differcnces in ed from 14
of fusimotor actnity influcncing them for the results arc dem
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fu;l Cz;rpamnn of changes in stauc
nses of pnmary and secont end
L5 2t differeng I:ZL; offuslm!?:)?icll\
¥ Otatnations from 5 primary and 4
¥eondany endings in the same expers
wetil. Toe endings were recorded from
I PaTS topsisting of a pnmary and a
secors eoding For each pair the in
@edse 10 stane Tesponse at full extens on
i the secondary ending above s de ef
l;nmcd value has been plotted agamst
comesponding value for the Pprimary
sding (\ean de efferented staie re
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30 100 150

INCREASE IN STATIC RESPONSE OF
PRIMARY ENDINGS  (MARSES/5EC)

dffereny Preparations The mean increase for the pnmary endmgs was 55
\pulses/sec (S E of mean 4 4) while that of the sccondary endings was 38
mpulsesisec (S E of mean 4 1) The difference between these values 15 statis
beally significant (at 1 9, level on ¢ test) but m the present state of knowledge
the finding that fusimotor activity wmncreases the static responses of both kinds
of endings by the same order of magnitude scems of more interest than this
"aticly anall difference

This conclusion is supported by the finding that when 1n any one expenment
the level of fustmotor actwity changed the static responses of both primary
and secondary endings tended to be affected sumlarly An example 15 shown
nFig 2 which displays the responses of a primary and of a secondary ending
fecordeq sunultancously on ehciting a crossed extensor reflex m soleus by
Unulating the contralateral lateral popliteal nene  After an amual burst
therr discharge settled down fo an approximately constant Ievel and the in
Tease 12 mamntamed discharge was similar for the two endings being 2o
mpulses/sec for the prnimary ending and 50 unpulses/sec for the secondary
cndmg

Fig 3 shows a more systemanc companson of the relamve effects on the
™o laads of ending of changing levels of fusumotor activity 1 a single e
Pehiment Each powt s derved from ssimultancous observations on a primary
and on 3 secondary ending as in Fig 2 The increase in the static response
of the secondary ending above s de efferented level as measured after a
Mandard streteh s plotted agawmst the corresponding value for the prmary
ding The pants are dernved from repeated obsenations on several pars
M‘mdmg, cach obsered at dufferent levels of fusimotor actnity The changes
0 fusimpor actnaty eather occusred spontancously or were produced reflexly
“Uctimes by elictting a crossed extensor veflex an soleus and someumes by
Bbvamic symulation of the labyrmnth (see JANsEN and MarTrews 1962) It
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Fig 4 Stauc frequency-extension cunves of a pnmary ending (A) and a sccondary eading
(B) determined dimng spontancous fusimosor actvity { ) and after secuon of ventral rwo
(), Boh endings were 1n the rame preparation (Conduction eloaty of aferent fibees 110
2ad 57 mysec for A and B respectinely )

1 clear that i general the stauc responses of the two kinds of ending tended
10 1ncrease together

Fig 315 slightly more complicated than rught appear at first sight because
the arrangement into paus of the 5 pnmary endings and 4 secondary endings
was altered several umes 1n the course of the expenment Some of the scaner
of the points represents the effects of altening the pairs rather than the leic
of fustmotor activity but altering the parrs was not the cause of the corelauor
between the stauc responses of the two kinds of eading ”

Apart from the simulanty m the mcrease of stauc discharge P"’d“‘r ':
pramary and sccondary endings by fustmotor actvity there was also ":’n'd,
close correspondence between the actual rates of discharge of the "‘"d "
of ending This can be scen directly for the pair of endings 1 Fig 2 ”;_ “)
also shown by staustical companson of the whole scries of endings D{x;im
When their motor supply was itact the mean stati¢ response at full ul;u e
was 95 impulses sec (S D 35) for the prmary cndings and &0 ’m;" \alus
(8 D 26 for the secondary endings VWhen they were de effercnsed € ebm“
were 31 impulses sec (S D 18) for the pnmary endings and 42 uppd
{S D 10 for the secondary endings

Effect of fusimator acticly on spindle static sensitiily ysiological

So far only the stauc response to a 14 mm stretch termnayng at piy nse at 3
full extension has been considered Observauons of the static ripxoucmwﬂ
number of other lengths were made by applying a slow stretch in tic FEspORt
of small steps with short intenals 1 between dunng which the ;T},c dinami
was determined again measured 05 scc afier the compleuon ocnq.amnuﬂ
phase of each small stretch) Fig 4 shows examples of frequ Jor a primas
relanons so obtuned both before and after d:—cﬂdmuuonu[adl ends§
ending and fir a secondary ending The discharge frequency
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Fig 5 Seatter diagram relaung
S5 M S1AL € sensiti ity to 10
ascs o static response  Data
from 21 primary endings ( } and
15 secondary endings () studied
Systematically in thas respect Ab
scissa, the increase in static e
?onsc at full extension above its
¢ efferented value p oduced by
fusimotor actmity Ordinate cor
Tesponding change in spindle stat
i sensinty produced by fuss
motor actuty (s ¢ slope of stane
uency-extens on relation of in
nenvated cading munuy that of
same ending when de eferented) i \ ' ' .
The observat ons were made part 5 s0 180 10 =
Iy dunng spontaneous fusmotor INCRASE N STTIC FERONGE  (ramaks /S0
actmaty and pantly durmg reflexly
induced changes 1n fusunotor act vity  They were all obtaned from Preparat ons 1a which the
dorsal roots had been cut,

+

+

-

+

LD

3ot
g’““__‘ D B T M

CHANCE N SLOPL  faaPSts /s /Mg
o

hnearly with over most of the range studied
(ef Eipreop Gramr and Mextov 1933 Harvev and MaTTHEWS 1961b)
‘The slope of this kne may be defined as the sensttvaty of the ending to statie
extension (WriTTERIDGE 1959) and 15 of interest for theones on the servo-
control of movement (cf Jansew and MatTHEWs 1962) \Vhen de efferented
both endings had a static of about 4 1mpulsesfsec/, and fi
acuvily increased this to about 10 mmpulses/sec/mm 1n both cases

Fig 5 shows the change mn static sensitmaty of a seres of endings related
to the level of fusimotor actvity the latter being judged by 1ts effect on the
static resp at phystological full There 15 of course an element
of tautology m this presentation since an increase of slope leads to an merease
m the value of the final static response None the less the scarter diagram
serves to show that f activity J; the static sen
sitnty of both primary and secondary endings It can be seen for both Linds
of ending however that the static response sometimes creased markedly
without bemng associated with a simultancous tncrease of slope (sensitivaty)
this was more common for pnmary than for secondary endings

When the endings of Fig 5 were defferented the mean salue of the static sensitivty
of the 15 sccondary endugs (36 impulses scc mm S D 09) was sumilar 1o that of
the 21 primary endings (3 7 impulses/sec/mm, S D 1 3) These values are both shghily
lower than those found by HARVEY and MATTHEWS (1961b) for a smaller senes The
explanation of this difference may be that in the earher expertments the extension
frequently ternunated stighty beyond physological full extension whereas in the
present expenments the final extension was farh close 1o physiological full extension
The f equency extension relation although approumately linear over much of us
range tends 10 be concave upwards, 5o that a greater mean value of slope would be
found for large final extensions than for small final extensions, as the slope was measured
o er the last half to two-thirds of the range studied It should be noted also that not all
frequency-cxtension relations are as linear as those shown in Fig 4
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Fig 6 Decreasem static sensitivaty of & pumary ending
B accompamed by increase an us dynamic sensitivity

S Lawer two cunves () show static frequency-extensi n
e zelations of ending while 1ts motor supply was sntact
3 5ol N (a2} and after subsequent de efferentation (b2) Up-
5 o per twa curves { } show dynamuc frequency extension
relation obtamned dunng the dynamic phases of the
same snterrupted slow stretches (at 3 mmjsec) used 1o
obtamn a2 and b2 (Conduction veloaty of afferent
o fibre 89 m/sec }

) 1
EXTENSION MMy

The changes 1n slope shown 1 Figs 4 and 5 cannot be atinbuted to contraction
of extrafusal muscle fibres rather than to that of mtrafusal muscle fibres Eatrafusal
ibre contractions were usually absent since the dorsal roots were cut at the beginning
of all these expeniments Contraction of extrafusal fibres however sametimes occurred
during crossed extensor reflexes (cf Fig 2) Mechanical considerations suggest that
hev should have httle effect on the sensitivity of the endings to stretch and ths view
as supported by comparison of the slopes of the frequency extension relations obtamed
~th the sumulus to the contralateral nerve just above and just below the threshold

eliciting a reflex contraction of the extrafusal fibres of soleus (the threshold for
mmotor effects was considerably lower)

Fig 5 shows also that the static sensitisity of primary endings was some
mmes decreased by fusimotor activity It 1s terestng that this decrcase 1n
static sensitivity was usually accompanied by a definite sncrease 1n the dynanuc
response of the ending to the d p of I An example
of such behaviour 1s shown m Fig 6 The two lower cunes (a2 b2) are the
static frequency extension relations of the ending obtained by wmterrupted siow
stretches (as Fig 4) apphied wnen the venteal roots were intact (a2) and affer
they had been cut (b2) The two upper cunves (al bl) are the mpon'sa
obtamned during the dynamic phases of the successive short slow strelc D‘:
comprising the interrupted stretch The amount by which the curses "
taned under dynamic conditions he above their respective cunes obm:inc
under statc conditions 1s a measure of the dynamic scnsiivity ofllfaccn(;(l:i
to the slow stretch Clearly this dynamue sensitivaty was increased by |-ls’.:"c\“a
activity at the same tune as the static sensitivity was reduced Other ol 'Sautd
tions made on the same ending at a duffercnt level of fusimotor actmryﬂsl x\nmc
a shght increase 1n slope of the static cunve above the de cm(;til{{:,cmcd
accomparmued by hittle change 1n the dynamuc response from 1ts de- s
svalue Such observauons suggest that the static sensitivity ol'p;‘n;:rzm e
depends upon more than one factor and that these facm-;h:uc m:r t;:cmll) o
on the dynamue scasitivity At any fate the cffect of fustmo
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the static behaviour of soleus spindle receptors cannot be expressed solely
terms of changes n their static sensttivity ‘cf HARVEY and \[AtTimws 1961)
s has been possible for spindles 1n eye muscles (Warrrermes 1929)

Discussion
The effects of phystol 1 d acuvity on the stanc
behaviour of primary and of secondary endings have proved to be sumlar
n many respects This contrasts with the large differences descnibed earber
m the effects of fusimotor actvity on their dynamuc responses (Jaxses and
Martuews 1961 1962) It was then argued that the disstmlanity m dvoamic
behaviour of the two kinds of ending occurs because the pnmary ending has
large receptor termunals on the nuclear bag intrafusal muscle fibres whereas
the termunals of the secondary ending are mainly on the nuclear chain mera-
fusal fibres (Bovp 1961) The similanity of static behaviour of the two hinds
of ending would be explamned if the receptor termnals which both kinds of
ending have on the nuclear chamn ntrafusal muscle fibres were sumlarly m
fluenced by contracuon of these fibres If contraction of the nuclear chain
fibres wncreased the suffness of thewr polar regions relative fo that of their
receptor regions then the static sensitavity of the endings would be mnereased
as here frequently found The decrease of static sensitvaty which was some-
tumes observed for the pamary endings may be tentatively attnbuted to con
traction of the nuclear bag fibres since 1t was usually accompanied by an
increase 1n the dynamic sensitivity of the endings (¢f JAssEN and Matriews
1962) Detailed speculation about the mechamsm of these effects does not
however appear profitable on the basis of the present work in which the
relative amounts of contraction of the rwo kinds of intrafusal muscle fibre was
unknown and i which the behaviour of prmary and secondary endings
was correlated staustically instead of by the more crueial method of com
panng the behasiour of a par of endings lying in the same muscle spindle
1961

(B?::Zya ':i‘:tm‘]:?usmm)z of the prescnt findings it should be remembered
that they are based on measurements made 05 sec afier compleuon of the
dynamuc phase of stretching at which time the endings had not adapted
completely As however adaptation  as then pfmcctdmg slowly simular results
would almost certamly hase been obtamed 1 l;le measurements had been
made one or twa scconds later (as was cheched ina i“ €ases) but measurements
at much later umes mught well gne different ';5“ s Hall 2 sccond of rest 1s
however a long ume from the point of “;‘:“ r" mamy reflex functions <o the
results obtaned at this tme appear 10 be of equal physiglopea) interest u;
those obtamed after faily compleie 362;’““0“ Yequnng perhaps 0 s <f
Test The present results therefore provide a reasonable basyg for discussing
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the statie responsy eriess of prumary and secondary endings but make no clam
to be comprehensne m this respect

Taking a broader view the present resulis support the hypothess suggested
by all recent work that the fundamenta] functonal difference between Pprimary
and secondary endings hes 1n (herr dynamic rather than . their staue be
haviour In companson vwith secondary endsngs, Primary endmgs gne a much
larger response to the dynamc component of an extension under all the con
diuons so far studied (Coopeg 1939 1961 Luvpeerg and Winssery 1960
Bessou and Las opyz 1961 personat communication Hirvey and Marmigws
1961b) Further the dynamue senstaty of pnmary endiags can be altered

1834) and at shost lengths of the muscle, primary endings are more strongly
exated by fi ! than are ary endings (Bessov and
Larorts 1961, personaj commusnication Harvey and Marmizws 196! a)
In the present work fusimatar actssaty produced on average a shghtly greater
~Tecton primary than on secondary endings and this difference would probably
e been more marked 1f systemane measurements had been made at sharter
lengihs of the muscle (for example compare Figs 4B and 6) But the statc
responses of the two kinds of ending were often simular both 1a their absolute
frequency of discharge and 1 therr statc sensitnvaty All of this may be ;‘:m
manzed 10 a figgt 2Pproxumavon by saying that while the prmary o ;;g
signals both the length ang the rate of change of length of the muscle “:
secondary cnding signals mamly length wih a sensitisity not very dlﬂfg
from that of the Prumary ending ‘Thus the difference 1n the frtqutﬂ? ;’ -l
charge of the tug kinds of ending approximately signals the rate of cha gx
of length of the muscle aad y 13 Tasy 10 unagme that such a wmpulﬂﬂ:;’ mf},,
uscfully be performed by 2 nenvous centre controlling movement rx;zng!
difference 1n dynamye respansiveness of pnmary and secondary ni reason
though as vet not fully explored appears to be a teleologically sulﬁc:}cm aele
for the exstence of (o different kunds of sensory ending, withi
spindle ral
PSurh an approach encourages further mvesugation of the reflex :;dpi:,:an
effects of the afferen discharges {rom secondary endings The p r; 10 be from
1s that electrical sumulation of group II muscle afferents p'aux:,bm extens 1
sccondary endings, refiexly excites flexor motoneurones and [';"3 sumulated
motoncusones and thar hys occurs whether the ﬂ”"";; ’A Lectes and
ongwate 1 flexor of wn extensor muscles (Lroyo 1943 t;f reflex pattern
RALL 1928 Becies R Nf and Lisosero 199a) The sa
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i produced by pulling on a muscle afier bloching its group 1 fibres (LaPorTE
_ﬂd Besou 1939) On these and other findings the fibres from sccondary
dngy have been classified as part of a widespread system of flexr reflex

s alio contaiming group 111 muscle afferents hugh threshold Jownt wffer

£ and cutaneous afferents (Eccres R\ and Luvpsera 19:9h HorugusT

Livoserg and Oscarsson 1960 Luspsere and Oscarsson 1960) It seems

ullkely however that the production of a general flexor reflex should be

e sole use made by the central nervous system of the mformauon provided

EY the secondary endings on the length of the muscle The present work

w3 that under static conditions the total flow of unpulses from the secondary

t2dings 1n a muscle may be comparable 1w magnitude to that from its prmary
tdngs for the two kinds of ending are app equally

5T 1954) Tt seems probable therefore that dary endings as well as

Pmary endings play an essennal part i the nervous control of muscle per

r“"mancc
Wewh to thank Mr E T Grues for techn cal assistance.
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the static responsiveness of primary and sccondary endings, but make no clam
to be comprehensive 1n this respect

Tahing a broader view the present results support the hypothests, suggested
by all recent work that the fundamental functional difference between primary
and secondary endings hies in ther dynamuc, rather than in ther statc be
haviour In comparison with secondary endings primary endings gne a mach
larger response to the dyname component of an extension under all the con
ditions so far studred (Cooper 1959, 1961, Lunopero and Winsstry 1960,
Bessou and Larorte 1961, personal communication Harvey and Mattuews
1961b) Further the dynamuc sensitivity of primary endings can be altered
over a wide range by fusimotor actvity while that of secondary endings is
httle altered under simular conditions (Jansew and Martiews 1962) In con
trast the diffe m static beh of the two kinds of ending, though
doubtless of fi ! sigmsfi appear relatinely shght When they are
de efferented the threshold tension {or extension) required to ehicit mantamed
fining from primary endings is Jower than that for secondary endings (Huvr
1954) and at short lengths of the muscle primary endings are more strongly
excated by fusimotor simulation than are secondary endings (Bessou and
Laporte 1961 personal commumecation Harvev and MarTiews 1961 a)
In the present work fusimotor actvity produced on average a shghtly greater
effect on primary than on secondary endings and this difference would probably

been more marked 1f systematic measurements had been made at shorter
}s of the muscle (for example compare Figs 4B and 6) But the stauc

ponses of the two kinds of ending were often simular both 1 thar absolute
frequency of discharge and m their static sensitnnaty All of this may be sum
marized 1o a first approximation by saying that wlile the pnmary ending
signals both the length and the rate of change of length of the muscle the
secondary ending signals manly length with a sensitnaty notvery d’“";m
from that of the primary ending Thus the difference in the frequency 'i’f ’e‘
charge of the two kinds of ending approximately signals the rate of ¢l 1an;‘
of length of the muscle and 1t 1s casy to umagine that such a comp‘”"“";1 m):hc
usefully be performed by a nervous centre controlling movement Tl:n
difference s dynamuc responsiveness of primary and sccondary tnc‘ui‘ﬂ
though as vet not fully explored appears to be a teleologically sufficient & e
for the existence of two different hinds of sensory cnding within the 1
spdic

Such an approach ges further s
cffects of the afferent dscharges from secondary endings The od 10 be from
ss that clectrical sumulauon of group 11 muscle afferents presum s extensor
secondary endings reflexly excites flexor motoncurones and anfubsts ol
motoneurones and that thus occurs whether the afferent ﬁbrﬂL:.:.Lu;n
ongmnate 1 flexor or in extensor muscles (Lrosn 1933 Brock, fex patiern
Racr 1991 Ecetes R M and Luspsere 1959a) The same 5

of the reflex and central
present position
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