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From the Dnwon of Human Phvswlogy Sational Instmute for Medwal Research
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of Lund Sweden

Soluhihty of Acetylene m Lung Tissue as an Error
1 Cardiac Output Determmation with
the Acetylene Method
By
R Jerdzres G Luvsonvand L G € F Puon
Recened 6 Jume 1967

Abstract

Jeseres R G Laxoivand L G C F Puen Solubslur of aretylone
w dung fissuer ai an trror w5 cardiac patpid determunation utth the acetyitns
method Acta physiol scand 1963 59 36 ~ The solubin of
acendene i jung e 18 3 v a ek b h
Enouth acetylone = dissahed 1n the lung tssue 10 wmutate an cara
gaseaus tang valume between Q 270 48 hitres The should gre an
error of 712 tn cardac output deterrmnarion with the aretvlene
rebreathing method

The interest mn smdirect methods for cardiac output determnations 15 steadsly
and the develop of fast gas anahysers has provided
new possitnhnes of cheching the sahdmy of the classical methods Dunng a
sertes of work expenments we wished to measure cardiac output and for
technseal reasons we used the acetylene method (Grortyan 1932) With ane
notable exeeption (Assussen and \aprssew 1923 this method has given atues
that are w0 low compared wuth the direct Fich method dye-dilution and
even carhanedigrd: methods (Havmorow 194y Weena Bee,
S218 and Lactrior 1948 Cuawman o of 1990 and Deearss 1906} The low
+altues obtamed by the acetylene method are asenbed mainly 0 rearculaton
during the sebreathing penod
A factos shat stems (o have been grosshy neglected 18 the solubndm of acetylene
ov other gases 1 huxg ussues although 11 was pownted out as carly as 1911 when
Marnorr Muiixr zmd Zustz pubhshed the first repart of an mert gas £N,O)
wechrique for measunng the blood fiew through the bungs of man that ths

v 633015 4 ta physeol cand % ol 59
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solubslity must be taken in1o account The sumnlus to the present experiments
was the [alure to explam the discrepancy m results between the muluple
breath foresgn gas method and other methods for cardiac output determinations
when using the acetylene method We assumed that the uptake of acetylene
1 lung tissue could be d from a ] d aton of the
dilution of the nitrogen n the lungs and acctylenc 1n the rebreathing bag
when inhaling from the bag a mixture of acetylene and oxygen of known
volume and composition

Methods

‘The expeniments were cartied out on three subjects The sentlatory function of
the lungs was controlled by mewsuning the increase in nitrogen pereentage when the
subjects were rebreathmng from a rubber bag filled at the outset wath about 2 7 hitres
of oxsgen A nitrogen meter was wsed o follow the nitrogen pereentages A complete
muiung between the gases in the lung bag system seemed 1o have been obtamned after

d exp

3 consecutine anh any /| normal latory propertics
of the lungy

In the present experiments the bag was filled with about 30 ©  acetylene in oxygen.
The g1s volume in the bag could br checked with a sensttine manometer Afier sampling
50 m! of the gas for analvsis the bag contained 2 700 m!  After a normal expiration
the subject changed oser from air breathing to breathing in and out of the bag  After
4 breaths which were completed 1n 5—6 sec 2 sample of 50 m! was taken into a pre
evacuated burette and after another 4 breaths a second sample was taken in the same
way after which the rebreathing was stopped  The samples were then analysed ma
modifird Haldanc apparatus When the expeniment was finshed the following values
were known imuial solume and composition of gas 1n the bag and the percentages of
acetylene oxvgen and mitrogen in the lung bag svstem after 4 and 8 breaths

The gascous lung volume was fated to the foll equation

Formula (1)
F
v (hin+27)F+, =080 x Fpa

where T; 1s the gascous lung volume 1o litres 2 7 the solume of the bag £, and
F «, the nitrogen fractions in the finst and second rebreathing samples and 0 80 the

Fa
normal fraction of mitrogen i ahcolar air F 1 3 a correction factor for the
»

decrease 1n lung bag solume during the first rebreathing period due 1o the absorption
of oxygen and acetslene We have assumed that this uptake 1s the same during the
first and second rebreathing periods and that the amount of nitrogen gnen off from
blood passing through the lungs during a 5—6-second period 15 negligible The acetylene

dissolving lung tsue volume was d. to the foll cquation
Formula (2)
i" (b ~27)F ey, + Fegry o §0 X 0760 4 (Fa = 27)
Ne

F
(Fcn,—F n /r‘:-)+(Fc,n,—F c,n)h:Y0760=F:c‘,‘n »27
»

where 1y, 15 the lung volume determined from the %, salues and assumed to be the
gascous lung space b is the tissue volume into which the CyH, 1s dussolved and 0760
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Table
Subyret Lung vol Tissue val
(Via) (vad
GL 288 846
312 859
277 076
282 062
RJ 327 038
252 050
262 0.36
303 020
33 354 036
25 058
283 037
259 099

Volume in htres BTPS
Volume o hitres,

18 the solubihty cocflicrency for acetylene m lung tissue (Caxper 1959) F o,z and
F 5 arc the fractions of acetylene m the finst and second vebreathing samples and
Fi¥y 1 the acetylene fraction 1n the bag before rebreathing F———‘— 1 & correction
factor for the mfluence of the volume change of the tung bag s}slcm on the measured
fractional values The first term of the equation represents the amount of gaseous
acetylene un the lung bag system at the time of the fourth breath The second term
expresses the acetylene dissolved wn the lung tissue ax the ume of the Tourth breath

The third term represenas the amount of acerylene removed by the blood fiom the
gascous Lung space during the first rebreathing penod and the fourth term is the amount
of acetylene dusoh ed in lung tissue carrsed away by the blood dunng the same penod

We bave assumed that the disappearence rate of both gaseous and dissohed acetylene
15 the same duning the two rebrearhing penods All the abose terms should add up to
the amount of acetylene in the bag before rebreathing starts

Results
The lung volumes determimed from the dilaon of the lung nitrogen and
the acetylene dissolving lung fisue volumes V' are gnen s Table I The

average 1 amounts for subject G L 10063 for G P 10060 and for R
to 0836 hitres

Discussion
When Aroon and Lisprars (1911) introduced ther single breath MO

method for cardiac output determinanon they alio strongly crticnsed the
rebreathing method of MULLER of of and pomted out that recirculation must
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salubility must be taken into account The simulus to the present expenments
was the fatlure to explamn the discrepancy 1n results between the muluple
breath foreign gas method and other methods for cardiac output determinations
when using the acetylene method We assumed thae the uptake of acetylene
n Jung tissue could be d from a 1 dete: of the
dilution of the mitrogen 1 the lungs and acetylenc in the rebreathing bag
when inhaling from the bag a muxture of acetylenc and oxygen of known
volume and composition

Methods

The expeniments were cartied out on three subjects The venulatory function of
the lungs was controlled by measuring the increase in mitrogen percentage when the
subjects were rebreathing from a rubber bag filled at the outset wath about 2 7 hures
of axvgen A mutrogen meter was used to follow the nitrogen percentages. A complete
mixing between the gases 1n the lung bag system scemed to have been obtamned after
ve inhal and ¢ 1 normal ventilatory properties

3
of the lungs

In the present experiments the bag was filled with about 30 @, acetylene in oxygen
The gas valume 1n the bag could be checked with a senitive manometer  \fier sampling
20 ml of the gas for analvsis the bag contained 2700 m)  \fier a normal expiration
the subjeet changed over from air breathing to breathing 1 and out of the bag  \fter
4 breaths which were completed in 5—6 sec a sample of 50 ml was taken into a pre
cvacuated burctte and afier another 4 breaths a second sample was taken in the same
way after which the rebreathing was stopped  The samples were then analysed m a
modificd Haldane apparatus When the experiment was finished the following values
were known 1mitial volume and composition of gas 1n the bag and the prreentages of
acetylene oxygen and mitrogen n the Jung bag svstem after 4 and 8 breaths

The gaseous lung volume was caleulated according to the following equation

Formula (1)
F~
T+ 27)F A, =080 ¥ Iin
F s
here §; 15 the gascous lung volume i litres 2 7 the volume of the bag F v, and
A, the mirogen fractions m the first and second rebreathing samples and 080 the

Fa
normal fracuon of mtrogen in alveolar arr 2 s a correction factor for the

decrease 1n lung bag volume during the first rebreathing period due to the absorption
of oxygen and acctylenc We have assumed that this uptake 1s the same dunng the
first and second rebreathing peniods and that the amount of nitrogen gren ofl from
blood passing through the lungs during a 5—6-second penod 13 negligible The acetylene
dissolving tung ussue volume was calculated according to the following equation

Formula (2)

2 (b~ 2T F ety + Fegty < Ve ¥ 0760+ (1 +27)
Ve

N

F
(Fc m—F e x|+ Feay—F el x 0760 = FESy, x 27
where 1y 1 the lung rolume determined from the Y, values and asumed to be the
gascous lung space 1 15 the tissuc volume 10t which the Coff; 15 dissohed and 0760
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senous blood CO, content of 55 vol 9, {(Banteis and Orirz 1958) abso shaws
that a difference 1 GO, elummnation between the two rebreathung pentods 15
too small to snfluence the results significantly

Fluctuations 1 blood flow through the lungs durmg the rebreathung period
would sitiate the results only if the difference i blood flow between the two
rebreathing perods was of the order of several hundred per cent Earher
experiments using the GROULMAN acetylene method for cardiac output deter
mmnations haie shown that the polse rate followed with an dlestrome pubse
counter 1s constant duning the rebreathing which was taken as a proof that
no large changes in blood flow take place during rebreathing of this kind
The observed acetylene uptaking tissue T, should thus be real values Thes
means that the major part of the lung tissue 15 raprdly saturated with acetylene
This tssue should then behave as an extra lung space amountng for G L
t0 048 for G P to 046 and for R J to 027 hires The Jower values for
R J could perhaps be explamed by his smaller size and weight as compared
with the ather two subjects These values are also of the sanre order of magniiude
as those obtamned by Cawoer and Forsrer This dufference . 2cetylene and
nitrogen hung solume  will wfluence the cardiac output deterymnations with
the Grollman acetylene method The arter axygen diife 1
obtamned from the relationshup

fall m Fo/fall m Fepy,

during the two zebreathing periods The acetylene however s given off
to the bloed from a larger volume wiz F 4§, 076 than the oxygen i,
and this will delay the fall of the acetylene concentration with a consequent
of the arter oxygen diff and a

underestimatton of the cardiac output For our subjects this error should
amount to about 129, for G L and G P and 10 7%, for R ] assummng
an average gas volume of 4 hitres for the lung bag system

The solubslity of acetylene or MO m pulmonary parenchymal tssue appears
to be a factor that has been overlooked since the foreign gas method was
troduced by Marrorr Murrer and Zunrz (1911) If this factor 1 taken mto
account a better agreement between the foresgn gas method and dther methods
for cardiac output determmations will result
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The Influence of the Dietary Fat on the Lethal
Temperature 1n the Hypothersmc Rat
By

Marr: Hurrossw and Bener W Jouassson
Rece ved 17 December 1967

Abstract

Hourrmex A and 8 W Jossssson  The snflusrce of the dietary fal
o the lethal ferperatuze tn the hspothermut rat. Acta physol scand 1963
F=-11 —~ Rats were gnen a sermsvntbene diet contasng 28
per cent fat One senes recened unsaturated fats {com o) and
apother saturated fass {cocomut o1} A small senies was wed as
control  After about 3 months the ammals were cooled and the
wetophageal ttpperature at the last heast beat was regustered The
hearts from the coconut oif sernes stopped beating at a significantly
higher terperatuse (123 ) than the hearts from the corm ol senes
{72 G} The exact explanation for the difference between the wo
se51e335 0ot known but st i saggested that the physical propertiss of the
myocardial cefls especially the eelt membrancs are of smportance for

the toleranee 1o hypotherma

The hibernators are among sther tungs charactenzed by thew abihy to
decrease thewr body temperature to a few degrees centigrade duning hiberna
tion i the winter The factors necessary for hibernauon are mantold but
detasls of these are Iackong Inborn quahitses such 25 the ability of the casdio
vascular and nenvous systems to function at temperatutes yust above 0 C as
welt as exogenous and endogenons lactors are !mporta‘nt (_]ommssov 1950)
To these factars belong for ple the sur
of temperature regulation and hypertrophy of the brown fat

The inbora qualities atlow the heart of hiberpators to function 3t 2 erapera
ture much lower than 1s possible for other homenthermuic ansmats It 15 pos
&bl that the enzymes are Jess temperature dependant and that the tempera
ture actiity curve of the enzymes from hibernators 15 broad covenng a tem
perature range from 0 —~3 C 1o about 40 C while the corresponding curve
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Tig 1 shows the mean weight (x) and the hichest and lowest weights of rats recen ing 2 semusyn
thetie diet containing 30 per cent saturated fats (coconut o) and unsaturated fats (corn o)
respectisely

for non libernaung homeothermic amimals 1s narrower with 2 peah around
37°C It 1s probable that the phystcal properues of the tissucs, especially the
cell membranes mght also be of importance It 1s known that the hamster, a
hibernator can decrease the saturation of depot fats 1n a low environmental
temperature while this 1s not possible for the rat 1 non bernator (Fancerr
and Lyvan 1954) These quthors also showed that a diet rich in Newol (1odine
value 15} decreased the 1odine number while the opposite occurred using a
dict rich 1n peanut o1l (sodine value 93)

It1s concenable that the dietary [t changes not only the 1odine number and
melting point of the depot fat but also of lipids 1n other parts of the body such
as the heart This 15 supported by the work of Horwrrr ot al (1959) They
found that the reltion between hnoleic 1aid and olerc aad in erythrocstes
)\as significantly tigher 1in humans given corn a1l for two years than in con
trols recening institution diet It has been suggested that the heart of 2 homeo-
thermic anmal stops beating beciuse the fats solidify  thus the heart should
stop beating at a lower temperature 1f the animal has received a diet rich m
unsaturated fats To test this hypothesis we cooled rats of which some had
recened a diet rich 1n saturated fats and others 1 diet rich 1n unsaturated fats

Methods and material

White rats of both sexes were used Ine control ammals were grven hospital diet
Twenty five animal were given a semusynthetic diet consnting of casein 125 g wheat
starch 100 g corn o1t 250 g salt mixture! 20 g and a vitamm mixture? Twenty five
ammals were gnen a diet with the same constituents but for the corn ol which wa.

3 The salt yxtur  contamns i gm/kg dict CaCO 17 6° K,HPO 758 Na,HPO 614 Ca
(PO ), 1178 NaCl 7 41 MgSO sicc 278 FeSO sicc 021 MaSO x 4HO 03> KJ 003
ZnCO; 00 CuSO x »HO 007

4 Sux tablets each contars ns vatamun A 5 000 IE vitamua D 750 IE vitamun B, 5 mg vitamin
B 5mg wtamm B 15 mg calcum pantothenate 8 mg PP factor 50 mg vitam n C 100 mg
vitamu E 7 mg
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Fig 2 shov s tise temperavures for the last 5
at w ras recenang a semisva 3
thet ¢ diet contamng 50 per cent satu -
rared fats {coconut wi) and unsatuzated
fats (corn od} and i contro} ammals
The mezn w cach series 15 sndicated
by
cocomut cora ot contral
o

substituted with coronut ol One animal died in the first group of 25 and twa i the
second of 25 before the repenment was fimshed

Soon after the weanmg peniod at an age of about 68 weebs the rats began the
semusynthetic dhet The ammals were kept in cages with 5 rat i each In the comn
ot series the tume range for the expersments was March 8 tilt June 4 1960 for 15 ammaly
and May 17 uil Jub 20 1960 for 10 ammals Corresponding values for the coconut ol
senes was \pnt 20 olt Joly ¥5 1960 for 10 anunals and Mav 12 i July 15 1960 for 15
ammnals The bodv weight was measured at regular mmtervals (sec Fig 1)

After sarying tmes (see Fig 1) the anumals were anesthettzed with Nembual s a
dose adjusted 1o prevent shivering and cooled 1n & refogeranon box (Bomer of of 195%)
afier they had bren trachcotomuzed and a small gloss cannwlz had been mtroduced
mito the trachea  Aruficial respiration with pure axygen was begun at about 3> C
and contnyed unt term An {Llema) d the 3
contmudusly and ECGs were recorded at an ocsophageal temperature of 30 C 25 C
20 € 15 Gand 10 C Usually leads I and I ware recorded The body temperature
was secorded by means of 2 thermocouple with the elecrrode sstuated i the oesophagus
behind the heart (In carhier experiments we had determmned the distance the lectrode
should be stroduced to reach as close @ possible the back surface of the heart} Fhe
oesophageal temperature was read when the last heart beat was recorded by the osaillow
scope The wscilfoscope screen was observed for 2 further five manutes 8o that there
wauld be no doubt that it really wa. the last spontaneous electrical mandestatsan
heat that had been abserved Immediately after thus the thorsx was opened
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Table I lodine values for the different fractions 1 the three seres

Com ol senies Coconut o1l senies | Control series
Cell nucler and membranes 34 85 8g
Mitochondria 105 94 150
\Microsomes 79 23¢ -

heart touched with a forceps to sce of this resulted n 2 contraction The heart was then
removed and stored 1n absolute alohol at —20 C for eventual fractioning nto cell
nucler mitochondna and microsomes according to a method by Scineiorr (1956) then
the 10dme value of the different fractions was determned (Flissnere 1936)

Results

The hearts from rats 1 the corn o1l senes beat spontancously ull a signifi
cantly lower temperature (mean 7 2°C) than the hearts i the coconut ol
series (mean 129 C) The corresponding value for the controls was 63 C
but there were only five animals in this group (fig 2) The difference between
the corn o1l and coconut o1l senes 1s highly significant (dof 42 €37 p < 0001)
There was also a sigmficant difference between the controls and the coconut
ol senies (dof 26 ¢ 238 0025 > p > 002)

‘The electroeardiograms showed no definite differences other than a tendency
to a lugher heart rate at corresponding temperatures in the corn o senies than
n the coconut ol series Nosigmficant differences were found sn the QRS-dura
tion but the Q T-duration was shghtly shorterat 15 Cin the corn oil series than
1n the coconut ol series The T wave appearance and the number of arrhy thmtas
ere stmlar m the different series

Some of the hearts were pinched with forceps when they had been taken
out Four of seven hearts i the coconut o1l series beat on mechaneal sumula
tion while seven of eight responded 1n the corn a1l senes

The 1odine values for the three fracuons mn each serses are gisen in Table I

Discussion

1t 15 known that the surrounding temperature and the dict can change the
rodine number and the melung point of the depot fats (Fawcerr and Lyyan
1921} Rnowing that the turn over 1s high for the depot fats 1t 1s not surprising
that also other ussues have a liprd compositon dependant on diet (Horwrer
Harves and CENTURY 1929) The present results show that the hearts from
rats fed on diet contamning a high amount of unsaturated fats (comn ail) beat at
a siguficantly lower temperature than hearts from rats fed on diet with a high
amount of saturated fats coconut oil) The exact mechamsm for this differ
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ence 18 uoknown but remembering the results by Horwrrr of ol (1929) 1t 15
tempting to speculate that the lpids of the myocardal cell membranes i the
corn o senies might have a lower melting pomt than the lipuds m the cocanut
oif senes

Fawcers and Lstan (3924} among others bave shown that there is a cor
relation between the sodine value and the melting pont and sohdification
Tange

The 10thne values in TableI however show rather Jarge vanations and no
uguificant dafference between the groups In this connection st should be bora
1 mund that sodime value d s onfy app Gas ck
raphy as used by Horwrrr ¢ of {1959) gnes a more detatded view

That different phyneal properties might hasve been af wnpartance for the
abilssy of the tssues to tolerate hy pothernua 1s supporied by the finding that
3t way more difficult to mechmueally stimulate the hearts from the coconut
orl senes than those from the corn ml series after the last heart beat
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Contre! of Thyrotrophic Hormone (TSH) Secretion
by the “Heat Loss Center”

By
B Axperssion I Envian € C Gare! and J W Suspsten?
Recersed 20 December 1902

Abstract

Asorrsson B L. Exvan C G Gateand J W Stapsten Con
trol of thyratrophic hormone (TSH) secretion by the  Heot loss center  Acta
physiol scand 1963 59 12—33 — In 9 goats studicd local
coohing of the preopnic/anterior hypathalarmic region (the  heat foss
center ) was found to cause a marked increase 1n the relcase of
protcmn bound sodine (I BI'YY) from the thyroid gland concomitant
with the development of extreme hyperthermia Local cooling of
other parts of the brain was negative in these respeets Median emm
nence lesions blocked the thyroidal respense to central cooling The
lesioning of the median eminence by RF heaung howeser 1 atsell
resulted an a conspr wous release of I BI™ from the thvreid Local
warnmung of the heat Joss center  was found to block the thyrordal
response to a general cold stress and to retard the normal release of
PBI™ from the thyrosd When such warming was prolanged in the
cold a lowenag of the core temperature about 10 C occurred but
the development of hypothermie hyprrglycemia was prevented Itas
suggested that central  warm detectors in the  heat loss center
even at a normal body tempcrature exert a certain infubitory tone
on the release of TSH from the hvpophvus The strength of this
ihibition seems to imcrease in proportion to the osc of the tem
prrature of the heat loss center ¢ ¢ in proportion to the degree
of activauon of the central warm detectors It scems hikely that
other h 1 cold defense are also mhubited i a
similar manner by the heat Joss center

Postdoctoral Rescarch Fellow Ds mion of Neurological Discases and Blindaess U S Puble

Health Service
Postdoctoral Fellow Duvs ion of Biotogical and Medical Sciences National § tence Founda

tion
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Fig 1 dn Y say picture of the head of Goat Tita  taken f om the side
T = Aslver thermode for cooling placed in
night caudate nucleus (For detals sec ¥ g 3
T = A suntlar thermode placed m the  heat Joss center
terior hypothalamic region (For detals see Fig 2

ME = Two parallel needle applicators for temperature recording msulated but for 3 mm at

the tups ‘The t ps of the applicators 1 ere rid ng over the median e nence They v ere used
for RF coagulation of the medran eminence o the nonanesthetized goat

the forebramn rostral to and 1n th caput of the
A

+ ¢ medually in the preopticfan

Previously it was briefly reported that local cooling of the preoptic/antertor
hypothalame region of the goat causes conspicuous thyrord activation (AN
pERssoN et al 19622 and b) whereas local warmmng of the same part of the
brain inhbuts the thyresd activation normally occurring during general cold
stress (ANDERssoN et al 1962 c) On the basis of these observations 1t was sug
gested that central warm detectors 1n the rostral hypothalamus (the ‘heat
loss center  of MaGoun eral 1938) exert a tomc ihubition on the release of
thyrotrophic hormene (TSH) from the adenohypophysis (ANpErsson GaLe
and Suwpsten 1962 €) The importance of extra pituttary factors in the reguly
ton of thyroid acvity has however been demonstrated by Sopereexc (1938)
Therefore 1t could not be accepted as certain that the thyroid activation ob

sened during preopt hypothal cooling was mediated via the
Pprtuitary

In the following a2 more detarled report of the studies of thyroid acavity
dunng central cooling and warming will be gnen Also the effect of median

emunence lesions on thyrord activity and on thyroid response to central cooling
will be described

Methods

Fourteen adult horned goats were used for the present study Eleven of the ammals
were used i expenments smvolung local bran cooling and three in experiments 1n
which the Preopucfantenior hypothalamic region was locally warmed
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Fig 2 Three transverse sections through the

preoptic/anterior  hypothalanue  region ol

goat ~Tuta _showing the position of the ther

mode (T) (T in Fig 1} used for cool ng of

the heat loss center

A - A scction at the lescl of the rostral

border of the thermode

B = A section at the level of the middle part

of the therm

C = A secvion at the level of the postenior

border of the thermode also showmg the

rostral edge of the median emmmnence lesion

produced 1n this ammal (L)

CA — Anterior commissure CFD Descend

1ng column of the fornix CH O = Opticch
a O = Optc tract

Stammng Lovez (¢f Cuiine 1957)

Techmque of local bram cooling Nine goats had a siiver thermode for cooling 1mplantcd
meduallv 1n the preopttc region and the anterior hypothalamus (Fig | Ty and Fig 2)
One of these goats had an addttional thermode placed 10 the Just Tostral to
and m the antenor part of the caput of the right caudate nucleus (Fig | Ty and Fig
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Fig 3 A A tanserse section at the level of the rostral edge of the forebramn thermode (T)
mgoxt Tra (TymFig 1)

OL = Olfactory tract

B A trans ersc section through the mamsmillary bodics (M) showng the posiuon of 2 thermode
(T) placed med ally i the postersor thalamus and the rostral mesencephalon of one of the goats
Ped' = Cerebral peduncle

Stamng Lovez {¢f Ciiime 1957)

3A) Another goat had a thermode placed dorsal to the mammullary bodies medaally
n the posterior thalamus and the rostral mesencephalon (Fig 3 B) The construction
of the thermodes and the methods of smplantation and of central cooling were previ

ously descnibed (AnpERssoN and Larsson 1961 AnprrssoN Gare and SuvpsTEN
1962 d) This technique allowed local brain cooling for long periods of time (a week
or longer) in ammals mamvamed with no addiional restraint in thewr accustomed
environment The degree of central cooling was controlled by use of a needle ap-
plicator for b 3 with sts ther up
at varying distances from the lateral surface of the thermodes An analysss of the data
obtained 1 all centrally cooled ammals showed that a perfusion of the enure cooling
System at constant pressure and suction with water cooled to 1 C 12 m above the
heads of the goats caused a drop of the temperature at the very surface of the thermode
from 39 Ctoabout 15 C 1 mm lateral to about 25 C 2 5 mm lateral to about 30 C
and 5 mm lateral 1o about 35 C The steepest temperature gradient was thus found
within | mm from the surface of the thermode On the basis of these very approvimate
calculations 1t may be concluded that 1 apimals with the thermode placed medually
Just above the optic chiasma, the temperature of the entire preoptic region and of most

of the antenior hypothalamus was lowered more than three degrecs cenugrade below
the core temperature

Techuque of loral warming of the preopticjantesior fs pathatamuc region

A specaal technique was deseloped 1o obtam as uniform warming as possible of the
entire preoptic region and the antenior hypothalamus Two identical  uminsulated
arcular silver plates were implanted under general anesthesia bilaterally into the in
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Fig A drav ang of a ian verse section through the preoptic region {3) and an \ ray preture
(B) of the 1 cad ¢ L one of the gonts to illustrate the arrangement £ir RE warming of the  heat
loss center

$p and 5 = I'wo parallel umnsulated ailier plates RF warming was appl ed bets cen these
phites On the \ ray picture (faken from the s1le) the ¢ o flates are overlapping

A' The tip of a needic applicator for temperaturs recording placed 1 th center of the olin
der bounded by the mlver plates

S8 = In ulated silver wires connected with contacts on the horns of the ammal

For furth er explinauon see text

ternal capsulr  The diameter of the plates were 6 or 8 mm depending upon the size
of the goat The silver plates were placed so deeply as to transect the dorsal part of the
opuc tracts on both sides  The cylinder of brun tisue imited by the plates then i
cluded the entire preoptic region 1nd the anterior part of the hypothalimus A needle
)| for T hing was also 2 with its thermosensitine
1 the center of the ¢ylinder bounded by the stlier plates The latter were attached
o 1nsulated silver wires connected wath contacts on the horns of the goats Fig 4 llus
trates the arrangement 1n a drawing of a transyerse section through the preoptic region
(A) and in an X ray picture of the head of onc of the goats (It} A frequency of 27 Mc/s
was used for warmung the brain tissue between the plates The R energy was generated
by a comersted 30 \V cnystal controlled U S Army surplus BC 604 transmitter All
speech and modulation aircunts were removed from the transmutier and a power supph
was adided The owiput power was Tegeiated By arying the sereen gnd voltage of whe
final power ampliying stage The screen gnd current was supphed by a cathoede fol
lower with the DC gnid voltage set by a potentiometer The transmutter 30 £2 output
ympedance was matched by a quarter wave transformer to 2 150  twin lead fecder
which carnied the RI encrgy to a matching transformer on the head of the ammal
The matching transformer was found necessary because of the large capacitive com
ponent of the electrode impedance
Before the was used for n ammals 1t was tested with the
silver plates placed 07 to 1 em apart in an egg white medium VWhen the temperature
1n the center of the cylinder bounded by the plates was raused 10 C the nisc 1 tem
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perature within all other parts of the cybnder was found to be 81010 C If the power
output was further raised so that the temperature i the center of the cylinder became
70 C a coagulum was formed which filled the + hole region between the siver plates
but was not adherent to the latter The coagulation first started as an almost spherical
body mudway between the silver plates but sery soon took the form of a cylmder It
may therefore be assumed that the maumal nse n temperature durning preopuc/an
tenar hypothalamic warming was equal to that actually recorded from the centrally
d appl. In no did this nise above 425 C

One disadvantage with the technigue was that the placement of the silver plates
decp 1n the mnternal capsula interrupted fibres passing laterally from the preoptic region
and the anterior bypothalamus and that 1t caused damage to the internal capsula
and reduced the number of functiomng visual fibres As a result all aninals suffered
from aphagta and adipsia and somewhat mmparred vision durmg the first postoperative
week Therecovery was howeser almost complete three to four weeks after the operation

Technique of producing median emunence lesions n the nonanesthetied goat Two anumals
which bad coolimg thermodes implanted medually i the preop x hypothal
region, and which im previous expertments had been found to respond 1o central coobng
with a consprcuous thyroid activation wese chosen for median eminence lestons During
general two needle appt for ord fated but for
3 mm at the up) were mplanted bilaterally deep mnto the hypothalamus under X ray
contret so that ihe unmsulated tips were nding over the median emnence {Fig 1
ME) The needle applicators were fixed m the usual mapner with dental cement onto
the surface of the skull Several weeks later durmg an experimental period nvolving
studies of thyroid actvity the needle apphcators were used to make median eminence
lesions (see under results) The lesions were produced by applying RF energy between
the uminsulated tips of the two needle applicators The temperature at the bps was n
one apimal mantained at 65 G for 4 min and m the other at 73 C for 7 mun This
heating of the median eminence was ot seen to disturb or distress the anmals An

of hypophyseal c howereT soon became apparent

by the onset of diabetes mstpidus which was most pronounced 1 the goat 1 bick had
obramed the more mtensc heating

Studies of thyrord achimaty At the beginning of each experymental period mvolving
studses of thyroid activity the goats were guven 40 or 60 rmcrocuries of I (as carrrer
free. KI') by stomach tube In most expenments the thvroid radwactiiry was
measured at intervals by a santllation counter The use of an extension tube on the
cnystal detector ensured that the measunng point was at the same distance (50 cm)
from the thvroid gland each tune a count was made Detersunauans of fotal plasma
and plasma protem bound ¥ (PBI™) were contmuously made durmg all the ex
Periments Blood samoples were drawn at imtervals from the Jugular vem mto a heparn
1zed syringe The blood was dratel and the rad of the plasma
was determined m a well semntillation detector After the determination of total I3
plasma  the PBIS! yas d Protein was with 20 o
trichloracetic aad The first peniods of central cooling and of general cold stress {rumsmal
cooling) were generally not started unul three or four days after the radiiodme had
been gien t ¢ when the thyroid content had reached ats maximum and had
to fall Preoptic/antenar hvpothalamsc warmung ou the other hand 1w some rastanices
was made withun the first 48 hours after admimistration of radioiodine 1 ¢ durmg the
Steepest mising phase of plasma PBI'® The ammals v ere used for expeniments
volving studies of thyroid activiry for up to 14 days after radioiodine had been gnen
Thev were then allowed to rest for at least 9 additional days {usuallv much longer)
before 2 new cxpenmental peniod was started by the admimustration of radioiodine
2--633015 Acta physiol scand ol 59
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Cold exposure and snds of general bypoth 1n some the goats were
exposed 10 cold by placing them an an environmental temperature of about 5 € Yor
the studies of thyroid actnnty 1t was however often found advantageows 1o induce 3
more rapid atd inteaw cold stress This way accomplahed by givan, the goats see water
{(4ta51 1 e 012 Kkg b w ) by stomach tube wta the rumen

Cre and ensronment of the amsmels The goats were routinely marntaned collared n
mesabolism cages 1 20 anmmal 10om and smost expeniments were perfarmed 1o this
thesr normal poution and customiry environment Dunng a peniod of theee months
wm thr autumn of §962 the room temperature was kept a3 low as betwern M and 16
sunee a faurly low external temperature was found adyantageows for the thyrosd studses
Qtherwse the temperature of the antmal room was mamtaned between 16 and 2¢ G,
generally at close to 18 € as pouble However oczavonal temperature mies up to
23 € during short persods in the summer could not be avarded

Histolo,y  The goats sacnificed to dite were d d under Nembutal b
Perfusion of the carotids was performed with physiologreal saline Rottowed by 5 per cent
formo! saline The brams werc embedded 1n cellosdin and cut in sepal tranaerse sec
vomy 3o #t thick  Alernate scctions were stasned wath tohudine blue and hematonbin
{Lovez of Criang 1957) The pitmitanes from the ino goits with median eminence
ltestons were embedded i paraffin sectoned scraalhy 1551 and stamed according to
Laprwte g (1938) modification of Mawrory

Blood sugar determunations Bloodt sugar was determiacd according to the method of
Souoort {1913}

Results
I Thyrard uptabe af I™ and pre expersmental plasma B level
Al goats used in the present senies of expenments had a hugh thyrowd uptake
of radio-sodine A maximum uptake of 40 to 80 per cent of the dase gnen
was found an the thud day fter the admmstration of 119 The pre cxpen
mental PBE level in thie blood plsma showed even greater vanations from
ammal to ammal ranging, from @ 2 to B per cent of guen dose per huer blood
Plasma on the theed or fourth day after the adonutraton of radio-todine
“The lowest plasma PBI® values were generally found in the amimals showtng
the hughest radio 1odine uptale 1o the thyroid This lugh uptake may perhaps
be explained by the fact that 1ll goats cyme from an rdine deficient part of
Sweden (Harjedalen) Only occasionally was any extra supply of 1odine guen
dunng the pre expenimental period

11 Effects of preopic anterior hypothalame coolin,

A} General thermoresulatory and alimentary responses As ohiserved in cather ex
penments { \\versEn Awpresson and Gair 1962) preoptic)inienor hvpo-
thalamic cooling as a tule caused shnermg dunng the first hour when the
cxpenment was performed sn an external emperature below 18 € Con
comstant with the nise tn core temperature this shivening became less and lfess
sntense and vanished completeh when the recial temperature of the goats had
reached 405041 5 C Dupeciaily dunng the first three to four cooling periods
n each anumal shavenng was Adso often observed at external temperatures
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after cessation of central coolng &

The preopt: terperature was re & ”r >

corded 4 mm lateral 1o the surface

of the thermode HOURS

above 18 C but 1t was then wsually weak and of short duraton Dunng
preopticfantenior hypothalamic cooling the core temperature of the goats
within 11/2 to 2 hours rose from about 39 C to a level between 41 and
418 C It then remained at this high level during the entire period of central
cooling

The alimentary response to preoptic/anterior hypothalamic cooltng was
sumlar to that obtamned 1n previous studies (ANDErssoN and Lagrssoy 1961
AxpenssoN efal 1962d) The ammals thus refused to dnnk water dunng
cooling pertods not exceeding 36 hours but conunued to eat hay to a normal
extent in spite of a core temperature well above 41 G Two anmals with the
larger part of the thermode placed 1n the antertor hypothalamus showed a
markedly mcreased appetite during central cooling but stopped eating within
2 minute or two after cessation of central cooling

B) Thyrord response o preopisc|anteror hypothalamic coolng  All nine amumals
showed a pronounced thyroid activation durmg preoptic/antenor hypothal
amic coohing Five of these goats having a farly high pre expenimental
plasma PBIt level were selected for more detailed studies In these ammals
the first three hours of central coohing caused a rise m plasma PBI™t by 53
to 125 per cent of the pre coohng value and a corresponding fall 1n thyrord
radwactvity The nise in plasma PBI 1 became apparent after 30 mun but
the steepest rise generally occurred bets een 30 and 150 mn after the onset
of central cooling Therefore if the preoptic/antenor hypothalamic region was
locally cooled for 30 mm or less no nse 1n plasma PBI® was generally
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H Fig 6 n;mm and other thermoregulaiory effe 5 of a p ol nged pesiod (* hours) of wool n of the heat
loss cents

I\oxt Ih:; alter € hours no fuether mye n plasma PRIY was obtamed Room temperature
Brmin temperature cecorded 4 mes fateral to the susface of the thermode

observed untd after the actual cooling pertod (I, 5} When relasnely shoct
periods of central cooling {2 to 3 hours) were cepeated at 21 to 22 hours
intervals a thyrowd response of about the syme magnrtude w15 obramed each

time Durmng p ged perrods of pr iy pothalamie cooling the
plasma PRI yeached a maxnmum aBer 4 10 § hours and then started 1o
decline  Althaugh decl st well above the expected sormal

slape af the plasmr PBI carve dunng the entire penod of central ecoling
When cooling was stopped the plasma PBI' returmed to or fell below
the expected normal value (Fig 6)

C) Effects of local coolmg of ather parts of the brate A companison was made
between the effects of equally mternse cooling via each of the o thermodes
of the goat  Tun  This amimal had one thermode placed 1 the  heat foss
centes , t ¢ medsally n the preopticfantenior hypothalamic regon (Fig |
T, and Fig 2) and the ather thermode placed mn the forebraw Just rostral
to, and 1 the caput of the nght caudate nucleus (Fyg, 1 Ty and Fig 3 A)
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Yig 1 Thy ordal and core temperature v ponses to local cooling f the heat loss center  for tuo hours
(4) 1 ¢ mpa ton wath the lack of effect of s mila coolin tn the forebrain (B) wn th same aninmal

The result 1s shown 1n Fig 7 Local cooling of the heat loss center caused
the expected thyroid actvation and rise in general core temperature In con
trast the forebrain wooling had nore of these effects and furthermore failed
to mhint drinking

In another goat thyroid activity was studied duning local cooling of the
postertor thalamus and the anterior mesencephalon (Fig 3B) Three hours
of central cooling m this armal caused no sigmficant change in plasma PBISt
but a general cold stress mduced by rurmnal cooling caused marked thyroid
acuvation Local cooling of the postertor thalamus and anterior mesencephalon
induced 1n this amimal otherwise very hively a state of drowsiness Further
within two minutes such cooling completely ihibited the strong shivermg
response ebicited by mtense ruminal cooling That thus inhibition was reverss
ble was shown by interrupting the central cooling for repeated short persods
However huddling piloerection and peripheral vasoconstriction were not in

hibited indicating that the central cooling in this amimal blocked the motor
shivering mechanism per se
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Fig 8 A The thyrowdal response ta local cooling of the  heat loss center in goat_“Tita

(preopuc cooling) compared to the lack of response to sumilar cooling 20 hours afier the

median eminence was lesioned Note that the RF heating of the median eminence 1 stsel{

resulted 1n a conspicuous thyroid act; -at on

B The lack of sesponse to coohng of the hcat s center 1 the same animal twe months
, later Note that the subsequent intras enous inject o of 1 1U of TSH caused conspicuous thyroid

actnation

I The effect of median emunence lestons on thyrord actitly and on the thyrowd response
to local coolin,, of the heal loss center

The use of permanently implanted electrodes for RF lesioning of the median
emnence made 1t possible to study the effect of such lestons 1n the unanesthet:
zed goat during experimental penods involving studies of thyroid actinty The
two anumals used in this study had i previous expennments shown a con
spicuous thyroxd actwation during preopuic/anterior hypothal cooling

Three davs after radiosodine had been grien to the first goat (“Tita )
central cooling was performed for three hours As expected the plasma PBI'
rosc 100 per cent above the pre coolmg value Two hours after cessation of
central cooling when the plasma PBI' had reached 1ts maximum and had
just started to fall the median eminence was lesioned by raising the tem
perature between the electrode tips to 65 C for 4 min This heaung of the
median emmence was not seen to disturb or distress the goat but 1t induced
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Fig 9 A secton through the pitutary
of goat Tita showing atrophy of the
neurchypophyss (N} and central che
e necrosis (et} m the adcnohypopbysns
{A) as effects of the median emmence
lesion Stasamg Lapewio (1937)

transient moderate polypnea appatently due to shight rise of the temperature
also 1n the rostral hypothalamus The damage to the median eminence how

ever within half an hour caused a second rise in the plasma PBI®t which
continued for 8 hours and reached a somewhat ngher level than that seen dur

g the precedmg peniod of central cooling The plasma PBI® then gradu

ally dechned and almost reached the pre cooling level on the first post lesion
day A renewed three hour period of central cooling then no longer had any
effect on the thyroid activity but a sub of 31 U

TSH { Actyron  Ferring) caused a consprcuous and longlasting thyrod ac

tvation The changes 1 plasma PBI® dunng this expenimental period in
goat Tita are shown in Fig 8A

Two months later the goat was again used for studies of thyroid actuaty
The uptake of radioiodine i the thyroid and especially the plasma PBI®t
level wete then found to be abnormally low on the second day after admimstra
tiont of radio 1odine probably due to imparred prturtary function caused by the
median eminence lesion In order to speed up the uptake of radio rodine and
to raise the plasma PR level 05 I U of TSH was then guen to the
animal Four days later the preoptic/anterior hypothalamic region was cooled
for three hours The central cooling caused a mse 1 body temperature but
had no effect on the plasma PBI content A subsequent intravenous injec
ton of I I U of TSH however caused a consprcuous and longlasting eleva
tion of the PBI™ 1n the blood plasma {Fig 8 B)

Histologieal exammation of the brain of goat Tita revealed a bilateral
lesion in the median emmence (Fig 2 © shows the antertor edge of this lesion
(L)) Examinaton of the prtwitary showed almost complete atrophy of the
neurohypophysis and central mfarction in the adenohypophysis (Fig 9) The
latter was probably the consequence of 2 damage to the median eminence
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Fig 8 A The thyroidal response 10 local cooling of the  heat Joss ¢ent £ i goat ~Ticz
(preopuc cooling) compared to the fack of respotise to smilar cookng 0 hours aficr the
median eminence was Jesioned  Note that the RT heaung of tf e medhan emunence in juself
resulted 1n a conspicuous thyroid activafion

B Tle lack of response to conling, of the heat 1ns center n the same ammal two months
Hater Note that the subsequent smtras enous injection of 11U of TSH cau «d consp cupus thyroid
activiuon

III The ¢ffect of medran ennnence lestons on thyrord acticity and on the thyrord responst
to local cooling of the heat loss center

The use of permanently implanted electrodes for RE lesioming of the median
eminence made it possible to study the effect of such lesions in the unanesthett
zed goat during expersmental periods involving studies of thyroid actnaty The
two ammals used 1n this study had 1n previous expersments shown a con
spicuous thyrowd actnation during preoptic/anterior hypothalimc cooling

Three days after radiowedine had been gnen to the first goit ( Tita’)
central cooling was performed for threc hours As expected the plasma PBI™
ros¢ 100 per cent ibove the pre cooling value Two hours after cesstion of
centra] coohng  when the plasma PBI™ had reached its maximum and had
Just started to fall the median eminence was lesioned by rasing the tem
perature between the clectrode ups to 65 C for 4 min This heating of the
median emstience was not seen to disturb or distress the goat but at induced
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plasma PBI™ of 53 per cent above the pre leston vatue (Fig 10 3) The
plasma PBI= then remamed at approxumatels the same level for 48 hours
when a second rapid riseoccurred mncrex.ng the plagna PRI by another 30
per cent withm three hours A three hour perod of central cooling pe-formed
on the following dxv did not sigraficanth change the plasma PBIT level
but the subsequent mtravenous igrction of 05 I U of TSH caused con
P and longl z thyrod {Fig 10 B} On the 10th post
lesion day the “heat loss center  was 2gaw cooled for three hours This ime
also the central coohng had no effect on the plasma PBP but azam the
myection of 1 T U of TSH caused a consprcuous thyrod activanon

Histolomcal exammaton of the bran and the prtwstars of this goat revealed
a large bilateral lesion n the median emunence central mfarcnon m the adero-
bypophves and total atrophy of the nenrobvpophysis The latter mav accourt
for the marked diabetes insiprdus obsenved after the RF heating of the median
emnence m thss goat.

IV Precpuclar erwr hypotialarne warmirg

A} Gereral thermsregulatory and metubels efects All expennments rrvolving RF
warmng of the preoptic’artenor hypothalamie region were primaril under
taken to studsy the thvroid response, but certain other thermeregulatory and
metabohe effects were alo studied. Spooal attention was thus paved to charges
1 gereral core . 1 (car surface texperature}
respiratory rate shicenng rapcmc during eold exposure and blood glucose
level Therefore exp Iving central were at omes ako
performed at external temperatures considerably above or below the wsual
18 C

Like recent studies in the same (\xpfr=0v Person and Strou 1960) ard
other speaes (Hanmer. el 1962 L orast and Werrrow 1962) these expen
ments emph: the mh Sit on the “hear loss center  exerted
by the 1nflow from penipheral cold receptors. As also could be expected fom
carhier studies m cats (STrost 1930; ard goats L ANDER so~ ¢t el 1950) penph
eral vasedilatanon was found to be a much more <ensuse index of actvanon
of the “heat loss center than was polvprca. Howeser an even more seouitive
mndex was the infubition of shivenng At a room temperature of about 18 C
the preopuctantenor hvpothalamic temperature thus had to be rased 03 w0
0.3 € 10 induce penipheral vasodilataon whereas 2 rse of 15 t0 2 C was
needed before a definite pohpnerc respon.e was obtamed {resp > 60 m.n)
At 2 T0om temperature of 30 C, where car vesodilztation vas preseat n «pite
of a normal brawm temperature marked polvpaea 12s induced by rawsirg the

between the L d iher plates 0.5 to 1 C. Dunieg cold ex

Posurc {> C} or dunng ruzninal coolng the temperature of the ~heat Iess
center’ on the other hand had to be rassed 1o or abose $2 C before polvp-
nea appeared Ear vasodilatation under these arcam. tances became apparert

—
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Tig W Prenounced hypothermsa clicited by local warming of the heat last center m a cold {5°€)
on 1 onment

Tolypnea and car vasod latation were present dunng the steep dechine in rectal temperature.
Shiering and hypothermic hyperglycerma did not appear unul after cessation of central
\ arming

at about one degree centigrade lower preopucfantenior by pothalimice tempera
ture and shivening, was completely inlubited at an even lower temperature

As also observed by Hauser eral (1962) the degree of alertness of the
ammals seemed to influence the sensitinaty of the  heat loss center  In the
drowsy geat a lesser rise of the T n the preopticf; 1or hypo
thalamic segion was required to chart panung than in the same animal dunng
alertness

When the temperature of the preoptic/antenior hypothalimic region was
maintained at 42 t0 42 5 C for longer pertods of ime 1n a cold (5 C) environ
ment or subseq to the ad of cold water into the rumen  first
the polypnea and then the car vasodil dually disappeared Shivenng
however remaincd inhibited during the entire period of central warming even
shen this was prolonged for 6 hours As a result the body temperature of the
goats dropped at first steeply and then more gradually to 1 level between 29
and 31 C At this low bodv temperature the antmals were very drows) and
displaged irregular jerks of the head and the neck Although a core by pother
mia of this seventy 1s known to cause considerable blood sugar nise (FUHRMAY
and CrissoN 1947) as long as preoptic/anterior hypothalamic warmung was
maimntamned the blood sugar remained at normal or very shightly elevated lesel
On cessation of central warming shivering appeared after about three minutes
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Fig 12 Blackn of th thoroud response to suminal coolin (RC) by local warming of th  heat loss
center {CHV)

In goat A simple rummal cooling + 4s performed on the fi st cxprrumental day whereas ru

rmnal cooling 1 combmation wath central warmng was appl d on the second day In goat C
the sequence was the reserse

and then gradually grew very strong At the same time the blood sugar started
to mise and reached a level two to three times the normal within half to one
hour (Fig 11)

B) Thyrodal effect In two of the goats (A and B) central warmung v as
started 11 (A) and 36 (B) hours after the admnustration of radio wodine 1 ¢
dunng the nsing phase of plasma PBI™ In both ammals preopuc/anterior
hypothalamic warming caused a marked retardation of the plasma PBI®t
e followed by an accelerated nise on cessation of central warming The
retardation of the plasma PBI®™ nse was most pronounced wn goat A (for
detarls see ANDERSSON £2al 1962 c)

Goat A and a third goat (C) were also used for studies of the influence of
central warmmg on the thyroid response o a general cold stress On three
consecutive days goat A was subjected to the same degree of ruminal cooling
On the first and thud day rummal cooling was performed without warming
the  heat loss center This procedure caused a steep rise in plasma PBI=t
during the following four hours On the second day ruminal cooling was per
formed at the beginning of a six hour period of preopuc;antenor hypothalamic
warming (to 4{5 C) This ume the plasma PBI® remamed below the
tutial value duning the ennre six hour penod of central warmmg but rose
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steeply when the central warming was stopped (for details sce Anprresos ef af
1962 ¢) In goat C rurmnal cooling was intially performed 5 minutes fter
commencement of a three hour pertod of preoptic/ tor hypothal:
warmung (to 42 C} Alithough the expeniment was performed duning the nsing
phase of plsma PBI™, the plasma PBI™ remuned unchanged during the
three hours of central warming but started to risc 1gamn after cessation of
central warming Renewed ruminal cooling was made 1n this anmmal the fo!
lowing day, this time without central warming Witlin three hours after the
adminstration  of cold water into the rumen, the plisma PBI¥ then rose
by 15 per cent of the pre cooling value Tig 12 gises a companson of the
plasma PBI® changes in goat A and C duning the first and second expen
mentl days As can be seen 1n tlus figure the thyroid activation obtamed by

pure rummnal cooling was in both animals considerably greater than that
observed after cessanon of central warming an spite that the fall i general
core temperature in the latter instance was much more pronounced A pos
sible explanation may be that at the tume eentral warming was stopped  the
inally 1ce cold water i the rumen had reached thermal equihbnum with
the rest of the body  Thus the inflow from rumunal cold receptors would hase
been considerable reduced at the time central warming was stopped

Discussion

In homosotherms a relatively constant body temperature 1s maintamned 1n
spite of wide varations 1n the temperature of the external environment This
obviously demands 1 complex mterplay between neural and hormonal thermo-
regulatory factors The 1m of most studies of temperature control however,
tas been to cluaidate esther the neural or the hormonal thermoregulatory
mechanisms whereas relanvely few experimental studies have helped to clanfy
how they act 1n conjunction with exch other

Central warm detectors  and peripheral cold receptors seem to play 10
essential role n the neural control of body temperature The classienl expent
ments of MAGOUN et al {1938) focused interest on the preopticfantenior hypo
thalamuc region as a site for such central warm detectors  The importance
of ths part of the bramn as a  heat loss center has later been confirmed and
been further clucidated by numecrous investigations culminating with the re
cent clegant mucroelectrode studies of Nanavama and Harov (1962) The
latter experiments have completed and confirmed Luters (1950) carher
clectrophysiological studies which showed that the rostral hypothalamus does
sn fact contain cf which are specificall tive to a nise 1n body tem
perature  The studies of Nanarava and Haroy further show that at least
some of these  warm detectors  are shghtly active at brain temperatures con
siderably below normal and that ther degree of actinauon increases con
comtant with a rise 1 temperature much above normal level The present
expenments and carlier studies (Hesinoway etal 1940 Anpersson GRANT
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and Larsson 1956 Hamr ef af 1962) indrcate that the central warm de
tectors  not only serve to activate neural heat loss mechamsms but even more
important they exert a brake on neural cold defense mechanisms especally
shivertng This may explamm why n the goat an machivation of the warm
detectors by local cooling, eliaits shivering only when the cold defense mecha
nisms are activated by an mflow fiom peripheral cold receptors or by certam
other nervous or certain humoral factors (ANDERsEN et al 1962)

Another possible explanation for the shivering response to preoptic/anterior
hypothalamic cooling would be that thus part of the bran contans not only
warm detectors but also  hypotherrma detectors responsible for the actna
tion of the shivenng mechansm and other cold defense reactions during hypo
thermua (Hamver, Haroy and Fusco 1960) Nanavava and Harpy (1962)
however did not find elements wathin the heat loss center which increased
their discharge by cooling Accordmg to HamueL e af (1962) certain neurons
1 the preoptic/anterior hypothalamic regron may still be thought to act as

hypothermia detectors 1n a more general physiological sen ¢ HAMMEL ¢t af
have thus suggested that there may be two different types of warm sensitive
elements 1 this part of the brain one set of sensors having 1 low Qo and an
other having a high Q,, The low Q,, sensors (which would be dischargmg
also at a bramn temperature somewhat below normal) may serve to acinate
cald defense mechamsms whereas the high Q,, sensors (discharging mamly at
a higher bram temperature) may have the opposite thermoregulatory tash
Ths theory 15 somewhat difficult 1o reconaile with the effect of R¥ destruc
tion of the preoptic/anterior hypothalamic region in nonanesthetized goats
‘Within a few munutes after such lestons have been produced strong and per
sistent shivering appears which rapidly causes 2 more than 2 C nse m the
body temperature of the ammals This shivering response 1s elicited 1n spite
of the fact that all types of thermo detectors within the lesioned region of the
braimn have been destroyed (AnDERsson and GaLe 1963)

Like earlier studies m the same and other species (ANDERssON etal 1960
Hawver etal 1962 Incran and Wustrow 1962) the present evperiments
show that an mcreased mflow from perspheral cold receptors lowers the senst
tiaty of the heat loss center  As mentioned above the shivering response to
local cookng of this part of the brain 15 to a great extent also dependent upon
the wtensity of the inflow from peripheral cold receptors But other nervous
factors as well seem 1o have an effect sumilar to that of the penipheral cold
wflow Thus shight pain and emotional excitation may eliat penods of intense
shivening during local cooling of the  heat loss center (ANDYRSEN ef al 1962)
Accordingly the of the preoptic/anterior hypothal region
must be raised to a higher level to nduce peripheral vasodilatation and panting
i the alerted than in the drowsy dog (HAMMEL ¢t al 1962) [his phenomenon
was here also observed 1n the goat

The purely nervous factors mmvolved m temperature repulatton are thus
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complex A similar complexaty seems to apply to the purely hormonal factors
The total picture of temperture control becomes even more complicated since
1t involves the interaction between nervous and hormonal mechanisms

The 1mportance of hormonal factors 1n temperature regulation has been
recognized for many years Half 2 century ago SEmerr and Fencrr (1912)
observed that the envr ure snfl thyraid fi and
as early as 1927 CaNwow et al obscn:d ncreased adrenaline secretion n am
mals exposed to cold On the basis of this observation Canson el al suggested
that the increase m extra muscular chemical heat preduction which occurs
duning cold exposure 1s due to the calongenic effect of adrenaline Many ex
perimental studies have later confirmed that cold exposure causes increased
thyroid and adrenal medullary activation Apparently not only adrenaline but
also noradrenaline 1s secreted 1n 1ncreased amounts under such circumstances
{Lebuc 1961) The thyroid and the sympathetic nervous system, including the
adrenal medulla thus appear to be important 1n the metabolic response to
cold Although less certain, 3t 1s likely that mncreased adrenocortical activaty s
another hnk in this response Ecpann and Ricitarps (1936) observed that
acute exposure of dogs to severe cold causes a definite but rather shortlasting
ncrease i adrenal corticord secretion Further prolonged cold exposure has
been found to cause adrenocortical hypertrophy (harsy, harsit and OsiER
1954)

Evidence has been produced that the different hormonal factors imvolved
1n the metabolic response to cold act 1n synergism with each other Thyroun
f ex seems to potentinte the cal 1 d

actions of ad and

Iime which may be one important feature in cold adaptation (Hsien and CarL
sov 1957 Hsin Cawrisov and Gray 1957) But hormonal factors apparently
also potentiate purely nervous mechamsms mvolved 1n the cold defense
Intravenous infuston of adrenal catecholamines was thus found to ehet shiv
ering duning local cooling of the heat loss center  of goats mamtaned 11 a
warm environment (ANDERSEN etal 1962)

In most studies of hormonal thermoregulatory mechanisms variations 1n
the external temperature have been used as the experimental stimulus These
changes 1n the external temperature have generally not much altered the
core temperature of the ammals The thyroid and adrenal actuvation obsered
during cold exposure has thus apparently been elicited mainly by the 1o
creased inflow from peripheral cold receptors Although this thyroid actuva
tion has been shown to be mediated via the hypothalamo pitwitary axis (EvLER
and Hormoren 1956 haicoe and Bierwan 1958) hitherto hittle has been
learned to what extent variations m the temperature of the heat loss center
may per se influence hormonal cold defense mechanisms The present expen
sments were therefore undertaken with the aim to study the importance of the

het loss center for the hormonal control of body temperature The results
of these expermments justify the conclusion that thyrod actiaty 15 to a great
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extent dependent upon vanations m the temperature of this center  From
eatlier experiments briefly reported (ANDERssoN efal 19622 b c) no definite
conclusions conld be drawn whether this 15 an effect mediated v1a the antenior
pitustary {TSH release) due to other } | factors or dependent on a
direct nervous influence on the thyroid The Jatter two possibilities could not
be excluded 1 view of SopErz:rG s (1928) finding that thyroid actuvity 1s
directly affected by nervous and extra pitwmitary humoral factors However
the effect on the thyroid of short pertods of preoptcfanterior hypothalamic
cooling (Fig 5) speaks mn favour of this response being mediated wia the pitu
tary The time course of the resp was thus 1nd. hable from that ob-
served after intravenous TSH injections An increase i thyroid activity was
obsenved first 15 to 30 mn after commencement of central cooling 1 ¢ 1 some
expenments not unul central cooling had already been stopped \ore drrect

di that the adenohypoph 15 involved 1n the resp was provided
by the effect of lesions 1n the median emmence Such lestons blocked the
thyrosd response to coolng of the heat loss center  but they were not Iikely
to have affected extra pstuitary thyroid stmulating factors

Although the present senes of expeniments thus strongly suggests an 1n
fluence of the preoptic/antenor hypothalamic temperature on the prtustary
control of thyroid activity these experiments tell hittle of the importance of
the peripheral cold receptors m the hormenal response to cold During cold
exposure a certain thyroid activation apparently occurs i spite of 2 normal
or at least mually even shghtly elevated preopticjantenor hypothalame
temperature Since all the present studies on thyrord activty were performed
at external temperatures below 23 C, 1t 15 1mpossible to say whether or not
2 certain cold inflow from the periphery was needed to obtam the thyrod
acuvation by central cooling Simular expenments performed 1n a thermally
neutral or warm environment may better demonstrate the importance of the
peripheral temperature i this respect

ince local cooling of the heat loss center caused a marked increase n
thyrord actiity s a constant external temperature 1t 15 reasonable to suggest
that central warm detectors even at a normal bram temperature are suffi
ciently active 1o exert a certain brake on the release of TSH from the adeno
hypophysis Nagavasta and Harbys (1962) studies showng that at Jeast
some of the therm 1 1 the pi r hypothalanuc
region discharge at a normal and even subnormal bram temperature strengthen
this suggestion The duscharge rate of these sensors mereases parallel to a rise
ia temperature much above normal level This 1s correlative to the present
observation that local warnung of the “heat loss center’ ncreases the mhibr
tion of the TSH release A mse of the p of the P
hypothalamic region above normal was thus found to retard the normal release

of PBI* from the thyrord and to bloch the thyrosdal response to a general
cold stress
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complex A sumilr complexsty seems to apply to the purely hormonal fxctors
The total prcture of temperature control becomes exen more complicated stace
1t sncolves the rteractian between aernvous and hormonal mechaqusms

‘The wmportance of hormonal factors sn temperviure reguiinon has been
recogmzed for many years Half 1 century ago Seinrre and Fracrr (1912)
observed that the envar { temperature ind thyrowd & and
as early as 1927 Cannov i al observed increased adrenaline secretion 1a anmt
mls etposed to cold On the basis of ths observation Canvon et suggested
that the merease m extra museultr chemcal heat producuen which occurs
daring cald expasure s due to the catorienic effect of adrenaline Many ex
perimental swudhies have fater confirmed that cold exposure causes wereased
thyroid and adsenal medullary 2etnation Apparently not only adrenaline but
also noradrenaline 15 seereted sn 4 under such
{Levuc 1061} The thyrod and the sympatheuc nervous system cluding the
drenal medulla thus appear to be unportant 1n the metabolic response to
cold Although less certam it 1s hikely that sncreased adrenocorticat ety s
another hnk n this response Ecpant and Rictiarps (1926) observed that
acute exposure of Gogs 10 severe cold causes a defimte but rather shostlastog
ncrease 10 adrenal cortward secretion Turther prolonged cold exposure bas
been found to cause adrenocortical bypertrophy (Ratsit hami and Osmer
1924)

Fiidence has been produced that the different hormonaf factors mvohed
m the metabolic response 10 cold act in synergism wath each other Thyrown,
{ ex scems to potentiate she calorgenic acuons of adrenatine and noradrena
Ime which may be one important feature in cald adaptauen (Hsten and Gart
son 1957 Huen Carison and Gray 1937) But hormonal factors apparently
also porenuate purely nervous mechansms snvelved in the cold defense
Intravenens infusion of advenal catecholamines was shus found to ehat she
ermy, dunng Jocal coobing, of the  heat loss center  of goats mawntained m 2
warm eavironment {ANDERSEN efal 1902

In most studies of harmonal thermoregulatory mechanisios vanations s
the external temperatare have been used as the expenmental stmulus These
changes an the exteraal jemperature have genesally not much altered the
core temperature of the antmals The thyraid nd adeenal actnaton observed
durtng cold «xposure hus thus appareatly been chared mamly by the o
creased inflow from perspheral cold receprars Although this thyrosd actna
ton has been shown 1o be medinted via she hvpothalamo putmtary axes (DLLer
and Horweres 1936 hnseos and Bisrsax 1908) utherto little has been
learned to what extent \aranons mn the temperature of the heat loss center
may per 3¢ miluenre burmonal cold defense mechamsms The present expen
ments were therefore underiaken with the aim 1o study the ympertance of the

heat Joss center (v the hormonal control of body temperature The results
of these expenments puufy the nefusion thar thyrosd acinaty 1s to a great
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Effects of Bretyhum, Reserpine, Guanethidine and
Sympathetic Denervation on the Noradrenahne
Content of the Rat Submaxillary Gland
B
M Bevwwoun and U $§ v Etier
Tecrived 22 December 1962

Abstract
Bf_\\!lLOL“D N and U 5 voy DuLer Lffuts qf br:l)lwm reserpine
on the content of the

yat .vubmanl[agy gland  Acta physiol scand 1963 59 34—42 —
After sympathetic denenatton the noradrenaline content of the rat
submaullary gland decreased slowly during lhc first 8 hours and dus

compl n 24 hours R h caused
depleuon of noradrenaline from dcncn:(ed 23 well as innersated
glands In the casc of reserpine the denervated gland was shghtly less
depleted (p < 0 05) The noradrenahne depletion produced by treat
ment with these two drugs and by sympatheuc denervation was
sigmficantly reduced by stmultancous injection of bretyhum In addi
tion bretylum had a releasing effect not 2s striking as that of res
erpme and huidine  but highly The of
these results are discussed

d I 11

Sympathetic denervation depletes the content of subm:
glands {EvLer and Purkiorp 193] StrROuBLAD and Nrckerson 1961) as \\cﬂ
as of other organs Likewise the disappearance of noradrenaline fiom different
organs following treatment with reserpine {Horzsauer and Voot 1936
CarLsson and HiLuare 1956) and guanetindine (SHEPPARD and ZINMMERMAN
1959 Sanan and Voot 1962) has been reported by several authors The action
of bretylium 15 not as well documented though 1t has been shown that long
term ad aton produces deph (GREEN 1960) while acute treatment
causes no change or an increase 1n the noradrenaline content of the heart

1 With Feflowsh p from Svenska Institutet Present address 3 Rue des Cedres Algiees
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Toble I Noradrenaline content and ueight of rat submaxillary glands tntact and after
sympathetrc dener-ation Sigmificance of diference calculated om pairs

Denersa | Average | Dumber | Average weghts of submay | Average noradrenaline content
tion weght | of est gland g Hg'e gland
time ofrats | mations
hours | g @3 Controls | Denerv | Percent | Controls | Denerv { Percent
glands gan I
pooled) mammg
0 277 2 028 029 27 156 148 94407
4 303 2 029 033 16 145 122 83 £ 3
8 293 3 028 037 33 149 110* [lat3a
12 288 5 031 037 20 140 08> ** 61+ 68
16 308 5 030 032 8 142 051* (345
24 290 2 03t 033 7 132 6 * ¢
48 318 3 07 030 14 128 Lid 0
K3 290 2 079 030 3 132 [Usd 0

P=005* p=001** p—000Is++

(Bropi: and hunrzaan 1960) and other organs (Rvp 1962) However an
acute releasing effect on the heart noradrenaline has also been reported (Gie
uss and Nasa 1961)

In the present report the tune course of noradrenahne depletion was studied
after sympathetic denervation 1n the rat submaxdlary glands These pared
organs were chosen because they provide a relable control In additon the
cffects of bretyllum reserpme and guanethidine were tested on the nor
adrenaline content of the gland 12 hours after denenvation at which tume
partial deplevon had occurred Although 1t 15 more or less accepted that
Teserpine acts penpherally a central action has been described at least for
the adrenal medulla {Eranko and Hoest 1958 STJARNE and ScaPIro 1958
Hirrage 1960 Moy 1961) though not confirmed by others (CALLIVGHAM
:nd Maxn 1958) Guanethidine acts peripherally since 1t does not enter the

ramn

Frnally we have investigated some aspects of the blocking acnon of bretylium
on the noradrenal effect on hidine and reserpine recently
reported (NorTON and CoLviire 1961 huntzuan etal 1962 Rvp 1962}

Methods
e prague Dawley male rats weighmg from 270 to 350 g were used throughout thus
Y

Supenor cerical ganghon extirpation The Tats were hghtly anesthetized wath ether
After 2 midhine mcision of the shinthe nght side of the neck was bluntly dissected and
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PER CENT
100

50

o o= /o
4 8 12 16 20 22772
TIME 1IN HOURS

de on the drenaline content of the t

Fig ] Lffect of
land

4

A Per cent of noradrenaline Jeft 1n the dencnated gland corrected for weight mcrease
B Same as above uncorrect

C. Per ccnt of weight increase of the dencrvated gland

the paratrachcal muscles opened laterally to uncoser the nght caroud sheath The
superior cerivical ganghion was dissected free and entirely removed

Drugs All the drugs were given subcutancowsly within 5 min after dencration
Subsequent doses of bretylium were mjected every 4 hours as indrcated Bretylium
50 mg/kg Rescrpine 2030 prg/kg Guancthidine 20 myjkg Bretyhum tosylate was
diluted 1n distilled water and reserpine in the commercal solvent Guanethidine and
reserpme were kindly furnished by Ciba AB Vallingby Bretylium was a gft of the
Wellcome laboratones

xtraction procedure After intervals varying from 0 to 72 hours the animals were killed
by a blow on the neck, the submaxillary glands were removed and quickly weighed
Ipulateral glands of 2 rats werc pooled 1n a few cases 3 rats were used Extraction was
carmied out after mincing 1n a total volume of 20 ml of 5 °, trichloroacctic acd The

hol. were adsorbed on all hydroude and eluted with 3mlof 05 ™
acetic zeid followed by an cqual volume of 025 N\ acetic acid
“ was 1 ding to the method of Eveen and Lisuagko (1961)

Only noradrenaline values are given here (as hydrochloride) since adrenaline was very
low and the values therefore uncertain.

Results

Lfect of deneriation Table 1 and Fig 1 show the gradual decrease in nor
adrenalme content in the submaxillary gland after denervation The per
centage of remaining noradrenaline which 1s recorded 1n the last column 11
Table I was used to plot curve Bn Fig 1 There 1s a definite merease of the
depletion rate after 8 hours The first part of the curve would even be hon
zontal (curve A Fig 1) 1f the increase 1n weight of the denervated gland due



NORADRENALIVE T DENERLATED SUBMAXILLARY GLAND 37

Table If Effect of bretphum subeutaresusly -ery £ hawrs on wiart and smpathetically
denescated submaxifory glands 4 12 and 7% howrs after denervation

Tecamment (First dose at | Time | Average] \urber] Average wogbt | Average noradr
tume of denetvation) sfter  {weghtsfofest | of submax gland} content of sub-
dener § of rats | mavom!t g wmas gland, (z'g
vaton {g {53
ghnds | Con | Denerv] Con | Denen
grocled) { trols trofs
— 4 303 4 029 033 146 122
Bretgt um 1 ¥ 20 melkg 4 | 3% 3 {en jem 140 | 136
- 2 238 5 031 03 * 140 § 0Ba* *
Bretyhum 3 > 50 mghig 2 369 4+ foem jam 1o3 | 10
- 24 pi 2 831 033 132 {0
Breryhwm 6 x 56 my'kg 24 330 3 | ow jemn 074 | 049
SRETYUUM
Deaecvatin
tme
rrervated oritested
ahes  |renaed i ted

Detiervated wtr ated Ft»«l.‘

Genecaled tred 22 1

iPneTvated untrea &g =

ooy LIOnenated T sted %
Derernvaed uilr

Cerervated fea el o

Fig 2 Effece of bregylum on the

roradrenaline eontent {mean and ey I e
S D} of wnen ated and denersated mz: :‘:;E =
submaullary ghands Brenfum to-  %hs EM-—EII“

sitate was injeered subcotaneowly

(50 mefig) at the tene of dewesva

won. The same dase was cpeated |
L

41\0\(!: swice for the 17 hours
x'WPm § tmes for the 24 houss. Horadrenal e content ¥ pg/g gland

92 oL 05 08 10 12 14 18

to suelling 15 taken into consideration This swelng reaches a maximum at
8 hours (p < 001} as can be scen an curve C Fig 1 A¢ 24 hours the gland
1 completely depleted and this persssts duning the following 2 days

Effect of bretytum The results after bretylium treatment can be seen in Tablc
Nand Fig 2 After 4 hours there 15 no ugmfi £ ffe between
and bretyhum treated antmals Twelve haurs after denenvauon bretyhum has
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Table 10 Lffects of breyluem  reserpune and ndine on 1nta 8 and hedreally denersated
submavillary glands 12 hours after denervation
Treatment (at the trme \werage | “Numbee | \serage vaightof | Aserage noradr
of denervation} woght | ofesn submax gland cantent of submac
of rats mations | g gland yg's
8 (23
glands
pooled) | Controly | Denent Cantrols | Denery
- 288 5 031 031« 140 08y *
Bretylhum 50 mgikg 300 4 831 3 108 e
Guanetiudine *0 mgfkg 309 4 [kid 032 013 e
Bretybum + guanethidine 316 4 029 029 08 0
Reseepne 201 pgiig 310 3 Q34 038 a3t 943
Resespint + bretyhum 297 5 030 010 ger 090
Rescepine + guanethuine | 330 » o3 03 o6 00s
caused a signtfi di 1n the i} hine content on the mnenated

side (p < 8001) while the merease seen on the denervated side 15 not signtfi
cant At 24 hours the dafference between treated and untreated anumals is still
more marked 10 the wnenated gland and has now become manmifest alwa o
the denenvated gland
At 12 hours no difference was found between the eflect of a single dose of
bretyhum 50 mg/kg and of 3 equally large doses given cvery 4 hours In ore
expennment a single dosc of bretyhum was less efficient after 24 hours than
5 x 50 mgjkg myected every ¢ hours both w preventng the loss in the de
.nervated gland and i depletng the mnnervated gland No swelling of the de
naated gland accurred 1o the bretglum treated ammals
'\) Lffect of reserpne Reserpme (Table I1I) causes depletion of the nosad
Tenaline content on both sides However the renidual amount s shghtly lugher
on the denervated side {p << 000) and f the swelling not prevented by reser
pine treatment were accounted for a hugher sigmificance would be found
{p < 002) Sunultaneouns treavment with hretyl p ted smgnificant)
{p < 0 001) the reserpme cffect on both ndes although the values were lower
than in the case of bretyhum alone In a few expenments not reported reser
pine was myected 4 hours prior to denervation with no remarhable dfference
1n the result except for a somewhat more marked decrease
Effect of guanethidine Guanethadie (Table 111) had a sirong depleung offect
on the noradrenaline content In this case no difference was observed between
both sides Here agan a concomitant wgecton of bretyhum mbuinted this
effect, perhaps even more effictently Combmation of reserpme and guane
thedine praduced a sundar fall as with guanethudine alone In the case of
guanethudine as 1 the cuse of bretylum the swelling of the denervated gland

was absent
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Discussion

‘With regard to the ume course of depletion after denervation our results
are 1n agreement mth those of WEINER, PERkms and Smitan (1962) who
reported a pl ppearance of drenaline from the rat brown fat
tissues after 24 hours and no change at 8 hours hmpesar Cervost and
Furcngorr (1962) however found no change at 24 hours and 9 % deple
tion at 36 hours in the cat mctitating membrane after superior ccn1cal ganglt
on extrpation Whether this 15 a species or an organ dhfference cannot be
stated as yet One can only speculate as to the exact mechanism of the nor
adrcnalme dlsappearancc after denervation but 1t seems probable that the

are defective after the lapse of the latency period of 8
hours As we shall discuss later, the swelling of the gland paralleling the
latency penod 1> strongly 1n favour of continued sympathetic activity Ap-
parently the stores at the nerve endings are still repleted dunng the first 8
hours Thereafter some change occurs possibly equivalent to  degeneration
After this latency period a decrease 1o transmitter stores 15 no longer com
pensated for It scems quite probable that the release 1s only a conttnuation
of the normally occurning process This 1s supported by the fact that the dis
appearance rate 1s very sumlar 1o a zero order reaction resembling the finding
of RuntzmaN etal (1962) 1n the case of guanethidne

The depleting action of bretylium, 1f at vaniance with some reports (Brobie
and Kuvrzman 1960 Green 1960 Ryp 1962) substantates the findings of
Grirs and Nasi (1961) and others on the heart These discrepancies could
be attaibuted to species or organ differences but we are inchned to think that
they are also dependent upon the mode of treatment Most authors have used
lower single doses of bretyhum Ryp (1962) used sinular doses but intraper:
toneally and not repeated At 4 hours we had no change m agreement with
her findings 1n some organs At 24 hours the differences are highly sigmficant
this may be due to the spaced doses maintaimng 4 fairly high level of brety
Lium 1n the nerves thus accentuating the releasing effect This 15 partially con
firmed by Cass and Srricas (1961) who found a quahtatne change of the
action of bretyt and hidine with nme although they observed no
decrease 1n the noradrenaline content after bretyhum The doses used m the
Ppresent study {50 mgjkg) were not unduly hugh since the general condition of
the amumals remained good

Even more interesting 1s the prevention by bretyhum of the depletion nor
mally occurnng after svmpathetic denenvation This action substantiates the
fonclumon of Boura and GREEN (1959) Green (1960) and ExtEy (1960) that

hum blockade of perve action s exerted predominantly on
the tcmunal portion of the neurons HERTTING AxErrop and PATRICK (1962)
have shown that bretyhum and guancthidine blocked the release of tritiated
noradrenahne when sympathetic nerves were stimulated as well as after reser
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pine treatment Thus it seems very bkely that bretylium (lihe guanethidine)
acts by blocking the normal release mechanism

The action of reserpme 15 1nteresting i several aspects Even very {ow doses
of reserpine may cause a considerable depletion of the noradrenaline content
of some organs (Bropie and RuNTzman 1960) Our results that reserpine
depletes noradrenaline after denenation of the organ are 1n agreement with
the opinion that reserpine acts peripherally WENNER efal (1962) 1n a study
on the rat brown fat bodies reported more noradrenaline on the denervated
side 2 1/2 hours after reserpine whule afier 3 1/2 hours both sides were emptied
The antagomstic action of bretyhum on the reserpine depletion confirms the
findings of NorToN and CorviLre (1961) and Ryp (1962) with brain lver
heart, and splecn of the guinea pig It 13 1n disagreement with RuNTzaas et of
(1962) who claim there was no such an effect However no data as to organs
were gnen

With regard to guancthidine denenation did not influence 1ts depleting
action while bretylium strongly reduced 1t A similar effect was noted in the
rat heart by huvtzaas etal (1962) It will be noted that the depletion was
more matked with guancthidine than with reserpine i the doses used thus
equal doses of bretylium seem slightly more efficsent 1n counteracting the effect
of g hid The ¢ 1on of reserpine and guanethidine was shghtly
more active than the most efficient of the two drugs The mterval after treat
ment was evidently too long to allow the early bretyhum like effect of guane
thidine reported by Bur~ (1961) and Cass and Sericos (1961) to be seen
Some preliminary experiments on rats pretreated with guanethidine one hour
hefore sacnifice indicate the existence of a partial block of the reserpine mnduced
disappearance of noradrenaline

Inadentally these expeniments have put inte light a swelling of the sub-
maxillary gland which has been studied 1n more details by Weris Hanper
wan and Miroray (1961) They claim that it 1s due to tissue hypertrophy
since dry and wet weight were stmilarly sncreased and there was also some
tustological esidence of hypertrophy In addinon they have found that de
nersation bretylhum guanethidine and reserpine presented the swelling oc
curning after incwsor amputation This event could be mimicked by 1sopro-
terenol infusion (WeLLs 1962) and 1n this case 1t was not prevented by de
nervation It seems probable that the increase of weight 1s secondary to release
of noradrenaline 1n the gland consequently deplenion of the stores would
present 1t It 1s noteworthy that in our experiments in contrast to reserpine
bretylium and guanethidine prevent the swelling induced by denervation We
are tempted to relate this action to the blockade of the release of nerve trans
muatter caused by these two drugs

From the results of these experiments 1t appears that both bretylium and
guanethidme have a reserpine Iike depl effect on the {renaline i the
rat submasxullary gland All three drugs act penpherally although reserpine
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also exerts a central effect In the present study bretylhum stands apart by 1ts
striking inhibition of the noradrenaline release due to reserpmne guanethidine
and sympatheuc denervation Although not conclusive this speaks in favor
of a ssmlar mechanism of release under these three conditions 1n acceleraung
the liberation of amines at the nerve endings andfor preventing the repletion
Posubly 1n the case of reserpine the rate of depletion would be modified by 1ts
sccondary ccntral action and the direct releasing effect of ugh doses on
d i vitro by Eutrer and Lismajgo
(1960) On thc uthcr hand the blocking of drenaline release from g )
mn vitro with low concentrations of reserpine (Evier and Lismajro 1961)
mxght indhcate disturbed resynthess as a mam cause of depletion Guanethidine
15 daffe d further from oy 1ts bretyl ike effect reported by
Bur~ (1961) Cass and Serices (1961) and HerTING ¢f al (1962) and seen
by ourselves i some preliminary expeniments Ve propose this alternative to
the theory of RuNtzuMaN efal (1962) who advocate a complete difference 1
the mechamsm of action of these drugs One of therr main arguments was the
lack of counteraction by bretyhum of reserpme effect but this has been ob-
served by us and others Both bretylum and guanethidine have a somewhat
stmilar dual action but where the former appears to be mostly a blocking
agent the depleting action of the latter 15 predommant

This work has been suppotted by rescarch grants from hnut and Alice Wallenberg s Memorial
Fund and The S edush \edical Research Councyl
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The Effect of Prostaglandin from Human Semnal Flaid
on the Motility of the Non-Pregnant
Human Uterus mn Vitro
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Abstract

Byopesax M and R Euasson The effect of prosta,landin from
human seminal flrd on the motilily of the non pregnant human wiervs in ritro
Acta physiol scand 1963 59 43--51 — Immedeately following
surgical remonal of the uterws four myometrial stnps of equal size were
cut out from the corpus and used simultaneously each suspended m
2 40 ml cuvette Te pH etc were
The motility was recorded ssometnically on a smoked drum Histo-
logical determunation of the phase mn the menstrual cycle s as made on
each uterus Prostaglandin from pooled human semen (HSF PG) n
hibited the myometrium 1 most cases 1n a concentration of 00>
Ufml bath flud  the highest sensitmty occurring at the time of
ovulation Some uterus strips reacted by smulation to prostaglandin
Amang these some (midcy cle preparations) were nknbited by larger
doses of 1 while th der equally with

e the
cycle were tated Factors reg
ulanng the reactnvity pattern are briefly discussed.

m the

The pharmacodynamic properties of the human semen were described by
hurzron and Lien (1930) by Gorosratr (1933 1935) and by Euvter (1934)
Eveer (1936 1939) demonstrated that the active princple by 1ts biological and
chermeal pmpcmcs could he dlﬂ'cr:nnatcd from all other known smooth
‘muscle

}: and 1t was provisionally
named “prostaglandin Sa far 1t has only been demonstrated 1n semen and
extracts from some of the genttal organs of man sheep and goat (EvLer 1934

43
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1939 Evcer and Haxsarstroy 1937, Ertasson 1995 In man and sheep it s
sccreted only from the seminal sesicles and the vesicular glands respectnely
{Eurasson 1929) T s further the only smooth muscle sumulating factor of any
importance 11 human emen (Ersassos 1929, 1961)

Evrer (1936 1939) demonstrated that the actnve factor 1 sheep vesicular
gland cxtract was a mitrogen free  unsaturated orgame acad More recently
Brrastroyt and his co-workers have confirmed this and 1solated sex eral smooth
muscle sumulatng compounds from the vesicular glands of the sheep and ko
determined therr chemical structure (BerGsTROM and Spérvarr 1960 a b
BeresTrOM et al 1962) These have been called prostaglandin E F ete (PGE
PGF, etc} Some difference between the acuon of total extracts 2nd 1solated
factors have been noted however (Berostroun of of 1923)

Since stnow has been d dthat prostaglandin most Likely conssts
of several active compounds the following abbreviation will be used 10 order to
differenuiate total extracts from the vanous crystalline compounds A tota]
prostaglandin extract from human semnal flud will be named HSF PG the
correspondimng extract from sheep vestcular gland SVG PG If not otherwise s
stated the partal punfication has been performed according to Epiasson
(1959)

The biological activity of HSF PG 15 given 1in units (Evier 1939) Atbio-assay
on rabbit blood pressure and on the 1solated rabbit jejunum one unit corse
sponds to about 10 ug cf the ervstaline compound PGE (Brrostrow «tal
1929)

The eflect of human semen on the motility of the 1solated human mvo-
metrium was first invesugated by Atrzrow and Lies (1930) and Cockxirt,
Rurzrox ard Mirrer (1935) They could demonstrase that the normal response
was that of inlubition On the other hand sorre utentne preparations consistently
responded with an increased tonus when serminal fliud was added 10 the bath
\foreover theauthors found a clese correlaueon between the last mentioned type
of reaction and inferubity

\lore recentls Evriasson (1959) has shown that HSF PG has the same effect
on the 1solated myometnum as the semunal flmd He could also demonstrate
that some utenne prep which responded with d acuvity to 2
small amount of HSF PG changed their reacuvity pattern to mhibition when 2
shighth larger dose HSF PG was added to the bath

In this paper the results of expenrents with sanous doses of HSF PG on
strips taken from utert under different h § infl will be p d

Method

‘The myometnium has been obtained from patients undergoing hysterectoms due 1
myomatous changes in the uterus Immediatels following the surgical rcma\a]lof ';““
uterus swtable preces of apparenth normal were t2ken
from the corpus uien and suspended m cold Runger s solution Four strips of equal suze
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Table I Number of strps and uters n the dyfferent groups n the present study

Hormozal | Group

phase | 2 3 1+ 5 [
Earlv m ddle] Late pro- | Early secre- | Middlelate | Metro- Menopause
proliferanne {ferat ¢ |tory phase [secretory [ pothia hem
phase phase phase otr eystica

N ofuten 17 14 12 8 3 4

N of strips 50 30 2 19 1 in

(about 20 X 2 X 2 mm) were then cut out each mounted 1n separate 40 ml cuvettes
10 an ssolated organ bath This could be done within one hour In all cases part of the
utert were sent to hustol 1 for d of the phase in menstrual
cycle and the diagnosis

The salt solution used w..s Tyrode modified according ta Gener (1937) and aerated
with 5 per cent GO, m O, The gas fow was adjusted to gne a pH of 735 = 00>
controlled continuously or at 15 mun intervals. The bath fluid passed continuously from
below at 3 constant ratc of 1 5 ml/mun The b th temperature was kept at 375 Cby a
temperature controlled water bath The motliry of the four strips was recorded almost
1sometnically using frontal wnting levers with an amplification 025 1 on a smoked
drum

After 23 hours the spontaneous motility usually reached a steady state and the
effect of HSF PG could be studied The test solution was diluted 10 times Tyrode
solutions taken from the cuvette immediately before 1t was added to the same cusette 1
a volume of 10 ml The amount of HSF PG admunistered usually did not exceed 005
units per ml bath Aud 1n the cuvette

The HSF PG preparation used v as extracted from pooled human semunal Auid (250
—500 m) with 3 volumes of acidified acetone {1 ml 3N HCI per 100 ml) The extract
was filtered and evaporated until all acetone has disappeared The pH was adjusted to
75 with \aOH The activity was bio-assayed on wsolated rabbit jejunum and expressed
@ unuts (Evier 1939 Ertassos 1959) The total extract was diaded m small portions.
corresponding to the amount required 10 one experiment and kept at — 20 C

‘The y of the was d 1o all exp: and d as
HSF PG ID,, umsts per ml 1 ¢ the lowest amount tested thut caused a decrease 1 the
amphitude of the contractions with 50 per cent or more during at least 10 min This was
accomplished by adding mcreasing amounts of HSY PG starung with amounts that
were below the probable threshold Voreover in thase cases where the highest amount
of prostaglandin tested {usually about 0 03—0 1 umt per ml) did not cause an tnhrition
this dose has been taken 25 ID  1n the statsstucal evaluation. This procedure is acceptable
© hen the rank sum test by Dixov and \IAssey {1937) 1s used as m this mvesugation

Resalts

The 157 uters straps 1 estigated 1n thus study were prepared from 60 uten:
They were divided 1n groups according to the phase n the menstrual cycle
determined by the histol Group 1 ¢ ds to earlv
muddle proliferatne phase (approx 1—10 day) group 2 to late prolferatne
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s M =
UUWWNUUUUUMM £ et

FSE PG The myometrugmsin

Jate prohferatine phase
1 =0003 Ujml
2 =001 Uiml
3 =003 Umt

—_—

15 Fig 2 The effect of HSF PG onthe
motility of the 1solated human myo~
munummmyly ;enclory phase

= 00073 U{ml
5 MIN

Fig 3 The lack of effect of HSF PG
on the motshty of the ssolated human.
myometrium in late secretory phase
I 0033 Uml

1

phase (approx 10—14 day) group 3 to early secretory phase (1pprox 14—2¢
day) and group 4 to middle and late secretory phase (approx 20—28 dav}
Swups from utert belonging to patients 1 menopause or with hormonal dis-
turbances as metropathia hemorrhagica cysuca (MHCY were placed 1 two
spectal groups 5 and 6 respectively {Table I)

An inhib of the s motility
obtamed 1n 90 per cent of the strips The dose prostaglandm needed for an
obvious effect vaned however 1n the different groups The myometrum 18
mast sensttive around the ovulation ume ¢ ¢ group 2 and 3 Usually 000>

foll landin was
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Table If Vanation n sensitecsty of the non prenont himan syometrum m tidro to prostaglandin
w relation ta the mensiral Ocle

Group | ofuten | Phase o menstruat cycle Prostaglandes 10, {unssIml)
Median valucs { Range
1 17 Farly muddle prolicrators 0015 0002 — 00
2 " Late probferatory 00035 0008 ~ 001
3 2 Easly secreiory o007 Q002 — 003
4 8 Addle tate seerctory 0072 601 —01>
Table JI Statishcal sigmficance w the differmnce of senssticsty
Betazen groups of wienne wirihs from vanous pevsods of the menstrual

acle 1o prostaglandin The group numbers corvespond to the different
Bhases of the mensteval ¢yele axcording to Toble 1

Comparuson betwern grovps Degren of ugasbicance (P vahue)
1and X 903
Zand 3 o &ff
Zand 4 < 0001
tandd o &t

Table It Vanation en sensafisaty

o prosiaglandin of human

yometniem i selotion fo tume after the onset of the momopause

Years after the | “wurnber of exporiments “ean value of
tast normat p
menstrvaton | Uren Stnps D, (antsfanty
' 1 3 0009y
2 1 4 2003
4 1 2 003
2 1 4 ey

umit per tnd bath fiwd 1s suffictent o produce an eflect (Fig fand 2) Fig 1also

sllustrates the good dose response yelavonstup Dunng the other phases of the

menstrual eyele the responsisencss to HSF PG is much less and some pre
Paraons did not respond even 1o the hughest doses used (Fig 3) “The sensunry

of the myomettium 1 3—5 trnes gher at ovulation ume than early and late

1t the menstrual eycle

The varavon 1n sensitivity of the myometnium to HSF PG under vanous

condstions 1s ustrated mn Table 1 IIT and IV The figures 1 Table I are
<aleutated from the median 1aluey for cach uten which are based on records
from 210 4 straps From the statutical ex 2lnanion (Table IIT) 1t 25 apparent that
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S
A"
|
JJUWUMMMM}LM Fig 1 The dose response of the
r ) .}’rs’;‘[;’d human myometrium to

The myometriumisin

b late proliferatine phase
| I = 0003 Ufm!
\, 2 =00! Uml
3 =003 Uymi
3
5 MiN
t1 Fig 2 The cffect of HSF PG onthe
motiity of the isolated human myo-
metrtum in carly secretory phase
1 = 00075 Ujml
5 MIN

Fig 3 The lack of effect of HSF C
on the motility of the ssolated human
myometrium 1n late sceretory phase
1 = 0033 Ujm!

11

phse (approx 10—14 day) group 3 to carly secretory phase (approx 14-—20
day) and group 4 to muddle and late secretory phase (approx 20—28 das}
Strips from uter: belonging to patients 1 menopause or with hormonal dis-
turbances as metropathia hemorrhagica cystica (MHC) were placed m two
special groups 3 and 6 respecuvely (Table 1)

An inhibition of the spontancous motshty following prostaglandin was
obtaned 1n 90 per cent of the strips The dose prostaglandin needed for 20
obvious cffect varied however in the different groups The myometrium =
most sensitive around the ovulation time ¢ ¢ group 2 and 3 Usually 000>
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from 7 uters, all of which had been obtamed from patients 1 mid-cycle The
second type of Teactvaty pattern 1s illustrated 1n Fig 5 Both a moderate and a
high dose HSF PG caused an increase tn tonus and amphtude of the contrac

trons Thsreactnaty pattern was seen in 16 strips from 6 utert equally distributed
between groups 1 3 and 4

Discussion

In the present insestigation 1t has been shown that the moulity of the 1solated
human myometnum from women 1 fertile age can be affected by 0001—
0005 units of HSF PG per ml bath flud On the isolated uterus the activity of
one umt HSF PG 15 approumately equnalent to 10 pg of the crystalline
compound PGE, rsolated by BerGsTROM and SjovarL (1960) from the vesicular
glands of sheep (BYGDEMAN and Extasson 1o be published) The sensiity of
the human myometnum to HSF PG 1s therefore at mud cycle very high As
surming that the chief active prineiple in HSF PG 1s PGE, 001—005 sig per
ml bath find cause a defimte effect Corresponding figures fo

1 1

r some ather
utenne actve L 1

p are vasopressin 0 001—0 003
g per ml (Byopeman & Ertassov to be publihed) acetylcholine 0 5—1 0
#g per ml and adrenatine 0 5—1 0 pg per ml (SAnDEERG ef ol 1908)

In contrast to what has been reported for other autopharmacological sub.
stances the sensitivaty of the myometrium vartes to HSF PG duning the menstrual
period The difference 1n sensitivity between strips from mud cycle and those

from early and late phases of the cycle 1z statistically hughly significant On the
other hand 1 the

g the effect of P acetyl
choline and other substances on the motility of the 1solated human myometrium
a simlar dfference 1 activity with regard o phases in themensirual cycleisnot
known A corresponding change in of the
stances can however not be excluded

hurzrox and LiEs (1930) and Cockrurel Mmrer and hurzror (1930)
demonstrated that human senunal fluid usually caused an hibition of the
spontancous motiity of the wsolated human myometmum They could abso
demonstrate that some uterine p ded with strmul to some
specmens of human semen and wath ihibiton to other specimens Fmally

there was a small group of uter: that regularly responded with mcrease 1 tonus
1o all semen samples tested

um to other sub

A stumulatory effect of HSF PG was obser ed 1n our study 1n some prepara
tons from all 4 groups m the menstyual cycle At mid cycle the stimulatory
effect was only obtamed with very mall doses and a shight increase n the
amount ahsays caused inhibition of the motility On the otherhand certam
breparations from the other phases of the cycle responded with stmulation
to both medium and lugh doses of H5F PG It therefore appears that the re
actity pattern of the myometrium 15 dependent both on the sensinvity of the

muscle cells and the dose used Qur results are sn good agreement with those
4633015 Acta physiol scand ¥ ol 59
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obtained by hunzror and Lies (1930) since they used separate semen samples
for their expeniments and 2s 1t #s known that the amount of prostaglandinin
semen samples from different men 1s lughly vanable (AseLuwp 1947 Ersson
19:9)

Et1asson and Pos g (1961) studied the effect of HSF-PG on the utenne
motility 1120 and found that when instlled intravagmally at the estimated
ume of ovulation 1n ferule women 1t usually caused a stimulation of the motility
In some cases the increased motlty was followed by a marked inhubition.
This phenomencn was thought to be 2 result of a postulated continuous ab-
sorption of HSF PG from the vagina gradually inareasin, the blood concen
tration The reactnaty pattern would then be comparable with that observed
matre t ¢ a small dose of HSF-PG sumulating and a shghily larger dos~ in
hibiting the moulits of the same preparation At other phases of the menstrual
cycle the uterus was much less sensitine to HSF PG and the effect srregular

The reactivity pattern of the human myometnium to HSF PG wm 1o 15 2p-
parenth sumlar to that e zutre More thorough analysis on the mode of action
of HSF PG on ssolated utenine smips therefore seems justified

The fact that the myometrium 1s most sensin e to HSF PG at ovulation tme
indicates that this factor plays a role in human reproductson  Further studies on
the physiological function 1s therefore highly warranted

Ve wuld Likr 1o express our grautud 1o Pr A Linocgew for the hustological exammatons,
to Dr B Lecoernin for valuall adviee 12 the statstical evaluauon, to Mos A. Warrerssk for
ber skallful techraca) asssznce, 1o the prrsonne] at the Allminna Pamnbondsbust for collecuon
of uterme preparauons, 2nd 1o M B Jowssox for cllecung thr semen samples Finaneal sup-
port from ihe Lalor Foundation, the Rarolynka Imstitutet, and the Lars H ertas Mina
thar Uully acknowlevtyed.
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Abstract

Carwsovw 1 A and D Harrserc Studies on the eiminaton of
exog rous lipeds from the blood stream Acta physiol scand 1963 59
52—61 - The hwetics of the chaunaton from the blood stream
of intravcnowsly smyected fat emulsion (IntrahpdO) and of ehylo
micrones have been studted 1n the fasting dog The ehmmabun was
esumated bv deterrmination of the :mmzl whale blood gly certde con

and sub of the. basal gl The
same type of elimunaton was found m all dogs studied The elimrma
tron consisted of two phases operating above and below a glycende
concentration of around 1 1 mM (mncrease above basal level) respec
tively Abe e the concentration | ! mM the elmination was hnear
e aconstant amount of glycerides was eltmunated per unit ume The
mean value for the elmmation 1 this phase was 0 05 mmolefl blood
per nunute Below this cancentration the ehmmaton was single ex
ponential 1e a constant fraction was removed per umt ume The
mean value found for this ebmmation was 5 per cent per minute No
greater dsflerence was obsered b:mem the synthetic emulsion and
chy The of the mavimal elimina
tion rate above 1 1 mM and the concentranon dependent ehmaration
below 1s bricfly discussed

The glyceride concentration 1n the blood during alumentary liperma and
durtag wtravenous ad of fat 1 13 lated by the amount
of fat entering and leaving the blood stream per unit tsme At present we do
not know in detail the mechanism controlling the rate of elimimation of ex0g
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enous lipids from the blood stream nor do we know 1f chyvlomicrones and
different fat emulsions are handled prinaipally 1n the same way A rapid ye
moval of the chyJomicrones from the bloed stream in the rat was indrcated from
the work with labelled fatty acids by BrrasTrOM BorGsTROM and ROTTENEERG
(1952) Several authors have n subsequent expermments studied the removal
of labelled chylomicrones injected 1+ (Haves and Goroaes 1956 Frescn
and Morris 1957 BorestroM and Jorban 1959) In gereral curves hate
been obtained which hase been interpreted to indicate a rate of removal
durectly proportional to the concentratton Calculated half ife times have
vaned with the amount of admmstered chylomicrone glycende generally
with a range between 525 min However 3t has been pomnted out that the
disappearance cunves obtaiied after chylormicrone mjection are complex
probably consisting of different phases (Frenct Morrp and Rosrsov 1926
FreDRICRsON McCorLesrer and Ovo 1958)

The disapp of 1v ad d fat 1 has been studied by
different authors WADELL et al (1953 a b) found that the plasma turbidity
decreased m an exponentral fashion after the 1v admimstration of seseral
different types of fat emulstons injected at a dose of 2 5 g/kg body weight in the
rat The half hfes were 30 mmn or more McCanprLess and Ziverssr (1928)
mjected labelled fat emulsion 1n saller amounts m the dog and caleulated
the half hife to be around 1—5 mmn Epcrex (1960) found an exponential
decrease of the turbidity 1n dog blood after admmnistration of mere than I g o
fat/kg body weight Epcren furthermore found that the removal rate constant
vared with the dose

Duning prelimmary studies on the removal of fat emulsions from the blood
m man we found that the ehmmation cunves were complex and varned constd
erably from case to case These findings imniated the present study 1n the fasting
dog where we hase studied the arteral blood concentration of gly certdes during
the el of a fat and of chyl rones It was fourd that the
kinetics for the removal of this emulsion could be described by two sunple

;quauons 10 a2 manner not previously descnbed for the elmination of exogenous
fat

Matersals and methods

"o

Animals oung adult healthy mongrel dogs weighing between 10—14 kg were used
Two types of experiments A and B were performed. In 4 three dogs were seudsed once
Thev were anesthetized with Nembutal 25 mg/kg bodv weight mntratracheal intubation
was performed the abdormen opened and splenectomy done Thercafter catheters were
tnserted into the portal vemn through the splemic vem anto the lver ven through the
femoral vewn and mto the femoral arter, The fat emulsion was myected through the
artery at a dose of 0 1 g of glycendes/kg body v exght wathin 30 sec Thereafter repeated
samples were drawn from the dufferent catheters the total amount of blood withdrawn
amounting to 50100 ml Two of the dogs were fasted for 36 hours and one fasted
over mght The data from the portal vern and the Iiver ven will not be included here
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Table I Hate constants for the semoral of snpected fat froms the blood siream in fasted dops

Dog no | Dow grven Rt ' h, 10
(s/te) (mmoles (¢ frun) o5
glycensdes!) bl sy (noles
min) elycerdraf) Vo)
Intra) pd 2
1 040 09070 50 149
030 005 .3 10
030 0.057 50 114
020 067 as 122
010 - 3 -
2 06 o .0 12
030 0060 50 120
020 094 40 L
3 ar9 0042 - -
8.0 0015 41 112
020 00,3 43 123
4 060 0076 - -
oty - 87 -
Y 0 0034 33 103
I 00 0043 43 73]
7 03, 0033 32 3
' 003 32 i)
2 [ 0037 33 [§%3
9 041 0023 —- —
0y - 5 -
10 U . 009 Fa 11
Mean [/ 49 11e
Cinybrrurrenes
] o onry 71 083
7 03 Q0N €3 0r1
10 0 norg 3 130
Mean 0053 59 100

1 K, = Maumal removal rate e pemoval rate for the Doear gluv

3 by = Fractionsl semvmal c2tr 1e. removal rave for e exponential phase

C = “Criical omerntraton® e the glycrde concentsation above the bawl
tration at whach the elumnaten changes from binear to exponrntal.

ameer
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36 hou s fost
by, N { R N
K « gmernght -
B -
s
DNY
o5
¥g t Eumunzton from the Biood
stream of s3ngle mpechon of 81 g
glycendesfkg of o fat emuluon
{Inmat pid Q) tn dogs fasted 36 hrs ot
or over aght The giyeende concen
tration 1 gwen for whole blood and
represents the wncrease above the
bawd fevel oos s AY
3 ) G W mtes
In B the dogs were and bated bed above and a catheter

as

mserted mto the femorsl artery The emulson was wgected m varymz amounts {Table
¥y through this catheter dunng 30--90 sec and the catheter rinsed by flushing wich
sshne Arterial blood samples about 3 m! were coliected into heparmaed tubes In
this scrues 10 dogs were used Each dog was used i 16 expts (TableI) The mterval
betneen the experiments vaned from 3—7 days The dogs were fasted over nught and
the expeniment performed i the mormag

1n bath A and B two blood samples wath 5~~10 mun snterval was taken before the
wjection

Fat emulsion The emulsion wsed was InwralipsdO? which has the following compost
tos 10 per ¢ent s34 bean il 3 2 per cent leaithun and 2 3 per cent glycerol (Scnu
RERTY and WRETLND J961) The same batch of emulsion was wsed far all experiments

Clylamicrones Chylosmserones were obtamed by cannulation of the thoracie duct 1
a doner dog The dog was given 400 mi of IntrabipidQ contasmng 20 per cent soya
bean o by mouth before the anesthesia The lyrph was collected mnto sced bottles
alloned to clot and. centnfuged for 30 nun at 15000 z The infranatant was discarded
and the faay layer asprrated and reemulefied mto safine The chylomicrones thus pre
pared were used within 32 hours

Liprd anahisis The blood samples were extracted 1 dupheate mmediately afier with
drawal by prpetting 05 or 1 ml whole blood mto tubes and theseafter 3 mi of methanol
added with stming The gt des were then & d . panciple ding to
Cantsov and Wanstrov 1959 and Caxesow 1939 16 a shghtly smplificd way (Carsson

published)  After with 1 exactly 10wk of chtorolorm 1 added
While strrisy Then 15 ml of saline 1s added and the tubey allowed to staad over night
During this period all meshanol daffiwes mto the upper phase  An aliguot of the chioro-

The emulnon was kindly wrpled by A B \ium Stockhotm
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a b
Fiz 2 a Ehm nation from the blood stream of various amounts of single injected fat emul 1ons
and chylomicrones 1n dog 1 B The glyceade concentration 1s given as in Fig 1 The intercept
on the curves represent the critical concentration 1 ¢ where the elimmation changes from hacar
to expanential (see text,
b The same data asin Fig 2 a bue plotted on a sermloganithmic scale

.
4.

03]

B EZ]

llorm phase 15 aspirated with a syringe (6—8 ml) approxtmately 300—500 mg of act
vated sihicic auid added and the tubes are centrifuged for some minutes at slow specd
15 gives a 1 and removes ali the phospholipids There
after aliquots are taken from the chloroform phase for the determmation of glycende
glycerol (Cartson 1959)
Statistical analysis These were made as recommended by Svepecor (1957)

Results

et remoal of @ £ g af fadilg dody werglt
“The results of single myection of 01 g of fit/kg in the dogs mn expenment A
and 1n one dog 1n expermment B 1s given in Fig 1

The glyceride concentration 1s expressed as increase above the pre mjection
Jevel The removal of the injected glycerides followed a single exponential curve
1n all cases during the ume studied The removal rate was faster 1n the non
operated dogs The data have been subjected to linear regression analysis
which showed that the linear regression coeflicient (b) 15 hughly sipmficant 1
all cases (all t values above 17)
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The removal of different amounts of fat

In these exg parable results were ok d m all dogs studied
The results from dog 1 B are given 1 Fag 2 a and b where the increase m blood
glycendes above the pre mjection level 1s plotted against time on a hinear and
on a loganthmc scale respectinely It can be seen that the dose 01 g/kg was
removed along a single exponential course At a higher dose the removal was
complex. Inspection of the Linear and semuloganthric plots reveals that the
removal curve above a blood glyceride concentration of about 1 1—I 4 mM
above the fasting level hus a hinear course while the curve below this concentra
tion has an exponential course Statistical analysts by means of hnear regression
analysis has shown these different lines to be highly sigmficant Fig 2 b also
reveals that the exponential ehmnation phase had the same stope for 2ll doses
given Furthermore 1t can be seen that chylomcrones were elmmated m
principally the same way as the fat emulsion

The values for the slopes of these two different hines obtained 1n 24 expts n
10 dogs are presented 1n Table T where K, 15 the slope for the Linear ehrunation
phase expressed as mmoles/liter blood/minute and ks the slope for the exponen
tial phase in the 1 hime plot exp d as fractional di /)
Itisseen that Ky aswellas K 1sindependent of the dose ad d Further
more any greater differences between the synthetic emulsion and the chylo
INICTONES are 1ot apparent

Discussion

One difficulty 1n the study of elimmation of myjected glycendes from the
blood stream 1s that the chemical method used here for the determination does
not allow a differentiation between glycerrdes of different ongin Thus the
d will include unchanged injected glycendes endogenous glycer
ades and exogenons glycenides taken up by various tissues and recirculated af
present The same difficulty 1s present to some extent 1f one uses labelled
glycendes and follows the concentration of label In the present study we have
chosen to subtract the imtial fasting glyceride level from the values found
alter the injection of the emulsion m order to get the amount of exogenous
glycendes present 1 the blood It 1s recognized that this procedure wnvolves
the asumption that the sum of the endogepous and eventually re
circulated  exogenous glycendes 15 constant during the experiment It has
not been possible to prove or disprove that this was the fact under our expen
mental conditions However the facts that the glycende level returned rapidly
to the basal level and the last part of the ehmmation curves had a strctly
lnear course either 1 linear or 1n semiloganthme plot appear to justfy this
assumption for practical purpose Furthermore when Haver and FrRebricrsov
mjected labelled chylomicrones into dogs they found the bulk of the radio
activity i the glycendes m the 1solated chylomcrones and only small amounts
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of activity 1n the 1solated hipoprotemns (HAVEL and Frepricksow 1956) Ths
finding sug; that any L of the chyl ones 1n the form o
hpopratein bound glycerides would not effect the ‘basal ? glycende level to
any greater exient

After mjection of fat emulsions at a dose of 01 gfkg body weight the
elmnation curves were all single exponential The operated ammals on which
splenectomy had been performed, all had a slower rate of ehmination than the
non operated dogs If this 15 due to the trauma ger se or to the splenectomy or
to both 15 not known It has been shown that splenectomy decreases the re
moval rate of fat emulsions in the rat (\WADELL et al 1933 2 b)

After myjection of fat emulsion at a dosc of 0 2 gfkg or more the eltmimation
cune could be resolved 1nto two phases The first of these was linear and the
second appeanng below a concentration of about ImM was single exponental
During the first phase 1€ at a concentration above ImM the amount of
glycendes leaving the blood stream was thus constant per umt tme and
dunng the latter st was directly proportional to the concentration It thus
appears hkely that above 1 mM a 1 1 g capacity was op
The mean value for this maximal capacity was found to be 005 mmoles/]
bloodfmimnute In a gnen dog this maximal capacity was independent of the
adminsstered dose If we assume a blood volume of 100 mijkg body weight
and a mean molecular weight of the glycerides of 900 this maximal capacity
would correspond to 7 g/kg/24 hours Tt has recently been shown that dogs
tolerate the ad tion of 6 g/kgfday of IntrapidQ for 28 days without

Jdeveloping, hpemia  Howeser if the daily admimstration 1s increased to
1 gfkg one of 4 dogs became hpemic (EpGreN et al 1962) indrcating that the
daily 1 fat tol for this : i the dog 15 between 6 and 9
glkg/day The data obtamed from the long term studies are thus i clos
agrecment with the maximal elimmation capaaity we have found here after
single 1) of the 1 The corr: ! between these meo
studies suggests that the single mnjection techmque rmight be useful for evaluz
tion of the datly tolerance for a fat emulsion

The same principal type of elmination was found for chylomicrones The
elimination rate for the two different phases was of the same order of magmtudc

for Intrahpid  and for chyl Due to the himited number of tests 1t
has not been possible to eval the possibility of mmnor differences in rates of
] between IntralipidC and chyk

The hinear type of elmination found here has not been described previously
for 1v 1mected hipid Representatine data from the Diterature have been
collected and tabulated 1n Table II Itis seen that in almost all cases the typ¢
of 15 described as exp 1 except by Fi ~ McCor
1esTER and O~o who described the curve as complex There 1s no hinear t7/p°
of el of bed The diffc e between our results and others cad
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Toble IT Data from the hterature concermng the el of d { liprds
Authors 3 5 ] Ewr| E
g 121 3| Glealeg|sesd| & .
g |8g S el 22 2% | 8253 Egys
g 58] & [BR| BT |E=x |SES R
Fledl B a2l 25 led e8| a8l
Frencs and | Rat | Fast | Chylo- [00a—| Tsotope | 180 mun | Exponential | Tnversely
Worass (1957) wmg | mceon | 004 proporuonal
[od to the
myected
amount
Wavri etal | Rat [Fed |Vanous]25 |[Tur  |270 run| Furst oeder | Lmulston
(19532 b el bidity reacrion dependent
Borosteow | Rat | CH | Chylo- [01 | Tsotope{ 40 mun| Exponental| 13 mn
and Joroax Fed | micron
(1939)
Borastroy | Rat | CH | Chylo- |~ | Isotope | 30 mumn| Exponental| 539 min
Georee and Fed | mcron
Ouvecrova
(1961)
Freomicksov | Dog | CH | Chylo- |0013-] Sepa | 60 oun | Complex, | 25—45mm
McCorrester Fed | micron [008 | raton smstzal phase
and Ovo (19:8) ce and exponential
1sotope
Havee and | Dog | Fast | Chylo- [033— Sepa | 40 min| Furst order | 11—2¢ mun
FREDRICKSONY mg | miucron |06 ration reaction
(1926) [of and
1s0t0pe
Evorex (1960) | Dog { Non | Emul. [1— | Tur 30 hrs | Single Taversely
fast 75 | bany exponential | proportional
ing regresson | to the
arount
Searir Dog | Fed | Chylo- |01 | Sepa | 30 mun| Exponential] 6 4—86mm
Susssou and Tmicron Tation
Stenvuzre c and
{1909y sotope
Haver and Dog | Fast | Chylo- {003 | Tsotope| 60mn| Exponennat| 15—26 mn
Gotorey mg | mueran
(1961}
Gotowan and | Dog | — | Emul [012 | fsotope| 8hrs | Exponential | 40—43 min
Ciamorre
(1920)
havsre (19:8) | Chat | Fast | Emul |05 | Total | 4bes [ Exponental| 30 mun
dren | g 1 pds

CH = carbohydrate
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probably be explained not only by the use of different fat emulsions as we
see this type of ehmunation alse with chylomicrones

It should be ponted out, however that the only authorswhohavegrven02¢g
of fatfkg er morc to dogs are Havre and Frepricksov (1956) and Epcrev
{1960) Haver and Freprickson followed the el of the chyl
only for 40 mm and that time mught not be long enough to permit 2 more
definite statement about the nature of the curve Encren s expeniments dsffer
from ours n tworespects Farstly another type of emulsion was given and second
1v the dogs were not 1n the fasting state

In Table I 1s the concentration of the blood glycenides called C where the
curve changed from the lincar type to the exponential type

This concentration s defined as that concentration at which the fractional
chmnation per muinute equals the maximal chmunation rate per minute
aceording to the formula

K, C
100

This concentration was found to be similar for the fat emulsion used here
and the chylomicrones and 1s around 1 mmole/]

The physiological background to the observed types of climunation rmght
be briefly d upon The exp I phasc1sa type of ehm
mation 1n biological systems and needs no further comment The hinear
phase on the other hand has not been described very often A hncar type of
ehminaton from the blood stream has been described for galactose (Doss
GUERTZ and PoMeReny 1944) and for ethanol (Gorpeere 1943)
~ The lincar ehmination of ethanol was interpreted as maximal removal rate

, ited by the amount of available Iiver enzyme alcoholdehydrogenase (Gotp-
#FRG 1962)

The distribution of injected chylomicrones was studied by Bracpox and Gor
Do (1928) There are several sites for the primary uptake of cxogenous hpids
from the blood stream They found that in fasting rats the Liver took up a great
part of the injected matensal Howerer when the nutntional state was changed
from fasting to carbohydrate fed they found that adipose tissue also took up 2
great part of the injected matenal It should be pomnted out here that our dogs
were fasted and that we have observed that the elimmation curves are much
more complex in carbohydrate fed dogs (unpublished results) Interestingly
Beurace BorosTrost and OLivECrROSA (1963) have recently found in rats
that the maximal Iner uptake of injected glycenides 1s direcly proportional to
the amount 1njected up to a certatn bt {around 015 g/kg) above which
limit the maximal uptake 1s not sncreased This mught have a bearing to eur
findmg of a mawumal ehmination rate above a dose of 01 g/kg for the dog

=k,

“Thus study has been upported in part by grant H 7023 from the Umited States Public Health
Senveee
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From the Depar of P ot Karolnska 1L Stockholm, Sneden

Effect of Sympathetic Denervation and Adrenalectomy
on the Catecholamine Content of the Rat
Submaxillary Gland

Bv
U S v Evirrand G Ryp
Receved 16 January 19°3

Abstract

Ecier, U S « and G Ry Efet of sywpilene demerction <d
adrenclecomy on the coecholomane conant of tie yot submanlloy glond
Acta phvsiol scand 1963 59 62—65 — In confirmation of earlier
Teports, cervical ganghionectoms c2uses a strong decrease 1o the nor
adrenaline content of the submaxillary gland while the adrepaline
content 15 well mamtaned. In contrast to a recent report m the
brerature, the zdrenaline content of th denenvated gland was not
found to be markedhy nflucnoed b adrenalectoms

After postsvnaptic svmpatheuc denervauon the catecholamine content of
mammaban organs falls to vern low values {Casnon and LissAx 1939 Goopart
1951} Evier and Prrruoro (1951) and Goopar and hmsmxzr (1956) also
nontced that while noradrenabne almost disappeared from the organ afier
denervation the adrenaline content although low  was well maintained, sug
gesting that the tho amunes are stored at different sites. This findiog has been
confirmed by STRoxerap (1960) In a more recent paper STROMELAD ard
NicrErson (1961 have reported that the ad content of the submamllry
gland of the rat disappears if the adrenals have been exurpated 1n additon ©
postsvnzpne denervanon, which was taken to indicate that the adrenaboe
content 1 the denervated organ depends on uptake of adrcnzlmc ﬁ'om the
adrenals. Accordirg to Evier (1921) the ad 1l
organs 1s due to the presence of chromafiin cells \Whether mncnztcd or not

62
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Fg 1 A Islated chcken rectal 175
caccum 3 ml bath 00y pg norad. 0
renalime Extract of 0 031 g submax v

Miary gland from adrenalectomized
} t ot

rats B Blood pressure cat 0 04 pg
noradrenaline 0031 g submaxillary
0053 QO31g 004pg 0031g 00Spg
NA SGl NA S Gl NA

gland 005 pg noradrenaline.

Fg 2 A Isolated chicken rectal
catcum 5 mlbath 005 pg norad
renaline (NA) Extract of 0 12 g sub-
mavullary gland from ganghonec
tormized and adrenalectomized rats
B pressure cat 0 01 pg nor
adrenaline 0015 pg adrenaline
006 g submaxillary gland

095, 001yg 0015pg 006 g
[ [ S

these cells would be d to

ther content after
section and degeneration of sympathetic fibres running to the organ The ad
renaline content of the organ should 1n such a case only be influenced to a
small degree :fat all by adrenalectomy In order to test the vahdity of this as

p we have rep d the exp of STrouBLAD and NICKERsON
using a different analytical techmque

Methods

Sprague Dawley rats weighing about 350—400 g were used The supenor cervical
Kinghon was extirpated on the left side under light nembutal anesthesia  Bilateral
was performed by the dorsal h and the ammals mantamed on
1 NaClmthe drinking water Six days after the operations the animals were sacrificed
and the submaxillary glands from 6 or 7 rats removed weighed and extracted with 5 per
cent trichloroacetic acd after thorough mincing
ter 15 mun extraction the extracts were centrifuged and filtered and passed through
an aluminum oude column after adjustment to pH 83 The catecholamnes were
cluted from the column with 3 4+ 3ml025N H SO The eluates were adjusted to pH
5 with sodium bydrogen carb and the }! d on
the blood presure of the cat in nembutal anesthesia and on thesolated chicken
rectal caccum The cat was pretreated with atropine 2 mg/kg ergotamine tartrate 0 1
mg/kg anthisan 5 mgfkg and cocane hydrochlonde 8 mgjkg 1 order to improve
sensiuvity (RARRr 1956) The cluates were tested aganst noradrenahine hydrochloride
as sm‘ndard and the actvity ratios for o 1 d line d d The
amounts were to Evizr (1949)

mCalecholamme estimations were made on the submaxillary glands of the following
ups
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From the Department of Physio} RKarohinska 1 kh Sweden

Effect of Sympathetic Denervation and Adrenalectomy
on the Catecholamine Content of the Rat
Submaaliary Gland
By
U $ v Fuerand G Ryo
Recened 16 Janvary 1903

Abstract

Fuizr U S v and G Ryp Effert of pmpatietic denervation and
adrenslectomy on the catecholoming content of the rat submaxiiety glind
Acta physiol scand 1963 59 6266 ~ In confirmation of earher
reports cerviral ganghonectomy causes a strang decrease in the nor
adrenaline content of the submawnllary gland while the adrenaline
eontent 15 well mamtamed In comtrast 1o 2 recent report in the
hterat the adrenaline content of the den 3 gland was not
found to be markedly mnfluenced by adrenalectomy

After postsynaptsc sympathetse denervauon the catecholamune content of
mammalian organs falls to very low values {Canvon and Lissan 1939 Goopatt
1901) Evver and Purkuorp (1951) and Goopart and harsuver (1956) also
noticed that whle s} 1 almost disapp 1 from the organ after
denenation the adrenaline content although low, was well mamtamed SUg
gesting that the two amanes are stored at chifferent sites Thus finding has been
confirmed by Stromerap (1960} In a more recent paper STROMBLAD and
NickersoN (1961) have reporied that the adrenaline content of th iarv
gland of the rat disappears if the adrenals have been extirpated sn addition to
postsynaptic denervation winch was taken to indicate that the adrepalne
content 1n the denervated organ depends on uptake of adrenaline from "":
adrenals According to Ecirr (1951) the ad 1 m
organs 35 due 1o the presence of chromaffin cclls Whether snnervated or not

F-_J
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Discussion

The cather inding that adrenaline remams 1n an organ after degencraton
of 1ts adrenergic nerves has been confirmed by Srromsrap (1960) and by
Stroerap and NicxErsoy (1961) These authors consider as a possible ex
planaton of this fieding that the adrenahine remaimung m the organ 1s due to
uptake from arculating amines and storage at extraneural sites Thus hypoth
esis recened support by ther expenmental results from which 1t emerged
that adrenahne disappeared after removal of the chief adrenalme supply the
adrenal glands

‘The discrepancy between therr results and ours may be due to methodological
differences It should be noted that the adrenaline content 15 small less than
01 ggfg From a methodologrcal pomt of view esnmaton of small amounts of

line 1n the p of drenaline 13 a difficult problem volving
some analytical hazards StrOsmBrap and NickErsoy used a fluonmetne
hnique and the hol. by the tnhydroxymdole method

In our experience this technique tends to give relatnely large varavons m
the values of that amine 1n 2 mxture which occurs 1n a small proportion un

less the readings are farrly high Under such the hugh
and speafiaty of a suitable pair of brological test preparations is of great value
particularly in the of small of adrenahne 1n the p of

noradrenahine The eat bloed pressure and the chichen rectal caecum have
proven especially useful, and the relative proportions found wath this technique
1n vartous ergans have agreed well with the results obtained by the trihydroxyin
dole fluerimetric method when this has been used under fas ourable conditions

It mught be argued that 1f adrenakme 1s taken up 1n a denervated organ from
arculating adrenabne (denving from the adrenal medulla) arculating nor
adrenaline should be taken up mn a sumilar wav especally smce the noradrena
hne co 1 plasma s 1t derably hugher than that of adrena
lme (VENDsary 1960) From the results of Steosmran and Nickerson (1961)
it emerges however that the noradrenahne content of the gland after dener
vauon 15 neglimibly small or absent

The noradrenaline values reported in the present paper are open to some
doubt since the biological effect of the eluates on the cat's blood pressure 15
atypical The values are therefore to be regarded as nominal all which can be
satd 1 that they are very Jow If we accept the noradrenalime values of STROM
BLAD and Nicxerson (1961) as probably more correct 1t follows howeser that
the adrenahine values 1n our sertes wall be still a littde hagher

The present results therefore support our contentron that the adrenaline
Present 1n organs after adrenergic denervation 1s due to an mbkerent adrenaline
store and not dependent on an uptake from arculating adrenabne ongmating
from the adrenals This concept 15 also mdirectly supported by the finding of
STROMBLAD and \1exerson {1961) that no such uptake has been demonstrated
5—633015 Acta phynol s¢and Vol 59
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for drenaline This concl does not ¢ dict the possibulity that very
small amounts of both amunes may be taken up at extraneuronaf sites from
arculating atunes under the prevasttag conditions

From ‘Table I st may be seen that the average noradrenahine values are
fagher in the adrenalectomuzed groups than 1 the contrals This difference may
be partly accounted for by the lower wesght of the gland secondary to the
adrenalectomy {cf Werts Hanpzidan and \iroras 1961 Beawinoun and
Luier 1963} Higher noradrenaline values after demedullation in the sub-
maxilary gland can also be found 1n the paper by STrOusLad and Ncrersos

(1961)

This v ork was supported by & grant from the Swedish Afedical Reseacch Couner?
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Suppression by Thyroxine of the Thyroidal Response
to Local Cooling of the “Heat Loss Center”
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Abstract

Awnerssov B € C Gaiz and A Ouca Suppression by thyroxine
of the thyroidal response to local cooling of the  heat loss center  Acta physiol
scand 1963 59 67—73 -— The intravenous injection of thyroune
(about 15 pafkg b wt) was found to have blocked completely the
thyroidal response to local cooling of the heat loss center  after 2
hours m the goat However 15 to 20 mun after the administration of
thyroune this blockage was sull largely incomplete suggestng that
an accumulation of thyroxine has to occur at some site before a full
inhubition of TSH release 1s obtamed The results are discussed in the
light of Brow~ GranT 5 (1957) feed back hypothesss of the control
of thyroid function

Much of our knowledge of nervous system control of endocnne activity has
demved from the fundamental studies of Harrs and coworkers (cf Harrts
1948 1925) showing that mervous stmul: influence the secretion of prtwitary
trophic hormones via the hypothalamus and a humoral ink in the hypothalamo
bypophyseal portal vessels Such a mect 1 apparentl ble for
thyroid activation during cold exposure (EuLer and Hormorew 1926 b)
Using electrical sumulation Harwss and Woops (1958) have found that the
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region of the hypothalamus which apparently directly controls thyrotrophic
haormone (TSH) secretion 1s the anterzor part of the median eminence and tuber
anereum But they find 1t inadvisable 1o consider thus part of the hypothalamus
a “center * regulating TSH secretion smce 1t most bikely represents a neural
mechanism alun 102 final common path by which other parts of the central
nervous system may influence the seeretion of TSH Harris and Woors
mention ¢ g that the ad preap 10t hypothal heat Joss
center  {(Macots of of 1938) may mfluence the seeretion of TSH via ths “finat
common path  Direct expenmental evidence that such is really the case has
vecently been provided by the observation that Joeal cooling of the “heat Jows
center  causes consprcuous thyrard actiaton i the unanesthetized goat
{Aspersson ¢t al 1962 a and b) whereas local warming of thus “center  has the
opposite thyrowdal effect {ANDER.SDY #12] 3962 ¢) The thyrordal response 10
Jocal cooling of the “heat loss center 15 apparently due to an inereased release
of TSH since st 1s blocked by lesions in the median eminence (Aspes.son et of
1963)

It has been kngwn for long tume that there exists a reapracal relatianship be
tween the secretwon of TSH and thyrowne (¢f Prrr Ravers and Tata 1959)
An mncreased secrevon of thyrowd hormone or the admnistranon of exogenous
thyroxne thus Irad to decreased secretion of TSH from the adenohypaphyss
This 15 apparently mamly due 10 a direct  feed back  acton of thyrodal
harmone upon anterior pstustary tissue (Ecrer and HorsGrew 1956 a, Brow™
Graxt Haxrss and Rerenux 1927) ahhough a eertamn action of thyronne
30 on the hypothal can not be excluded Hasris and Woops (19:8) hase
thus found that the exoiatory effect of hypothal i pparent!
predomnates over the negatine feed back  of a raned blovod el of thyred
bormone It therefore seemed to be of particular interest to study whethes
admumstration of thyromne would effect the thyroid response to local cooling
of the heat loss center

Methods

Two femal goass (A and B body wesght 36 and 32 kg respectrely) were used for
thus smdy The anmalt had wives thermodes for local brain coobny pesmancaly
umplzated medially m the preopticfantenor hypothalamuc regron, The methods &
implaatation and of central cooling were prevsously described (Axpzrsson and Lazso¥
196] AxDERsos<t ol 1963) Comtrolied central cooting could i this manner be car*d
st for ong periods of time while the goats weye maintamed with no 2ddimonal resteaio!
3n therr normal em ronment. The method of study g thyrordal activity was that
19 previons studics (Axversson et of 19622, b ¢ 1563;

In 1he present senes of cxperiments the pessods of cencral cooling 1 each anuma! "3
ahwayt of 1he same duration (3 hours m goat A 2nd 2 hours i goat B) The degree
contral cooking was 1 both ammals mamtamed 21 the same level at all periods.

Exopenous thyrosdal hormone wsed 1o study the feed back  effect was Thyrow?®
*Roche™, and was admunustered mtravenously into the jugular vewnt
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Fig } Suppresswm of the thy ordol response 1 rooka, of the heaf lo 3 conter by wmpetion of thyroxane
Louer ane Tbc £r5t 8 bout peried of central coohing (ec) evoked dhe usual conpous pse
plasma PRI ta ident cal cool g day 2 hours sfter theny
snjecion o) mg of mymmc (T} was completely blocked It gradually seappeared 46 to 72
hours Jater Note that the an of the plasma PBI* cure after the smjection of thu

dene of \h)'roxmc contimaes mg e frst post myeet on prraod of central coohing and last {ur
a

[ e ? son Tar but more short fasung blockade ohtand by therv wecuon of 05 wg
1

Resnlts
During the first series of mgoatA hypothal

® cooling was wtally performed 60 hours after the adsmsstration of radio

sodne {t ¢ durmng the nsing phase of plasma protemn bound 1odine (PFBIY)

Dauring shus penod of central cooling (not p ded by any 1y of thys

the plasma PBI»1 rapdly screased by 80 % of the pre cooling value On thc
foliovang day 2 mg of thyroune was gwven 1 v to the ammal The adminstya

ton of thyroane sapidly mduced a graduat decline of the plasma PBI™! fevel
which continyed for 3 days Central cooling performed 2 hours after the thyroune
was grven cansed o nse n the plasma PRI rather the level continued to falt
even during eentral cooling A vepeated period of central coobing 24 hours later
caused very little change s the plasma PBE However 48 hours after the
adrunistration of thyroine central coobmg caused some thyrosd acinavon and
2 more pronsunced response was obtamed the following day (Fig 1 lower
curve) Thyrowune in a dose of 35 pgfkg b wt thus 1n tis ammal depressed the
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Fig 2 Three expersments 1 the same animal o shotw the gradual de elopment of thyroxine whibtion of the
thyrordal response to local coolin, of the heat loss center

Open squares The normal elevation of plasma PBI  obtained by centyal cooling

Open relrs In contrast the 1v injection of thyroxne (T, about 15 ugfkg b wt ) completcly
blocked the thyraidal response to central coohing performed two houss later

Solid triansfes The partial blockage obtained when of thyroxinc () was mjected
only 20 min prior to central cooling Notc that the plasma PBL? level here starts to falf again
befare termination of central cooling

normal release of hormone from the thyroid for at least 3 days and completely
mhibited the thyroidal response to local cooling of the heat loss center forat
least 24 hours

Three weeks later another senes of expeniments were performed in parallel
1n both anumals The doses of thyroune used to study the feed back control
were then hmited to 05 mg In goat A this dose of thyroxine was given 1%
on the third day after radioiodine administration and central cooling was
started 2 hours later Thus pertod of central coohng caused no thyroid activa
tion Renewed central cooling performed 24 and 48 hours later were howevet
effective 10 thus respect (Fig 1 upper curve) Swmilar results were obtaned 17
parallel experiments in goat B Thus the 1v admmstration of thyrowne n 3
dose of about 15 ugfkg b wt within 2 hours blocked in these ammals the thyro
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dal response to local cooling of the “heat loss center  The blocking action
however of this small dose of thyroxane lasted for less than 24 hours

It was further deaded to study whether the tme mtenval between the
admumstranon of thysowane and the onset of central cooling was of unportance
for the deveclopment of the blocking action Therefore in other experiments
central cooling was started as early as 13 {goat B} and 20 (goat A} mun after
the 1v mjection of © 5 mg of thyroane Despite the facy that the generat blood
lesel of thyroane at this kme conld be expected to be hugher than 2 hours after
the admumastration of hormone central cooking 1n both animals caused marked
thyroid activation The thyrod vesponse however was not so pronounced as
that obtatned when central cooling was performed without previous ijection
of exogenous thyroune {Fig 2)

‘The blocking action of thyrowune thus seemed to deselop gradually dunng the
first hours after the 1v imjection of thyroune

Discassion

The use of I3 Jabelled thyroane has revealed that thas hormone 15 highly
concentrated 1n the median emmunence regon and in the neurchypophysis
whereas 1tg m the adenohypophysisis small (Jessen and Crars
1951 Cotrrier et ol 1921 Gross and Prrr Ravers 1932 and others) This ac
cumulatien of thyroid hormone in the median emanence Tegion has led Brows
Graxr (1957) to suggest that the hypothalamus may act as a filter for thyroune
5o that the blowd reachung the anterior piutary va the kypotkalamo-hypo-
physeal portal vessels has a fower hormonal concentrauon than that of the

general circul, Factors chang! the rate of 1n the
hypothalamus would then cause local vanauons m the hormone concentration
of blood seaching the adenohypophy st 1 m i or d d

TSH secretion Brow GraxT s hypathesss thus provides 2 possibiie explanation
of nervous system control of thyrowd function

According to Brows Graxt the thyroid sumulatng effect of cold may
also be explaned on the basis of the negatne feed back  control of TSH
sectetson everted by thyraune In the cold penpheral uulization or disposal
of thyroune 15 accelerated {Deyrsey and Astwoop 1943} and an increased
release of thyroid hormone 1 generalhy not abtawned until 4 10 8 hourss aftes
b:gmmng of cold exposure A lowered level of arculatng thyrouine may

fore be the cause of d TSH release and thyrad ac

tsation in the cold

Lacal cooling of the preopuic/antertor hypothalamic  heat loss center  has
yeeently been shown to be a much more effectne and rapid way to induce
thyroid actvaton than exposure to external cold {AxvErsox ol 1962 b
1963} Increased release of thyrosd hormone 1s thus generally absens ed one half
to one hour after the onset of contral cooling 5 ¢ almost as soon as after an
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1v amjection of TSH, and relatively short penods of central cooling gue a
highly reproducible response when repeated at 24 hour sntervals Since Jorat
warnung of the  heat Joss center  has the oppostte thyroidal effect st has been
suggested that “warm detectors 1 this region exert 2 tomcinhebrtion on the
release of TSH from the adenohypophysts A complete removal of such an
snhibition would then be the ultimate cause of the conspicuous thyroid activation
obtamned by local cooling of the  heas loss center

The present study has uncquivacally shown that thyroxine feed back m
Tubition of TSH secretion blocks the thyroid response to local cooling of the

heat loss center It thus seems certain that the thyrodat effect of cooling this

center 15 really mediated via the hypothal: prtutary thyrod axss Local
cooling of the preop: hypothat region therefore may be wsed
m the future with advantage for a more detailed analysis of the feed back
control of TSH secretion

The diffi n thyroidal resg to cooling the heat loss center 20 min
and 2 hours after the 1y of relatvely small of thy
{Fig 2) s of particular wterest Central cookng performed 20 mun after such
an mjectien still caused marked thyrod activation whereas no response was
obtained by cooltng 2 houss after the admmstration of thyrowune In the first
mstance the level of thyraxine i the general circulation must cestainly bne
been higher than in the second instance  For this reason it scems most unlkely
that a lowering of the level of crculating thyroame, caused by ncreased
penipheral unhzation should be the proamate cause of TSH release dunng
central cooling The rapidaty of the thyroudal response to cooling the  heat 1055
center also speaks agamst this possility

The delay tme before a complete blockage developed further suggests that
d accumulation of thyrowne has to take place at some site before the refeast
of TSH 15 completely inhibited A gradual saturation of a median emunente

filtering off mechamsm of the kind suggested by Brawn Grant (1957) ma¥
perhaps be the expl of this ph
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Smooth Muscle Phosphorylase and Enzymes
Affecting ats Acthivaty
By
Lria Monue LunpnoLy
Recerved 17 Janvary 1963

Abstract

Monve Luspriowsr L Smooth muscle phosphorylase and engymes
affecting tts actushy  Acta physiol scand 1063 59 7484 —
The activity per mg protem of punified phosphorylase a prepared
fram smooth muscle (bosmne tracheal muscle) was found to be
approvimately one half that of the corresponding punfied enzyme
from striated muscle Under the action of phosphorylase phos
phatase (PR enzyme) from trackeal or skeletal muscle phosphorylase
@ was comverted to phosphorylase & comcidently with hberation
af phosph A higher of AMP was required
for actnaton of smooth muscle pho phorylase b than for activa
tion of striated muscle phosphorylase & Partially punficd phosphory
Jase phosphatase fiom bovine tracheal muscle had per mg proten
approximately one fourth the acuvity of the corresponding enzyme
from rabbut skeletal muscle In the presence of ATP and magnesium
1ons phosphorylase @ was syntheuzed from phosphorylase & by
phosphorylase & kinase prepared from tracheal or skeletal muscle
Inactive phosphorylase & kinasc was activated by adenosine 3 —5
phosphate by calcium tons and by inereasing the pH of the incuba
tron solution to 8+

In a previously reported study adrenaline was found to have a stimulatory
cffect on the phosphorylase activaty mn smooth muscle (Monve LunproLy
1962) In stnated muscle adrenaline actnates phosphorylise by sumulating
the synthesis of cyclic 3'—5 adenostne monophosphate (3 —5 AMEP) (For
review t1ds SUTHERLAND and RALL 1960 ) This nucleotide 1 the presenct ©
ATP and magnesium jons activates the enzyme phosphorylase b Janase which
sn turn 1a the presence of ATP and magnestum 1ons promotes the synthﬁ"

74
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of phosphorylase o from phosphorylase # Phosphorylase b kanase can be isolated
from muscle 1n a form that 13 mactive below pH 7 Ths form 15 actsated by
cyche 3 —5 AMP calam sons and an increase of pH (Aress Gravesand
Fiscrer 1909} Phasphorylase 218 con erted into phosphorylase b by the enzyme

hospt hasph PR swhereby hosphate 15

pharylase p :< phosy
splat off (hwees ot o 1958)

The question remans whether adrenaline sn smooth muscle activates
phosphorylase via the same mechanism that applies to striated muscle Cyche
3 ~5 AMP has been demonstrated in smooth muscle but there are no inde
catons that adrenaline sumulates 1ts syntheus m smoath muscle (haarer
¢t al 1962) Nor s there any conclusne ewndence of the exastence of phosphory
lase b kinase and phosphorylase phosphatase activity 1n srnooth muscle Lastly
1t has not been established whether 1n smooth muscle phosphorylase occurs
as the ¢ form {acuse i the absence of AMP) and the & form (active only 1n
the presence of AMP) or whether asm the huer st occurs i an actwe and an
wactive form the activity of which 15 nat affected by AMP According to
Axezrsson Buepine and Buusring (1961) the phosphorylase activity i crude
extrace of taenta sols from guinea pig does not ncrease on additon of AMP
even though the total phosphorylase activity shows appseciable vanations
These results suggest that n smooth musele as in the lner both an active and
an wmactive form of phosphury ase oceur Y er Mome Luvoworar {1962) found
that 1n crude cxtracts from hovine tracheal muscle rabbit gut rabbt stomach
and rat aorta AMP served to increase the phosphorylase actinaty by as much
as 50 per cent — a finding which suggests that both the 2 and the § form of
phosphorylase may have been present in those organs

Reported 1n the following are expenments which demonstrate that the @
and b forms of phosphorylase ageur m smooth muscle (bovine tracheal musele}
and which mdicate that the enzyme affectng the phosphorylase actvity are
wentical with those which influence that actnaty n sinated muscle (rabbit
skeletal muscle) Inactve phosphorylase b linase {rom tracheal muscle can be
acivated by calcwum rons cychic 3 —5 AMP and an increase of pH

Methods

Phosphonylase 2 was prepared and s actn tv deternuned w accardance with a
method reported by Cors Iutnowortn and herigr (1955) The ussues used for
exiraction were bovine tracheat muscle and rabbu sheletal muscle 1n the case of tracheal
muscle a greater volume of water than the recommended amount was used for extrac
ton since the quantities of tissue avaslable were relatively small and the additional
water ncreased the extractable amount of phospborylase a (Momve Luvpuots 1962}

Phasphorylase § was prepared ad modum Caore and Cort (1945) thraugh the action
of phosphonylase phosphatase upon phospharytase @ after which the phosphorylase
Phosphatase was mbsbited by addition of 0 02 M sodium fluonde  Direct preparation
from muscle extract ad modum FrcHEs and BRess (1938) was alio tried Phosphorylase
B activiry was desermmed i the presence of 0008 M AMP
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Table I Preparation of phosphorylase a from bovine tracheal muscle and from rabbut skeletal
murele From 1 g brackeal muscle 223 umity plospharylase wat extracted and from sheletal muscle
675 unts per g Determined with AMP

Step of preparation Trach al muscle 12 g/50 ml | Skeletal muscle 4.0 g/600 mi

Troten |Umisa  |[Umits + |Proten  |Unitsa | Units

mg per | per mg FAMI |meper |permy | +AMIL
m{ protein  [permg  |ml protein | per mg
protem protein

After extraction  centnfu
gaton filiration 484 11 12 226 178 228

pH to 64 dialyyn pH to
60 centnfugation  filtra
uon pH 1068 420 44 47 212 144 154

Lrecipitation with (NIL),
SO, centnfsgation dise
salved in MO 291 171 138 562 2143 2311

Dialyws HO dalyssa
gamnst cystone-glycrrophm.
phate ¢ lation crmtnfu

gation, recrystallization 100 913 1002 91 1720 | 1840

Ihird recrystallization No
it treatment 71 1333 1474 —_ - —

Y

w

a

o

Thosphorylase phosphatase (PR enzyme) was prepared by the method of hrLiEr
Cort (1955)
1 For preparation of phosphorylase 4 kinase in nactive form the method of hress
«Graves and Tiscin v (1959) —~ precypitation with acetic acid at pi 5 8 — was employed

It was unfortunately impossible to determine the phosphorylase § kinase actvity 1
untts ad modum hrps and Tiscurn (19.6) mnce I have not yet succeeded in extracting
from tracheal muscle a sufficiently high concentration or a sufficient amount of phos
phorylase b to pesmut such determination Instead a more qualitative mode of deter
mination was applicd as follows Of a solution 15—20 units phosphoryl:
b per mlin 0015 M neutral cvsterme 2 ml was incubated with 1 m10 20 M s + 025
M sodium glycerophosphate buffer the pH being adjusted t0 68or 8 ¢ 1 mlofa solu
tion containing 6 10 M magnesium acctate and 18 10 M ALP 1 ml phosphory
lasc b kinase extract (undiluted) and | mi 5 10~M calcium acctate or | mt | 10-M
eychic 3—5 AMI or | ml wates {control) Tollowing mcubation 08 ml of this
solution was taken and 0.00) M EDTA added i order to terminatc the reaction after
whith the phosphorylase activity was determined

1hosphorylase actvity was determimned ad modum Cori Intineworsit and KELLER
(1955} at pH 6 8 and with 0 1 M sodsum fluoride for inhibation of any phosphogluco
mutase activity  [he incubation time was generally 10 mm whereby 1—15 per cent
of the total phospherus in glucose 1 phosphate was Liberated T P was deter
mined by the method of Marsin and Doty (1919)

Tor protein determnation the procedure of Lowry ef af (191) was employed
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Flg 1 Actation of tracheal muscle phosphorylase 2 and & hy AP at various concentrations
The phmp)mrylm a actinity m the a%scn

o of ANIP was 83 per cent af that m the presence of
000 M AMP the rangs of act vatwn thus heing 83100 per cent Ia the expenments with
phasphorylase b the corresponding range was 15108 per cent

AMP was de d by an method with Bucuzs s (1333}
prnaiple and the dizections gnen for the Bock {Maunt ADP/
AMP test

Glucose | phosphate ATP AMP and quc 3 ——5 AMP were obtamcd ftom Sigma
Glycogen {Merck) was punfied by ron d earlier
{Mommx Luvprons 1962)

Results

Phosgherylase ¢

In Table I the mode of preparation of phosphorylase 2 from bovine tracheal
muscle and from rabbit skeletal muscle s schematzed It will be seen that after
the thurd recrystallzaston the tracheal muscle phosphorylase actinty per mg
proten (1 333 unus) app 1 the g skeletal muscle activaty
(1 720 units/mg protein) after one crysta]lxzatxon Co;u and Corr {1943) have
found a maximal skeletal muscle phosphorylase 2 acuvity of about 3000
‘units/mg protein

According to Green and Cors {1943) AMP also influences rabbit musele
phosphorylase ¢ actaty In the absence of AMP the phoesphorylass g actnaty
was only 65 per cent of the actvaty determuned in sts presence AMP at a
concentratton of 15 107*M produced a 50 per cent actnation — counung
between 65 and 100 per cent actwvity — of phosphorylase 2 There app
10 be a certain duspanty between phosphorylase ¢ from rabbur skeletal muscle
and that from tracheal muscle In thres cufferent preparations treated with
activated charcoal to remove AMP the tracheal musele phosphorylase g activ
uy (without AMP) ranged from B5 to 90 per cent of that determined sn the
presence of AMP Since howeser AMP seems to have an appreciable affimty
for phosphorylase o (Mansen and Corx 1927) the possibihty that tracheal
muscle phosphorylase was not entirely free from AMP could not be y---+- +




78 ELLA MOHME LUNDHOLM

LrAMP
10 /’
i
o /
£ 4
o 5 4
a8 /
b - Fig 2 Detenminavon of the actnaty of phosphorylase §
1 / (from tracheal muscle] prepared aax)'dmgvto T and
5 / Agees (1958) with and wihout 0001 MAMP The solution
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The AMP content of 10 mg phosphorylase 2 which had been treated wath
acinated charcoal was therefore determined by an enzymatic method capable
of disclosing amounts down to 2 yig per test No ANMP was demonstrable how
ever, in perchione acd extracts from phosphorylase 4

On d& of the rek hp bety activation of phosphorylase
a from tracheal muscle and the AMP concentration no actnating effect was
di ble unnf the c reached apy Iy I 107N\ AMP,

and at 23 107\ AMP the actnation was half maxsmum (Fig 1)

It thus emerged that phosphonylase 2 from smooth muscle was less than
one hundredth as sensinse to the seuvaung effect of AMP as was the cor

onding enzyme from rabbut skeletal muscle Since the AMP concentration

produang 50 per went actnation of phosphony Jase a from tracheal muscle was
equal 10 that which produced a corresponding actnation of phosphorylase §
(Fig 1) the quesuon arises whether acination of the ¢ form was caused by
contammnation by the 6 form

Tt was sought to determine the homous,enerty of phospharylase a by means of
analyucal ultracentrifugation In (03 A glycerophosphate buffer plus 003 M
cys eine however the enzyme proved to be only about D2 per cent soluble
which was isufficient for the purpose When an attempt was made (0 enfrance
the solutultty by mcreasing the onic strength s 3th 0§ M KCI the enzymatic
actiaty disappeared and that agent was therefore unsunable

Phosphopylese b
‘Two procedures were employed for preparations of phosphorylase b from
tracheal muscle The st d 1 ncuk f phosphorylase ¢ with

ol |
phosphorylase phosphatase from tracheal or skeletal muscle This phosphor
\lase phosphatase had been treated with actnated charcoal for remy 2 of
AMP After 10 hours meubation the phosphorylase activity i the abseace of
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Fig 3 Three m! of phospharylase a contatning 20 g enzyme prote n per | mi plus 3 m! phos-
phorylase phosphatase from tracheal muscle (I 96 myg protein per | mi} or from skeletal muscle
(0225 mg protem per 1 ml) was icubated at 30 C After 2 10 and 12 mm incubat on 0 8 ml

was taken for determinanon of the phosphorylase actwity ad modim Comi and ILIRNGWORTH
{1925} wath and withour 0 00) M AMP

Table 1T The actunty of tracheal and skeletal muscle prosphonlase phosphatase on phosphonylast
a from trockeal ond skeletal smugle

Substrate Tracheal phospharylase | Sheletal phosphiorylase
bouph

Un ts permg | Laberated P | Umts per me | L berated P

protemn #Mper unus | p otem M peruus
2 a

T acheal muscle phosphorylase ¢ 284 081 1040 077

Skeletal muscle pbasptorylase 344 So1 1473 059

AMP had decreased to 15 per cent of that occurring in the presence of AMP

{F1g 3) Itwas sought to p phorylase 4 by dial! st agamnst 30
p:r cc:n ammomnum sulphate solation then agamnst 0 03 M sodsum g glycero-

bufler d to Corr and Cort (1945) Under thus
treatment

however the phosphorylase acuvity dimmshed apprecably
‘Whereas the ongmal solutton contamned about 1 000 umts per mg of protein

the actiuity dechined to app: 1y 100 fmg after p and
dralysts

It was decided therefore to utilize the method of FiscHER and krezs (1928)
for direct extraction of phosphorylase & from tracheal muscle In an extract
thus prepared approxmately 95 per cent of the phosphorylase activity was
aurbutable to phosphorylase 4 (Fig 2) However the activiy amounted at



78 ELLA MOMME LUNDHOLM

LeAMP
10 //
s
/

/
o
£
[:8
-
g Fig 2 Determunation of the acuvity of phosphorylase b
5 {from tracheal muscle) prepared according to Frscies and
e hares (1928) wath and without 0001 M AMP The sofution
o Phosphorylase 3 eonuuned 042 mg protein per | ml, equisalent to 25 umits
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‘The AMP content of 10 mg phosphorylase 2 which had been treated with
actnvated charcoal was therefore determined by an enzymatic method capable
of disclosing, amounts down to 2 grg per test No AMP wasdemonstrable, how
ever 1n perchlonc aad extracts from phosphorylase a

On d of the ret hip bety activation of phosphorylase
a from tracheal muscle and the AMP concentration no actnating effect was

d ble until the reached app 1y 1 107M ANP
and at 23 107M AMP the actnation was half maximum (Fig 1)

It thus emerped that phosphorylase ¢ from smooth muscle was less than
one hundredth as sensiive to the actinating effect of ANMP as was the cor
responding enzyme from rabbit skeletal mu cle Since the AMP concentration
producing 20 per cent acuvaton of phosphorylase @ from tracheal muscle was
cqual to that which produced a correspond: of phosphorylase &
(Fig 1) the question arises whether actnaton of the a form was caused by
contamnation by the b form

It was sought to d the } y of phosphorylase a by mears of
analy tical ul fi In 003 M glycerophosphate buffer plus 003 M
cystemne, howerer the enzyme proved to be only about 02 per cent soluble
which was isufficrent for the purpose When an attempt was made to enharce
1he solubibty by inereasing the some sirengsh wath 01 M RCI the enzymatc
activity disappeared and that agent was therefore unsuitable

Phosphorylase b

Two procedures were cmployed for preparations of phosphorylase & from
tracheal muscle The first conssted 1n ncubation of phosphonylase 2 with
phosphonylase phosphatase from tracheal or skeletal muscle This phosphor
viase phosphatase had been treated with actnvated charcoal for removal of
AMP After 10 hours incubation the phosphory lase activity in the absence of
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phospherylase b inase
Fig 5 lnact wnon and reacuvason of trackeal muscle phosphorylase ¢ with phosphorylase
phosph tase and act ated phosphorylase 4 kmuse from tracheal muscle ! Actsaty of phos—
prontase s wabout AMP aad with 0001 MAMP 2 After 10 hours meubston with phosphor
ylase Thospbatase 3 Aficr 30 min meybat on of § with phosphonylase 3 Kanase at pHi 69
4 Afer meubation with phosphorylase 5 kinase plus 8 10+ A1 Ca++ 5 Aker incubstion with
phespharytase § lanase plus 17 1074 AL adenosme 3—5 phosphate

Under the acton of phosphorylase phosphatase upon phesphorylase ¢ 1n
organic phosphate was sphit off On the average 060 gmole phosphate was
Iiberated for each unu of sheletal muscle phosphorylase @ split off {Table 1E)
For tracheal muscle phosphorylase a the amount of phosphate Itberated was
approamately 30 per cent higher of 079 umole per unit Thus may surgest
that with the sphtting of 1 mole tracheal muscle phosphorylase g, 5 moles
rather than 4 males phosphate 1s hberated

Phosphorplase b Ranase

It wasfound asnoted by hress Graves and Frsenzr (1929) thatphosphory
la.e b Linase could be wolated from skeletal muscle 1n an mactise form which
was activated by calaum ons and cyclic 3—5 AMP therchy synthesizng
skeletal muscle phosphorylase a from phosphorylase b —~ prepaved od modum
Frscrer and Kress (1908) — m the presence of ATP and magnesium tons
(E1g 4) With the same method 1t was also possible tossolate nactis ¢ phosphor
tlase & kiase from tracheal muscle This enzvine was actvated by caloum
tons and cyclic 3-5 AMP (Fig 5) and by an mcrease of the meubation
solution pH to 84 (Fig 6) Phosphorylase a was synthesized from tricheal
muscle phosphorylase & Fig 5 1l an experiment 1n which tracheal
muscle phosphorylase 2 was comerted to phosphorylase 5 by phospharvlase
phosphatase The & form was thereafter resynthesized to 4 by acmvated phos
phorylase 4 kinase Further experiments were performed with phosphorylase
& prepared directly from tracheal muscle ad modiom Fiscyer

and Krees (1308)
fhosphorylasc a was syntheszed even from thus & form by phosphorylase &
1nase

8633015 4e1a physiol sc nd ¥ ol 59
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Thete was no major disparity between the acuvsty of phosphorylase &
ksnase from tracheal muscle and that from skeletal muscle It 15 evident from
Fig 7 that the synthesis of skeletal muscle phospherylase o from & p, ded
at the same rate urespective of whether the calcium 1on actnated phosphorylase
b kinase used was from tracheat or from skeletal muscle

The possibility eusted that the of phosphorylase activity by
phosphorylase & kinise was due to the presence of AMP in the extract or @
ns formanon denng meolauon with ATP Deterrunanon of the AMER wontent
of extracts contamning phosphorylase & kinase gave a salue of 30 4, per m!
After incubation with ATP and and caleium 1ons the content was 25 jg per il
The AMP content of the phosphosylase b hinase extracts was esttmated 10 ha £
sased the AMP concentraton 1n the phosphorylase b tests by 07 107M
{the dlutton was 1 75) It mav be caluulated from Fig 1 that phosphorylast
b thereby underwent 5 per cent actnatien Thus an elevation of the AM
concentration cannot account for the total increase of phosphorylase actuity
after phosphorylase & kinase
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Discussion

This p ve 1% of phosphorylase and the enzymes which
nfluence its activaty suggests that the enzymatic patterns in bovine tracheal
muscle and rabbit skeletal muscle are essentially sumlar Both the a and the b
forms of phosphorylase were 1solated from each of the two types of muscle as
were phosphorylase phospt and phosphorylase 5 hinase Phosphorylase
and phosphorylase phosphatase from smooth muscle had, per mg of protemn a
lower actvity than the corresponding enzymes from stnated muscle Whether
this was due to differing degrees of punfication or whether 1t reflected a
genuine discrepancy 1s an epen queston It would seen however that higher
concentrations of AMP were required for activation of smooth muscle phos
phorylase than for activation of skeletal muscle phosphorylase

Thus despite conspicuous qualitatve sumlanties substantial quantitative
differences emerged The phosphorylase actvity m crude extracts from tracheal
muscle was only about one tenth of that i extracts obtained from sheletal
muscle by the same procedure (Momye Lunpnory 1962) Furthermore the
bulk of tracheal muscle phosphorylase was the « form whereas the 4 form
predominated in skeletal muscle phosphorylase The question arses whether 1n
tracheal muscle the synthesis of phosphorylase a was or the breal
down decreased 1n relation to the behaviour in skeletal muscle The lower
actmity of tracheal muscle phosphorylase phosphatase per mg of protemn 1s
possibly suggestive of a lower breakdown in tracheal muscle parnicularly m
view of the fact that there was no app ble diffe between the
of caliium ron activated phosphorylase b kinase from respectnely tracheal
and skeletal muscle

Phosphorylase b kinase from trachesl muscle was actvated by cyelic 3—5
AMP 1n the presence of ATP and 10ns Bioch 1ly the possibility
exists therefore that m tracheal muscle as mn skeletal muscle adrenaline may
stimulate the formation of phosphorylase 2 via cychc 3 —5 AMP hramer
et al (1962) have however fasled to d, any fi tunul of
the synthes:s of cyclic 3 —5 AMP in smooth muscle after adrenahne Lunp
Hoty and Moume Lunphowst (1962) have found that adrenaline increased
the ATP content of smooth muscle As ATP participate 1n several steps mn the
formation of phosphorylase & adrenaline mught infl the phosphor lase
actity by an increased ATP formation

T am indebted (0 Mr AxvRas Bewsz for ¢ chmical assistance Financal support has been

given by the Suedish Medical Research Council and the S edish Nattonal Association agamnst
Heart and Chest Diseases
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Mechancs of Abdomen and Thorax 1n Man
during Natural Breathing
By
Ove hiseret
Recewed 18 January 1863

Abstract

Nurrr, O Vechames of abdamen and thorax i mon dunag natural
breathing  \cta phymol scand 1963 59 Bo—96 — The mua
game pressure fi dunng natural 4 n d to
mdicate the pressure moving the abdemen and thorawie wall The
mechanies of the abdemen and thoratic wall were esumared o resting
human subjects by means ofantra gastric pressure udal volume cunves
Comphianice was 0 060 23 }jcm water resistance 8 36 5 om water/
Isec and rate of mspicatory work 15100 Litre cm water/min {100
htre em water = | kpm) for abdomen and thoracic wall together
Supine as compared 2o sitting position sncreased the comphance and
d d the The ab was cak d to have 2
tugher comphance and 2 lower ressstance than the thoraac wal} and
o account for more than 0 6 of resting venulation

In certam chimeal and physwlogieal venulatory studies st 13 necessary to
consider the mechanics of the whale of the resp y systems Our & Ted
of the characteristics of the lungs and arways 15 fardy extensne whereas
relatevely hetle rs known with regard to the thorax and abdomen For studying
these auter parts of the resprratory apparatus n man ‘oluntan relaxauon
(Raxs, et of 1946 Oris et o 1900 Acostoss and Ras~ 1960 Mzan 1960)
anesthesta (\pss 2 of 1905 Bureer and Suow 1957 Howers and Prererr
3957 B 1958) chspl of respuratary level Hear and Proe
1956 Dasiisrront 1929 \Anrars and Crizrsiack 1960) and osallanon of the
chest (DUBors ¢t of 1936 Meao 1960) have been unbzed Each of these pro-
cedures however permuts a studv only of certam components of respiratory
mechames In the present paper several aspects of abdomunal and thoracic
mechanies are evaluated ssimultaneousty by a different approach

Preens address Sabbatshergs Jukhus Stockholm Ya.

S



86 OVE NISELY

Fig 1 Resprratory tenson change i intercostal muscles (4 1)
diaphragm (4 Pd) chest wall (4 Pe) lungs (4 Pl) and abdomunal
wall and nssue (4 Pa) The intra abdominat {intra gastric) pressure
change 15 not indicated but of the same magniude a5 4 Pa (and
directed agamst this and J Pd) It 1s presumed that during natural
breathing 3Pd =4 P1 dPd = APa+ JPL APi=dPc+JFl
and J Pa = d Pc = itra-gastc prewsure change

Methods and Subjects

Records have been made of the resp y pressure f within the
and the stomach Thev were obtamed 11a a Porges neoplex duodenal catheter of 2 mm
mside diameter with one end inserted mto 2 thin walled Jatex balloon abaut 12 ¢cm long
and 10 mm i diameter The balloon 1 air tght communication with the catheter was
passed through the nose to the lower part of the oesophagus until the catheter tip was
approumatelv 42 cm from the nostri! and then further until the tip was about 65 cm from
the nostnl and the balloon completely 1 the stomach Pressure was measurcd with 2
stramn gauge or d 1 el 1 (EMT 490 BD NO B 28%
A. B Elema Sweden) The difference betw cen the pressure in the oesophagus and thatn
the mouth prece was registered and used in the calculations of the lung mechanics Intra
gastric pressure was recorded agamst atmo phere pressure The balloon manometes

vsterm was filled with 2 ml air starting at approximately ~10 em H,O for oesophagea]
rpeasurements and at zero pressure for mtra-gastne pressure studies

The subject with nose clamped breathed through a mouth piece into an air {Hied
closed arrcuit Krogh sprrometer There was no change of amplitude and no appreciable
phase sufi berween pressure and volume recordings up to the frequency of one per se¢

The cunes were recorded directly as pressure yvolume loops with an Elema coordinate
wk wrtter (\sseLLetal 1928, The movements of the sprometer determuned mechanical
Iy the vertical deflections of the wniter and the electric pressure impulses governed the
horizontal deflections The ink jet was tnterrupted 6 tumes per sec to time mark the
cunes Unless otheruise stated ‘a mummum of ten respirations was recorded for each
positton and cach procedure They are represented below by therr mean salues

The 1ntra-oesophageal pressure tidal volume loop 1s well knonn and was used 10
dernc the lung mechanics The mtra gastric pressure udal volume curye may be used in
2 similar way to indicate the mechanics of the abdomen and thoracic wall Dunng
ordinary mspiration the lower intercostal muscles as well as the diaphragm contract
The two muscle groups may be presumed to tense eguatly during nspiration Themis
gastrc pressure fluctuations wall then represent the pressure which moves the abdomen
and thoracic wall provided that tung tenston changes at the diaphragm in the sa1¢
degree as at the thoracic wall and that expiraton 1 passye (of Frg 1) The compliance
and resistance of abdomen and thoracic wall together as well as the respiratory WOt
pertaimng to them, can be calculated when tsdal volume resprratory flow and mua
gastric resprratons pressure fluctuabions are known
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Fig 2 Tidal volume re SUBJECT AE VOLUME
co:lcdagamstm(!rmgp;l GASTRIC osiIr ESOPHAGEAL
ageal pressure (esophag:

) andmire gmincpies CURVE AUNIT  CURVE

sure {gastric curve)  sub —

Ject 3 Inspiranon starts

at lowest pont of curve Pp
Esophageal cune written {
counter-clockwise and gas (~..$L
tric cunve clockwise Reuist e
ance measured _(see esoph Vel ~
ageal curve) from PwT{

24Vt where Pw s mam

)

Pw

frte

1
. i

Pl

FESS

5

1 1 1 i 4
and T duranon of breath
but sometimes {see gastne 12 8 4 4 & ®

curve) from Pp Tp/(A + PRESSURE cm H,0
V) where Pp 13 pressure

fwcen two pars of points at same volume Tp ume between two consecut ¢ po ntsand Ve
and V1 volume changes 1 cach pawr (Niserr. and Exgxer 1958)

Compliance was obtaed from volume change/pressure change between onset and

of or except at very slow breathing  when the re
fationship was represented by the slope of the curve Resistance was ordinanly calculated
as indicated on the oesophageal curve 1n Fig 2 utilizing the maxumum width of the
curve at one volume and assumung resprratory flow to be approumately simusodal
(\rserr. and Enmaer 1958) The resutance m such eases referred to maxmum flow
during a resprration In some instances mostly during artificial venulation resistance

was calculated as indicated on the gastric curve m Fig 2 from curve width and i
stantaneously measured res

piratory flow Resistne respiratory work was computed
from the loop area d with a pl and y work was the sum of
the elastic work performed dunng nspiration and half the resistive work Work per
was multiplied by ¥ to obtatn the rate of respiratory

work Resistance and res)

piratory work values for Jungs added to those for abdomen and
thoracic wall during natural breathing gave the corresponding values for the total re
spuratory system Simifarly total comphiance (Ca) was derived from compliance of hungs
{Ci) and compliance of abdomen and thoracic wall (C ) according to 1/Ca= 1/Ci +
I/C  Valumes were corrected to BTPS

Using s circust analogy abdomen and thorax are ventilated as connected 10 parallel
and the udal arr volume 15 the sum of ther respiratory volume displacements The
Physical properties of abdomen and thorax together deternune the magmitude of the
mechanical charactenstics catculable from the mtra gastric pressure tidal volume curve
during natarsl breattung If the subject s b 1 purely dsaph he abd
alone should account for the comphance and resistance values obtaned When the
compliance und resstance of the abdomen C and R and of abdomen and thorax
together Crand R are known 1t should be possible to calculate the compbance and
resistance of the thoracse wall C and Ry from Gy = € — C and I/Re= /R «— /R
The abdomunal fraction of natural breathing was eshmated from the relation of the
mpedance at natural breath and the d: at abds e
impedance was the ratio of mtra gastric pressure amphtude to maxunum arflow during
2 respiration (\isert. 1960) For the purpose of these examunations I mnstructed some of
the subyects to on abd: breathing afone and watched
them to make sure that they did 5o as well as possible
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Fu, 3 Pnnaple of sprometer
subject conneettn during artificial
yentlaton Clamp open il et
breathes spontancousy  Clamp
chwed  subject relases and s
aruhoally ventilited by continu
oush  moung  piston  Presure
reestered - mowh preee o
ocw phagus

Turther exprranon from funcuonal residual capacny 15 effectuated by ntercostat and
abdominal muscles These two muscle groups my then be assumed ta elicrt equal
tension Durmg very slow excesstve exprration the muscle foree mdicated by the abs
donmnal pressure 1 balanced by chstic recorl of the thoracie wall diaphragm and fungs
‘The comphance of the thoracic wail driphrigm and hungs together should then be
represented by the volume pressure relationshep of the corresponding part of the re-
corded ntra gastric pressuse tdal volume cunve

Artificial resprration was guven to some subjects 15 shown m 1ig 3 The pump wis
operated at a stroke volume of 0 6 hre and a frequency of 20;mn The subyect breuthed
spontancotsh when the climp w1s open He was mstructed 1o rehx when the chimp
was closed and not to facihitaie or iImpede the ventlation from the contmupush moving
piston Mouth piece or ocsophageal pressure and spirometer deflecuion were then regis
ered 38 pressure volume dragrams Complianee and resistance were ealeutated for the
toral respiratory apparatus (mouth piece pressure) or for the thoracic wall abdomen
forsophagen) pressures Onby 1 himied number 3—14 of usable curves were obtawed
m each study

The subjects were stutdied in the seted and somenmes 1 the recumbent postiw The
normal subjects exeept sulyect 1 G were medical students and the others were patents
at the hospital Table T gnes the sex age haght weaght and dingnosis

Results

The maguutude of the resprevtory pressure fluctuation nd - end espe
ratory pressure an the stomach will be seen in Table II The sum of the
ntra gastne wd tnted oesaphageal pressure fluctuatans durning, 1 cesprrabon
18 the frans dirphragmane pressure fluctuation The battoon ur volume Af
fected the gastnie pressure s shownin Dig 4 The pressure decreased when the
aur volume was below 1pproximately 15 m!

The comentional form of the volume/pressure curves when the balloon 1
the ocsophagus (oesophagea) curve) and an the stomach (getne curve)
shown m Fig 2 The gastne cun es of four subjects trwnaently exhibuted 1 smll
extrt loop at the end of expiratton and at the beginning of mspirition dunng
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Table I Physwcal charactersstics and diagnosis of subjects

Subgect Sex | Age Heght Weight Note
(years) (em) (k)
1 La ] 28 169 57 Normal
2 16 2 18 157 43 Normal
3 AL ° 30 183 70 Normal
4+ Pw o 28 18¢ 63 Normal
5 MN 3 24 172 7 Normal
6 Sk ° 9 179 64 No present pathology
70¢C a 78 170 7 o present pathology
8 )F o 35 174 54 No present pathology
9 EJ ? 17 171 55 Rheumat ¢ fever
10 00 L] 2 177 69 \agal neurosss
I sB 2 & 163 6 tuberculosss
12 KB o 59 174 9% Emphysema
13 EH g 61 177 72 Emphysema
H TP 3 57 169 55 Emphysema
5 \s 8 56 168 63 E nphysema
o B K o 58 172 62 Emphysema
I7AH 1 3 43 m 60 Costal fractures
7B 1 1 o 4 171 60 Costal fractures
18 LB E 29 183 70 Costal fractures

17\ and 17B are two studies of one subject B 42 days after Al

natural breathing Such curves were not used to esumate gnen values The
gastric curves of five out of erght subjects took this form dunng intentional hyper

ventilauon (Fig 5)
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Fig 5 Gastnie curves with figure-of 8 loop Inspr
ration upwards A Subject 15 natural breathing
B Subject I8 hyperventilation

8 6 4 2 em Hy0
INTRA GASTRIC PRESSURE

Comphance resistance and rate of resprratory work for the abdomen and
thoracic wall and for the total resprratory system are presented 1 Table If
The range of the values for the abdomen and thoracic wall ss about the same
1n subjects with and without disease

The breath to breath bility of the ch; was d The
coeflicient of vanation calculated 1 each subject averaged dunng natural
t h for resp y pressure fl 152 per cent 11 cunves of the

phagus { dard d 80) and 15 3 per cent 1n curves of the stomach
(standard deviation 106) The coefficients of vanation for the abdomen and
thoracic wall averaged 17 7 per cent for compliance 22 9 per cent for ressstance
and 23 4 per cent for work of breathing with standard deviation of 76 9 3 and
/81 per cent respectively

Subject 9 was weanng a gisdle when the values 1n Table 11 were obtamned
Following removal of the girdle 1n supmne position the comphance of abdomen
and thoracic wall increased from 0 12 to 0 20 hitre/cm water while the resstance
decreased from 3 6 to 2 4 cm water/htre/sec

Intra gastric pressure fluctuation compliance resistance and rate of respira
tory work for abdomen and thorax were determined 1n 7 subjects both 1
sitingand i r bent posture Compl was higher and resistance intr2
gastnic pressure amphitude and rate of respiratory work lower 1n the supine
than 10 the situng position (Table I1I)

Gastric curves were registered duning abdominal and natural breathmg 11
1 fermale and 7 male subjects The values for abdomunal breathing as well 23
those esumated for the thoracic wall are given in Table IV The compliance
of the abdomen was invarsably greater than that calculated for the thoracic
wall Abdommal resistance was lower than thoracic resistance i 6 cases The
abdomunal fraction of v 1 fculated from the imped: values of
natural and diaphragmatic breathing appears to be above 06
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Table 1 Mechanis of the abdemen and thoracws wall and the total resprratory system during

natural breathing

Sub- End-exp y | C Rate of msp: Y
ject | pressure Pressure (JemH O) | (cm H Ofyysec) | work
fluctation | {an H O) {1 cm H Ofram)
(cm H 0)
fotra |T d |Intra |T-d. {Abdo- | Total |Abdo- |Total |Abdo- |Total
gastne| gastric men men men
thor thor thor
wall wall wall
1] 46 | — - 012 [006 29 58 38 (30 ] 87 (3%)
2 |36 |10 73 | 87 fou joor [ 16 | 38 | 41 (30)( 87 (36)
3|70 |10 55 |1 009 |oo7 22 40 | 4 (29)| 62 39
4 |70 [n 75 | 96 |o07 joos |37 70 {3t (33)| 50 (46)
5 |68 |12 3 83 j008 |006 36 71 45 (23)| 81 (28)
6 133 }94 | 21 | 94 013 |oos |09 | 41 | 22 (20)| 45 (33)
735 [84 [ 24 [ 59 |o15 [p10 | o5 39 | 53 46| ez B8
8 76 14 7 n 013 |o008 20 39 87 (26) | 151 (28)
Range] 33~ 84—| 21—} 59—|007—[00>- [ 05~ { 38| 22— Fre-
76 |14 75 |n 015 [o10 37 71 | 87 151
910 |22 n |2 010 foos |6 | 90 {61 (209)133 (19
10 27 10 54 - 020 |oo7 10 58 19 (32) 2 (49)
(53 f14 - - 010 006 32 106 26 (58) | 58 (64)
12 |41 |1 n 12 013 |00 10 56 | 17 (19)| 59 (33)
13 77 |16 - — 023 004 16 1ne 15 (33)[ 91 (65)
14 | 62 [17 14 18 009 {00> 49 122 | 29 (40)| 80 (5
15 | 46 {13 83 In 012 lon 22 79 | 51 (79) | 114 (46)
16 |12 17 12 17 00 00 56 96 100 33) | 129 (32)
17a) 84 |15 91 |13 003 |00+ 12 33 | 23 (22| 29 (29)
17B| 59 |10 91 14 006 0035 17 38 60 (25) ] 108 (30)
18 44 |10 64 13 015 {005 16 47 42 (39){ 96 (37)
Range| 27—{10— | 54~|11— {006—[003o—] 10- | 33| 15— 58—
2| 14 21 023 lon 65 [142 100 133
—_

Subjects seated except 10 and 13 wha were supme
Fluctuaton 1s twice the ampl tude.

Figures m brackets are mspiratory resistive wo k m percentage of mspiratory work.

Td
With girdle see texe,

= trans-diaphragmatic (from stomach to oesophagus)

The final phase of the volume pressure relauonship of a slow excessve ex

prration (Fig 6) should be the compl of thorax di
combuned Ths value determuned in the situng posture except m subjects 8
and 9 who were supine was0 1l 012 017 021 007 and 011 Litrejem water

wsubjects 1 4 5 6 8and 9 respectively

and lungs
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Table L Dyfference 1 mechor: 1 of abdumen thoracie wall be cecn sufine and sitiing positn

Suly ot fa wtraganne In complianee In reantance In g watry
presure Bue (iem H,0) (o H,00w¢) | work
tuate m (f etn §8 Ofmn}
{em B O}
2 —8o 903 ~0f ]
3 ~2¢ oo ~0t -7
2 ~27 aus -1 ~3
8 -33 178 ~08 —at
k] ~44 0oz ~18 4
14 -13 [i112] -19 -
I —-dg 003 31 —at
Mean —~28 00 ~i3 3

Additisn to respective walue sa Talile 11 y5 Wy supine ponts 2 value

Tabl 8 Charaeteristis of ab fomen and thororu woll

Sebyect and | Comphaner Hewsanee Abxd minat
porturs them H Oy fem H Offfsec) fraztm of
ventilation
Abdomm Th reax Al nen Ty rax
4 utung Gy enz Y3 13 097
5 supme 912 00 4 23 08
9 supine 014 o0 22 aes
50 supms [3}1 067 i3 43 o9t
2 wtung 0t B2 fa 50 0%,
31 supsee o1 007 [ st 41
4T A mtung o7 aot 23 25 pee
18 sung 040 0, 'y 42 nri
Rangr] 0U» 0ig At 0oy 1 fe 2s 2 01 -0

Remstance 03 om 51 0,1 see Liwer during abY mimnal than durss g s atural breavung

Ten of the comphiance and reustance figures s Table 1 Gtudies 2,3 67

10 15 174 178 18) wesc compared with values obtamed during astifical
{ The volume defl were then drd ag,unst the hy

pressure (Fig 7; and sometimes the ocvophageal pressure (4 suipecty Withs the
excepuion of une comphiance m an vesopha,cal pressure study and one restance
n a mouthpiece preswre study the vatues relevant (o artificrat ventifaton were
somewhat fupher both far compliance and for ressstance than thoe Found
dusing spontancaus breathuing The mesn difference in total cosnphante wat
0027 htre,om water sange 0 0100 062) and in total ressstance 3 cm wates/
htrefsec {range — 36 1 4,
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VOLUME
oSLIT

unir
Fig 6 Curve from breath with slow wspiration A ubl

startng at X followed by slow cxcesstve expra
tion The straight line drawn at end of expiration
shall rep esent complance of thoraac wall diz
phragm and lungs together Subject 5

1B 12 8 i 0 cmH0
INTRA GASTRIC PRESSURE

— I T VOLUME

L E o5 uT

Fg ¢ Tdal volume and mouth p ece pressurc == A UNIT
b

nng
upwards Subject 17 (B)

JES SUNES N N
+ PRESSURE INCREASE
4Lom Hy0 A UNT

Discussion

It 15 generally agreed that the respiratory pressure fluctuations withmn the
stomach are representative of those i the abdomen (Duowaxrco and Rt
1947 Caweprrr and Greex 1953 Auostont and Ran~ 1960 Perir ef ol 1960}
The ordinary form of the tdal volume gastric pressure loop indicates an 1
spiratory mcrease and an expiratory decrease pressure and conforms with
most of the earlier abdomunal pressure studies (see DroMarco and RoNt
1947) Such a pressure vanation 15 consonant with an mspiratorv conctraction
of the diaphragm and with passive exptration brought about by gradual
relaxanon of that muscle wathout contraction of expiratory muscles (CAMPBELL
and Greex 1933 Caspers 1958 Pemit ef af 1960) In the curves v hich
showed a reverse evtra Ioop at the end of expiration and at the beginning of
tospiration the end expiratory pressure changes are apparently caused by

P: } € b 1 wall muscles This assumption issupported
m thys study by the fact that they were more frequent and more pronounced
duning increased breathing The volume pressure loops recorded were of about
the same shape as those plotted by Acostowt (1961) m 2 subjects

The 1ntra gastric Pressure flucteation during the respiratory cycle was be
tween 27 and 12 em of water — a range approumately corresponding to that
reported by Camprete and Greex (1923) On contracuon of the diaphragm
the pressure decreases in the thorax but increases 1n the abdomen If the re

spiratory muscles are relased foll p the of the differ
encebetw een thoracic and abdommnal pressures duning a breath should reflect the
tension developed by the diaph The trans diaph pressure fluctu
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ayons in Table IT suggest the degree of active tension of the diaphragm at the
end of mnspiration
For calcul of pl and resp y work of abd
and thoracic wall 1t 15 presumed that expiration 1s passive with no active con
traction of abdominal muscles Thus fits with the regular oval form of the intra
gastrc pressure udal volume diagram It has been demonstrated by means of
electromyography (CampseLr 1958) that the abdominal muscles are httle
active duning ordmary resting breatt The rel ly good ag; be
tween values reported 1n Table IT and those during artificial ventilation 1n ten
subjects indicates also that intra gastnc pressure may be utilized duning resting
breathing to calculate the mechamcal charactenstics of the abdomen and
thoracic wall In spite of the general agreement between the results of the two
methods there was however i most cases a certain difference in one direchion
‘The compliance dunng active relaxation and artificial ventilation was higher
than that recorded during natural breathing when the subject did not cooperate
actively This accords with the findmgs of Nins, ConnrFr and Cosroe (1925}
1 ¢ that compliance of chest and Iungs 15 higher during voluntary relaxation
than dunng anesthesia The compliance values from the intra gastnc pressure
udal volume loops fall approimately within the range reported to occur at
} or at small resp y level displ (N1us et af 1955 HoweLL
and PackerT 1957 Bromace 1928 DaursTrowm 1959) but appears somewhat
lower than those recorded by other techmques applied to comparable subjects
(Nmis et al 1905 Hear and Prrve 1956 Namarx and Cmrrytack 1960
Meap 1960) The total resistance values of the subjects without active patho
logical conditions are similar to those reported by Meap (1960) The total
“work of breathing has previously apparently been studred only i connection
with artificial ventilation and ntentional relaxation m 3 subjects (Or1s ¢ a
,1950) and was 1n about the same range as those given m Table 11
There was no clear difference 1n the mechanics of abdomen and thoracic wall
between the normal subjects and the patents studied The complance of the
two subjects with costal fractures was not markedly low This may be because
the comphiance of the thoracic wall during rest 1s much lower than that of the
abdomen (Table IV) and therefore does not greatly affect the total compliance
value
The postural changes 1n compliance and resistance (Table I1T) may be at
tmbutable to the abd 1 wall d {(Duoxmarco and Rmni 1947)
and abdominal muscle tone increase m the erect positon (CaseerLr 1958)
The change 1n comphance was stmilar to that observed by NAmMARK 2
ChrraIack (1960) with another method Hydrostatic forces should tend t0
increase the intra gastric resprratory pressure fluctuation in supine subjects
Since those forces are not involved m deformation of the abdomunal wall the
actual complance of the abdominal and thoracic walls may in supine subjects
be even higher than that calculated here
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The subject appeared to breathe only by means of moving his diaphragm and
abdomen when instructed to do so I this breathing was nevertheless partly
thoraue (Wabk 1954) the abd 1 pl and the abd 1 fraction
of ventilatton during natural breathing will have been overestmated and ab
dorunal resistance underesumated (Table IV) The time constants {(complance
Xresistance) for natural and abdomunal breathing did not differ markedly, and
a phase lag between abdomen and thorax was considered to be of hittle sigmf’
icance 1n caleulations of thoracic charactenstcs
The gastric curve for slow excessive expiration was utthzed to obtamn a value
for pl of thorax draph and lungs bined (C,) which should
be related to pl of thorax ind diaph: {C.a) and to comphance of
lungs (C)) according to 1/C, = 1/C,, + 1/C, The comphance of thorax and
diaphragm dertved be means of this equation was 0 24 litrejem water 1 subject
1 032 literfcm water mn subject 5 and 0 09 litrefem water m subject 8 If the
expiratory force of the mtercostal muscles 1s greater than that of the abdomunal
mncles the mtra gastric pressure change will be lower than a true mean
expiratory pressure and the d 1 of thorax gm and
lungs will be falsely high That may be the reason why this comphance value 1s
hugher than lung comphance m subgects 1 6 and 9 The comphance of the
thorax mn subjects 4 and 5 (Table IV) may be subtracted from the combmed
compliance of the diaphragm and thorax 024 and 032 hirejem water to

obtamn apperant compliance values for the diaphragm 0 22 and 0 31 Iitrefcm
water

Y1anh
P
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concormtant appearance of histamme and - Slow Reacting Substance (SRS)t
suggested that these two agents came from the same source the mast cells
(Crnanravarty, Hooeerc and Uvnas 1929 CHALRAVARTY and Uvvas 1960)
A quantitative correlation was obseried between the density of mast cell
population 1n gutnea pig tissues the release of histamune and the appearance
of SRS (Boreus and CHAKRAVARTY 1960) A SRS was also observed to occur
when solated rat mast cells were exposed to compound 48/80 (Uvnas and
Trov 1959) The SRS s in question did not appear i sigmificant amounts
extracts ar perfusates of normal tissues or mast cells They were formed 1 con
nection with the histamme release

Two enzymes, phosphatidase A and chy ypsin have been reported able
to degranulate mast cells and to release hustamne from 1solated rat mast cells
(Hooperg and Uvnas 1957 1960 Moran, Uvnas and WesTERmoLM 1962
REeLLer 1961) These two enzymes seem to tngger the same energy requnng
release process as s dbyeg i 48/80 and (Draveant
and Uvnas 1961, Uvnas and Anronsson 1962) Sumular enzymes seem to oceur
1 mast cells (FReonowyt efal 1962 to be published, Bevprrr and Arase
1959} Provided that such enzymes were activated dunng the histamine release
process sphit prodi of phosphatides and peptides should appear This paper
will be concerned with the separation as well as with certain charactensties
of smooth muscle stimulating princples that occur on histamine release n
cats guinea pigs and rats

Methods

SRS from Cat Paw

The techmque for perfusion of cat paws has been described previously (Hocserc
Turvessow and Uvnas 1956) In the present experiments the perfusion fluid consis ¢d
of a buffered solution at pH 7 0 and contammng 15 10-* M NaGCl 27 102 M KCI
9 10~ M CaCl, (auhydrous) and 10 percent 67 10-* M Sorensen phosphate bufier
The four paws were perfused simulteaneously but separately Following an mitial per
fusion for 30 mm to clear the pawy of blood 50 ug 48/80 was given intra artermally
The perfusion was continued for 90 mun the perfusate being coflected 1n ice chilled glass
tubes Following a few munutes centrifugation (at § C) for remosal of cells and othet
oarse particles and briefl heating to the boiling point the combined matenal was filtered
1nd lyophilized The dried material was washed with acetone 3 X 50 ml dissolsedn 3
‘ew ml water acidified to about pH 3 with N HCI and mixed with an cqual amount of
sthanol In the cold room (5 C) the material was shaken twice with 5 volumes of ethy!
sther The two ether layers were combined filtered and allowed to pass through 2
alicse acd columa /4 g sthicic acid over glass wool 1n a column I em in diameter)

Provided the ethanol content of the ether did not exceed 5 per cent and the flow rate
vas below 4 ml/min the SRS was totally retamed by the column Alter washing wih
sther elution was started wath ether chloroform (1 1) and continued with chloroform
ind chloroft hanol the methanol content being stepwise icreased

SRS s defined as {a) principle(s) causing a slow contraction of the atropiuzed and me

syramnized guinea pig tleum without rachyphylax s Tequining several munutes for relaxation
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For re-chromatography of SRS on shac acd the chloroform methanol (1 1) was
concentrated 1 facup + 60 G to near dryness dissolved 1n a few ml methanol and then
Qiluted with chloroform to 10 per cent methanc) before being placed on a new colwmn
After chloroform methanol (9 1) the SRS actmity was eluted with chloroform
methanol (1 1)

For bological assay the eluates were evaporated i racuo to drymess and then dissols ed
1 a small volume of methanol and then exther tested directly or diluted with physio-
logical saline buffered to pH 7 4 with 1sotomse pho phate buffer Care was taken not to
poison the assay organ with methanol Methanol i the bath fmd exceeding 05 °,
disturbed the assay

SRS from Guinea Prg Lung

Gunea pigs were sensitized with cnystalline egg albumin 100 mg subeutaneously and
100 mg sntrapentoneally After 4—10 weeks the Jungs were removed from the sensiized
amimals and chopped wath scissors The material was washed twice n 2 shightly modified
"Tyrode solutson (Sorensen phosphate buffer nstead of bicarbonate) and then incubated
1a the same selution with antigen 1 mg/ml for 20 min at 37 Cand pH 7 (20 m}/lung)
The mcubation fuid was boled for 3 mn and ly ophilized The incubated lung ussue
was suspended 1n buffered Tyrode solution (5 mlflung) and bouled for 3 mun Ethanol
was added to a concentration of 80 per cent After 30 min extraction at room tempera
ture the flud was filtered off concentrated i racuo until foamung occurred and then
hophilized

The lyophulized material was washed repeatedly with acetone (1n moss expermments)
extracted and chromatographed on silicic acid as described for matenal from cat paws
The dned SRS contatming eluate was dissolved m 0 5 M NaOH and shaken 1n the cold
foom (5 C) with ether to remove mert material After removal of the ether and
evaporation of the ether rest the alkaline water solution was cooled 1n 1ce water and
taretully acidified with HCI to a pH around 3 and shaken twice with ether containing
59 ethanol Yhe 8RS-contammg ether was fltered and allowed to pass through a
second silieic acd column Elution was performed as described for cat paw SRS

For perfusion fungs were removed from guinea pigs killed by 2 blow on the head
The dungs were perfused with Tyrode solution via a cannula wserted mto the Tight
ventricle The perfusion flud was lyophilized the dry residue washed with acetone and
Ctracted sath 80 per cent ethanol After evaporation of the ethanol and subsequent

Iyophilization the SRS was 1solated and punied in the same manner as descnibed for
cat paw SRS

SRS from Rat Magt Cells

, Pentoneal rat mast cells were 1solated ad madym Uvnas and Thon (Us~as and Trox
959) The mast cells were exposed to 48,80 as described by those authors and SRS was
extracted and punified as in the case of cat paw SRS

Perfusion of mast cells was performed as follows The lower part of a small burette (7
mm snner diameter) was filled with glass wool to support a 3 cm hugh column of What
man celluloss powder Coarse grade (W & R Balston Ltd) A suspension of mast
cells was carefully poured into the burette When the cells had setdled they were covered
with 2 thin layer (about | mm; of cellulost por der All mast cells were retamned bv the
cellulose powder cven when this 3 as perfused at a rather high rate (5 ml/min) The
mast cells were perfused at a constant rate (5 ml/oun; and compound 48/80 was added
to the perfusion flud by careful myection mto the burctte Just abore the surface of the
<elulose powder column For composition of perfusion flud see Uv~was and Taow
(19:9) The perfusate was tested directly for tustamine agd SRS
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Assay Technique

was assayed on P d {15 10-* M) guinea pig tleurn SRS was as
sayed on atroprnuzed (15 10~ M) and mepyramnized (12525 10~ M) guinea pig
ileum or on atropimzed 15 10-% M) rabbit duodenum SRS was assayed agamst 2
standard preparation of cat paw SRS The actwity was recorded 1n arbitrary units For
further details about the biological assay technigue sce p 103

Paper Chromatography

Paper chromatography was performed on Whatman paper no | (according to
HaNes and I 1949) 1n n ! water (6 3 1) descending at
5 G for 16 hours on silicic acd mpreg paper 1n dt 1sobutylk acetic acd
water (40 20 3) ascending at 5 ( for 16—~20 hours (MarmveTtr 1962), and on
formaltn treated paper 1n n butanol acetic acid water (supernatant phase of 4 1 5)
descending at 5 C for 21 hours (HognAsser WacvNEr and Ricuter 1959) If possible
chromatograms were run parallel for chemucal and biological armalysis Tor bologial
assay the papers were extracted i methanol (60 C) and the extracts tested on the
guinea pig ileum

Spo tests

Aldehyde (MamiNeTTt 1962 E Merex AG)

Carboxyl groups (Frict. 1954)

Acy! ester hinkages (WHITTAKER and Wijesunpera 1952)

Choline (MarmverTt 1962)

Phosphorus {Swrrir 1960)

Phosphatides (MARINETT: 1962)

Ninhydrin (Ssrriz 1960)

Ehrhich (Ssrmar 1960)

Oremol (hrevstrano and Noroar, 1950}

Sugar (Anilin-difenylamin) (Swrrn 1960)

The radioactive 5pots on the paper chromatograms were detected by means of an
automatic chromatogram scanner {thin mica window G-M tube) or by pressing the
chromatograms against Kodak no screen X ray film The exposure ime vatied between
one and two weeks

Materials

Compound 48/80 was synthetized by the method of Baltzly et ol (BaLtzLy el al 1949)

Phosphatidase A was obtamed from bee venom by chromatography on Amberlite
IRC 50 (XE 61)

Sihee acd (Unisil 100—200 mesh) was kindly supphied by Dr Evan C Horning
Houston Texas USA It was activated by heaung to 115 C for onc hour

Lther anhydrous peroxide free (Mallinckrodt)

Acctone (analyucal grade)

Chloroform (analysical grade) Freshly distilled

Results

Regardless of releaser tissue or technique used, relcase of hustamne was in
vanably 1 by the apy of SRS On chromatography on
sihicte acid the sp material especially materal from mcubtes could

be sep d 1nto several it Due to ty to the cluted
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| Hustamine and SRS in perfusates from cat paw (A) gumea pig lung (B} and ysolated
T st ol [C) Releasing agentan A compound 48,80 50 ugfpaw m B anugen = egg albuenn
10 mg/lung 1n C compound 48/80 1 pglml
Perfusion A 9X 10mm B 6x3mun C 1086 sec.
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F'g 2 Scparation by sl cic acid chromatography of spasmo- 300
Seepr aciplean perfusate from cat paw exposed to compound

1 Chloroform ? Chloroform methanol 9 + I 3 Chloroform
methanol |+ 1 ¢ \Methanol

principles of the two assay orgars used (guinea pig ileym and rabbit duodenum)
the acuvity patierns of the chromatograms varied according to the assav tech

mque (Fig 4) When not otherwise stated the results described below 1 ere
obtained from assays on gumea pig sleum The mcubation time was another
influencing factor since several of the spasmogemc principles formed were
rapudly 1nactivated Inactisating factors occurred in the mast cells themselves
(Fig 6) mn scrum (Fig 8) m the lung and in ‘anous other organs 1n

vesugated (to be published)
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Fig 3 Separauon by siicac acd chromatography of spasmogenuc principles from senutzed
guinca pig fung (1) and 1solated rat mast cefls (I1)
1 Releaser egg albsmin. A incubaton fiud B lung tssue
II Releaser compound 48/80

5

Separation of spasmogeme principles by nhae acd ch 1p

Fig 1 illustrates the appearance of histamine and SRS from perfusates of
cat paw (A) guinea pig lung (B) and 1solated rat mast cells (C) On chromatog
raphy on slicic acid the spismogenic activity was found mainly (guinea pig
lung and wolated rat mast cells) m the chloroform methanol (1 1) fraction
The cat paw in add delivered sp B matersal in the chloroform
fractton (Fig 2) The spasmogenic acisity 1n thus fraction varied with the
condition of the paws The longer thesc were stored 1n the refngerator hefore
perfuston the more activaty was found sn the chloroform eluate and the less
1n the chloroform methanot (1 1)

The SRS matenal from incubates of guinea pig lungs and mast cells showed
h C bl acinaty was

a more posed ¢ g i
found both 1 the chloroform and 1n the chloroform methanol (1 1) eluates
A shight spasmogenic actisity was observed also an the chloroform methanol
(9 1) eluate (f1z 3) but on rechromatography this actvity parted 1nto tve
fractions onc appeanng i chloroform the other in chloroform methanol
11
¢ Fw)m Fig 3 also emerges the distnbuuon of active matenal between tissue
and 1ncubation fluid The more hpophlic material (eluted with chloroform)
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was mostly retawed by the tssue while most of the matenal eluted with chloro-
form methanol (1 1) appeared mn the b flurd Thisd:
explun why ch of perfi exhibrted sp:

ot mawmly 1o the chloroform methanol {3 1) eluates

may
acuvary only

Spasmogentc properties of the separated prinaples

The fracuions separated by sihec aaid ch phy differed considerabl
m thew spasmogense properties

"The principle(s) 1n the chioroform eluate ehoted a vather rapd tranvent
contraton of the gunes pig deum The conwaction therefore was not &
typieal SRS effect Tachyphylams occurred after a fow comracuors It was
obseried that the development of tachyphylaxs was prevented by nterposed
doses of unpunified SRS (perfusate from cat paw) Buological assay of chloroform

eluates way therefore possible on the gumea pig ileum provided that the tmwo
prinerples were added to the test bath alternately

Unsaturated fatty acids are known to ehit 2 rapad transient contracton of the gunes
1 afeum and to exhibit tachyphy faxss on that test organ (S 26T 1997 3aGGARD and
Bexusrnow 196%) Thes are eluted from silioe acid columns with chloroform (BoresTRoM
122> Voor 1960) They also Tate the rabiet duod as did the pr Jeis) i
our chlorofum cluates (see Frg ) The spasmogeme zetvats could therefore well be
due 10 the presence of upvaturated fats acds

The priciple(s) eluted with chloroform methanol 1 1) elicited a tvpical
contraction The contraction was slow and requred about 3 mun for
relaxation The $pasmogenic actitaty was more or less confined to the gunea
Pig deumn With purified materal a concentranon in the test bath of 0 00F sugymd
sufficed to ehait a contraction of the guinea p, deum while xo sunulate the
rabbut duodenym doses 400600 tmes as hugh were required ™o tachvphy laxis
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was observed The contractile actions of istamine and bradykinin on gumnea
pig 1leum were potentiated No action was observed on the rat small mntestine,
the oestrogen treated rat uterus and the non pregnant gumea pig uterus with
doses 100-—500 times the threshold dose on the gumea pig ileum

Assay on the rabbit duodenum yielded a quite different spasmogenic activity
pattern of the chromatographed matenal (Fig 4) The activity was mamby
confined to the chloroform fraction Eluates containing 20 per cent methanol
or more showed only traces of activity

Properties of SRS (the chloroform methanol (1 1) fraction)

Our interest was focused on the principle 1n the chloroform methanol (1 1}
fraction since the contraction on the guinea pig tleum ehcited by this principle
1 as sumilar 1n type to that caused by the onginal perfusates This contraction
“was typical for a SRS

Rechromatography of SRS on silicic acid column gave the clution cuné
seen in Fig 5 Such rechromatographed material was subjected to paper
chromatography (n propano! ammona water) For techmcal reasons the
exact extension of the area of biologteal activity was difficult to establish since
1n order to obtamn sufficient matersal for reliable assay the chromatography
paper had to be cut mnto rather broad strips Most of the active material could
be extracted from an arca between Rf 0 7—0 8 The Rivalues vared somenhat
due to the pretreatment of the paper and the temperature

When SRS material from guinea pig lung and 1solated mast cells was chroma
tographed agasnst SRS from cat paw as reference material  the three SRS s
yrelded sdentrcal Rf values (Fig 7)

Withint the area of SRS activity were obtained positive staiming reactons for
phosphatides phosphorous choline aldehyde carboxyl groups and acyl ester
lnkages When SRS was prepared from cats guinea pigs or rats guen 05m
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Fg 6 Shac aad chromatography of spas
moeenic principles from 1solated rat mast cells
to compound 44,80 1 pg/ml Mumber

exposed
of mast cells approx. 5 10¢ Temperature 37 C. 250
Note the influence of incubation ume on the (33
Ppresence of spasmogenic act ity in the eluates.
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F'g 7 Paper chromatogram (n 1

propanol am
momia water) of SRS-matenal from cat, guaea
PIE and rat twice chromatographed on sl aic
acd \gte close simalanty of Rf values from the
three species

P m fhg 18 hours before perfusion or t the paper
showed a radicactne spot withun the area of biological activary The mnhydnn
Teaction sugar and orcinol tests were negatrve in this area

When SRS matenial (punfied on sthieic and columns) was subjected to
chromatography on sihetc acid impregnated paper the radioactis e spot (yielding
POsIe staiming for phosphand Idehyde and choline) showed an
Rf value corresponding to phosphatidyl choline (egg leaithine) and phospha
tidal choline Identical results were obtamed wath chromatography on for
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Table I Hentsfication of SRS bearing phosphatedes wth phosphatidyl (and phosphatidal) choline
Chromatography on silicic acid impregnated paper according to MaxivETTI 1962 Rf values

SRS-fraction | SRS frachion | Lecuthint Lysolectthun

+ phospha

tidase A
Rodamin 6 G 059 - - -
DNPH» 060 - - -
Choline 062 - — -
DNPH 057 - - -
Choline 0356 - 056 -
DNPH 063 - 065 -
Choline 043 020 045 021
Autoradiogram P 064 036 - -
Cholme 065 035 - -
Autoradiogram P? 046 026 - -
Choline 046 026 046 027

Chromatography on formalin treated paper according to Hormamuer et al 1939 Rf values

Autoradiogram P 082 067 - -
Phosphate reagent 081 067

The Rf values of SRS vary between duferent expertments due to difficulttes m preparmg siie
acid unpregaated papers of equal quayies

Egg lecuhun confans some phosphatidal cholie
+ 24 dimtrophenylhydrazine

mali treated paper After mcubation of SRS material with phosphatidase A
chr hy of the bated 1 on sthcic acid impregnated paper
revealed a phosphorus and choline positive spot corresponding to lysolecsthine
No other phospharus and choline positive spot was to be seen (Table I)
The solubtity propertes, the behaviour on stheic acid colurnn and on
propanol ammonma water paper suggested to us that SRS could be a choline
phesphande B s Garthax 2malyys conmmadictad dus asump-
tion The phosphorus content — below 2 per cent — was too fow for a phos
phatide and the peak of radioactivity usually did not completely comnaide with
the area of maximal SRS activity Further the SRS activity was resistant to
the action of phosphatidase A — as 1t was to phosphatdases B, C and D
Since the above results indicated that the SRS was notaphosphand: but
coupled to or merely mingled with such matenal sihcic acid chromatographed
material was thoroughly washed with chloroform to remove phﬁ!l’h”“d"l
The SRS activity was found to be retained 11 the chloroform nsoluble maten)




SRS SUBSTANCES OV HISTAMINE RELEASE 107

[ —
£
k]
4 ovo o s
e v s
¥
£
g
2
2an)
iz 8 Inactr ation of SRS (from cat paw chromatographed g

om silic ¢ ac d column) by guinea p g serum  Temperature
37 C Incubaton time 60 mm
R
e

and the SRS now became casily soluble 1n water made shightly alkalme (from
pH 78) When subjected to paper phy (n propanol
water or n butanol acetic actd water) several mnhydnn spots now turned up
two of which gate yellow and one violet stamng with Ehrlich s reagent When
the alkalne water solufion was shaken with n butanol the SRS materal
was found i the butanol layer On electrophoresis (according to CHaARLWOOD
and Goroon 1938) of the lyophilized butanol the SRS matenal was ob-
tamned within a rather narrow sector Exammation of this material continues

Since SRS actmaty was found to be resistant to trypsin chymotrypsin
carbovypeptidase and leucine amnopeptidase SRS 15 probably not a poly
‘peptide

The nature of the tnation of SRS by d lated mast cells
(Fig 6) serum (Fig 8) and vanous tissue extracts 1s under im estigation

Discussion

A slow reactung substance (SRS) 1s known to accompany anaphylactic
histarmne release mn gumnea pig lung (REzaway and TRETHEwE 1940
BrockrzHursT 1960 Chasravarty and Uvvas 1960) and histamme
telease in cat paw induced by compound 48/80 (CHAKRAN ARTY Hoceere and
Uv~as 1959) and by extracts from Cranes and Ascarss (Uvnas and Tiov un
published observations) It also occurs 1n solated rat mast cells exposed to
compound 48,80 (Uvas and Trov 1959) and to anngen

As shown 1 the present investigation the ongmal SRS maternal from cat
Paw gumnea pig lung and rsolated rat mast cells can be separated 1nto several
active fractions which differ markedly 1n therr chemucal and brological be
havior One fracuon contams a prinaple yelding a typecal SRS contraction

on ;hc guinea pig sleum and another fraction could contain unsaturated fatty
aads
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Bath brologically and chemically the SRS — whether it comes from cat paw
sumea pig lung, or 1solated rat mast cells — shows the same charactensstics
There 1s therefore no experimental evidence to Justfy the differentiation of the
SRS s formed n connection with lustammne release due to anaphylactic re
actions ~ designed as SRS A by BrocaLenurst — and to compound 48/80
(and other palymer releasers)

The spasmogenic action of SRS 1s very specific, guinea pig ileum beng by
far the most sensitive smooth muscle preparanon of those tested by us The
SRS s studied by BrockLEHURST and CHAKRAVARTY and others were reported
to stumulate the rabint small intestine fowl rectal caecumand rat colon These
sumulating effects were probably due to the presence of other acuve principles
1n thewr preparatioms Prior to siheic acid chy graphy our SRS H
from both cat paw and gunea pig lung exhilnted the same wide range of
spasmogentc activity but on punfication of SRS the actions on other smooth
muscle organs than guinea pig tlewm progressively declined

The chromatographic analysis showed that the SRS materal was nungled
with phosphatidyl cheline and phosphatidal choline It remans to be clucidated
whether this pling * of SRS to phosphatides 1s an artefact occurring during
the preparation or if 1t reflects uts origin from hprd structures

It has recenly been clamed that SRS 1s a neuramime acid dernsative (Syumit
1962) Qur chloraform washed SRS did not show any posttive statning reaction
for neuramue acid (Bral's oretnol reaction) Qur SRS 15 far more active on
the guinea mg tleum than nevramuuc acid and 1ts acetylated dernatne Our
observations therefore do not support Smuth s stalement

Qur observatians do not indicate that SRS 1s a polypeptide Whether or rot
1t 15 1dentical with any previously known substance or Js a new one remains 10 be
‘elucidated Its specific action on guinea pig ileum favours the 1dea that it not
wdentical with any structurally rdentified substance

The functional significance of the SRS is so far unrevealed It may play &
role mn the release pracess 1n the mast cells but sts mechanism of action 35 coft
pletely unknown As menttoned, the serum of e g guinea pig contains an SRS
mactnatng factor Of great interest 15 our observation that the mactvatieg

power of guthea pig serum 1s jerably reduced in s d ammals (to be
published)

The degranulation of mast cells and the release of histamne and SHT depend
on an energy req enzyme h (Hi and Uwuas 1960

Diavast and Us~as 1961 Uswas and Trow 1963 NMoran Uy was and Wes-
TERHOLM 1962) The detatls of this enzyme mechanism are unknown e 1t has
been suggested that the inmating process in the mast celf membrane :mmg
the actnnation of phosphatidase A or a related hpolytic enzyme {Hocpero B“d
Uwnas 1960) Acid liprds capable of actnating smooth muscle have been fu\md
to accompany ustamine release not only from tissues but also from uol;‘c

mast cells They may be unsaturated fatty acids formed by splitting of phos
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phatides 1n the mast cells Whether or not the occurrence of the spasmogenic
Iiptds reflects the actnation of a phosphatidase A m the | release
process remains to be clanified

The hypothests of phosphatidase A acusation as a hiok 1n the hustarmne re
lease process requires the existence of such an enzyre in the mast cells Obser
vattons made with the Cartesian drer techmque indicate that the rat mast cells
harbour a factor that splits lecithm but not Iysolecithin {(FREDROLM et af 1962
to be published) These obsersations are suggestive of a phosphatrdase A acton
localized to the mast cell

The authors wish to acknowledg the belp and advice of Dr S ULLEERG 1 performmg
b scannung and

Grants rom Nanonal Institute of Health Bethesda Md USA, No AM-4063 and Suftelsen
Gustaf och Thyra Svenssons Mmne to one of us (B Uvas) are gratefully acknowledg d.
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Abstract

Danrgvst A and D L Tuossov The digestion and absorplion of
maliose and trehalose by the mtact rat Acta physiol scand 1963 59
111125 — The rates and sttes of absorption of equal amounts of
maltose and trehalose were studied and compared with those of ther
component monasacchande glucose Using polyethylene glycol as
a water soluble nonabsorbable marker the transis through the
gastromtestinal tract and the absorption indices for the sugars m the
varous segments were caleulated The rates and sites of absorprion
of the disaccharides were abo compared with the amounts and
Tocal of the disacch m the mtesunal
wall The rates and loct of maltose and glucose absorpuon were the
same The rate of the mtracellular hydrolysis of maltose was not rate
limiting for ats absorption  The rafe of trehalose absorption during
the first 2 hr after administration was not signtficantly different from
that of glucose During the later phase of trehalose absorption when
the remammg trehalose was 1n the lower small intestine and colon
this sugar was absorbed considerably more slowly Thissuggests that
the relative lack of trehalase the lower small ntestinal mucosa

ted the rate of absorption of trehalose at thissite A considerable
amount of trehalose was absorbed from the lower thurd of the small
tntesune and the colon 1n contrast to glucose and maltose

Maltose 15 the principal end product of the digestion of utshzable dietary
polysacchandes by salivary and pancreatic amylase both 1 man and the rat
It ss thus a major dietary constituent Trehalose 1s a rare disacchande present
m fungn and snsects (Provian 1957) Like maltose 1t 1s composed of two glucose
molecules Tt 15 hydrolyzed more slowly by extracts of the intestinal mucosa

R. Samucl McLaughlin Travelting Fellow
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than maltose and trehalase also has a different distribution 1n the small
testine than maltase (DauLQyist 1961 a 1962) Information about the digestion
and absorption of trehalose may therefore contribute to our knowledge of the
physiology of the intestinal disaccharidases

In recent studies on the digestion and absorption of disaccharides mn the
human using an mtubation techmque with a non absorbable marker (Borc-
STROM ¢f @/ 1957 Danrgvist and Borcstronm 1961}, the disacchandases were
found to be localized sn the mucosal cells rather than secreted into the intesinal
Juice Because of therr llular local 1 1nformation
about the mtestinal disacchanidases cannot be obtained using intubation
techmques of this kind Nesther can the total rate of absorption of the sugars
be measured, since the 1ntestinal contents cannot be recovered 1 tote

Data concerning the rate of sugar hydrolysts and absorption the site of the
absorption and the amount and local of the I hydrolytic ¢n
zymes can be obtained by using ntact rats for absorption experiments When a
water soluble and non absorbable reference substance 1s used at the same time
the transit through the gastromntestinal tract and the absorption indices i the
dufferent parts of the gut can be measured Using polyethylene glycol as the
nonabsorbable reference substance we have previously studied the digestion
and absorption of sucrose 1n the ntact rat in this way (DanrcQuist and TioM
son 1963) We are now reporting a study of the digestion and absorption of
maltose and trehalose 1n the rat performed with the same technigue The data
on the absorption of these two disaccharsdes has been compared with that on
the absorption of a cortesponding amount of glucose

Materials and Methods

Ansmals Albino rats of both sexes of the Sprague Dawley strain were used The weight
of the rats varied between 150 and 196 g with a mean of 170 g DBefore the expenment
the rats were fasted for 16—20 hours with free access to water

Sugars Glucosz was obtamned from Baker Chemical Co (Philipsburg N ] USA)
maltose {4 (¢ Deglucopyranasyl ) D glucose) monohydrate and trchalore {3 (2D

e 1} a Dgl ) de) dihyd from Pfanstieh! Chemical Labora
tonies (\aukegan Il U S A) All sugars were of analytcal grade purity

Expression of the werght of sugars On complete hydrolysis 1 0 g of maltose monohydrate
will yicld 1 0 g of glucose and 10 g of trehalose dihydrate will yield 0 95 g of glocos®
In order to simpldy the calculations the amount of maltose or trchalose found m 1he
analyses has always been cxpressed as the weight of the glucose formed on hydrolysis

Ab. tests The absorp tests were 1 11 the same way as that previous!Y
described for sucrose and mvert sugar (DAnLquist and Trousow 1963) Each rat 3%
given by stomach tube 800 mg of one of the three sugars tested together with 50 mhs
of polyethylene ghycol dissolved o » solume of ¢ mi with distilled water At ;
conclusion of the absarption period the enure gastromntestinal tract was mnm,ed"z‘ﬂ,v
divided as ps 1 bed  After the di d: had been t et
heatng homogenates of the stomach upper muddle and lower thirds of the stm:
intestine and the large intestine were prepared and diluted to 100 mi The Fomog
enates were stored at minus 20 C unnd the analyses were performed
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Analytical methods The determmation of polyethylene glycol and the precipitaion of
protein were performed as deseribed earher (D anvgvist and Troasov 1963) The sugars
were d snd lly using the d d st the amount
of free glucose present was determned with the ins-glucose owdase reagent of DARL
guist (1961 b) which does not react with maltose or trehalose Then the total amount
of sugar present was determmed with the anthrone method performed essentially as
described by ScotT and Mervix (1953) but with heating 2t 100 C for 7 5 pun instead
ofat 90 Cfor 16 min Glucose was used for the preparauon of the standard curve The
molar extinction for glucose with this method 15 the sanic whether 1t 13 present as free
glucose or as maltose or trehalose Thus the amount of disacchande present could be
calculated as the amount of sugar found with the anthrone reagent munus the amousnt
of glacose found with the tns glucose oxidase reagent Deproteimzed homogenates of
the small intestine of fasting rats did not contain anthrone postive matenal correspond
ing to more than a few mg of glucose

The amounr of sugar excreted into the urine was determined as described previouslv
(DasLgvist and Trosssow 1963)

Determnation of the rate of hydrolysis of maltase and trehalose 1n witro by dissue homogenates
The gastromtestinal tract of fasung rats was removed and dinded 1nto segments The
stomach and the large intestine were cut open and the contents removed Each segment
was weighed and then homogemzed for 2 mumn 1 an Ultra Turrax homogenzer with
4 parts (v/w} of 09 per cent sodium chlonide The tube was chilled with crushed 1ce

uring the The hy was fuged at 1 000 X g for 10 mun
The opalescent supernatant which contatas the disacchandases (Borastrayt and Dast.
Qvist 1958) was analyzed for maltase and trehalase activity under the conditions de
seribed by DAntQvisT (1960) using the tris-glucose axadase reagent (DanLovist 1961 b)
for the determination of the degrec of hydrolyss One umt of maltase or trehalase Iibe

ra:-; 1 mg of glucose from the appropnate substrate m 60 mn under the conditions
15

Caleulatson of the resulis
The terms used are the same as those reported previously (DasLgVisT and TroxsoN

1963) They are modified from those used by Rey~eLL and Spray (1956 a)
Castric emptyin,, 15 calculated using the formula

Gastnc emptying = PacP

2.. = mg palyethylene glycol admmstered
= mg polyethylene glycol recovered from the stomach

Intestinal tranit s that percentage of the marker entering a given scgment during the

::: snce wtubation which has moved on to the next segment durtng the same ume
rval

Py
Intestinal teansit = ———= x 100
" Fit P

P4 = mg polyethylene glycol recovered from all parts of the stesunal tract distal to
P © segment under consideration

= mg polyethylene gy col recovered from the segment of intestine under consideration
. Total ameunt of sugar absorbed 13 the amount of sugar n mg which has disappeared
Tom the tract dusing the ab: peniod It s calculated by subtract

\‘i“g the toral amount of sugar recovered (glucose and maliose or trehalose when the
isaccharides were fed) from the amount fed

B—633015 Actq Phyniol scand 1ol 59
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Fig 1 Gastric emptying calculated from the amount of polyethylene glycol recovered from the

stomach at different times afier the intragastric admunistration of 800 mg of sugar and 50 mg
of polyethylene glycol i 4 mt of water

Rate of sugar absorplion 1s expressed as the number of mg of sugar absorbed per hr as
caleulated from all values obtained during the first two hours after intubation
Absorption index 13 the percentage of sugar which has been absorbed from that fractron
of the solution fed which 13 present in the segment under consideration at the time the
ansmal is killed The fraction of the amount of polyethylene glycol fed which 18 found
1n the segment s taken fo represent the fraction of the oniginal solution present i the
segment The absorption mdex thus provides a measure of the degree of absorption of
)lhe sugar
It 1s caleulated from the formula

S Pal
Absorption index = 100 (l 7 S..)
= mg of sugar recovered from the relevant segment
P. = mg of polycthylene glycol admnsstered
= mg of polyethylene glycol recovered from the relevant segment
S» = mg of sugar fed
~ Thy 1 trannit and absorption dices 1y Yated for segmenis s which
at least 10 ¢, (5 mg) of the amount of polyethylene glycol fed was recovered
Statistreal caleuls The fHi means and standard
errors were calculated and compared according to Baney (1959)
Amount and rate of hydrolyns of the dusaccharides 1n pive The amount of disacchande
hydrolyzed 1n £ o was calculated using the assumption that all of the dusacchande
(maltose or trehalosej which had d d from the g i tract a¢ a given
tme had been hydrolyzed during 1ts absorption The amount of sugar hydrolyzed V(;’
thus calculated as the sum of the amount of sugar which had disappeared from o
gastromtestinal tract plus the amount of free glucose recovered 1n all of the l(gm’l’“:s
The rate of hydrolysis of the disaccharides 1 1120 (mg/hr) was calculated from thevalu
obtained dunog the first hr after intubation
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Fig 2 Total amount of sugar absorbed at cifferent times after the intragastnc administra
teon of 800 mg of glucose

Fig 3 ‘Total amount of sugar absorbed at different times afier the intragastric admuustration
of 800 mg of maltose

Results

Recovery of polyethylens gheol OF the 50 mg of reference substance fed 484
+058 m,, were recovered (mean £ § E)

Gasinc emptytng

The percentage of gastnc emptymg after different time mtervals was the
same whether the rats were fed glucose or maltose After the feeding of treha
lose the gastric emptying scemed to proceed a httle more rapidly (Fig 1) In
all animals the gastric emptying exceeded 55 % m 1 hr and 9o % n 2 hr

Rate of sugar absorplion

The total amounts of the sugars absorbed at varying times after the feeding
of 800 g of glucose, maltose or trehalose are shown 1n Fig 2 3 and 4

The absorpion curves for glucose and roaltose were very similar (Fig 2 and
3) The absorption of these sugars proceeded hncarly unul the absorption was
over 90 % complete

The absorption curve for trehalose was obviously different from those of the
other two sugars After 2 hr 67 o/ of the trehalose absorbed and after that
ume the absorption proceeded more slowly (Fig 4)

The absorption of all three sugars appeared to praceed lLinearly dunng the
first 2 hr The regression coefficients for this pertod were calculated with the
assutption of a linear absorption The regression coefficients for the glucose
maltose and trehalose expeniments were 444 457 and 302 respecmely The
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The regression hines for the absorption of ghucose and maltose were nearly
adentical The line for the absorption of trehalose had a smaller sfope but this
difference was uvat found to be statstically sigmificant when the regression

th were pared using a fied Student s t test (Bauzy 1959}

Ustng the values for the fiest 2 br the rates of sugar absorption i mg per
hr were also calculated For thys penod glucose was absorbed at the rate of
297 4- 19 mg per hr {fmean + § E ) maltose at the rate of 27{ 4 35 mg per
hr and trehalose at the rate of 235 4 27 mg per hs These rates were not
signeficantly different when compared n paws ustog the Students ¢ test
v “Therefore the rate of sugar absorption dunng the frst 2 hrs was not sgntl
stamly different whether the 800 mg of sugar were fed as glucose maltose
“or trehalose although the later part of the absorption curve for trehalose
clearly differed from those of the other two sugars

Intestinal fransit

The transit through the three segments of the small intestne at different
times after intubaten ss seen m Table 1 Dunng the first three hours the
values were suntlac for all of the three sugars fed The transit decreased pro
gressiely from the upper to the Jower third of the smalf mtesune at each tme
anterval

Afier 2 hrs oser 85 ©, of the polyethylene glycol fed had entered the mddle
thira of the small intestne and after 3 hrs over 95 ©, had entered the fower
thied (Fig | and Table I) When glucose and maltose were fed 98 % of the
polyethylene ghyco! had entered the Jarge intestine afies 4 hrs but after !:1;
feeding of trehalose half of the polyethylene glycol cemaned 1 the fower 1
of the small mntestine cven after 6 hes
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Table T Mean mtestinal transit of the suar pobethylen.. glycol solutums theou,h the small
mlestine at rarous tumes after feedin,

Time | No of |Sugar fed | Small mtestime
afier ;| ansmal
tebation Upper thurd \ Middle thurd Lower third
() Mean |Range | Mean | Range | Mean | Range
05 4 Glucose 59 (47 74 41 |27 18 | -7
4 Maltose 27 | 53-60 3t | 14-53 17 | o-2»
4 Trehalose | 71 | 6291 41 |39 [ -
10 4 Glucose 70 61-77 46 31-72 ] -
4 Aaltose 73 | 66-179 41 | 28-63 4 | 0-9
4 Trehalose 87 |72-98 5¢ |30-83 22 067
135 3 Glucose 91 8:-9 66 3883 I 0—4
3 Aaltosr 93 |90-9 53 |32-.0 5> | 0-11
4 Trebalose | 94 | 8897 67 | 33-a21 39 | o-7
20 3 Glucose 98 - 93 (0394 2 | 0-6>
2 Maltose 98 - 87 | 80-9> 2 -
2 Trehalose | 100 - 94 {999 55 | 51-60
10 1 Glucose 100 — 100 - " -
2 Aaltose 99 |9s—100f 99 [va—100| 12 -
2 Trehalose 99 98—-100 93 - 48 43—57
40 1 Glucosr 100 - 100 100 -
1 Matiose 98 - 100 98 -
2 Trehalose 98 — 98 - 41 37—46
00 2 Trehalose 99 les—t00{ 99 [93—100) a3 | 29-78

Type of sugar reco ered from the various segments

The amounts and types of sugar d from the diffe at
anious trmes after the feeding of 800 mg of glucose maltose and trehalose are
shownm Fig 5 6 7

When the disacchandes (maltose or trebalose) were fed only mimnute amounts
of free glucose were recovered from the stomach at any time mdicating that
verv hittle hydrolysis occurred at thus 1te {Fig 6 and 7}

When glucose or maltose was fed the amounts of sugar recovered from the
lower third of the small mtesune and from the large mntestine were always
small (Fig 5 and 6) After the feeding of maltose up to 50 9, of the sugar re
covered from the small intesune was free glucose (Fig 6)

When trehalose was fed 1n contrast consderable amounts of sugar were
recovered from the lower thurd of the small intestine and from the large wites
une (Fig 7) As much as 20 °, of the total amount of trehalose adminstered
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red after

after the feeding of trehalose were much smaller than those recove
the feeding of maltose
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tract after the of 800 mg of rrehalose

Gastrie and sntestinl absorption indices

Very litle sugar was absorbed 1n the stomach and in many expenments
To gastne absorpuon ar all could br detected (Table 11)

Most of the glucose and maltose fod was absorbed 1 the upper two thirds
of the small mtesune Absorption was practically complete m samples obtaned
distally to the muddle thard of the small after the ad) of
these sugars except in a fow samples recovesed from the lower third of the small
mrestsne dunng the firse hour after ntubation

After the feeding of trchalose howeser only about 50 °, of the sugar was
absorbed in the samples recosered from the large miesune as late as 3 brs after
mtubation (Table mn

Completencss of the absorpton of mafioss and trehatose

In the exp where the absorption had proceeded for 6 br Iess than
2, of the sugar but over 90 ©) of the polyethylene ghveol was reem vred from
the ! tract This md, that the absorpuon procecded to
completion In other experuments the faeces of the rats were collected for 2 days

afier the feeding of the sugar soluttons Less than 1 9 of the sugac fed was
recoy ered
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Table {1 Mean absorption wduces for glucose maltose and trehalose for the Larious gastro
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Intestinal tract segments at varous time wlertals after itubation

Time {No | Sugar fed |Stomach [Small intesune Large
after (of Upper Muddle Lower ntestine
intu | ant thrd third third
bation| mals
hir) (3 [ M ©
2l g2y 22| 2|2 £ |2] 2
05 4 | Glucose 2]0-6 | 26 |13—42] 40 |26-57] 36 - - -
4 | Maltose 0o 13} 0-22) 42 |30--38) 22 - - .
4 | Trehalose | 6021 8] 0-26] 31 |19—44} 13| 0-31] —| -~
10 4 | Glucose 6014} 22 }16—29} 70 J64—77] 72 j09-97}F ~ -
4 | Mattose 60131 17 ] 0-28] 69 |61—79| 78 |72—89] — -
4 | Trehalose | 7 |0—13] 25§ 0-35| 47 |28—61) 43 )28-86) 20 -
15 3 | Glucose 410-6 8] 0—25] 85 ]78—92] 94 8699 ~ -
3 | Maltose 210-7} 0fo 65 |22-88] 89 |72-98] ~ ) -
4 | Trehalose | 7 [0-15] 38 | 0—87| 76 |64—91] 67 |53~81] 43 | 4051
20 3 | Clucose ojo 46 ) 0-94] 94 [88-1001 93 |89~96]100 -
2 | Maltose 2104 } 19} 0—38) 9+ 10496} o8} ~ |} -} ~
2 | Trehalose | — -} = Joesl — [ |n-8s} 56565
20] 1 {Gueose |- - | -] = | -] - hoe|l ~ jwo} ~
2 | Maltose -] = 88 - 88 - 99 - 96 -
2 | Trehalose | — | — |100 — [100 - 88 |8t 93] 46 | 43~30
0 1 | Clucose - = - - - - - ~ ]100 -
1 | Matose |~| - |8 — [ ~| —~ [0 ~ |99| -
2 J Trehalase | - | — | 93 }a7-100)100 | - 99 [98-100] 82 | 75~90
30} 2 | Teehatose | ~ ] — Jwoo| — fw0] ~ |wof ~ | 9¢)8-100

The locahization of maltase and trehalase in the digestue tract measured wn walro

The rat intestmal tract contains much more maltase than trehalase {Table
111) The enzymes are chiefly present in the smallintestine The activities pres
ent m the other paris of the gastromntestinal tract are low Rat pancreatic
Juice, obtained by a catheter had very low maltase activity (4—31 unuts per
ml) and no detectable trehalase (less than 05 unuts per mi) The maltase 13
unformly distnbuted along the small intestine The trehalase in contrast
decreases markedly from the upper third of the small intestine to 1t ower
third, the latter value beng 10 % of the former

The ntestinal disacchandases are known to exert their physmloglc.’ll action

aside the mucosal cells (Danrgvist and BorasTrom 196

Bruv 1962)

I Dancguist and
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Table I Maltase and trehalose actunties of the anous segments of the gastrowtestinel tract
of the rat measured tn vetro in homogenates

Segment No of | Total vaits of maltase Tatal unsts of trehalase
animals| actmaty actvity

\ean Range \fean Range
Stomach 6 30 6—43 2 0--3
Upper third small mntestne 3 700 281845 163 116- 216
Aiddle thard small intestme 3 649 54-746 77 73- 80
Lower third small intestine 3 6% 593747 I 872
Caecum 3 8 7-9 1 0-3
Remamnder of colon 3 8 313 1 1-2
Caecal contents 2 1 0-2 0 -

One unit of maltase or trehatase hydrolyses 1 me of maltose or trehalose per hour {3: €,
0078 M substrate pH 6.5 for maltase and PH 60 for trehalase}

Can si,mficant amounts of maltose or trehalose be absorbed from the gastrontestnal
tract anthout hydrolysis?

To be able to calculate the rate of hydrolysis of the disacchardes m two
we had to know whether some of the disacchande that had been absorbed
had escaped hydrolysis in the intestinal wall For this purpose we assayed the
amount of sugar excreted 1n the urine which was collected for 2 days after
the peroral ad n of the disacchande — polyethylene glycol solution
For comparson we also collected the urine from rats which had been given
30 mg of each disacchande mtrapentoneally as a 10 % solution

After the intrapenitoneal injection of trehalose 84—93 % of the sugar was
recovered 1n the urne This means that trehalose like some other disaceha
rides such as sucrose and Jactose (VErzaRr and McDoucarr 1936 DaHLQVIST
and Trowsox 1963) cannot be bolized when gnen p lly and of
some of this sugar 15 absorbed from the gastromntestinal tract without hydrolysis
1t should be excreted 1 the urine After the peroral feeding of 800 mg of tre
halose however Jess than 3 9o of the sugar was recovered in the urmne This
tndicates that the trehalose 15 virtually completely hydrolyzed dunng the
passage through the intestmal wall

Maltose 1n contrast was metabolized to a large extent alter intraperitoneal
injection Only 822 9, of the anjected amount of this sugar was recovered
i the unine This 15 1n good accord with earlier observations (VERzAR and Mc
Dovoare 1936) Therefore although after the peroral feeding of 800 mg of
maltose less than 3 % was 1n the unne t lude that mal
tose 15 completely hydrolyzed during absorption

Larver and MceNiekre (1955) have recovered small amounts of maltose
12 the portal blood of rabints after the peroral feeding of this sugar However
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about 92 %, of the sugar recovered in the portal blood was free glucose Can
et al (1960) found only free glucose on the serosal side of isolated rat small
1ntestine during the absorption of a starch hydrolysate The high maltase actin

1ty of the intestinal wall compared with the rate of absorption of maltose
found in our experiments also makes 1t improhable that any significant amounts
of the maltose can have passed the mtestinal wall without hydrolysts

The locals..ation of the kydrolysis of maltose and trehalose in ouo

Only small amounts of the sugars were hydrolyzed in the stomach, because
the gastric contents contamned only very small amounts of glucose when the
disaccharides were fed (Fig 6 and 7) and the gastric absorption of sugar was
ummportant (Table II) The gastric hydrochloric acd and the weak disaccha
ridase of the h arc therefc g 1n the hydrolyss of
maltose and trehalose by the gastromtestinal tract

When maltose was fed httle unhydrolyzed disacchande reached the lower
segments of the mtestine (Fig 6) In the portions wiich reached the Jower third
of the small intestine after the first half hour 72 ¢} or more of the sugar had
been absorbed (Table II) and about half of the remander had been hydro
lyzed (Fig 6) The major site of the hydrolysis of maltose was the upper two-
thirds of the small intestine

When trehalose was fed very little Iree glucose was found in the sanths
segments As much as 20 % of the amount of trehalose fed reached the large
mtestine unhydrolyzed (Fig 7) This was also reflected in the low absorption
ndices for trehalose in the samples recovered from the lower segments of the
1ntestine

Thus a considerable fraction of the trehalose escaped hydrolysis 1n the upper
part of the small intestine where the trehalase actty 1s concentrated This
fraction was slowly absorbed in the lower third of the small intestine and
the large intestine since the absorption of trehalose proceeded to completion
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Table IV Compartson of the rates of ydralysis of maltos and trehalose an v1tro and 1 pizo

Sugar In itro In tuo
{mg glucose formed/rat/br} | (mg glucose formed/rat/br)
Mean £ § E. Mean £ S E.
Maltose 209 & 147 378 37
Trehalose 271426 251 £ 39

The low trehalase activity of these parts of the gastromntestinal tract may ex

plan the slower absorption of trehalose occurning later than I 1/2 br after
intubanon

Comparison of the rates of Rydrolysis of maltese and trehalose wn witre and n rivo

The course of the hydrolysis of maliose and trehalose 1n the mtact rats
calculated with the assumption that all the sugar that had disappeared from
the gastromtestinal tract had also been completely bydrolyzed 1sseenn Fig 8
Duning the first 1 1/2 hr the two disacchandes were hydrolyzed at approu
mately the samerates but then the by drolysis of trehalose proceeded considerably
more slowly than that of maltose

The mean amounts of maltase and trehalase 1 the entire gastromtestinal
tracts of three fastng rats determuned iz ritro with tissue homogenates are
scen 1n Table IV These values are compared wth the rates of hydrolysis of the
disacch tn rico caleul. from the of d hande recovered
dunng the first hr after mtubation

It s clear that the amount of maltase mn the ntestmal tract greatly exceeds
the activity utilzed during absorption As the rates of absorption of glucose
and maltose are virtually equal the availability of maltase 1s not rate-himuting
for the absorption of this disacchande

The rate of absorption of trehalose 1 w10 closely approaches the rate of its
hydrolysss by the h dg 1 tract under optimal conditions
mzitro After the mitial 1 1/2 hrs of absorption therefore 1t seews likely that
1115 the low trehalase activaty of the lower part of the gastromntesumal tract which
18 the rate limuting factor 1n the absorption of trehalose

Discussion
One of the most strking features of the present 1nvestigation 1s that the rates
ofabsorption of the three sugars studied maltose and glucose are sim
lar dunng the first two hours of absorption (the “hnear absorption penod )
The rate of sugar absorption duning this period also equals the rate of absorp-
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tion of sucrose and nvert sugar when studied under the same conditons
(DanrgvisTand Tromson 1963) The rates of hydrolysis of the three disaccha
rides by mucosal extracts mn wro are markedly different We have obtaned
evidence that these disacchanides are completely hydrolyzed duning absorp
tion Therefore the rate of hydrolysis of maltose trehalose and sucrose does
not it the rate of their absorption in the rat during the  hinear absorption
persod’  The rate and site of absorption of glucose found by us agrees well
with that found by ReyNeLL and Spray (1956 b)

In this study maltose was absorbed in the same location s glucose, the proxt
mal two thirds of the rat smail mtestine In the human, m contrast, maltose
has been found to be absorbed at a considerably lower level mn the smallintes
tine than glucose (DantQVisT and BorasTROM 1961)

Regardimg the rate and stte of absorption after the first two hr period, there
are stnking differences between trehalose and the other two sugars studied
Trehalose 15 absorbed more slowly during the later phase of the absorption
process and, 1n contrast to glucose and maltose a considerable of the trehalose
reaches the lower segments of the gastrointestinal tract This 1s eastly explamed
by the relatne amounts and distributions of maltase and trehalase n the
various gut segments When measured w sitro, the maltase 1s present in great
excess 11 companson with the amount needed for the hydrolysis of maltose
during sts absorption tn tazo Also, the maltase actisity 1s hugh in all parts of
the small mntestine 'When the amount of trehalase 1s measured m wiro the
activity found 1s just sufficient for the hydrolysis of the amount of trehalose that
1s absorbed during the linear absorption period  Furthermore the maximum
trehalase activity 1s distinctly localized to the upper third of the small intestine
That fraction of the trehalose which escapes absorption and hydrolysis i the
ipper part of the small intestine and reaches the lower segments of the gut 15
then hydrolyzed and absorbed very slowly due to the Jow trehalase actuity
1n these segments In spite of this no absorpuon of trehalose occurs without
simultaneous hydrolysis as no trehalose 1s found 1n the unne

If one considers the disaccharide absorption mechanism to consist of at
least three steps the entry of the disaccharide into the mucesal cells sts hydrol
ysis and the exit of the monosacchandes into the portal blood 1t can be
postulated that 1 the rat 1t 1s the third step which 1s rate hmting for maltose
and sucrose This would also apply to trehalose absorption in the proximal
third of the small intestine The stmlarity of the total rates of absorption 18
spite of the marked differences in the rates of hydrolys:s of these disacchandes
by mucosal extracts can be explained by this reasoning In the lower part of
the however the availability of trehalase seems to be a rate miting
factor n the absorption of 1ts substrate
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Primary Afferent Depolarization Evoked from
the Sensorimotor Cortex
By
D CarpenTeR' A LuNDBERG and U NoRRSELL
Recerved 26 January 1963

Abstract

Careevter D A Lunpeerc and U NorrseLr Primary afferent
depolanization eroked from the sensorsmotor cortex Acta physiol scand
1963 59 126—142 ~— Sumulation of the sensorimotor cortex evokes
dorsal root potentials (DRP) 1n the lumbo-sacral cord Primary af
ferent depolanzation 1s evoked 1n group Ib and group 11 muscle af
ferents and cutaneous afferents but not i Ja aflerents The effects are
mediated by the pyramidal tract There 1 spatial facilitation between
the paths from primary afferents and cortex It 1s concluded that the
pyranudal tract acts on pnmary aflerents by giving excitatory action
to 1nterneurones of spinal refiex arcs to primary afferents

Activity 1n the pyramidal tract causes widespread activation of interneurones
1n the dorsal horn and intermediary region (Lrovp 1941 Luspserc NORRSELL
and Vooruoeve 1962) A recent detailed analysis has revealed facilitation
from the pyramdal tract of interncurones transmutting actions to motorned
rones from Iz Ib and flexor reflex afferents (FRA) (LUNDBERG and VOORHOEVE
1562) Findings durng this ins cstigateon gaic rsc to the queskon whether the
pyranmdal tract also had effect on primary afferents or on the spinal refiex
paths to primary afferents The reults of a systematic nsestigation of this
problem will be presented below A bauis for the present work has been the
recent analysis of spinal reflex paths to primary afferents Ia afferents 21¢
depolanzed by volleys 1n Iz and Ib afferents mamly from flexors {Ecctes
\acwt and Wizwss 1962 a) Ib afferents are depolanzed by 1b volleys from
flexor and extensor muscles (Ecces Sciwipr and Wiwus 1962 d) whereas

1 Present address Harvard Medical School Boston 15

126
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cutaneous afferents recen e depolartzation from Ib afferents and from the FRA
{Eccres Rostyun and Scuyuot 1962 ¢}

A prehmnary report of the work presented below has been grven (CARPENTER
Luvpsere and NorrserL 1962) and sumlar findings have also been reported
1n a prehmmnary communication by ANDERseN Eccies and Sears (1962)

Methods

The experiments were made on 17 cats under pentobarbital sodmm  chloralose or
chloralose urethane anaesthesta The spwal cord was exposed from L+ to S1 and the
L6 L7 and S1 ventral roots sectioned on the left side The following left nerves were
usually dissected and mounted for stimulation or recordmg quadirceps (Q) posterior
biceps semstendinosus  (PBSt) anterior biceps-serumembranosus  (ABSm)  gastroc
nemussoleus (G-S) plantans (P1) flevor digitorum longus (FDL) deep peroneal
{DP) sural (Sur) superficial peroneal (SP) posterior jomt (]} In one expeniment the
nerves were dussected on both sides and bilateral section of the ventral roots L6 S1 was
made The sensorumotor cortex was exposed on the nght side and shmulation was per
formed as described by Lunnperc and VoorHorve (1962)

For recording of dorsal root potentials the caudal filament of the L6 dorsal root was
sectioned dissected free to the pomt of entry into the cord and mounted on recording:
clectrodes one elose to the spinal cord and the other at the cut end The mterelectrode
distance was about 15 mm The mcotning afferent volley and slow cord dorsum po-
teatials were recorded with an electrode placed on the dorsal root entry zone m L7

Intraspinal exaitability were made as described by Wars (1958) and
Eceresetal (1962a) Consentional glass capillary micraclectrodes filled with 3 M NaCl
solution and 2 resistance of 1—2 M{? were used Dunng ssertion of these electrodes
wnfo the spinal cord they were used for recording of the extracellular fields whereby the
appropriate location of the electrode tip for the required testing situation was assured
The sumulus was exther condenser discharges with 3 half decay of 7> pisec or square
wave pulses with a duration of 0 I—0 2 msec supplied 1o the elecirode via an wsolation
transformer or a radiofrequency isolation umt Intracellular recordings from primary
afftrents were made wath 3 M KCl microelectrodes with a resistance of 5—10 M
Ater 1l ding the lular field 15 were always recorded
alter slighs withdrawal of the clectrode from the axon The tune constant of the amplifiers
used for recording was 0 8 sec

Results
) Dorsal root potennals

On sumulation of the sensorimotor cortex a dorsal root potential (DRP) 15
evoked (Fig 1 record G—H) which resembles the DRPs evoked from the
benipheral nierves For comparison the DRPs evoked from different peripheral
nenies are shown im A—D The DRP1n A was evoked by a single group I vol
ley from the Q nene The additional effect 1n B was evoked from hugh
threshold muscle afferents A group I train from Q caused the DRP shown in
Cand a single volley 1n the SP nerve the effect m D The DRP evoked from
these different afferent systems resemble closely those found m the spmal
Preparation (Broows and Foures 1922 Eccres etal 1962a Eccres hosrvux
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Fig 1 The upper traces are dorsal root potentials (DRP) recorded from the most caudal dorsal
o0t filarnent in L6 The lower traces were recorded from the dorsal root entry zone i L7 The
quadnceps nerve {Q) was sumutated 11 A~-C and the stimulus strengths are given i multiples
of threshold strength for the nerve A shows the cffect of a single maximal group I volley and the
additional DRP 1n B 13 duc to acuvation of high threshold muscle affereats The DRP 10 G was
caused by a group 1 tram from Q_and D shows the effect of a single volley in the cutancous
superficial peroneal nerve (SP) In E—H the sensorimotor cortex was sumulated at the indrcated
srength In the DRP recording an upwards deflexion signals negativity of the clectrode clos
1o the spinal cord In the lower traces an upwards deflexion singals negatwvity of th e electrode in
contact with the cord dorsum Records A—D consist of superimposed traces and E—~H of aingle
trates Records C and D were taken at the faster apeed shown in D and all the other records at
the stow speed Cahibration refers to the dorsal root potential

and Scusupr 1962 b) This 13 of importance for the present analysis because
some actions to primary aflerents are suppressed an the decerebrate state (Car
PENTER EnGBERG FUNKENSTEIN and L 1963) Repetitive smulat
1s usually required to evoke a DRP from the sensorimotor cortex but en afew
occasions a small effect was evoked by a single strong sumuius The latency
from the onset of cortical sumulation was usually about 25 msec Cortical
sumulation evokes a negative cord dorsum patential after 8~10 msec and

d with this p ! there 15 a postive DRP (L) At stronger
sumulation a negative DRP and a positive cord dorsum potental appears it
parailel (F—H) The intial small posittve DRP resembles the DR IV of Lroyp
and McInTyre (1949) and 1t has been shown that the DR IV s not a trans
membrane potential (Eccres and hrnjvic 1959) In some of the preparations
1naesthetized with chloralose and chioralose urethane the cord darsum polemh‘ﬂ
has reversed to an mtial positivity at stronger corucal sumulauon This imtsal
posttive cord dorsum potential had the same latency as the negative cord
Jorsum potential evoked at weaker strength of cortical sumulation and resem
bles the potential resulting on stmulation of the brain stem (CARPENTER
E~ceERG and Luxprere 1962)

The cortical asca from which DRPs can be evoked in the fumbar regt
shown 1n the drawing in Fig 2 Records B and D in Tig 2 illustrate thas no
DRPs can be evoked after section of the pyramid hence the effects 1m A ';
corded from the Ieft dorsal root filament and in C recorded from the nsht

on 18
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dorsal filament are medated exch fy via the corticospinal tract ‘The records
m Fig 2 also dlusteate that biateral effects are evoked and since this
experament the cord was henusectioned 1t can be concluded that the pvramudal
tiact has bilateral actons 1n the spmal cord This may be related to the fact
that volieys 1n dorsal roots or penpheral nenves have blateral acuons {Barrov
and Marmiens 1938 Liovp and Melntvre 1949) If the sumulus strength
afier pyramidal section was ncreased above 15 mA a DRP and an mtial
positne cord dorsum potential did appear At this hugh strength a sumulus
escape to subcortical structures cannot be entirely excluded However m
preparations with sntact pyramids, an mhal posiwe cord dorsum potential
was sometimes found at lawer strength of cornical stumnlation fcf above)
Since strong stimulation of the dissected pyramid gave the same effect as
that shown i record H Fig 1, 1t 1s likely that of the effects evoked from
cortex those assocrated with an mutal po rave cord dorsum potential may
be mediated na other paths than the corucospinal tract VWhen rot other

wie mentioned the actons referred to below are assumed to be mediated
by the corucospnal tract

2) Types of affevent fibres depolarszed from cortex

In one seres of expeniments a sumulating electrode was inserted mto the
geay matter i exther the dorsal or the ventral horn and the test solley was
recorded i the peripheral nenve (WaLL 19381 The effect of condimomng
cortical and pe pheral \f were pared In another series of 7
expenments itraceilular recordings were made from smvle axons permithing a
durect measurement of the depolanzaton evoked from different sources

2 afferents 1n the expenment of Tig 3 the sumulaung electrode was mserted
i the G—S motor nucleus The test volley recorded i the G- § nerve could
be faclitated by group 1 volleys from the PBSt and DP nenves as 1 shown in
913015 Acta physrof scend ¥ ol 59




130 D CARPENTER ET AL,

ot et
320
.
o PASt—~G §Ta
2 <o s G Sia
S
-
‘s,
s [ -
b CVEY L .
[ 3 X0 S 330mas
Be re
sy

Fig 3 The effect of corneal on the of termunaly of T fibres
The testing sumulus was deliver d through a mucroelectrode inserted mio the motor nusteus
of gastrocnemius sofeus (G~8) at the mte where the maximat fa focal potential could be re
torded The test ducharge was recorded 10 the G—$ nerve. 100 , on the ordmate represerss
the herght of the unconditioncd test discharge

Cortrcal sumufation did not merease the height of (he test discharge (@) but there wasa
marked cffect by a train of 4 group T volleys from PBSt ((O) The conditromrg stmul: are
indicated befow the abscissa

the Fig for a train of 4 group I volleys from PBSt However in no case was
there any trace of faclstation when cortical stumulation was used for conds
twomng In other exy tul was made from 16 sden
ufied la fibres In none of them did cortcal sumulation causc any trace of
depolanization whereas large actians were usually obtained from the PBSt and
DP nerves (¢f Ecures et al 1962 a)

14 gfferents The effeets on Ib fibres were mvestigated wath the tesung sumu
lating electrodes inserted into the intermediate nucleus of Cagat. Wath ths
focauon of the 1 ds it of the tor cortex did
grve increased excitabshity in grougp I fibres It seemed hkely that this effect was
exerted in Ib fibres and this was proven by the use of the colhsion technigue
preparations 1 which group 1 volleys displayed separation 1n 1a and Tb com
ponents (Eccies Ectiks and Lundberg 1957 Lavowte and Besou 1957)
Sumulating efectrodes were placed on the nerve from which the test volley was
recorded and a maximal Ta volley trom the periphery was imed to collde wath
the outgmng group 1 volley esoked by the test stmulus apphied in the antes
mediary region Hence a pure Ib volley could be recorded in the penphery
Record A 1 Fig 4 shows the maumal group 1 volley from G—5 dusplav 3ep-
aration m Ia and Ib components and B shows the dauble volley test whese
the first valley 1s maximal for Ia Recard C shows the size of the test volley
recorded 1n the G—3$ nerve when not decreased by a colliding volley D shows
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% 4 Effect of stimulanon of the sensorimotor cortex on the excitab lity of presynapuc terminals
of Ib fibres The testing stumulus was del1 ered through a mctoelectrode inserted inta the mtex
mediary nueleus at the site where the maximal It focal potenual could be recorded The dis-
charge was recorded 1n the G—S nerve Through another (cent al) pair of electrodes on the
G- nerve a centripetal group 1 volley could be evoked and thus volley vas funed @ coltide with
the centnfigal group I volley Reco d C shows the discharge evoked from the intraspumal micro~
clectrode 1 the absence of any centnpetal colliding volley In D 2 maumal group I colliing
volley was given In thus preparation the G—S group [ volley dispalyed the separation i Ja and
Tb components {reco d A) In B the double volley test was employed to show that the Ia volley
was masimal at 3 3t ength of 13 tmes threshold In record E (shown at two sweep speeds) 2
maximal Ja coll d ng vofley was used hence the outcoming wmpulses ase o Ib fibres and the
herght of thus volley could be used as a measure of excitabal ty in the p esynaptic termunals of Ib
fibres The effect of co t al stumulation 1s shown 1 F and 1n the graph below

the disappearance of the test volley with a maximal group I colliding volley In
E 2 maximal Ia colliding volley was used and hence the records (at two speeds)
show a test Ib volley The facil y effect of ¢ cortical 1

15 shown in F and the ime course of the effect 1s shown 1n the graph in Fig 4
Similar findings were made with mtracellular recording Records A—C kg 5
serve to 1dennfy a Ib fibre from ABSm D shows the depolanzauon evoked on
Tepetiave group I stmulation of the € nerve and E the depolanzation evoked
from cortex The depolanization m E 1s unusually large but was associated
with an yutial postive cord dorsum potential Hence other pathways than
the corticospinal tract may have mediated the action Generally the effect
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Fig 5 Intracellular secording
507V fiom a group Ih fibre of the

A ABSm B c
f ABSm nerve (upper traces) Re
cords A~Cwere obtain datia

N
] —~\ ~\ creasiog strength of sirulation

anm— of the ABSm the strengthin C

2mV b’é:ngl almoss maximal for Ih

e Jower traces m A~Cand

D Q£ cortex e muddle traces D and E were

I TRV oo SR PRV recorded from the dorsal roor
entry zone m L7 The lower
traces D and E wese recosded

W N when the micorleareds g
been withdrawn 1o a Just extra

e pmeroce | PITERC ecllular postion 1 the micto-
tlectrode recording posivt/ 1s

upwards and 1 the surface recording positivily s downwards Record D shows the depolarizing
effect of a group 1 tramn an the ©Q nerve and the effect of cortical stimulation 1s 15 shown s E

Fg 6 fE[Tctt of cortcal shmul?imn on the”nﬁ:l:u
bility of the presynapuic ternunals of a group re
sestecotiid v 16 testecoliid v 22 A sumulating electrode was wnserted mto the dorsal
horn of the gray matter and recordmng was made

—
- from the nerve to G5 Asn Fig 4 3 eollscing vol
ley could be evoked from another pair of electrodes
on the G—S8 nerve In A a spike perssts when
maximal group I calliding volley was evoked ata
c D

strength of | 6 imes threshold but disappeared 1n D
when the colliding volley was evoked at 2 2 hmes

test cortenttest  threshold so fhat the larger group 11 fibresy ere also
pu—y actnated In C the intraspinal stemulus strength was
[ T decreased 10 a value just subthresboid for the fibr
Following cortical stimulation (6 stimuls 55 msec
; earhier) the same stumulus regularly did excite the
J— fbre (D) The lower teaces in C and D were 1€
Smsec corded from the $! dorsal root entry zon¢

Y13 mouch smaller than that evoked from the PBSt or Q nerve and in many
xons there was only a trace of depolarization on strong corttcal stmulation
ecord H Fig 10)

Group II muscle afferents A stunulus apphed through an electrode inserted into
we dorsal hora will also give rise to spikes recorded after a longer latency than
the one found for group I impulses These spihes can still be recorded 1n the
persphery when a mawimal group I volley from the perphery was evoked 1
collide with the test volley (record A Fig 6} butdisappeared witen ehe peripheral
sumulus strength was raised to activate also the slower fibres record B at
22 tmes threshold 11 6 bemg maximal for group I} The conducnon velocity
of the fibre 1n Fig 6 was 52 myscc hence st can be classified as a group 1 fibre
The relation bety d veloaity and fus strength corresponds
to that found by Eccres and Luvpserc (1939) In Cthe strengib of the test
stimulus was lowered so that st was submaxmal for actiation of the ﬁb;c
Following cortical sumulation the same test stimulus regularly eveked 2 SdP’ ¢
(D) 12 group I fibres were tested in this manner and b of them displayed in
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Fig 7 Effect from the sensonmotor cortex on the excitability of farge cutancous afferents The
tesung stimulas was delivered through a mucroelectrode 1nserted into the dorsal horn and the
charge was recorded 1n the sural nerve The graph shows the facilitatory effect of a single

volley in the cutancous superficial peroncal (SP) nerve (O) and of corucal stmulation { @)
The condit oming stmuls are mdscated below the abscissa
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;‘jugl Intracellular recording as 1n Fig 3 but from a large cutancous afferent of the superficial

13 D-H were evoked on stmulation of peripheral nerves The sural nerve (Su ) was sumulated

D E shows the effcct of a group I tramn f om G—8 and in F the G—S nery  was stmulated

1} 23uength of 13 times threshold for the nerve The prmary afferent depolarzanons m G and
Jitre evoked by maximal group I trams in the PESt and Q) nerves respecuyely

The untracellular records (wpper traces) and the surface records (muddle traces) consust of

Tany superim, traces but the field potentials recorded after withdrawal of the mucro-

sleeirodes to a just extracellular posion (lower traces) are single traces

Creased

y after 1 of the cortex. Hence there 1s
vtdence that these afferents alsa are depolanzed from cortex

Cutansous giferents In order to imvesugate excitability changes m cutancous
afferents the sumulating electrode was snserted mto the dorsal homn ta a
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Fig 9 The lower traces were recorded from the most caudal dorsal o0t filament 1 L6 and the
uppet traces from the dorsal root entry zone 1n L7 Record A shows the effect ofa stngle group §
voliey from PBSt In B the i 1 at a strength
bounal for evoking 3 DRP C shows the effect of combined sumulation of PBSt and cortex
The records consist of 3—4 supenimposed traces

A -5 B acC agsm D FDL
W

g;l'lm'-' ~r ———
E Pest F pP G Sur H cortex

B —
[

|1}

T

1 G-5 J cortexsG S
v, W
o SR

o=

'40“’V 50msec

extra- ~ e
hand b joruer BEREAAAAY

cell 100msec

bmsec

P
Fig 10 Intraceiular recording (upper 1races) from a group I afferent of the plantais {
neEve (rocond R The middit taces w A nd Hor] sre mophasic fecordings from e d‘ﬁf
oot enssy zone 1 L7 The fower traces 1n these records were secarded shen the rucroc ; o
had been withdrawn to a just ext acellular positian In G the addinonal )'m est record W
obtaned from the dorsal roat eatry zone with the Y group 1
trace shown Just above 15 the same record Records A~F show the effcet of maxmal K:nr:u
trains from the muscle nerves wmdicated t each _ecord G shows the effeet of rqxull'}t o
1abon of the cutacnous sural nerve and H the effect of sumulavion of the contralateral ;n Yo
motor cortex The cffect of a sngle maximal group 1 voley 1 the G5 nene wallown i 50,
m J in combmation with cortical stimulavon av the strength used i 11 Tm c}.‘z .“ et two
msec refers to records A—F and the lower two traces in G Records H—]) ‘fﬂ the uppe
traces 1n G were taken az the slowest sweep 1peed Al records consist of 34 supen
traces
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Tz 11 Yoracellular recording (uppet traces) as w Fig 5 and 8 but recordang from 3 large
eulineous axon of the sural nerve The effect of repex use stmulation of the cutancou SP e
1« shawss 1 A and B shows the effect of 2 group 1 tram in the PBSt nerve A maxumal group I
G--$ train has no effect 1n G dut gives a prumary afferent depolanizanon m E » hen combsned
with i afthe cortee The effect of corueat i} alone
8 sherom 1 1) The corresponding records i HoJ show panal facil tation berween mgle vol
leytan b gh threshold musele and cortical sumulanon. The Q nerve was simulated s Hand §
a4 a strength of 79 umes threshold for the aerve In F and G the £ nerve was sumulsted at 2 &
tzmes thesshold for the nerve {maximal for group 1) and theee & 510 Galnation from coctex of
#he eficct from 5 swgle group 1 vollcy 1n the Q nesve {record G Record 3 and B we ¢ taken at
A fast and the other records at the slow speed The wtracellular records w &~ and rhe
coresponding records from the dorsa! soat entey cone consst of uperenposed traces, but all
o ber records are gle teaces

posion where the maxtmal N, field potenual could be recorded (Cooxes

Currss and Lanoorex 1925) The cunes wm Fig 7 show the effects of conds

toning sumulation of the SF nerve () and of cortex { @ ) on the height of the
fest spikie recorded 1n the sural nerve Cortical sumulation grves an merease of
the test discharge that 15 almost as large as that obtammed from the cutancous
sere Similar findings W ere made with mtracellular recording froms curaneous
afferents and are dlustrated 1 Fig B B and C show the effects of weak and
strong corueal stunulation D—H show the effects evoked from the peniphery

D shows the targe effect evoked by a single volley sn the sural nenve and G and
H the depolanzation given by a group I tram from the PBSt and Q nenes
fespectinely The depolarization i F was caused by wmpulses in high threshold
muscle afferents from G—S  for comparison the effect of a group I wamn s

$hown 1n £ These effects from the penphery confiem the pattern described by
Ectes et al (1962 ¢)

3) Interaction betw.een effecis evoked from cortex and the perphery

Swee 1t has been postulated that vollevs e the prranudal tract exert achions
o6 mot through a of of the spinaf reflex paths
1t was of sngerest to smiestigate whether there 15 a sunilac orgamzanon for the
acians on primary affesents For this purpose spanal faciitation and depression
between effects from the two sources have been mestigated
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Fig 12 The upper traces were recorded from the most caudal dorsal root filament in L6 and
the Jower traccs from the dorsal root entry zone i L7 The superficial peroneal (SP) nerve was
sttmulated 1n A and C at a strength of 1 1 imes threshold B shows the effect of cortieal stunu
1ation 2lone and C of combined sumulation of cortex and the SP nerve Records D—H were
ebtained 1n another experiment The G—S§ nerse was simulated at a strength of 18 tmes
threshold (ust maxemal for group 1} m D and F and at 31 tunes chreshiold G and H L showt
the effect of corucal sumlatton alone and F and H of combuned sumulation of cortex and the
G—S nerve nerve at the strengths that were used to obtam the corresponding records m Dand
G All records consist of superimposed traces

Spatial factitation It was a regular finding that sumulation of the sensorimotor
~cortex facilitates the DRP cvohed from the penphery Facilitation of group 1
actions are shown in Fig 9 A shows the DRP evoked by a maxumal group 1
yalley from PBStand in B cortex was sumulated 1t a strength barely suprabimt
nal for the appearance of a DRP With combined stimulation 1n C there s 2
marked spaual facttation Lccwes et af (1962 a) have shown thag Ta and b
volless contribute to the DRP evoked from flexor nerves We have confirmed
this finding and nvestigated eflects from cortex on the DRPs frorr these afferent
systerns In no case did we observe any facilitition of the DRP evoked by 8
group Ia tram but when the stimulus strength was rassed to actnate Ib fibres
the DRP coufd regularly be facihitated from cortex There was also facilitations
of the DRP evoked by group [ volleys from extensors (Fig 12 B —F) Volleys
m group I muscle afferents can evoke depolarization m Ia and Ib muscle
iTe and 1Tt The further analysis was therefore made
with 1atra axonal recording from these different types of aflerents The yecords
i Fig 10 arc from a plantans Ib axon (A) group 1 actions are drawn from
extensors and flexors (Lccres ef af 1962 d) and there 1s only a small DRP
evoked by a volley in a cuntancous nenve (G) Cortical sumulation gare only
a very small depolarization in this axon (H) but there vas a very consderable
facilitation of group 1 effects from cortex as 1s shown for the effect from G—

5
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m I and ] Intra axonal recordmg from cutaneous afferents ikewise rev ealed
cortrcal facihtanon of group I actions This 1s shown for an axon of the sural
nerve m Fig 11, A and B show the effect of repetitve sttmulation of the SPand
PBSt nerves respectively A group [ train from G—S did not evoke any depolar
1zanon in © but following cortical stmulation m E the same G—S5 tran was
effectre Intracellular recording was also made from 12 Ia fibres butin none of
them could the depolanzation evohed from PBSt or DP be faclitated from
cortex

Tt was regularly found also that the DRPs evoked from the FRA could be
faciliated from cortex Ths 15 dlustrated for the DRP evoked from cutancous
afferens in A—C Fig 12 and for the DRP from lugh threshold muscle afferents
0 Gand H Eccres e al (1962 c) have shown that cutaneous afferents are
depolarized not only from group I muscle afferents but also from the FRA
{ef also Fig 7) With intracellular recording from cutaneous afferents it was
found that corucal stmulation facthtated the effect evoked from cutancous
afferents ugh threshold muscle and jomt afferents (Fig 11 D—F}

Depression The DRP evoked from cortex oc ludes with the DRP evoked either from
group Y afferents or from cutaneous afferents In Fig 13 A—C PBSt stimulation precedes
the cortical sumulation and D—F tllustrates the reverse situation with conditioning of
€ortex and testing PBSt It 15 of mterest that i each case the ime course of the depres
$0n 13 of the same order Eccres of af (1962 ¢) discussed the mteraction of the DRPs
from two penpheral sonrces 1n rerms of 1) The depolanzing acuon on pnmary afferents
which wall deptess transmission from these afferents 2) Depression due to the wsage of 3
tommon interneuronal line If 1n the present case 1) was 3 dommating factor the real
Procuty of the eflect rasses the question of whether the terminals of the pyramudal tract
are depolarzed from the penpheral nerve These findings will be subject to a speaal
:;'ihm, meanwhile other possibilitres to account for thus depression must be cansidered
mt do not know to what extent the receptie subsynaptic membrane of the pnmary
anu can be depolanized If the fibres can only be depolarized to a Tevel slighily

ow the resung then a dep: after a volley could be due
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t0 the depolanizauton i the recerving fibres Another explanation for the depression
Fig 13 could be wnlubitory at an level between the reflex
paths 1o primary afferents Further experiments have revealed that cortical stmulation
has an mhtbitory action on the path from Ia to Ta (Lusperrc and Vikuiexy 1963
Thus action 18 probably exerted through actnation of FRA mterneurones and may be
due to depok: of ds of o

Discussion

Inap U of the b by which the pyramdal trace
exerts spinal actions the question was raied whether cffects also are exerted on
primary afferents The finding that sumulation of the sensorsmotor cortex
giees a large DRE shows that a depolanzaton of primary afferents does acc i
“The cortical area from which effects i the lumbar region are obtaned 18 the
one from which hind hmb movements can be evoked (cf Livivestov and
Putrips §957) and from which excitatory actions arc exerted on mnterneurones
supplying synaptic actions to hund mb motoneurones (Lunpsere and Voor
nsoevy 1962) The disappearance of the DRPs after section of the pyramud
shows that the effect 1s mediated by the corticospmal tract, but eviderce has
been presented that wn cats anmsthetized with chioralose effects from cortex
can he evoked via other paths Further analysis with mitra axonal recording
and with praal ahity {ef Ware 1958) revealed de
polarization n Ib afferents and also in cutaneous afferents and grovp 11
muscle afferents The two latter systems of afferents are part of the FRA and
p by all affe belonging to the FRA are depolarzed from cortes
There was on the other hand never any mdication of depolanzaton it ks
afferents

3 Locues ef al (1962 aj have shown that there 1s a close parallelism bemeen
“prumary afferent depolanzation and presynaptic inhubition ¢ ¢ the depression
of the synaptc acuons exerted by these afferents For thss reason it ts postulated
that cortical sumulation gives presynaptic inhubition of transmassion to nenc
cells exoted from Ib fibres and from the FRA Lunpaere and VOORNOEVE
(1962) searched for presynaptic inhubttion from cortex to the la pathway to
Te s with the present results that no effect w8
ob enved n 21 out of 22 motoneurones tested However mn one motoneurone 2
depression of the Ta LPSP was found This may have been a stray action from
the pyrarmdal tract or the effect may be secondary to actnvation of by siem
centres from whith depolanzation 10 Ia fibres can be evoked (CARPENTE®
etal 1962) and the posstbulity of an effect exerted via this system rannot
exeluded {ard

The experiments reveahing marked spatal facilitation between comcad e
penpheral sumuh strongly suggest that the effects from cortex are exerte!  oed
interneurones of the spinal reflex paths to primary afferents The DRY c\n e

by sumulation of group I muscle afferents from flexors and extenyors €&
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facihitated from cortex and the same holds true for the effects from the FRA.
As would be expected {cf EccLEs ef af 1962 ¢) further analysis revealed that
the action from the FRA on to cutaneous afferents can be facthtated from cortex
However, the facilitation of effects evoked from group I afferents required 1
more detaled mvestigation because group I volleys can depolanze Ia and Ib
afferents as well as the FRA With intra axonal recording 1t was found that
cortical simulation facibitated the path from group I to Ib afferents and to
cutaneous afferents but we were not able to find facilitation of group I actrons
to Ia afferents Likewise there was no facthtation from cortex of the DRP
evoked by Ia volleys from flexors which presumably depolarnze only Ya
afferents (Eccres et al 1962 2) In this connection 1t1s ofinterest that LUnDBERG
and Vooruoeve (1962) failed to find any facthtation from cortex of the depres
sion of motoneuronal EPSPs evoked by group I volleys from flexors (¢f Frann
and Fuortes 1957, Eccres Eccres and Maent 1961)

Support for the postulate that the pyramdal tract gves excitatory action to
the interncuranes of the spinal reflex paths to prumary afferents 1s gnen by the
findings that convergence of excrtation from the peniphery and from cortex 15
very common on to interneuroncs of the dorsal horn and intermediary region
This 15 found for mterneurones activated from group I afferents from cutaneous
afferents from the FRA and from group T and the FRA (Lu¥DBERG NORRSELL
and VoorEoEvE 1962) Of all the reflex paths (with at least one mterneuronc)
10 motoneurones and to primary afferents so far tested the one to Ia fibres is
the only one for which we have failed to obtain evidence for facthtatory action
from the sensorumotor cortex. However the reflex path to Ja afferents 1s not
1ndependent of cortex Further experiments have shown that the depolanization
evoked 1n Ta fibres by group Iz volleys from flexor nerves can be mhbrted from
cortex or from the FRA (LuvpBeRG and Vysiicky 1963) The posubiliey that
this tnbubutory action from cortex conceals a facilitatton of the path to Ia fibres
€annot be entirely exluded but does not seem likely since there was no facilita
tion at weak cortical stsmulation of actions m Ia fibres

What 15 now the physiol 1 fi of the p pt

g action from
the semsonmotor cortex? It 1s well known that shmulation of the motor cortex
€an cause inhibitory effects which n the early expertments were manifested by
muscle relaxation (cf TErzuUoOLO and ADEY 1960) It does however not seem
Ukely that these actions are due to depolanzation of primary afferents In
"bition of motoneurones can be revealed with monosynaptic test methods and
# has also been found that IPSPs can be evoked m motoneurones from cortex
PREsTay and Wmrroex 1960 Lanporew, Pamvips and PorTER 1962 Leno
BERG and Vooruory e 1962) Pr bly these mntubitory actions are dary
10 excitation of mhubitory interneurones of spinal reflex paths to motoneurones
fﬂ;’:m:mt:d by the finding that inhibition domtnates 1n extensor and excita
o thn exor motor nucle: (L and Vi 1962) The fi

e effect on primary afferents should be more relevant when we are con
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cerned with spinal reflexes from Ib afferents and from the FRA The depofan
zation of primary afferents would oppose the facthtatory action on the path
1o motoneurones

Tt 15 of nterest to consider the results of experiments on the efiect on spinal
reflexes of ablation of the sensorimotor cortex or of section of the pyramid
There 15 evidence of an increased threshold for the seratch reflex and the
flexton reflex after section of the pyramid (Towzr 1935) and this finding could
widicate that the loss of facilttatory effect to the interneurones supplyng actions
ta motoneurones ts the more decisne factor

At first sight 1t may seem surpnsing that cortical stimulation mobthizes both

the spinal reflex artions to ones and primary affc because these
effects wall counteract each ather However, the same holds true for the spinal
reflexes and this apparent ! should be d d 1 view of the

postulates made with regard to the functional ngmificance of the spinai reflex
depolanzauan of 1b afferents and the FRA Eccres ¢ of {1962 a, ¢ d) have
pomnted out that in both cases presynaptic mhibstion consututes a negamne
feedback and postulated that 1t serves to reject stray exaitation and therefore
contsthutes ta the local sign of @ reflex. In view of this hypothests 1t 15 more easy
to understand the funcuon of the corucal effect on reflex paths to pnmary
afferents If a certan reflex path to motoneurones 1s mohihzed from cortex 1t 18
certzanly beneficsal sf at the same tune the negative feedback servng this reflex
actson 1s also mabilized so that the lacal sign of the reflex 1s mamtamed

Summary

" The effect of sumulation of the sensormotor cortex on prmary aferents
he lumbo-sacral cord has been investigated by recording of dorsal root poten
tials (DRPs} by ntracellular recarding from fibres and by intra-spinal excit2
Dibty measurments
Stimulation of the sensonmotor cortex evokes large DRPs and associated
positse cord dorsum patentals The effects are obtaned from the hindbed
area and are mediated by the pyramidal tract Bilatera) effecty are pvoked from
each side
Corucal stumulaton depolarizes Ib fibres group I muscle affereats and
Fix §t 15 postulated thart also other afferenis belonging 1@ the
flexor reflex afferents (FRA) are receptve Cortical stmulation does not d¢
polanze fa fibres
Cortical stimulauon facibtates the DRFs evcked by group b salleys from
flexor or extensor nerves and from vollevs in the FRA There 1s facihtavor fmf;‘
cortex of the path from group I affe to Ib and 10 afferents an
of the path from the FRA 10 cutaneous afferents but not of the path from

group I to Iz aflerents
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It 1s postulated that mmpulses m the g 1al tract depolarizes Ib afferents
and the FRA by evelung exatatory action m the interneurones transmtting
effects to them from pnimary aHerents

The results are discussed m relation to findings concerming effects from the
pyraondal tract on reflex paths to motoneurones and 1n relation to 1deas
concernung the functional stgruficance of reflex actions to pnmary afferents

This investigation was supported by grants from the Swedish Medical Research Cowaeil
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Orgamization of Ascending Tracts in the Spinal Cord
of the Duck
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Abstract

Oscarsson O 1 Rosew and N Ubpewsesc  Orgenteation of
ascending tracts n the spinal cord of the duck Acta physiol scand 1963
59 143—153 — Dischasges cvoked n ascending spinal tracts on
stmulation of muscle skin and rxed leg and wing nerves were re
corded from dissected fascicles of the cord The results show that
ascending tracts o the bird are organzed as i the mammal (1) dorsal
tracts are mono- and polysynaptically activated only from 1psilateral
nerves (u) ventral tracts are monosynaptically activated only from

nerses and tivated fiom both 1ps1
lateral and contralateral nerves It 1s concluded that the former tracts
are uncrossed and the latter tracts crossed at the spinal level — Low
threshold muscle afferents activate two ascending spimal tracts one
crossed tract related to leg nerves and one uncrossed tract related to
wing nerves There 15 evidence that the former but pot the latter tract
15 strongly inhibited from skin and high threshold muscle afferents It
18 suggested that the crossed tract 1s homologous to the ventral sptoo-

cerebellar tract m Is The dorsal sp bellar tract esther
does not exsst m the duck or has an orgamization different from that m
the mammal

Sorme general prnciples 1n the organization of ascending spipal tracts were
recently described for the mammalian spinal cord (Magnt and OscarssoN
1962 b Hormguisr and Oscarsson 1963) It was found that tracts ascendmg
:_"' the dorsal part of the lateral fumculus are monosynaptically activated only
l‘“"‘ 1pslateral nerves whereas tracts ascending 1 the ventral part of the
Ateral funictlus and 1n the ventral fumculus are monosynaptically activated
Ny from contralateral nerves These facts and Histological evidence that

149
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primary afferents almost exclusively termnate on the ipuilateral side indicate
that the dorsal tracts are uncrossed and the ventral tracts crossed at the spual
level

This organization has been found 1n one marsupial and two placental spectes
and may be regarded as fund I to the lian spnal cord The pos
sibility that this organization exists m other vertebrate classes has now been
tested in experiments on the duck In these experiments 1t was also of mterest
to see whether any of the ascending tracts found 1n the mammahian cord could
be recognized It has been shown that the functional orgamization of the spino-
cerebellar tracts follows and readiy ¢ ble patterns m widely
different mammalian species (Macnr and Oscarsson 1962 a)

Methods

The expeniments were performed on domestic ducks of 23—32 kg which wese
anesthetized wath urethane (1 g per kg body weight) given intrapenitoneally After one
half to one hour a Yy Y hiop was injected m1o the medial
tarsal vein unnl a reflexless anesthesia was obtamed The myjections were repeated when
necessary dunmg the After 1 the ammals were artifically ventsiated
and flaxedil was given to prevent reflexes The body temperature was 375 to 39 C
whsch 15 a few degrees below the norma) body temperature

Leg and wing nerves were dissected bilaterally and mounted for stimulation i pools
of warm mineral ol In theleg there were prepared the sciatic nerve and the skin nenve
branching off the sciane close after s from the foramen ssshsadnm and distrib:
uted to the dorsal aspect of the lower leg The muscle nerve nnervanng the medial
and deep heads of the gastrocnemus muscle and the plantans muscle {cf Bronn 1891)
was sometimes dissected instead of the sciatic nerve In the wing the mixed radial nene
and a skin nerve (nervous cutaneus brachy supenor Bronn 1891) were prepared
3 Alarge cervical vertebra (C5 C6 or C7) was del { Bleeding from

“Seins was avoided by limiting the Jaminectomy to one vertcbra and by ligating the
dorsal longitudinal vein at the rostral and caudal ends of the exposure The dura wa
opened and the cord transected at the rostral end of the lamincctomy The dorsal fusicult
were dissected free and sometimes left 1 contimuaty with the cord at the caudat end of
the exposure for momtoring of the mgong volley The remaining portion of the car‘?
was divided 1n the mdhine and the cord halves spht 1nto fascicles of various sizes (¢
Fig 1—3) and mounted on ] ! des as described p ly (LAPORTE
Lu~peere and Oscarssox 1906) In all 36 dissected fascicles {not including the do
fumicult) were recorded from The cross sectional areas of the fascicles were assessed 3t
the end of the experments as described by Hovumgyist and Oscarsson (1963) ;

In some expenments the ingoing \olley from the muscle nerv e was recorded mr’hf”‘“(
1y some em pi Ity of the 1 1 and at the end of the cxp('nmf::l
also monophasically from the cut end of the sciatic nerve Attempts to expose the sP:m ¥
cord 1 the thoraco-lumbar region were unsuceessful because of profuse blczdxmzc :
id not permt erther monitoring of ingoing volleys at the dorsal root entrance ‘::Ir r;wmc
ng from dissected fascicles of the spinal cord in this region However at the en :’t oy
expenments a small opening was made n one of the lumbar vertebrac to pcrlﬂ;ﬂ o
wulatson of the spmal cord and the ascending vollcy was recorded at the cervical

calculation of the conduction velocity of the fastest cord fibres

rsal
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Fg | Discharges evoked in tracts ascending in the faseicles (s-—1) indicated 1n the diagram
on stmulation of ipsilateral and contralateral sciatic and radial nerses Upper and lower traces
were taken simultancously at different speeds Time scales in msec Distances Stmulating elec

tode on siatic nerve — spinal cord 7 cm spinat cord — recording s te 29 cm Stmulating
electrode on radial nerve —~ spmal cord 65 cm spinal cord — recording site 16 em.

The stunulating and d h has been described before (LApoRTE ¢f al
1926 Howxugvist and Oscarssov 1963) Sumulus strength 1s usually given as muluples
of the strength nceded for evoking a barely visible ngog volley (threshold strength)
The strength was 15—25 times threshold when not otherwse stated The electncal
eieats were displaged on two double beam oscitloscopes

Results
1 General pattern of ascending discharges
Stumulation of muxed leg and wing nerves produced ch ristic
in the dissected fascacles of the spinal cord as shown i Fig 1 The general pat
temn of these discharges will be described in this section  the discussion of synaptic

bnkage and relation to muscle and e wll be postponed to
section 2
In the d fasaicle (1) disch were evoked only by stimulatson

of1psilateral nerves (Fig 1, A—D) The sciauc nerve volley produced a slowly
inereasing discharge without distinct front A volley in the radual nerve ehaited
3 large monosynaptuc response followed by later activity

In the dorsolateral faseacle () disch ppeared on of both
tpsttateral and contralateral nerves {E—H) However disunct monosynaptic
discharges were only evoked from the contralateral nerves and the late activaty

o
V633015 Actq phytiol scand Vol 59
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Fig 2 Discharges evoked in tracts ascending n the fascicles (x and u) indicated 1n the diagram
on o and 1 scratic and radal nerves Upper and lower traces
were taken simultaneously at different speeds Time scales 1a msec, Distances  Sumulaung elec

trode on sciatic nerve — spmat cord 6 5 msec spmal cord -~ recording site 25 cm Stimulating
electrode on radial nerve — spunal cord 9 cm spinal cord — recording sue 105 em

was Jarger when produced by volleys in these nerves The trace of early mono-
synaptic activity esoked from the ipsilateral radial nerve in the dorsolateral
fasacle (1) of Fig 1 was never obsenved when this fascicle was dissected more
ventrally (Fig 2, F)

In the ventral fasaicle (1) only small discharges were observed These dis-
charges were larger on sumulation of contralateral nenves than on stumulation
of spsilateral nenes (Fig 1, 1—L) Early monosynapuc responses were only
obsenved 1n some experiments as for example ;m Fig 3 K and L from the

ntaneous leg nerve and less distinctly from the scratic nenven Fig 1 K These

anosynaptic discharges never occurred on stunulation of ipsifateral nerves
~~The lack of contralateral discharges 1n the dorsal part of the lateral fasacle
wwas observed when the dissection was made as n Fig 1 When the dorsomedial
‘ascicle was dissected more ventrally (Fig 2) a contralateral discharge appeart ed
n stumulation of the leg nerve (C) but not on stimulation of the wing nene
D) This shows that the area occuped by tracts actnated exclusively from
psilateral nenves extends further ventrally for “wing tracts than for “leg
tracts

Correlation The general pattern of orgamization of ascending wracts

bird spinal cord 1s sumilar 1o that i the mammalian cord (cf HotMgyist and
Dscarsson 1963) In both classes of animals tracts in the dorsal part of the
ateral fumculus are actnated only from ipslateral nerves wheress tracts
1scending more ventrally 1 the cord are monosy napucaily actvated only f“’"{
:ontralateral nenes and polysynaptically activated both from camr.:laxcrla
1nd epsilateral nerves In both classes of animals the tracs actnated cxc!u:n:_i
tom 1pulateral nernves occupy an area which extends further ventrally fo
“fareltmb tracts than for “hindlimb tracts

mn the
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hig 3 Records A—L show dhscharges evoked 1n tracts ascending 1 the dorsal (D) and ventral
{0} fascrcles. nd cated 1n the diagram on st mulation of contrafateral musefe (C. \f) and sian
{C S) nerve in the leg. Stunulus st engths relatrve to threst old of ingomng volley are idicated
Upper tracea (A~F. and G—J) show the ingomng volley rerorded taphasically from the sc at ¢
aerve 40 ¢m pros mally of st mwulating electrode on muscle nerve middle and lower traces
{A—L) show th ascending duscharges at different specds Time scales 1 msec D stances
Stmulaung ¢ ctrod on muscle nerve —— sp nat cord 70 cm sumulating electrode on shn
serve — spinal cord 35 cm spinal cord — recording site 27 cm.
ecords \[—P show monophasic ceordine from cut cud of sciati nerve of volley evoked

by sumulation of the muscle nerve at 1nd cated strengths Distance st mulaung clectrode —
s ording clectrode 3 8 em Time seale in msce

Record Qshows. olley in spinal ibres evoked by sumulation of the card 1n the lumba_region
and recorded at th fifth cervical segment from the dissected lateral f1n culus Distance between
stmulating site and recording st 3? em T me scale n meec

2 The orgamation of certawn tracts

@ Leg tracts A detailed analysis of the vanous components of the dis
charges was hampered by the small size of the responses that were recorded on
stmulation of ndividual nerves It was however possible to study some of
these components more closely

Fig 3 shows the co tralateral responses evoked by stmulation of muscle and
skin nerves in the leg The invoine volley from the muscle nerie was momtored
by terphasic recording from the sciatic nerve (upper traces} the shin nene
was dissected too p y to permit f: y T ding of the ingong
‘olley Records A—E show discharges recorded from the dorsal fasescle (D)
©n sumulauon of the muscle nerve at indicated strengths The smitial part of
the discharge was conspicuous at § 2 umes threshold (A) and maxumal at { 7
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Fig 4 Discharges in ascending tracts recorded from dussected lateral funiculi on stmulation
of igsilateral (I ) and contralateral (C ) mived radial (MIX) and shin {S} nerses in the wing
The nerves of one side were stimulated and the effects of the volleys were investiated n the
1psilateral (A——F) and contralateral (G—L) funiculus Stimulus strengths for A—FE and G—k
ind:cated as multiples of the threshold for a barely sisible discharge in the rpsilateral tract
Upper and lower traces sho v the d t recordes 1 ty at different
speeds Time scales 1 msee Ditances simulating electrode on mixed or skin nerve — spinat
cord 80 cm spnal cord — recording site 13 em

times threshold (C) Later 3 appeared at ths strength and mereased
at lugher strengths (D E) The mitial part of the discharge was apparently due
to a volley 1n low threshold muscle afferents which may correspand to the group
1 afferents 1n mammals At the temperature obtaming 10 our ammals (about
38° C) the conduction velocty m the fastest muscle afferents was 75—85 m/sec
1n the various expeniments (cf Fig 3 M—P) and the conduction veloaity of
the fastest fibres in the spinal cord 65—75 m/sec (cf Fig 3 Q) A synaptc
elay of at most 07—1 0 msec can be calculated for the iminal part of the
ntralateral discharge evoked from low threshold muscle afferents This delay
_ cludes the true synaptic delay and the delay due to the slow conduction velooity
1n the presynapuc branches 1t 1s simular to the values found for monosynaptic
1n the lian cord It is concluded that the discharge was
monosynaptically transmutted
Stimulation of the skin nerve evoked a slowly rsing discharge without distinet
front (F1, 3 F) The long latency suggests polysynapuic transmission
A small discharge (Fig 3 G—J) was evoked i the ventral fascicle (V) The
secords show that 1t was caused by umpulses 1n afferents activated at 22 times
threshold and hngher strengths The latency 1s compatible with monosynapti¢
transmussion when the slow conduction velocity in the primary afferentsis taken
into account Skin nerve stumulation produced a small but distinct mono
synaptic response 1n the ventral fasacle (b L) The latency of the dischirge
was 0 4 msec shorter than that of the monesynaptic discharge evoked from the
muscle nerve 1n the dorsal fascicle This difference 15 at lexst partly, due 10
the shorter conduction distance m the nerve (about 35 cm for the skn nene
and 7 cm for the muscle nerve)
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Fig 5 Infibatton of discharges evoked [ om Jow threshold muscle afferents in leg (A—C) and
wing (D—F

Records A~—C are from the expériment also shown 1 Fg 3 The lower traces show on a
slow sweep the discharges evoked by the condrtronmg and testng stumuh and recorded from
the dorsal balf of the lateral funsculus The two upper traces 1n each sertical set of records were
taken simultaneously and show on fast sweeps the ngoung volley recorded mphasically from
the sciatc nerve (A’ C) and part of the Jower trace respectively The test discharge (shown n
solation 1 A) was evoked by stmulation of the contralateral muscle nerve 1n the leg The con-

honng volley was ehated in the contralateral skim nene i the leg (the evohed ascending
discharge 1s shown 1n 1s0lation 1n B) Record C shows that the mynal part of the test discharge
wwas almost completely infubited by the conditioning volley

Records D—F are from a different experiment Upper and lower traces correspond 1o middle
and Tower traces 1 A—C The test discharge (recorded from the dissected dorsal half of the
lateral funiculus and shown m 1solation tn D) was evoked by stimulatton of the ips lateral radaal
nerve The conditiontng volley was ekic ted 1n the sps lateral skin nerve in the wing (the exoled
ascending discharge 1s shown 1n isolation in E} Reco d F shows that the test discharge was linle
wfluenced by the condiionng volley The strength of the test stunuls was 2 5 tmes threshold
and af the cond tioning stimul 10 times threshold (A—F) Time scales 1n msec

The large spslateral response (Fig 1 and 2 A) in the dorsomedial fasaicle
was d 1 some exp On 1 of muscle nerves 1t ap-
peared when the strength had been raised above twice threshold Hence low
threshold muscle afferents did not evoke any discharge i the dorsomedzal
fasaicle nerther did they evoke any ipsilateral discharge m more ventrally
situated tracts

b “Mung tracts The discharges evoked from the wing nerves were analysed
by separate sumulauon of 2 mixed nerve and a cutancous nerve The mutial
Part of the 1psilateral discharge (Fig | and 2 B) appeared on sumulation of
the mived nerve but not on stumulation of the skin nerve (Fig 4) Smmultaneous
recording of the ascending volley i the dorsal funiculi (¢f Methods) indteated
that this 1nitsal part of the discharge was evoked by low threshold afferents
the discharge appeared with a small volley and became maximal at a stmulus
strength of approximately twice threshold The lack of any early discharge
on strmulation of the shin nen e indicates that it was due to low threshold muscle
afferents presumably corresponding to the group I afferents in mammals The
“synaptic delay was calculated as 0 7—1 1 msec in the vanous expeniments

tind that the was

p
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~ ~  >x=wnent of the contralateral discharge evoked 1n fascicle (u)
2 ~zoneared on shmulation of the muixed nerve as shown in Fig 4
= »==t the discharges evoked by the same nerve were recorded m
S \\f‘,,.ml (Fiz 4 A—F) and the contralateral {G—R) dissected
~ %= The stimulus strengths given 1n the figure are multiples of
« ~ . > recessary for evoking a just perceptible ascendine discharge 1n
~a=al fasacle (bewng only shghtly above the threshold of the mgoing
= & w~ibed above) The threshold of the contralateral discharge was
~own 2 4 nmes the threshold for the ipsilateral discharge (compare G and A)
<« ‘¢ responsible primary afferents presumably had a conduction veloaty
L %= thn 50 mfsec (cf values for the afferents in the muscle nerve Fig 3
N ¥ The additional latency of the contralateral discharge relative to the
Surertl one vaned 1n the different experiments from 08 to 1 3 msec This
X nonal latency 1s presumably accounted for by the longer canduction time
s Mencrve Hence the latency suggests that the early part of the contralateral
‘. harge was monosynapticafly transmtted
¢ Inhibation of discharges evoked from low theshold muscle afferents The discharge
evoked from contralateral Jow threshold muscle afferents in leg nerves was
trongly inhibited by a condittorung volley in skin afferents or hgh threshold
muscle afferents of the same limb In Fig 5 A the test discharge was ¢voked
by stmulation of the muscle nerve at 2 5 imes threshold only the mitial part
of the discharge was caused by a volley 1n low threshold muscle afferents (¢f
fig 3 A—E) The conditioming volley 1n the skin nerve almost completely
mhibited the mitial part of the discharge (C) whereas the late part ehated by
#31n high threshold afferents was httle influenced
" On the other hand the discharge evoked from low threshold muscle afferents
10 mpsilateral wing nerves was Iittle influenced by a volley m cutaneous afferents
or high threshold muscle afferents In Fig 5 D—F the effect of a conditioning
volley 1n the skin nerve 15 shown The mhibiion wa about 10 per cent at the
optimal nterval for mimtion Even a volley evoked by supramaximal stmmula
tion of the radial nerve (which was also used for testme) resulted mn an mhibt
non of onlv 10—20 per cent
Correlation The discharges m the avian cord cannot immediately be :quﬂ“‘d
with any of the discharges previously observed 1n the mammalian cord The
present discussion will be Limted to a companson of the discharges evoked
from low threshold muscle afferents which have been invesugated in detail 1n
mammals
1n mammals volleys mn low threshold (group 1} muscle afferents in tindhmb
~erves evohe a discharge i the dorsal spmocerebellar tract (DSCT) on the
~teral ade and 1n the ventral spiocerebellar tract (VSCT) on the contra
=zl ade (O cArssON 1956 Macwt and Oscarsson 1962 a) In the tard fow
2311 muncle 2fferents i leg nerves did not produce any ipsilateral dis
e Thas mehieates esther that the DSCT does not exist n the hird or that
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1t 15 not activated from low threshold muscle afferents On the other hand
low threshold muscle afferents 1n leg nerves evoked a contralateral mono
synaptic discharge which showed simulanties wath the VSCT discharge in mam
mals It was due to activity 1n a tract located 1n the same 1rea of the cord as
the VSCT 1n mammals (HotmQuist and O carsson 1963) which 1s also the
area allocated to VSCT 1n the avian cord by Wurrrocs (1952 cf also hin
and Trevpetenure 1911) The disch was strongly mhibited by volleys
1 cutaneous and hugh threshold muscle afferents just as the VSCT discharge
1n mammals (OscarssoN 1927 Macwt and Oscarssov 1962 a) Hence our re
sults suggest that the VSCT ewsts 1n the bird and has a sumilar orgamization as
1n the mammal

In the cat group T muscle afferents i forelimb nerves activate only one
ascending spinal tract (Hotsmgvist Oscarssox and UbpexserG 1963) This
tract 1s uncrossed and not stronglv inhibited from skun and igh threshold muscle
afferents (unpubhshed observations) 1ts termunation 1s unknown Simularly,
mtheburd there was only one spinal tract activated from low threshold muscle
affecents 1n wing nerves This tract was uncrossed and bitle influenced from
skin and high threshold muscle afferents Its location 1 the cord was more
dorsal than the location of the group I activated forelmb tract in the cat

Mevertheless the possibility that the two tracts are homologous should be con
sidered

The desenptions of the bellar tracts in the bird are fragmentan
and inconsistent FRIEDLANDER (1898) Saxpers (1929) hoarrers Hurer and Crosey
(1936) Larsewr (1948) and Wartock (192) describe separate dorsal and ventral
spinocerchellar tracts whereas Suntazovo (1912) and L avar (1918) do not separate
the spinocerebellar system into two tracts Spinocerebellar tracts have been followed
2s far caudally as the lower lumbar region of the cord (FRIEDLANDER 1838 InGvar 1912
Wramiock 1932)

Histologieal expenments ta study th degree of crossing in the cord seern to have
been performed only by humv and Trevberessure (1911) They clum that the tract
ansing from lumbar segments 13 crossed at the spinal level and shifts gradually from a
Yentral position in the lower thoracic region to a dorsal posttion 1n the cervical region
This dorsal position corresponds approumately to that desrnibed 1n this paper for the
tract activated from low threshold muscle afferents in leg nenves On the other hand
the spinocerebellar tract ansing from the wing area was described a3 maly uncrossed
Tt was localized to the dorsal part of the lateral fupiculus Rt and Tresverevsire
discussed the possbility that the crossed tract anung from the lumbar region 1s homol
©gous ta the L SCT and the uncrossed tract ansing from the cervical cord to the DSCT

Conclusions
The present results show that coarse fibred ascending, tracts have a similar
organtzation i mammals and birds tracts in the dorsal part of the lateral
funiculus are d mono- and polysy \ly only fromapsi. Inerves
whereas tracts in the ventral part of the lateral fumiculus and in the ventral
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Fig 6 Cross sections of spnal cond ar
cenvical Ievel showing the areas occuped
by uncrossed {dorsally of broken lin¢)
and eressed tracts (ventrally of thishine)
A\ shows the areas of tracts related toleg
nerves and B the arcas of tracts related
103 ang penves

funiculus are monosynapucally actnated only from contrilateral nenves and
polysynaptically, from both ipsiatera] and contralateral nenes On analopy
with the organization in the mammahan cord (Macnt and Oscarssox 19621
Howmoyvier and OscarssoN 1963) 1t may be concluded that the former tracts
ongmate from ipsilateral and the latter tracts from contralaternl cell bodies
1 ¢ they are uncrossed and crossed tricts respectavely

In the cervical region the uncrossed tracts occupy the area dorsal of the mter
rupted line shown in Fig 6, A and B The area extends more ventrally for
tracts actwated from wing nerves {B) than for tracts activated {rom leg nenes
(A) Xn this respect there 1s also larity b the han and avian
cord, though the ares occupied by uncrossed tracts are smaller m the ird (cf
Tig 61n HowmyisT and Oscarssov 1963)
) Our observations gwve also informauon about some indmadual tracts 0 the
duch It has previously been shown that the organization of the dorsal and
ventral spmocerebellar tract (DSCT and VSCT) has been remarkably stable
duning the evolution of mammals These tracts are activated from group I
muscle afferents in hindlimb nerves and have an almost 1denncal orgamization
in the nsestigated marsupial and placencil speaies (Macnt and Osc.aRssON
1962 a) It has now been shown that the DSCT does not exst 1 the duch of,
alternatively that 1t 1s not activated from low threshold muscle afferents On
the other hand the duck has a tract actnated from low threshold muscle af
ferents with ssmilar charactensties as the VSCT m mammals Presumably thes
tract 1s idenuical with the VSCT but this ¢an only be proved by demonstriting
that 1t terrmnates i the cerebellum

Tins ms cstigation was supported by a grant from the Swcdith Medical Rewearch coun 7
Technieal assistance was gaen by Mr A Jonssovw and Miss Urra Persson
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Org 1on of A ding Tracts in the Spinal
Cord of the Frog
By

O Oscarssov and I Roséx
Recenved 30 January 1963

Abstract

Oscarsson O and 1 Rosén  Orgam.ation of ascending tracts in the
spanak cord of the frog Acta physiol scand 1963 59 154~100 — Dss
charges evaked mn ascending spmal tracts on stimulation of the scatic
nerve were recorded from dissected fasoicles of the cord As in mam
mals and burds docsally located tracts are actisated monosynaptically
only from ipsilateral afferents whereas ventromedhally located tracts
are actnated ptically only from contralateral afferents Jt1s
concluded that the former tracts are uncrossed and the fatier tracts
crossed at the spinal level The overlapping of the areas contunmg
uncrossed and cressed tracts i3 much larger m the amphabian than m
the mammahan and avian cords The fastest fibres of the ascending
tracts have a conduction velocity of about 10 m/sec

Llectrophy 1ological s estigations of coarse fibred ascending spinal tracts 0
mammals and birds have demonstrated that uncrossed and crossed racts
ascend 1n dufferent areas of the cord The uncrossed tracts occupy the dorsal
past of the lateral funiculus whereas the crossed tracts occupy the ventral part
of this funtculus and the ventral fumculus (MAacas and Oscarssov 1962 Host
qvist and Qscarsson 1963, Oscarsson Rosgy and Uppexeeac 1963) The
man purpase of the present mveshigation was to determne if a simylar pattem
of organization exists in the amphibian cord

Methods

The expeniments were made on frogs (Rana temporaria) anaesthetized by 'm:t:‘:;:‘
sn 2 10 per cent urethane solution The frogs were washed in 1ap watef smmru!
after the immersion which was stopped when the animals ceased moving The room

temperature was 2123 G

154
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The sqatic nerve was dissected bilaterally and mounted on sumulatag cle trades in
prolsof mineralod Thespmal cord posed by 2 and wsually sransected
rostrally of the third spinal roots {see diagram m £ig 1) Below the transsection the cord
was sphit 11 the mudlne for a distance of 3—8§ sum The dorsal funmiculus was separated
20d mounted on electrades for monophasic recording of the yolley m primary afferents
The remamng part of the cord half was also mounted on recording electrodes exther
undivded or after sphtting into subdiisions of various sizes (called  fascicles below)
{f Larowre Lusppsro and Oscarssox 1956) The mcommg volley was routmeh
recorded tnphawcally with an elecrrode placed on the back of the frog at the level of
the T:orsa! roots
e

and ding tech has been deserbed before {Lavonte #f 2l

1856 Horygvist and Oscanssow 1963) The stmulus strength 15 goven as multiples of
the nenve threshold The electrical events were displayed on two double beam oscilla

sopes and recorded by photographic superposition The fasticles and Iestions of the
spinal cord were stuched through a binocwlar preparation wmcrascope after fixation
10 per cent formalin

Results

The discharges evoked 1n ascending spunal tracts on stmulation of separately
disected muscle and skin nerves were too smalf to pernut a detadded analysts
Stumulatton of the muxed saiatic nerve cvoked refatinely large responses in the
dissected fascicles and has been used throughout this svestigation In order
to determne the nature of the synapue linkage between primary aflerents and
ract newrgnes st was necessary to assess the conduction velocity of the prumary
afferents and tract fibres

I Conduction relocrties and synaptc delay

In the expenment of Fig | & the saate nerve was sumulated at about 3
tmes threshold and the primary afferent olfey recorded from the domal
fumeuluy the dorsal roots and the nenve dissected at successi ¢ly more caudal
Tevels The volley decreased in mize at more rostral levels of the cord but was
4l vsible 1 the rostral region of the cenvical cord (¢f record ¢} Presumably
same of the primary afferents termunate in the dorsal fumculus nucler as
dicated by she expenments of Bravo and DE Moma 11962) {ef harrers
Huser and Crosay 1936) In Fig | A the latency 15 plotted agamst disiance
from the sumalatng electrade The latency at vanaus Imels of the card can
be dersved from the mset diagram of the cord showing the intumescences darsal
500t entries (dots) and entrance zose of roots contribuung to the saauc nere
(Ronzontal black bar} (cf Gawpe 1899) The conduction velocny of the fastest
afferents was 28 mysec in the nerve and dorsal roots and 9 m sec 1 the dorsal
fumenfus In 16 other experments the veloaity was caleulated as 2338 {mean
29) and 718 (mean 13) m sec respectively The threshold for evolang an af
ferent volley was the same when the recording was performed from the rostral
Part of the cervical cord as when it was performed from the dorsal roots It is
concluded that the conduction velocity of indisidual fibres decreases shortly
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Fig 1 Conduction velocity 1 primary afferents and tract fibres Synaptic delay

A The sciatic nerve was sumulated at a strength of 5 umes threshold and the volley recorded
rom the dorsal funrculus the dorsal roots and the nerve dussected at successely more caudat
cvels The latency 1s plotted agamnst distance from sumulagng clectrode ate spread of sumulus
br a distance of some mm away from the electrode The cafenfated conduction velocitics are 58

hieated The diagram of the spinal cord shows the segmental levels at which recarding %33
nade The doral root entnies (dots; and the entrance zone of the roots contnibuting to the sciatic
ierve (black bar) are indicated The inset crcosds correspond to the approprately Jebell d
omnts

3 The ducharge evoked 1n ascending spimal tracts by stmalation of the spsilateral sciatc o F¥¢

it S mes threshold_ was recorded at two segmental levels from the dissccted eord half feccept
forsal fumentusy The discharge was recorded at two speeds (upper and lower traten ank ®
ihowst by records b apd ¢ The incoming volley was cecorded asta A Spinal cord d agramasin
A except that the interrupted part of the honizontal bar ind cates the entrance zane ofth small
ughth root 1 hich presumably did not contribute to the sciatic aerve 1n this expenment The
d of the p puc (2) and p (b) response gives 3 SyNIOHC

emporal dusy
felay of 1 7 msev

\fier their entrance wnto the cord In this respect there o sindary between
the prinary afft of amphit and 1s {cf Lrovp and MEINTYRE
1950 Rexep and Strow 1932}

‘The conduction sclocity of the fastest fract fibres
Yom the dissected “cord hall evcept dorsal funiculus) at two different 1>
3f the cord In Fig 1 B the Jatency of the ipsiateral ascending discharge

was determined by rccotdmlq
£ 28]
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Fig 2 The ducharge evoked 1m ascend ng spinal tracts on stemufation of the palfateral e
areve The dischargs was recorded T orm the dusected card bail (exerpt dorsal fanicufus) at 3
widtiorstie Iovel (A1) ‘Upper and Jouer traces show the discharge at @ ferent speeds the
middie teaces show the acoming voller recorded at ihe fast spend 1 om the dorsal enots 1a ar
more caudaliy S¢ mutus strength i molt ples of nerve threhold 1 wdicated Record E shows

volley 1n promary afierents recorded from the dorsat funiculus dissetted at the same level as
the rema nmg past of the cord half Mote different voliage scales 1n A and E

{records b and ) was 4 75 and 4 0D msee respectuely gving a o
veloauty of 8 mjsec In three other expenments salues of 8 10 and 16 mjsec
wese obtained There was no consistent difference between the velocny of the
fastest fibres contubuting to the ipsifateral and contraluteral discharge

As the prumary afferent volley in the dorsal funiculus and the discharge in
the secondary tract fibres are conducted at approvimately the same velocity
the synaptic delay 15 grven by the wemporal displacement of the presynapic and
Postsynaptic responses recorded at the same segmental level In Fig 1 B and
2he delay was abous | 7 msee In other expenments (20 cases) the delay vaned
between 14 and 26 {mean | 9) msec and there was no constent difference
between the delay of the wpsitateral and contralateral response The delay m
troduced by a singly synapse in the amphibian central nerous system has been
measured to about } 5 msec for vanous synapue regions (Eccres 1936 Fapioa
2nd Broonszarr 1960 Fram: 1961} It 1s concluded that the latency of the
carly part of the mass discharge does ot allow for mere than one synapse

2 dscending discharges wn the laterad and sentraf fumouls
InFig 2 A—D the upper and lower traces show the ascending discharge
recorded at 1wo specds from the dissected  cord hall  on stumulation of the

ipstfatesal soatic merve at wd: d hs The volley (middle
tracesy was recorded tnphasically from the dorsal roots 1o mm more caudally
\ small mgomg vofley sufficed to evoke a b d a relatnet

efficicnt svnapuc lnhage () Thas was aiso demonstrated by the fact that the
early part of the mass discharge did not decrease 1n size before the frequence
of the surmulation bad bees rassed above 50—100 per sec With mcreasing
strength of there wasar wn the latency and an increase i
the 1 of the early m; napuc part of the discharge (B—D) There
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Fig 3 Dustrib of and d ges i the lateral and ventral fumcdls
A—D Discharges recorded from the disseeted cord half (except dorsal furseulus sce disgrar)
at mud thoraac Jevel on of {A € an (B D) sciatic merve

at 18 umes threshold. Upper and lower traces show th ascending d scharg at d flerent speeds
middle traces show the incoming vollrv recorded at the fa tspred from the drsal roots 15 mm
smore caudally A and B were obtamned before and C and 1D after th ¢ e sn shown m the dugram
(hasct ed, Thevoltag~ scale applies to the lower trzces From th - experimentalsoshownnFig 2

E—H illustrate 2 different expeniment. The records show disct arges recorded from te da
sccted sentral quadrant of the cord (ser diagram) at ¢t ¢ upper thoracic Ivel on sumulation of
th psitateral and contratatcral seiatie nerve at 70 umes threshold A an§ P were obtaiacd be
fore and G and H aficr the Jeson shown 1n the dugram (hatched) Convenuons asin =1

was also a marked increase in the duration of the mass discharge suggesung
polysynaptic components Stmilar observations were made with the discharge
evoked from the contralateral nenve

The discharge evoked by sumulaton of the spsilateral nerve was usually about
twice as large as that evoked from the contralateral nenve (Fig 3 A and B)
When the “cord half* was draded 1nto one ventral and one dorsal part by
honzontal sphitung through the plane of the central canal the dor.al part g2+¢
only 2n spulaieral response and the sentsal part (Fig 3 E and F} both 21
1psilateral and a contralateral response

In many experiments the <histnbuton of the rpuilateral and contralateral
discharges 1n the cord was studied by making lesions at the basc of the dis-
sected fasacle This method scemed to damage the preparation less than
Jongitudmal sphitung Tig 3 A—D shows records obtaned from the “cord
hall® on 1 of the and ! | scratic nene 07
fasccle was ongmally intact and both spsiateral and contralatcral respone
appeared (4 and B) After a lesion in the ventral part of the fateral fumculs
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¥ig 4 Spmnal cord secuon through upper thoracic regton showing
the distribution of tracts activated monesynaptically frony ipsilateral
afferents (vertical hatehng) and of tracts acin ated cally
from contralat ral afferents rhorizontal hatching)
and the ventral fi lus (hatched 1n d } there d only a reduced
ipsilateral response {C and D) Records E and F were obtamed from the ventral
quadrant of the cord (see d ) 1n a diffe and show tp slateral
and ¢ \? \] The ) ] resp was the larger one as

P
in other experiments with recording from the ventral quadrant Only the contra
lateral discharge remamed (G and H) after a lesion i the lateral part of the
dissected fasarcle (hatched n diagram)
3 survey of the results obtained by recording from more than 40 varwously
3 1

dussected fascicles shows that the area g fibres p
1y from 1psil nerves pies the regton mndicated by vertieal hatching n
Fig 4 whereas the area g fibres disch d monosynayg Iy from

contralateral nerves oceupies the horrzontally hatched region

Drscussion

It has recently been shown that uncrossed ascendmg spinal tracts :n mam
mals and birds occupy the dorsal part of the lateral fumculus and crossed tracts
the area ventral thereof (see Introd )} A sumlar of d
tracts m the punal cord of the frog s indicated by the present expernments
] s primary affe almost on the 1p i
side of the grey matter n the cord (for references see Horugvist and OscARS
30N 1963) and this 1s also the case with the primary afferents in the frog (W W
Citsvmers and € N Liv personal commumecation; \ccordingly a mono-
symapuic discharge evoked n ascending tracts from ipsilateral nerves may be
taken to indicate that the tracts do not cross the mudhine and conversely a
discharge euobed from contralateral merves to wdicate that they do cross the
mudine Hence our results indscate that the uncrossed tracts occupy the dorsal
Part of the cord and the crossed ones the ventral part The zone of overlapping
15 however large in the frog cord asshown by Fig 4 In contrast with the exten
Sive overlapping of the areas contamming uncrossed and erossed tracts in the

og there 15 bittle overlapping of these areas in mamsmals and birds when tracts
fiom the same region for example the lumbar e are dered
(Horugyist and Oscarsson 1963 Oscarsson efal 1963)
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cell granules from the adrenal medulla and adrenergic nerves {Scrctany 1960,
Eurer and Liswajko 1960)

In the heart treatment with reserpine deplctes the tissue content of NA
(BeRTLER et al 1956 Passonex and Rraver 1958, Muscrour 1960 Gavevey
et ol 1962) and abolished the positive inotropic and chronotropie effects of
tyramine (Carisson ef al 1957, TRENDELENBURG ¢t af 1961, CrouT ef of 1962)
Furthermore, tyramune has been shown to release NA from the heart 1 ratro and
2o {BURY and Burn 1961, Cripsey et al 1962) However, there s still some
debate of whether tyramine can deplete the cardiac stores of NA and whether
the cardiac effects of this amine are entirely due ta released NA, Nassternt
(1960) reported that the NA stores of guinea pig atria are not reduced stgnmif
1cantly after exposure to tyramme He suggested that this anune has a direct
effect and that the presence of NA plays a facihitatory role By contrast Cripse
etal (1962) reported a sigmficant depletion of NA stores by tyramine in the dog
atrium #z t2o and concluded that NA release 1s directly involved 1 the cardiac
actions of tyramme

In the studses reported heremn the cardiac action of tyramine was re exarmned
using 1solated rabbit atria In these experiments the inotropic effects of tyramine
were studied and catecholamine deterrminations were made in the same atna,
thus providing a direct evaluaton of the possible correlation of these two
effects

Methods

Left atnia from albino male rabbits were rapidly removed and placed n a specially
constructed tssue bath perfused contmuously with 2 modified Locke s sotution at a rate
of 12—14 mi{min and aerated with carbogen All preparations were stretched to an
mtial tenston of 2 g and were dnven at 90 beats/oun with a Grass S4 stimulator Both
electrical and mechanical responses were recorded on a Grass oscillograph For the former
a Tetrontx 122 amplifier was used The latter were recorded through the use of a foree
displacement transducer (Grass FT 03 or Sanborn SFX) Details of the preparation
and mnstrumentation have been reported (ToRCHIANA and ANGELAKOs 1963)

Tyramune was added to the perfusion flurd and the solution was freshly made esery
30 mun It was established that under the 1 cond, used the 1t
of tyramune did not decrease more than 10 per cent over a period of one hour For this
the concentration of tyramine before and after pesfusion through the ussue was repeatedty
determmed and compared to freshly made solutions using the self fuorescence of this
compound measured with an Amunco speetrofiuormmeter

For the NA analyses the tissue was blotted dry weighed and minced ta 10 per cent
trichloracetic aad After filtenng the NA content was determimed according to the
method of EuLer and Lismajxo (1961) Briefly this method ivolves adsorpuon on
alurmina at pH 85 elution with acctic acid and owdation at pH 6 5 with potassium
ferncyamde  Recoverics range between 70—80 per cent The values reported were h:;
corrected for recovery It s esumated that due to the small amount of tisue mvoly
the repacted valucs are known with 2 precision of approxuimately 005 g g ‘\(tas:f;
ments were made 1 a2 Coleman fluonimeter with both filters A (395490 my) ar o
(433/310 mpr) On several occasions the samples were also measured on the Am'l;lcf
spectrofluortmeter Only the \NA values are reported since no mewsurable amoun
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Table T Contrectile tenion and A 4 content of atna perfused vath Hramine

Croup| Treatment Noof N (uglg) A Te a
atna m treated at peal
Controly | Tresteq |22 of [ ropome o0
controls fyrarrie
1 | In Lockes whitem
for S—6hrs 8 1502018 § 158 5034 10> -
Tyrem ne {700 ug'ml)
U i 30mn 3 126 £020{ 116 029 92 5
1 | 90480 mm 8 11374013089 %026 7 3
Subgrovn A 3 1124 020§ 123 & 025 ue 13
Subgroup 8 5 1382028 {068 048 43 36
TV P At the tume when
unreponsve to fyra
trane {36 hre) 4 |19tz o24{0arn 08 4% [}
% 130 min after the end
of tyramune wfunon 4 151 4. 020 | 100 & 020 66 4*

Average effect when challenged with tyramine alter wastuag for 30 ma.

adrenaline (A) were found Later roesturements {Aseriaxos and Torcraana 1963
withatna pooled from seseral rabbits indicated that the A content of the left atrum was
Jes tham 001 (egfe.

Rendual amounts of syramme that may be left 1 the tissue do not wkerfere with
determinations of N 4 nnee this amine does not adsorb on alumsa (ELrEr 1956) Further
T W was found expennmentally that the presence of as much a5 100 ug of tyramme
ﬁ:; rat anterfere with the derermsmaton of 1 g of NA with the fuonmetne method

Results

In the early part of these studies dustmet diffevences were obsersed mn the
A2l NA content of groups of anunals recened ay diffexent tumes In general
smaller male ammals (2—3 bg) had a higher NA content than larger rabluts
(45 kg) of the same sex By contrast the anal “A comtent within a gnen
Broup was farrly umform Thus 1t was found necessasy to run parallel controls
Tom each group of anxmals In each case the N A cantent for each expermentat
&roup was compared to that of concurrently run controls (Table I)

t 13 pernnent to note that the NA conient of controls did not change even
after perfusion wath modified Locke s solutson for 2 pertod of 56 hours No
Sgmfican changes a0 the wometnic tennan were gbserved o7 4 pened up o
4 hours although 2 moderate dectease 1n tensson occurred in some prepara tons
after 45 hours
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TENSION IN PER CENT OF CONTROL

TYRAMINE

\\N

CONTROLS

Fig 1 Average tension of 5 atria duning contin
uous perfuston with tyramine (100 pgfii)

T
0 30 60 90
TIMF INMIN

Perfusion with tyramine 1n concentrations of 10100 jg/m! produced a
consistent positnve notropic effect It 1s noteworthy that this response was
obtamned with the attum driven at a constant rate and therefore 15 not com
plicated by concurrent changes in the pacemaker rate In prelimunary expen
ments concentrations of 20 zg/m! produced 1n two atria an average increase m
contractihity of 27 per cent In the next 5 experiments 100 sig/ml increased
contractility by an average of 64 per cent while 200 yg/ml 1n 2 expenments
produced an average increase of 94 per cent On the basis of these studies the
concentraton of 100 sg/ml was chosen for most of the subsequent expersments
since 1t was desirable to study the response of the preparaton when the effect
was definite and nearly I With this the average inerease
m contractile force in a total of 20 atria was 72 per cent In absolute wats this
corresponds to an mcrease of 0 5—1 5 g tension

A similar increase in contractility as that following 100 sg/ml of tyramine
was obtained with 05—10 ug/ml of NA Dichloroisoproterenol (5 pg/ml)
was somewhat more effective 1 blocking the effects of these equipotent con
centrations of tyramine than of NA

As anucipated from the results of previous stucies (Nassyri 1960 Cirosey
et al 1962) during the continuous perfusion with tyramine there was a gradual
decrease wn the positnve mnotropic response even though the concentration of
the amine was maintained constant However it was found that the response
decreased very slowly over several hours and the ime course was not umformly
consistant from atrium to atium

The average tension of 5 atra exposed to tyramune for 90 min 15 shown
Fig 1 Itis clear that at the end of this pertod the tissue 1s sull responding 10
tyramine and there 15 only a moderate reduction of the peak effect Inotherex
p P was { for 3—6 hours 1n order to obtain a substan
tal reduction of the uissue response to tyramune In sull another group of ex
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PER CENY DECRTASE (N
TYRAMINE RESPR ASE

100 v
E /

Fg 2 Comrclation between reduction s Possy Einotrap ¢
Fesponse and N 4 concentration during continuous perfu
£on with tyramne

50
PER CENT DECREASE
i NA CONTENT

Peruments the perfusion nas termunated at the end of 30 min The results are
mmanzed in Table I The NA of the tissues determined at the end of the
Sxperiment 15 also ancluded in the table Only NA salues are reported ince
there were ng measusable amounts of A 1n these nssues Tt1s of interest that araa
perlused for 90 mug or more could be subdded mto two groups A group
(HEA) in which the response to tyramine was stll 65 Per cent or more of peak
when the perfusion was termunated and another group (11 B} m which the
Tespanse was reduced to 50 per cent or less of peak Group IV consists of sep-
arats 5roup of four amia in which tyrarmune was perfused untd the Tesponse
%38 completely abohshed

The comesponding NA concentrations shown n the table for each of these
&roups are of partieular interest The duflerences berseen the controls and the

0 msn perfusion {greup ) with tyramune 1s por staustically sigmficant How

ey !‘uuomng exposure for 90—180 nun {group 1) the difference 15 quite
definuze fpy o < 002) and becomes quite clear when the subgroups IIT A and
MBar compared Fig 2 shows the rel hip between the red: mNA
319%¢s and sn ghe tyramane response

Ta test the abshity of the ussue to restore 1ts NA content atna were perfused
*1th tyramune unu the POsitie imnotropsc response had virtathy disappeared
less than 5. Prt cent of peak) and were subsequentls washied for 30 min At the
2d of this persod the response w tyramme (100 pig mi) was tested buefly (10
™0} In most cases no sigruficant response was observed followt ng this second
SXPOSILL 10 tyramane At the end of thus peniod the ussues were resered for A
284031 The resules are mcluded i Table I (group V)

10 sumitar experaments the ability of the tissue to respond to added NA nas
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tested after the 1notropic response to tyramine had disappeared The trssue
was found to respond to the same extent as before the tyramune treatment Such
brief exposure to NA was found torestore partially the response to tyramine In
other experiments 1t was found that exposure to test doses of NA 1n the process
of obtaining data for a dose response curve ncreased markedly the NA content
of the tissue analyzed after washing for one hour following the last NA dose
Thus 5 atna tested 1n this manner with doses ranging from 0 1 to 8 0 yg/m) had
an average NA content of 2 93 uglg The value for the corresponding controls
was 1 15 ugfg

In another senies of 11 exp left atna were exposed repeatedly to tyramne
concentrations of 20—100 4 /ml and were subsequently washed for pertods of
1 hour or more In all cases 1t was obsersed that the contractility returned even
tually to control levels There was no evidence that contractility wwas depressed
following tyramine even when the atria were exposed to large doses (100 ug/ml)
for prolonged periods (90 mn to 6 hours) On the contrary, 1t was observed
that duning washing following exposure to tyramune there was a tran.sent 1n
crease m contractile force This was of the order of 10 per cent lasting, for 2—3
mn It was more marked following a short rather than a long exposure to
tyramine

Drscussion

It has been shown that when the cardiac NA stores are depleted by pre
treatment with rescrpine the positive pic response to bolished
(Crout ¢t al 1962 Muscuorr 1960) In the present experiments the res€rst
approach was used and the catecholamine content of tissues was examned when
the Tesponse to tyramune was reduced or abolished The oserall results indicate
that when the v i was reduced sul: lly the NA content
was sigmificantly less than in the controls Although a strict correlaton could
not be demonstrated st s clear that a progressne decrease in the tyramine
response 18 associated with Jower NA content In this connectionstas noteworthy
that the respon.e 1s greatly reduced or completely abolished cven though the
ussue content of \NA 1s sull approximately 50—40 per cent of normal This
cauld be interpreted as indrcating that not all NA stores arc readily avalable
for telease wath tyramine Crout ef af (1962) using reserpimzed antmals 1
~anous stages of NA depletion found that the response of the guinea pig a2
10 tyramune was nat affected untl the ussue content was reduced to more than
50 per cent of the control H the responses of the guinea pig ana and rablut
atria are comparable the results of these authors can be brought to agreement
with the present obserauons by suggesting that small doses of reserpine -'lnf
tyramine have a different mode of action or act to release different fractions @
the NA stores This 1s essentally the same as the overall conciusions of Cum:;
et ol (1962) based on the assumption that the NA stores are contamed 1o tw




TYRAMINE OV RABBIT ATRIA 167

compartments (TRENDELENBURG 1961) However therearestill certain quantita

tine differences which can not be fully accounted for In general depletion of
NAstoresby 1s hmited and app ly different from that produced by
teserpme  This 15 1 agreement with observations on solated nerve granules
(EuLEr and Lisuajko 1960 1961)

The present results on rabbit atria contrast with those reported by NassyTi
(1360) 1 guinea pig hearts He found no reduction i the NA stores after ex
posure to tyramie However the doses employed were smaller and the time of
exposure was shorter 1n Nasmyth s experiments than m the present studies
It1s clear from the present results tht exposure of the rabbit atria to even igh
concentratons of tyrammne for 30 min does not produce a sigmficant decrease
i the NA content However over the same penod the positive notropic re
sponse to tyramne was reduced to less than 25 per cent Smmulartly 1t 15 pessible
that smaller doses of tyramme do not produce a detectable decrease 1 the
MNA stores 1t 1s clear that the present results do not provide any direct proof
that tyramme acts by releasmg NA from fissue stores as suggested by Burn and
RanD (1958) although they are in agreement with that hypothesis However the
alternatu e suggestion that (Naswyrs 1960 Ruscuinsky et al 1960) the presence
of NA plays a permussive role to a drrect action of tyramine 15 equally tenable

‘The persstence of the tyramune response over several hours 1s stnkmg It 1s
rather unlikely that the total amount of NA present 1n a tissue of approumately
02g (NA ca 0 3 pig) 1 sufficient to mamtam the fissue contractility at 50—100
Per cent above control levels for a peniod of 2—3 hours For a sumilar response
with admimistered NA the final concentration needed 1s 0 5—1 0 ug/ml This s
particulanly striking considering the fact that the tissue was perfused at a rate
of 14 ml/min and the maximum depletion observed was of the order of 50 per
cent or a total amount of approxumately 0 15 sig of NA This coupled with the
observation that the NA depletion 1s slow may be taken to suggest that resyn
thesis of NA proceeds farrly rapidly even m the tsolated atrum m a0 It 1s
evident from the results (group V) that 30 mun after depletion wath tyramine
the tissue synthesized approxumately 20 per cent of the average control value
However this increase did not restore the response to tyrammne This could be
Interpreted as indicating that the newly synthesized NA was associated with a
fraction which was not readily available for tyramme release

It was of particular mnterest to note that following maximal depletion of the
NA stores by tyramme and subsequent washing the contractlity of the atnas
still normal This indicates that there 1s no direct correlation between cate
chol stores and dial lity This 15 m with the
observations of hano ez al (1960) that the sp hol, depl
observed 1n the 1olated perfused dog heart could not be correlated with myo-
cardial efficiency However 1t 1s possible that such a correlation becomes

fi when the hol. levels are dingly low as d by
LeE and SHmEsAN (1959) on the basis of experiments on reserpinized ammals
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Gastric Aad Secretion 1 Gastric Fistula Cats during
Reserpme Treatment?
By
Svesre Exdis
Recanved 9 February 1963

Abstract

ENAs S Gastric desd setretion n gasing fistula cats dunng re erpne ireat
ment Acta physiol scand 1963 39 169183 — Theeffect of dailv
mtramuscular snjections of reserpine on basal gastnc secretan and on

€ SECTGtory responses 1o Intravenous hustammne gastnn metha
¢holine and mnsufin by poglycemia was investigated 1n nonanesthetized
gastric fistula cats Reserpme sreamment dunng 3 days or more
produced an clevation of basal sccreton and the secretorv responses
tahuistamine and gastrn were increased whale thatto methacholine re
mamed unaltered and that wo isulin by pogly cemia was reduced The
changes described were haghlv sigmificant The sesults suggest at feast
2 twa fold mode of acuon of reserpine on the gastae sec etory mecha
nsm The expenments with histamune and gaston mdicate that
reserpine treatment mcveases the exoability of the pareral ,Ccus to

these sumuds those with k and sl 1 hypog
mdicate that reserpine treatment alo terferes with the gaston
mechanism

In 1954 Pruwuer ef ol and Basrers Rurienor and Rogre reported that
2 ungle wntravenous mectson of reserpine stunulated gastric secretion of aad
Several papers dealing with the secretagogue acton of seserpine have since
appeared (for references see Gar 22 al 1960)

The effect of profonged reserpine treatment on basal gasteic secretion has
been studied e kaman bengs In inestgations with dady reserpene doses

¥\ prebiminary repo ¢ of this nvest ganon was p esrated at the Tens! Scand navan Physie.
Togical Congress » Olw/\yhny $960 {Exiy 190 2)
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of 075 to 1 mg no appreaable change 1n basal secretion has been obseried
(Rmer 1905, Drexick 1906 Worr and Rosssan 1956 harsver and Forp
1957 Scusewer and CLark 1957), and exen following datly doses of 15 mg
gastric secretion within the average range has been reported m two patients
(BacarACH 1959) Tncreases of gastric acid secretion have been reported on
the other hand followng daily reserpine doses of 032 and 05 mg {Liesowrrz
and Careoxe 1957) and 2 to 3 ;g (HAVERBACK ¢f a! 1952) In the last men
tioned mesugation the <ecretory studies started 3 hours afier reserpine had
been grven 1t 1s well established that the sccretagogue action of a single dose
of reserpine lasts for several hours The observed increase therefore sepresents
not only the posible effect of prolonged reserpine treatment but also the secreta
gogue action of the last reserpime dose

No expenmental data are available concemning the effect on basal gastnic
secretion of prolonged reserpine treatment wath doses of reserpine Jarger than
those used chinicallh Nor does the hiterature contam any studies on the effect
of reserpme treatment on gastnic secretion chated by different stmuh Such
studies seem worthwhile 1o that such treatment may exercise an influence on
factors that are concen ably of importance for the regulation of gastric secretion
{drscussed later in thus paper;

The present study on nonanesthetized gastnc fistula cats deals with the
effect of prolonged reserpine trearment upon basal secretion and upon the secre
tory resp: tol gastnp hacholine and insultn hypoglycemia

Methods
The exg were perf on 9 d gastne fistula cats (Enths
1960 b) corvering both sexes and weghing 30 to 4 1 kg
“The basal gastrc sccrenon and the secretorv responscs 1o histammne gastnn metha
choline (Brtachohl” , and or msulin hypoghcanta were determned in cach animal
(controls  The amumals were then subjected to daily reserpine (SerpedinC ) mjections and
the expertments were repeated

Expenmental Techmque
The expenment started in the moming after the 2mmals had staned for 18 to 20
hours. Basal s~creuon was recorded for at least one hour before any sceretory exciant
was admunsstered  Gastrn dusoled 1n aadified phywiological sahne (JorpEs Jartne
and Merr 19225 or or meth hine dusolsed 1n ! saline was
then infised 11 for a 15-mm penod durng each of 4 hours by means of an mfuson
purep (nfusion rate O $0 ml per mn  [nsubin was admunistered as a single 1 ipjecuon.
To determune the blood sugar level two samples of venous blood were collected before
the snjecuon of insulin and then ever half hour for to hours The samples were a3
Ivzed bv the anthrone method DtRitasy of ol 1920 b
The lo-mun gastnc socreucn was recorded and the amount of acid determuned By
ttranon agaunst 001 \ NaOH Topfer s reagent indicated the endpom for the ut

i of free acd and phenclphthalem that for total ad The amount of acd secreted
was d 10 pull X meq  Reser produced increased basal seare
P q
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ton which was therefore corrected for w all expenments The secvegory e p nses to
histarmine gastrie and miethacholine are accordingly defined as meq of total sad se
creted dunng § hous from the commencement of snfuston (Esas 1960 by mimus the
1 hour basa! seeretson, and that to wsulin as meq of total and secreted during 3 hours
Bllowwng injection minus 3 times the | hour basal secretion

The doses of histamime {as the dihydrechlonde) and gaston infused ehicited m the
cantrol experiments seceetory respanses of fess than S0 per cent of the maximal secresony
capacity of the cat s stomach (EmAs unpublished obsenations) In the experiments with
methacholme there were chosens thoses doses {as the wdide) that produced acid secretory
responses with as small effects as posssble on salvation The secretory responses to m
sulin by pogly were sub: 1 (EvAs unp hed ob and 10 most
tontrol experiments the bicod sugar level lay duning maximal bypoglycemia between 40
and 60 mg glucose per 100 mi blood Al the doses grven in the tables and figures are
zelated 10 the amumal s waight at the beginning of this series The total dose was then
kept constant throughout the series despste a weight Joss of 5 o 15 per cent m most
2mmals during the periods of reserpinszation

TwO gasnn preparations wsed (3p and Bp) were prepared from anveal mecosa of

hogs by the method of Jorees ¢t ol {1952) m a somewhat shortened version (Exas
1960 b) The secretory actnaty per mg of preparation 3p and 9p amounted to 50 and
100 hustarmne units (Uvnias and Faras 1961) respectvely Mo Bistamune that coutd be
Tesponmible for the secretory effects was found wm the preparations when assayed on
gunea pig aleum {<0 U pg of hastaine dihydsochionde per ma)

Reserprne Treatment

For 2 persod of usually 7 to 13 days (rean 11 days) reserpune was admumstered 1 m
i a daily dose of 010 12 0 15 mg per kg of body weight at the same time cach day
After 3days treatment wath veserpiae — the anmal s then seferred to as veserpsnized —
the experiments described above were sepeated every 3rd or 4th day O the days of ex
Perunent reserpine was not njected unttl after the expersment so that when the expe
nment started 20 1o 24 hours had passed since the last myecoon

The defimation of reserprarzed cats was based on the absersanion (made m prebmunary
experiments) that at Jeast 3 days of reserpine treatment was required fo produce
rtgatarly the snerease in resporses to hustammune and gastrin that 15 to be descnibed

Symp fs wring reser were micsss of the
nuctitating membrane darrhea and marked sedation As a rule the ansmals did not
€at by themsehes and had to be fed twice a day by band Reserpmizason was discontin
ued of there were obvious risks of the animal succombing  Up 106 penods of reserpmsza
bon were effected on the same mdiadual The mtervals hetwesn these pertods vared
from 2 wecks to + months but were 1 most cases of 4 werks or more D fseat soore

fory stumuhi were tested within the same period  Histamine or gastan however was
neleded i all persods

Ecaluatien of Date

“The vanance for the basal sec etton of the mdwidual anal differs consderably as
between the nonreserpimized and reserpunzed state_and the rank sum test (Dixon and
Massey 1957) was therefore used n the anabves of the experunentat data

In general the vartance for the secrtony  esponses of the reserpiauzed animal 13 abo
largee than thas of the same bt nonreserpmized animal In view however of the rela
tely small number of experuments per ndmdual with each seereton, sumuluy the
cxpenmental data were processed by anabin of varance Since it hax been impossible
1 the present study to mamtaw syawmetny ove the series. a modifieation of the ordimary
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Table I Mear 1-bour basal secretion and mean 1 hour secretory reshonses to o rebealed intrar sous
tnfusions of histamne wn gasiric fistula cats nonreserpne.ed and reserpint ed

"‘Unrmirpm!zcd Reserpimzed Taercast of
{controls) toean rexponse
to Istinfusions
t;
" iz:[f;:; in meq Se:xlmm m meqg durng
% total acad pmuzation
E in In
P 5 |Response? to hustamune % ) Response to hitamme per
9 | ) £ )wmlusion no % ]mfugton no meq jeentol
£lg § el B total |mean
HEEME MR acd | for
MEEMERE 23 4 jefgh 2 s |4 con
MENEIE z| & trols
39 (o010 6 001|048 J049]045]043| 4 |oos] 080 ocooe3|oer| 032 67
+0 36— 0853~
a62 108
40 [0010] 4 1003 0.3¢ [0.37]030[033) 2 jo02| 079 logg|oo5[061] 045 ) 132
024- 073~
044 079
41 (00I0{ 5100G4{ 046 (0511056051 5|017[ 125 [116[106[098| 078 ] 172
041 096~
05 168
4510015| 4 [002] 028 |028[025[026] o [034] 10¢ [092{048[045) 076 ) 2m
020~ 064-
039 159
43 [0010] & [00>| 023 |02a]026(0%] ¢ |020] 077 [086]074[0Gs] 054 235
015~ 054~
028 112
7 joo1s) slow)o Jozfore]ots) 4 Jo1zf 056 Josefossjo4s] 035 ) 107
013 043-
028 079
74 |ooio] 5 ooz} 024 Jo2ejo20]oza] 41015) 052 Josoloscin.e) 028 | 1y
015- 037~
031 069
78 [001a] 4 (001{ 018 [018{018[01r| 3 (00> 054 [055[053{0 41| 036 200
013~ 031
022 007

5 Correction made for basai seerction.
Range of secretory responses.
Tustrated n Frg 1

pracedure of analysis of vanance has been necessary {SnepECoR 1956 Chapt 17 Ge¢
vons 14 and 15) It was found that the difference between the abave mentioned yan

ances was not sb large a3 to invalidate the analyss
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{mean of o exp) Dose of T o
Btarune 0 010 mg per kg B v

of boddy wesght for 13 men.
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Results

Busal Servetion (Fable 1 3 1)

1n nonr d cats {102 exp basal anly rarely con
tamed ttratable amounts of free aad and the mean 1 hour basal ecrenon
ol 1012l acsd varied besween less than 0 81 meq (cat 78) and 0 02 meg 'cat 49)

Duning reserpimzation {87 exp ) free aud was obsersed 1 most expenments
and the mean basal secreuon of total actd was elevated m all ansmals The
mean 1 hour output of toral acsd of each mdsvdual fell within the range of
007 mey (cat 78) to 0 42 meq ‘eat 42) The mean merease for mdividual cats
vaned between 006 meq cat 40 and 037 meq cat 42t and a large ncrease
appeared to be related to a comparatnely high basal secreton in the non
resetpinized state The rank sum test /Dixon and Maszy 1957, showed that
the basal acd secretion of the ammal nonreserpunzed and reserpinized differed
Bighly sgmificarly 1 P < 0001} tn 7 of 9 cats studied In the remamng 2 cats
{80 71 and 74 the number of experiments was small and basal secrenon differed
almost sigmficantly (P <. 0 03

In 12 exp on reserpiized cats basal acid sccretion was derermuned also
after the repeated nfusions of secretory excuant and was found stll o be
elevated justfiang the defimuon of secreton response

Secretory Responses ts Hhstamine Table Iy

Ing ¥ d cars peated of b pro-
duced acid secretory responses that were farrlv untform both within the same
eepenment and on the same ammal {rom one cxperiment to another Results

currespond m g 1o thowe ob d here have been statsneally
analyzed elsewhere (Esis 1960 b
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Table II Mean 1 hour basal secretion and mean 1 hour secretory responses 1 § sepested
sntraztnois wnfusions of gastnn wn gastnc fistula cats ronrzserpin ed and reserpinaed

Nonreserpimzed Reserprized Increase of
(conteals} mean response
to Istnf
St e Fm— fotnfaors
. total acid total acid pinization
-1 In |lnper
el & § |Response! to gastrin § |Response to gastnn o
£l g |af § [mnfuson no T (mlusion no meq | centol
&t B ] g. 5 total {mean
glEl B2 o naid |for
“ [ 8 ° 5 1 2 3 4 el g |t 2 3 |4 con
SlolcC |zl A z| 2 trols
39/ 3p[025] $]001| 046 [042,035{033f 4|014] 072 [077[060{060] 026 57
041 051-]
058 094
40,3p(035) 2[/003] 040 [04:[039/038; 2{010] 099 [112{077{058] 059 148
040~ 090-]
040 107
4| 3p[035) 31002] 057 [062{054|046] 5{030] 099 [082{05:[041| 042 7¢
054 076-
060 113
145! 3pl032| 3fo0st o2t [017[017{019] 3l034{ 078 [os6lozefo20[ 057] 211
010 0 -]
029 118
1481 3p(035| 3002 026 |03+[023{021] 4{0°2{ 097 (106({088]0c7{ 071 | 273
073~ 058-|
029 127
110/ 9p{020f 5{001| 042 (057 [047/043| 4[{008] 074 Jo71[064]0c0| 032 4
036- 04|
052 097

Correction made for basa! sccretion.
* Indiadual experiments hustrated in a previous paper (Esiks 1900b Fig 8}

* Range of sccretory responses
Hlustrated 1n Fig 2

Reserpmization produced increased sccretory responses to histamme 1n all
8 amimals In agreement with earlier findings (Estks 1960 b) smuually large
secretory resp declined with rep i ) The mean resp
of cat 41 nonreserpimzed and reserpimzed are ilustrated in Frg | Owing to
thus dechine only the response to the first infusion m ¢ich experiment has been
used when evaluaung the effect of reserprization For indmidml cats the
mean increase ranged from 0 28 meq of total acid (cat 74} to 0 79 meq (cat 41}
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s ju ED ft

Fig 2 Pasal gastne seexe ‘R ARR LI
1100 And secTetory reSponses 69,
{uncorreeted} to repeated

3y nfosomof gastin na Mo 1

i34 sese

gastne fitda eat (o 41)
ponrmsepimacd {oran of s

exp) and reserpini PE D [Cessan zes]
{mean of 3 exp} Doseof % TR
the gastnn  preparation
03> mg per kg of body
w ghtfor I3 mm Theaod
output 1 each evpersment
on the ni mzed ama
mal has been aMustrated
elsewhere (Esths 1960 b
Fig B)

a1 veNs

s on
§omarnoun
¥ axa 2ano

Fonsun

L A

and the percentage mcrease from 67 (cat 39) to 271 (cat 43) The difference
between the acid secretory responses of nonreserpimzed and reserpinwed cats
was highly sigmficant (P < 0001} accordng to the analyss of vanance
(S~kprcor 1926} When reserpme treatment was discontinued the effect on
the secretary responses perusted for different lengths of tume with different
wncdineduats but the responses of most anumals were normal after 4 days

Secretory Responses to Gastrin {Table I1)

Of § cats tested 5 were used m the above mentioned expeniments with
histamine  The results obiamed with gastnn were similar in principle to those
abtained with hstamne

In the nonreserpmzed cats fauly umform responses to gastrin were obtamed
m the same ammal both within experiments and from one expenment to
anather Three cxpenm:nts on each of cats no 39 41 45 and 48 have been
i} d and lyzed elsewhere (Esras 1960 b)

Reserpimzauon increased the mean secretory YeSPONSes to gastnn in all 6 cawy
Wath hourly epeated sumulauon there was an obvious dechne n the large
secretory responses Fig 2 demonstrates the effect of reserpiization on the
mean secretory response of cat 41 Reserpmazabion mereased the mean secre
tory response ta the first gastin ifusions by 0 26 meq of tota) acid or 37 per
cent {cat 39) to 071 meq or 273 per cent cat 48; Anabvms of vanance dem
onstrated a haghly sigmficant (P < 0OG1; difference between the aad
secretory responses of the nonreserpinized and reserpruzed cats

Secretore Responses lo Methackoline \ Table {11
All 6 cats tested were included 10 the
gastnn
In the nonreserpimized cats the canauon expressed sn meq total acd of
the first secretory responses tn experiments on the same individual was com

with b andfor



176 SVERRE EMAg

Tadle IIT Mean 1 hour basal secretion and mean I bour stereloty sesponses o 4 repeated
wtrazenous mfustons of methacholine wn gastric fistula cats monseserpined and reserpimeed

Nonreserpinized Reserpunczed Inerease of
(oomtroly) mean respomse
Fo———— [r— 1o s lisies
total acd total acd pinization
§ Response  to metha § |Response? (o metha 5:(, ::n'l’:'r
o] E fehotme mmon no | _ | § {choline ifusion no 2
el € £ § total {mean
2y = £ aad |for
KERL 2 {3 |4 S1E N 2 I3 J4 con
z|& zla wole
39 f0020) 3004} 021 JO.23)012]014] 3[00>] 017 [007]009)0D$)-004 (-19)
016~ 007~
032 a3
241 {0020) 3 [004] 036 021{015{025] 3[015{ 038 [0I6[{016]017] 002 (8
033~ 029-
042 052
4> |0020] 4 001 007 j0051004{003] 4 [061{ 034 {0t1{os5{000{ 807 (100)
004~ 003~
en 035
48 footsy 3 {oo2f et joq7|03{o12] 3loi5{ 017 [0I3{016]017] 006 { (35)
006~ 01~
015 022
"g {004a{ 4 (000{ 012 {0iz{01Z{01i{ 2 {003] 026 [0°Gf013{012] OXq | (117}
003 o1~
014 040
1o fooso| 4 {oe3f o020 Jorzforsfors! 3{otoj 008 foo2{oor|o0l|-012 | (40}
016+ 003~
029 01z

Correction made for basal sceretion.
* Range of secrerory responscs.
* Nlustrated m Fig 3

parable to that of the responses to lustarne and gastnin Within several inds
the secretory responses tended to dechine with

vidual cxpeniments howeser
d ! fi of this dechin® was not analyzed statst

The
ca’{l\ as only the first response tn each expenment was used 11 esaluating the
effect of reserpinizition

The resespintzation of the cats produced novery marked changes 1 secretony
can response to the first mfsions ncreased 1 4 caws by be
(cat 41 and 0 14 meq {cat 78) whilc i 2 ¢cats st decreared

response  The m
tween 002 menp
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Fg 3 Basal gaste secre ERrr e
ton and seereion responses e )
funcorreeted) w0 repeated  ussha RER B v 5r2AER
11 afusons of methacho-

3exe It
Lot i 2 gaste ¢ fstula cat
1

praoes
(10 "41) “nonreserpmised sy
(resn of 3 cxp and e [t
pmzed {mean of 3 exp)

Dosc alsmetachobne 070 B e
5 per k2 of body we ght

fnrgl';em;g TeeE L - T2 3 4 swoums

by 004 meg {cat 38) and 0 12 meg {cat 110} The secreton, responses of cat
4 dunng Tesermnizanon are unrehable owing to the large basal secretion

The safisons of methacholme eheited salivation and 1t was possible that the ad
mituse of sajng to the gastric jusce might have reduced the figures for the outpur of
1012l aeid Thas was sm estigated by adding sahiva — collected from 2 anesthenzed cats
{oreparanon see Exsas 1960 by snfused with h ~= o zad gastnc
wice obtamed from novanesthetezed gastric fistula cars contiouously anfused with hista
)

¢ SI20 problem, however was whether methacholine elicits an increased flow of
ivx dutng resespugzaron, thereby maskang ncreased responses of total acd If
5 ere the case methachohne would ehot a greater volume of gastric juice
ke amanal when reserpined ma oho A In fact the corrceted mean
olume of gagne dusce followang the first methachohne wfusions decreased dunng
TIPIM2INON 1 4cats by 09 mt {cat 39; to0 50 mi (cat 42, and wnereased in 2 cats
B orly 12 sl (cat 31y gt 0 8 oy {car 18,

Seattory Responsen o fusulsn Hypoglscemea (Table 11
6 cats tosteg were used n the expenments with tustarmine and o of
tem alsg 1 these with gastrin and methacholine

19 the Ronreserpinszed cats the secretory response appeared within one hour
afer the yection of msubin Afier a further hour acid secretion had returned

1918 prowgecton tesel in most expenments and at the end of the 3rd post
ECtion hoye 4y all experiments

5 CEDALOn reduced the mean secretory response m all ammals Fig 4
S5ows the meay Fesponses of cat 41 The secretors respanse duning reserpmiza
tion ceeded ¢y

© minimum response of the same but nanreserpinized anunal
o €at 39; The reduction of the mean respons - ~— T
#honel cand § ol 59

only 2 exp
b 633015 fgerq
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Table 1 Mean 1 hour basal secretion and mean 3 hour
secretory restonse fo tsul )
in gastrie fistula caty nonresespimoed and reserpinioed ke i gz

Cat | Insubm [N d R Increase of mean
no m {cantroly) responsc during
1
o FCQ Fmeppey repu Py (L
of total aad of total acd I 7
n n
P pasal [Responset |“P [Easal [Respons | mea  [per eont
secre | to wmsulin secre |to msutin |total  Jof mean
tion hypo ton hvpo- aad for
glycerma glycemia controls
39 08 3 00> 244 3 007 183 -061 ~25
184-29 +097-2 57
40 03 4 003 345 3 009 245 ~101 ~29
328-384 143299
14 05 5 004 347 3 012 121 -226 ~b5
159-483 083156
45 a3 k) ags 143 3 033 056 087 61
g8f 333 021-080
48 05 4 003 132 3 023 045 -087 -6
051-198 0239051
78 0.5 3 000 248 3 008 063 -185 ~Ta
214-006 0 3072

Lorrection made for basal searctioy
* Range of secretory responses
+ Hiustrated 1n Fig 4

»
061 meq (cat 39) 10 2 26 meq (cat 41) or from 25 (cat 39) 1o 75 per cent feat
78) According to the analvsis of vanance the 3 hour secretory responses of
nonreserprized and res rpinized cats dhifered fughly sigmficandy (£ < 0001}
Analysts of varance of the corrected 2 hour secretory responses gave results
almest 1dentical to those for the 3 hour responses The curve for acd output
dunng the 3rd posunjection hour had thus approximately the same shape n
nonreserpimzed and reserpimized cats

fn 3 animals (cats no 40 4) and 44) the mean blood sugar level both when stanving
nd during mauimum hypoglycemsa was clevated dunng feserpinization by 151030 mg
glucose per 100 ml blood Elevation in the remumng cats {no 39 48 and /8 watlesn
than 15 mg glucose per 100 ml blood The elcvated blood sugar level during reserpimza
Lo 15 probably not entirely responsible for the lowered seceelory responses of srserpr
mzed cats to msulin hypoglycerrua as emerges from the following observations
{1} Jn cats no 39 48 and 78 the mean blood sugar level was only shightly affected
by reserpinizanon The redurtion of the mean secretory responscs to msulin I pogly~

cemia was however comparable to that of the semarmng 3 cats
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mstm Tex

Fig 4 Basal gastric secretion and
seeretacy vespons  {uncorrected) o
sosul n Avpoglycemia an a gastric fis

W ¢t (o A1) ponneserpunized kel
{mean of § exp} and seserpmzed o weastsun
{wess of 3 exp) Dose of insulin B s

893U per kg of budy weight 1 ¢

U1 3 4 HouRs

{2) Comparing wn the same anwmal expenments with approvimately equal wmutial
blood sugar Jeels and equal levels during hypogly cemia Tess than
9 mg glucose per 100 mt blood), there was st} an obviaus dsfference 1 the secretary
tesponses of the nonseserpieazed and reserputized ammal

(%) I experuments with approvmately equal hypogh cemrc reaction (difference sn
bload sugar fall fess than § mg per 100 i blovd) the secreton response of the nonres
Tpinized ammal always excerded the response of the same but reserprmzed ammal

The vehucle for Serpedim@ was myected ntramuscularly dasly for 15 days
n two eats m a volume corresponding 1o that for reserpine in 4 expenments
on each animal no change was observed esther w basal secretion of aad ot
i the secretary responses to histamute

Two ammals w wath. 7 one anmal 36
hours the other 3 days after the last reserpiae snjection Tu the former ammal
an ulcer was found yust prowmal to the pylonc sphmcter and o the ame
Tegion 2 small muccosal erosion was observed in both ammals Nesther ammal
showed macroscopse alcers i the duodenum

Dhscussien

It has previously been reported that in nonanesthetized gastac fistula eats
hautly repeated mfusions of hitampe or gastnn produced furly umsform
Acd sectetory sesponses provided that the iinial response juncosrected) was
fess than 0 75 meq of total acid per hour (Entks 1960 b) These findings appear
10 apply also to reserpimzed cats In the expenments with methacholine the
nereased salivation produced by this drug reduces the usetulness of the gastne
fistula preparanion but the results have been included for the reasons alreadv
mentioned  As reported al o by FrIEDvAR 11950} ansulin hypoghyeema ehe
tted acid seerenion 1n nonanestheuzed cats

Reserprizaton of the cats elevated basal the secretary resp
10 Justarmine and gastnn were wncreased winle that o methacholine remamed
unchanged and that to wsuhin hypoglycerma was reduced The magnstude
of the merease of feduttion was not related to the lengsh of the reserpmization
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penod Both the mcreases and the reduction of gastric secretion were hughly
sigmificant As already mennoned the reduction may be partdy but probably
not entirely asenbable to the elevated blood sugar Jesels of reserpimzed cats
A shight hyperglyceria has been reported also 1n rabbus and dogs following,
a single reserpine anjection of 01 mg per kg of body weight (Auscuxe and
Frantz 1923) The essential pownt however Is not that the secretory responscs
to insulin hypoglycemia are decreased but that rescrpinization produces no
wncrease Differences among ar within ammals ¢ g sensitiaty to reserpine
or to the secretory stmuli used cannot be responsible for the dissumular effects
of reserpinization on gastric secrcuon, because all the ammals used i the

P with hacholine and insubn revealed markedly increased
responses to stamune andfor gastan  Furth when methachaline and
nsulin were tested either histamune or gasinn had been used within the same
penod of reserpmization. What effect reserpinization exerts on the acid secre
tory respx thus d ds on the lus by which the 18 eftcsted

The elevation of basal secretion produced by reserpinization s 1n agreement
with the findings of Liepownrz and Caxeong (1957) HaverpAck and WiRT
serarTeR (1962) noticed normal secretory respon.c to histamine in a human bemng
treated with reserpine for 10 days The dose of reserpine administered per kg
of body weight was howerer considerably less {1 mg daily mntramuscularly
as the 10tal dose) than o the expenments reported here

Reserpune depletes the stores of catecholamines from adrenergic nenve ter
mnals (Berteer Carisson and RosenGres 1906 MMusciore and Voor
1938) and from the bramn {(Horzeaver and Voor §956) To what extent the
effects of reserpinization on gastric secretion may depend upon reduced or abol
tshed mnhibitony  actions of the adrenergic nerves on the stomach 1s 2 matter

now being studied
Reserpine releases seratomun ¢ PLETscHER StorE and Bropie 1935) which

E Ily present an a relawsely hngh conc 1n the gastric and duodenal
mucosa (Ferpeere and Ton 1923) P iy ad d 18

reported to mhubst the gastne 2aid secreton induced by snter alia hustanune
(Bracw Fisuer and Sssrwr 1958 de Corrat Sarera 1960, and urechohne
(Havermach BocpAxsss and Hocees 1958) and the serotomin precursos 5+
hdroxy tryptophan the secreuon nduced by insulin hypoglycemia (HAVER
pack ¢of af 1938) It has been suggested that serotomn mught be concerned
with the physiological regulaton of gastric secrevon fREsSICh and Gray
1961) but there 1s no proofof this In unpublished experiments EstAsand Tran),
reserpine treatment of cats for 3 or 4 davs see Meriops) did noy ahes the
«erotomint content of the mucosa from the body and the antral part of the
stomach The serotorun content 1 the \enous blood of the reserpmized €ats
was too small to be csumated guanntamely by the direct method of VEns-
Bacst VAaaLngs and Upeseriesp 1938 but it appeared to be less than 1
untreated cats 13 0 1o |5 gz per tml blood 1t 13 ympossible yet 10 decsde
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whether or not the red or ¢k of the mhib from the
blood may be responuble for the hyp of reserpumized cats

Several symptoms of the reserpimzed cat wdicate a parasympathenc pre
domuance ¢ ¢ muons bradycarda drarthea Vagal wapulses act synersst
callywith gastein on the panetal eells {(Uvmas 1942 Ovsz 31963) and a stmilar
synergtsm s assumed 1o ewtst between local chohmergic reflexes and gastnn
as well a3 hatamine (Growssax 1961} In the experunents presented here the
tnereased responses of the reserpinized cats to histanune and gastnn and the
clevated basal secretion might be t fe to a parasympathetic predom
mance m the reserpuuzed ammal which mcereases the exaitabihty of the
panetai cells to histammne and gastoe

Cholmergic drugs (LAneLots and Grosstan 1850 Burstais and Scnorern
1924} and vagal ses {for see § n 1960) are considered
to chat acid secretion partly through the release of gastnn One would there
fore expect the gastrm component  of the secretory responses to methacho
ke and insubim hypoglycerua to ncrease m the reserpimized cats as do the

respanses $o It gastin The Yo methacholine were however

iy flected by reserp while those to insulm hypoglycemsa

were reduced These results appear with the exg proposed

{or the wmeveased responses of reserpinized cats to histanune and gastnn on

fess methachohne and smsubn ¥ ypogh release lesser of gastrin

in Teseepimized than i nonteserpnized cats Thas fatter problem 15 under
ang exp so far have dap d red:

of the antral gaston actraty w cars treated with resermne (EvAs and Fyro
to be published)

To conclude a clear pictise of the mode of action of Yeserpimzalion on
fastne secretion cannot be obtared from (he data presentest hese The results
ndicate a complex action an the gastric secretory mechamsm Histamme and
&astun are conndered to activate gastnc secretion ag the panietal celf level The
heightened secretory responses of reserpumzed cats 1o lastamune and gastrin ate
therefore suggestive of an mcreased excatabihity af the panetal cells to these sm
uh which may be caused esther by ared or loss of inhsbutory mfl or
by 2 snerease of L factors NMeshachohne and sostbn hypagl
are considered to ehiert gasine secretion partly by the release of gastrim The

fected and reduced resps of reserprmized cats to methacholine and
nsubin bypoglycemia may suggest that reserpuntzaton 2l tntarferes with the
Bastrin mechanism

Th  avestgaton has been wppo # d by g ant fom Karal nska fn truet £ om Magous
Bergvalls Sufi tse and from Sven ka S it kaprt for Medent Forknng Thec grants a
23 fulty ackrowledyed

The author u also ad bred fo th i generous uppl es of deugy 0 AB Pharmacia Uppaala
Sweden {Serped n and the b L ofSeped ey and ARY srum Swckholm Sweden {te
1acholyt ™ and fnsal nd
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Chemzcal and Histochemical Evaluation
of the Distrsbution of Catecholamunes 1 the Rahbst
and Guinea Pig Hearts
By
E T Ancerancs R Fone and M L Torcmana
Recened 13 Februarv 193

Abstract

Ascerakes, E T K Fuxe and M L Towrcitana Chemical and
hustochemical evoluation of the distnbution of catecholamunes 1n the rabbit and
guinea pig hearts Acta physio] scand 1963 59 184—192 — Chemical
) of, Ine [NA; adrenshne {4 and
(D\) were made 1n the nght and Icft atna and ventncles (RA LA
RV L\ ) of rabbrt and guines pig hearts The concentration of these
amines was also studied in the smo-auncular {$ 1) node of the rabbit
Some of these tissues were also exarined for the distnbution of cate

hol ustng a histach 1 £ e techi NA was the
predomunant catecholamine present in atnia and sentnicles It was
more concentrated i the RA than LA and in the RV thann the LV
of the rabbit and guinca prg In the latter N\ A was distinctly hugher i
the atna than in the ventncles By contrast 3 was more concentrated
n ventricles than in atna of both species and accounted for about 5—
10 per cent of the total catecholamine content DA was found pre
dominantely ntheatra moremn R A than in LA High concentrations
of DA were found in the SA node region Hustochenmeal studies on
rabbit ussues showed that the catecholamines were found within
nenestructures 4 high density of fluorescent fibers and fiber bundless
was found 1n the S\ node regron An excellent correlanon between
the histochemical and chermical findings was obtained when both N
and D\ were considered

184



CATECHOLAMINES I\ HEART 18>

Table I Noradvenaline (1t [g) tn the right and left
atna of the abbit {10 emmals)

Right atrum | Left atrum

Aean 190 112
5o £ 065 +020
SE + 031 +006

Noradrenaline (NA) has been found to occur in the heart of many species
studied The literature has been reviewed by EvLer (1926) and more recently
by Upewrriznp {1962) Few systemanc studies have been made on the distrt
bution of NA i vanous parts of the heart Suore ef 4l (1908) reported thatin
the dog heart the NA content was hugher 1n the atnal than in ventncular tissue
but they found no sigmificant difference between the night atmum and the SA
node Later Serrano ef af (1960) usmg somewhat different methods 1n the
same species obtamned simlar results regarding the distnbution of total catechol
amimes 1n the atnum and ventricle but a higher concentration 1n the SA node
region than 1n the rest of the nght atrrum The latter was attributed to a higher
concentration of adrenaline (A) m the SA node regron

Recently a new histochemucal techmque has been developed for the :denu
fication of catecholamines based on the formation of highly fluorescent con
d prod with ldehvde (FALck 1962 Farck ef af 1962) This
method has been used for the cellular Jocalization of moncamines in the adrenal
medulla brain and adrenergic fibers 1n vanous organs and ussues (Farck
1962 Farcw and Towre 1962 Carussox ¢f al 1962) However no systematic
studies have been made with the heart It was therefore of interest to evaluate
the distnbution of catecholamines in cardiac tissue using chemucal determm

nations and to correlate some of the findings with the histochemcal fluorescence
techmque

Methods

For all determinations the hearts v ere remos ed rapadly from the animal after sacrifice
Yor the chemical assays the ussues were blatted dry weighed and placed 10 10 per cent
trichloracetic acd After minang and filtenng 0 3 ml of 10 per cent EDTA was added
and the N\ and A d were made to the method of ELrzrand
Lisitako (1961) Brefly this method insols es adsorption on alumina at pH 8 5 eluuon
with 025 N acetic acid and oxidation at pH 6 5 with potassium ferncy ansde for 3 men
followed by sodwm hydroude ascorbic and ethylenediamine mixture The amounts of
NA and \ were calculated from Ruonimetnc readings at 393/490 and 435/540 mp A
Coleman fluonimeter or an Aminco spectrofluonimeter were used

In some cases separate samples were oudized at pH 35 for 2 mun the rest of the
procedure remaming the same Under these conditions pracucally all of A but very
little of N A present 15 oudized (EvLER and HAMBERG 1933) When these samples were
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Table II Dustribution of N4 (niglg) wn tarous
Sy /3 us parts of the n M atrium (2 atria pooled for

Node Rightatnum , Tatal Left atrum
FPody Appendage | Total
099 183 367 23 P96
097 088 248 136 103
- 178 258 205 149
- 13, 1% 167 136
\Mean 096 147 266 185 e

read at $35/540 mu the ratio of fluorescence for A and NA ws of the order of 300—500 |
Thus very small amounts of A could be determined reliably even in the presence of
fugh concentrations of NA

DA was determined by the method of Cartsson and Warpeck (1958) after ad
sorption on alumina Brefly the method involves oxidation with sodine 1cidification

and exposure to UV hght
In the histochemical studies tissues were prepared as deseribed by Faen (1962)
i

This method 15 based on the d pment of fluorescence when certaim
candence with formaldehyde The specifiaity of the method has been studied by T aLck
etal (1962)

The SA node region at the cavo appendicular angle was dentified by grosy absersa
tion by 1ts distinct whitish appearance and its pacemaker function This was repeatedly
confirmed in several histological sections stained with hematoxyline cosine

Results

A total of 10 pairs of left and nght atna were analysed for NA and A The
data for NA are given 1 Table ] These tissues were found to be virtually free
of A (less than 1 per cent of NA content) It 15 clear that in all cses the NA
concentration was higher 1n the nght than in the left atnum Turther fricnior
ation using ussues pooled from 2 ammnls for cach determmation indiceed thit
the concentration of NA wis higher tn the night atrial appendage (aurtcle; than
n the body of the nght atnum (Table IT) As 15 evident from the tabulated
salues the concentrauon of NA i and around the region of the SA node was
not higher A separate sct of 5 determinations gave 1 value of 0 7 rgj, General
Jy the amount found in the nodal area per gram of ussue was lower However
this 1s probably due to the fact that a great deal of extrancous ussuc such as
part of the left supenor vena cava and surrounding fat were ncluded 10 these
21121 studses an order to mnsure that the entire nodal tissue was remosed

To clanify the sigmificance of these obsery ations the hustochemtcal fluorcscence

technique was used Tissues from the left and nght atnal appendagc from &
rabints were exammed In all cases it was found 1hat the nssues contnned 1
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Fo 1 R ght atnum of rabbut Feart The fAluoresc m marer al s 1xcatz d to ar cose fibers of
whehmostha ¢ been cutlongitudinally (M gn fi aton 163

Fig 2 Left atrum of rabbt bea t Th fluorescent mater |13 Jocalz d to va cose fibers of
whchmost ha  been cutlong tud all The den ty of th fbers s much low r than i th
fehtamum (Magaf won 16

Fg 3 Snoaun ulta nod of abbut heart The fluorescent mater al is local ed ma nlv to fiber
tundles, formngad nse n two  nafliratag th nod regon (M gnfeaton 165 )
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Table I Catecholavunes (puglg) w ranous Dbarls of the rabbt heart {pooled hissues)

Tissue Group | Number] wt (g) NA A DA
of prep

Noda 1 5 0106 204 <001 207
i1 5 0048 281 <oot 600

11 8 0132 305 <oo0! 2,

Right atriym 1 5 0487 281 007 023
u 5 0303 452 <001 095

1 8 0821 3 <got 040

Left atrium 1 5 o1 153 <001 <001
It 5 056 186 <00l 007

Total atria 1 5 161 195 0 01
b4 5 09¢ 27 <00t 043

Right sentricle 1 5 306 324 012 [0
b 5 225 303 014 005

Left yentricle I 5 1290 175 0ot 003
b4 5 1166 192 009 o0z

Total ventricles 1 5 1596 204 006 005
n H 1388 212 onl 003

Total heare 1 5 1757 203 006 000
44 5 1484 216 ot 00,

Right atrium less the $ 3 node
Cualculated value including both atria and the $4 node

Calculated value
Value checked with oxidation at PH 35 for 2 mn and reading at 435/590 mpt

network of nerve fibers exhibiting strong fluorescence These fibers and fiber
bundles were distnbuted throughout the tissue but 1n all specrmens examined
the density of the fluorescent fibers was much greater 1n the night than m the
left atnial appendage and greatest near the SA node (g 1-3)

The SA node region contained fluorescent fibers and especially fiber bundles
of a density that has not been observed 1n any other ussue These fibers ind

fiber bundles formed a very dense meshwork nfiltrating the node regon (Fig
3 Oc 1y this hwork was d into several small distinet

patches
Careful examination of many sections through the SA node region and atml

ssue thd not reveal the presence of any fluorescent cells suggestise of catechol

contarming  chromaffin  cells as those found in the adrenal medulla and

sympatheuc ganglha (Farcw 1962 Favrck and Tore 1962)
In the Jeft ventricle the density of the fluorescent fibers was about the swme
as 1n the left atrum There was no evidence of any higher denuity of fluorescent
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Table [V Catecholamines (gt lg) 1 tanaus parts of the gumea pig heort {pocled tissuts
Jrom 5 anumals)

Tissue [\t @ ™ B [ED

Rt btatnum 0166 463 099 130
Left atrium 0228 in <001 0F3
Total atna 0394 372 b0y 19°
Right ventnele 128 221 031 008
Left ventn e 613 1% 02> 00s
Total ventricles 741 201 076 oor
Total hears 780 210 0.25 on

Right atnum mctuding the S A node.
Caleulated value mcjuding both atna and the 5A nod
Calculated value

\afue checked y 1th padation at pH 35 for 2 m n and readig at 430/340 my

fibers near or around the purkine tissue 1a assoctation with the papillary
muscles and endocardial layers The location of purkinje tissue was idennfied
with the pentedic acid Schuff techmque

Two anmals were treated with reserpine (1 mgfhg for 2 days) and sections
fram the nght and left atriam and the SA nade were examned histochenucally
o fluorescent matenal could be found in any of these sections The same
ussues were nalyzed ck Ity and no holl, were ds d within
the himts of the sensivity of the method {less than 001 pg/g)

In order to extend these observations and to resolve the dmscrepancy be
tween the ¢t 1 and histoch 1 findings ding the nodal region
ussues from several rabbits were pooled and the catecholamine content was
determuned as previously In this case analyses were also made on the nght
and left ventricle Furthermore the content of dopamine (DA) was also de
termuned using the method of Cartssox and WALbELK (1928) Pooling the
tissues from several animals was essenual in order to obtamn an accurate estumate
of the content of A and DA 1In thus group of expersments the SA node was dis
sected carefully 5o that ttle or no extrancous tissue was ncluded (werght 10—
20 mg/node} The results from 3 expenimenys using tissues from 5 to 8 arumals
each are shown 11 Table III They show that DA or 4 DA Like compound s
concentrated in the SA node region A brief repore of ths obsersation has been
presented {ANGELAROS and Torcuiana 1963)

Funally a sumilar expertment was made using ussues pooled from o gumea
pigs The results are shown in Table IV In thss case 1t was not prssible to

wenufy with certawnty and scparate the SA node and 1t was therefore included
1 the nght atnum




180 E T ANGELAKOS ET AL

Discussion

It 15 clear from the results that 1n the rabbit heart the nght atrium(RA)
contains more NA than the left atium (LA) However, the SA node region
contans the same amount or less NA than the remaining part of the RA This
15 10 agreement with the findings of SHore et 2! (1958) 1n the dog heart How
ever SHORE ¢f al (1948) found no differences 1n the NA content between the
RA and LA 1 the dog and this agrees with the results of Crupsey et af {1962)
obtained 1n the same speaies

The NA concentration 15 highest 1 the nght ventricle (RV) The concen
tration 1n the entire heart found 1n the present studies (about 2 yigfg) 1s similar
to that reported by Srore and Oriv (198) but higher than that given by
HorreLT (1901) for the heart of the same species

Asxery low or absent from the rabbit atna but present in small but definite
concentrations 1n the ventncles Again the RV contains more on a HElg basis
than the LV By contrast DA 1s found 1n larger concentrations in the atria
than n the ventncles It 1s evident that the RA contains more DA than the
LA and that this amine 1s clearly concentrated 1n the SA node region (Ancr
raxos and Torcurana 1963)

It 15 difficult to correlate the present observations with the findings of Ser
RANO ¢f af (1960) 1n the dog especially since thewr results differ sn many
sigmficant aspects from those reported by SHORE ¢f al (1998) 1 the same
species Since SERRANO ef al (1960) used 1odine for aadation 1t 1s possible that
the lngher concentration of total catecholamines 1n the SA node region reported
by these authors reflects the combined amount of NA and DA present However
these authors luded that the of A was higher in the SA node
region than 1n the rest of the atnum and higher 1n the atna than n the ven
tnicles These observations n the distnbution of A are not 1n agreement with
those of SHORE ¢f al (1928) 1n the same species and contrast with the present
obseryations in rabbats and guinea pigs

Fli e f h y nd! that the ot content of the
atria 15 confined within nerve structures The density of these fibers 1s greater in
the RA than 1n LA 1n agreement with the chemical findings on the concentra
tion of NA and DA Comparison of the results of the two methods indteates that
the high density of the fuorescent fibers observed 1 the SA node region must
contam predominantelv DA Thus when all the catecholamines are considered
the results mdicate an excellent correlaton between the histochemieal ard

chemical methods

‘The supply of autonomic nervous system fibers m the sarous parts of the
heart has been studied repeatedly with conventional histological techmques
(Buarr and Davies 1934— 35 Novipez 1943 Tcuesa 1951) 1nd more recemtly
with the electron microscope (Torn 1962) For the most part presious studes
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could not identely with certamty the adrenergic fibers as 1t 15 possible with the
fluorescence 1echmeue

The findings 1n the gunea pig are sumlar to those tn the rabhut in most of the
essential details Although the data collected 1 this species are limited 1t 15
tlear that the RA and RV contain hugher concentratrons of MA than the cor
responding left tssues In this species the concentration of NA 1n theatnais
clearly igher than m the ventcles This 1s smilar to findings 1n the dog
(StioRe ¢t al 1958) The values gven here for the nght atnum and tatal heart
agree closely with those reported by Crout ef af (1962) and UDENFRIEND
(1962} but are tugher than the values grven by Pepeu et af (1961) for this
species The concentration of A ss again igher m the ventricles than i the
atnia and 1t 15 about twice as much m the guinea pig as i the rabbit The hugh
concentration of DA in the RA which mcluded the SA node suggests that

this spectes also DA 15 concentrated 1n the nodal regton. Howeser dtrect proof
of this 1s lacking

“The authors wish 10 express their appreciat on to Professors U § von Eulerand N 4 Hillarp
for their advice g1 en dunng the course of these mvesugat ons This work was supported by
grants from the Tobacco Industry Research Councldl U.S Public Health Service Carcer D

velopment Award (GM h3 13457) Trammg Grant (HTS 5835) and US Public Health
Servce Grant (NB 07824 03}
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Addendum

Stace the preparation: of thit manusenpt two recent reports haie come o our allention
Muscholl { NeumymSchmeed be g « Arch. exp Path Pharmak. 1939 237 350) studied the disinby
tion of AA and A mn the beart of cate rabbus xd rats. His results agree closely with those
reported here \Mastoso (Jap ] Pharmacel 196 12 62) also noted a d fference m the N\
content between the nght ang left atnum of the rabbit
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Abstract

Dianast B and B Frevuous Effet of ghacose and sodhum suceate
release 1n rat and gusnea prg lung tissue n oxtro
Acta physiol scand 1963 59 193—198 — Previous reports on the
effect of sodium succinate and glucose on histamine release and ovy
gen uptake m guinea pig and rat lung ussue have been somewhat
conflicung and d fficult to interpret The present study was under
taken to determune whether the effect of the aforementioned substrates
on hustamine relcase could be correlated to therr effect on the oxygen
uptake The results have shown that such a correlation cxists 1n sore
but not all of the reactions imvestigated The hazards of interpreting

correlations between oxygen uptake and histamune release in lung tis-
sue are pointed out.

The enhancing effect of sodium on phyl: ) release
from minced gumnea pig lung tissue has rcpca(cdly been correlated to ats
stimulating effect on oxygen uptake (Moussarent. and Proutost Danox 1928
Yamasanr Muraoka and Expo 1960 CrarravarTy 1962) This correlation
has 1n fact been one of the circumstantial proofs grven of anaphylactic husta
mine release from such tissue bemg an energy requinng reaction

The eflect of glucose on oxygen uptake and on anaphylactic histamme release
from guinea py, lung tissuc vanes in different investiganons Thus Y Asasakr
Muraona and Expo (1960) noted a shight increase in histammne release as well
as 1n oxygen uptake CrAnRAVARTY (1962) reported no effect on hustamine
release although the oxygen uptake was staustically increased 1n 2 out of 3 ex

13633015 4cta phynol scand Vol 59
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Table I Hustarune release induced by antigen from guwnea prg hung tussue and by antigen and
compound 48{80 from rat lung tissue under oxygen with and without glucose (5 6 mAf )
n the ncubation medium Valu s denote histamwne selease 1n < of total hustamune content

Hustamine release under oxygen
Difference B—A in

No substrate Glucose indvidual expertments
[§M] (B) {Mean 4 ST)
Gumea pig
Antigen 27 @ 315 (D) 1103 £09
Rat
Antigen 239 (8) 309 (8) 170412
Compound 48/80 266 (8} 323 (8) +6£09

Bracketed figures denote the number of experiments
Differs from zero P <0001

penments and Diasant (1962 a) observed an mcrease (statistically sigmficant)
1 histamine release without measuning the oxygen uptake Histamune release
from rat lung tissue induced by compound 48/80 as well as by antigen was
also found to be simulated by glucose in the presence of oxygen (Diamant and
Uwsas 1961 DiasanT 1962 b)

Wherea glucose has been observed to enhance histamine release i the
presence of oxygen from both guinea pig and rat lung tissue, sodium succinate 1s
effective only 1n the guinea pig (Draant 1962 b)

The atm of the present investigation was to evaluate whether or not the effect
of glucose and sodium succinate on histamine release could be correlated to the
metabolic reactions occurning in lung tissue as judged by the oxygen uptake

Methods

Hutamne release

Rat and guinea pig lung tissue was prepared and bated under oxygen asp
descnibed  (Diama.1 and Uvwas 1961) Histamune release was induced by anugen
(crystallized egg albumm, 1 mg/m! or compound #8/80 35 ye/ml The concentration of
both glucese and sodium succinate was 5 6 mM Histamine release was computed as 2
percentage of the total fustamine content with deduction of the spontancour fustarmunc
release As demomstrated earhier (Dianant 1962 3 th spontancous histamine release
35 the same under the vanous expenimental conditions

Vanometric procedure

The oxygen uptake was measured 10 a Warburg apparats at 37 € Tie pr(pamlm;
of the lung tissue was 1denucal with that in the expeniments on histamine release st
the same phesphate medium (pH 7172, was used for ncubation Each flask con
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Table I Increase produced by glucose (56 m\l) sodum succnate {56 mAf) ord ghuco ¢ plus
sofium succwnate v anaphylachic hustamme el ase from gunea prg lung nssue under oxz en
Values demote differmces fram hustamune release wrthout substrate 1o of total hastamme contend

Histamune release under oxygen

Glucose Sucanate Gluco € + Succmate
[ {B) (]
Gumea g
Antigen 88 175 218
(4 expts ) 23 130 244
45 145 207
109 129 235
Mean f SE 964+ 05 37417 296108

S guificance of difference of mrans B—~A 000l <P <001 G—B 0001« P <001

tained 3 0 ml of phosphate medum 100 mg (wet weight) of lung tssue and — when
tested — glucose andfor sodmm succmnate (56 mM of each final concentration)

02l 0f10° KOH was present in the centre well The flasks were filled wath 100 %,
oxygen The rate of oxygen uptake was constant over 2 penod of at least 2 hours and

readings were made at 15 mn tervals Qo was calcylated from the one hoursalue
and the dry weight of the tusue sample

Results
Histamne release

The effect of glucose on histarnine release under oxygen induced by antigen
from rat and gumea prg lung tissue as well as by compound 48/80 from rat lung
ussue was re calculated from new and earlier published experiments (Table T
The nerease due to glucose was highly sigmficant in all reactions

Antigen induced histamune release from gunea pig lung tissue was mereased
more by sodivm sucunate than by glucose The nerease produced by sodium
succinate plus glucose was greater than that produced by sodmun succinate
alone (Table IT)

Histamune release from rat lung tissue mduced by antigen or compound
48/80 was not affected by sodium sucanate (Table III)

Oxygen uptake

In both species the oxygen uptake was increased m the presence of glucose
Sodium succinate enhanced the oxygen uptake stil more When both substrates
were present there was no further increase 1n oxygen uptahe s compared to
that in the presence of sucanate alone (Table IV)
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Table 1 Histamne yelease induced by antigen from guinea pog lung trssve ond by antigen and
compound 48180 from rat lung tissue under oxygen uith and swithout ghicase (5 6 m A
wn the vicubation medum Valu 5 denole hustamne release m ©  of total histamune content

Hustamme release under oxygen
Difference B—A in

No substrate Glucose ndrvidual expenments
5] (B} {Mean + SE)
Gumnea pig
Antigen 207 (1) 315 (7) 103409
Rat
Antigen 239 (8) 309 (8) 7012
Compound 48/80 266 (8) 323 (8) 56409

Lracketed figures denote the number of experiments
1 Differs from zere P <0001

penuments and Diastawt (1962 a) observed an increase (staustically sigmficant)
m histamune refease without measuning the oxygen uptake Histamine refease
from rat lung tissue mduced by compound 48/80 as well as by antigen was
also found to be stumulated by glucose 1 the presence of oxygen (Diavant and
Usnas 1961, Diasiant 1962 b)

Whereas glucose has been observed to enhance hstamine release 1n the
presence of oxygen from both guinea pig and rat lung tissue sodium succinate is
effective only 1n the gunea pig (Diwant 1962 b)

The aim of the present ivestigation was to evaluate whether or not the effect
of glucose and sodium succinate on histamuine release could be correlated to the
metabolic reactions oceurnng n lung tissue as yudged by the oxygen uptahe

Methods

Histanyne release

Rat and guinca pig lung tissue was prepared and incubated under oxygenas previously
descibed (Diastant and Uvwas 1961 Histamme release was induced by aniigen
(crystallized egg albumin) | mg/ml or compound 48/80 35 yig/m! The concentration of
bosh glucose and sodium was 56 m\{ H relcase was comy asa
percentage of the total hustamine content with deduction of the spontanrous hitamne
release As demonstrated earlier (Diastant 1962 2 the spontancous histamine release
15 the same under the vanous experimental conditions

Manometnc procedare
The axygen uptake was measured 1 a Warburg, a at 37 C The prep .

of the lung tissur was identcal with that in the expeniments on histamine release an!

the same phosphate medium (pH 7 1—72; was used for incubation Each flask con
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Discussion

‘The results hav e shown that a correlation exists between the enhancing effect
of glucose on the oxygen uptake and on the hstammine release i guinea pig
and rat lung tssue ‘Ths correlation 1s al.o vabd for the effects of sodium sucr
nate m the gmnea pig So far the results are in agreement with the view that
ha tammne release depends on the metabolir reactions in the tissue as yjudged by
the otvgen uptake

In gwaea pig fung tissue glucose together with sodwim succinate enhanced
antigen 1nduced histamune release more than did sodiura succinate alone This
anerease 1n contrast to the aforem d was not reflected 1n the rate of
oxygen uptake

In ratlung tissue sodium succinate had no effect on the histamine release i
duced by antigen or by compound 48/80 alhough the oxygen uptake was en
hanced to the same extent as 1n guinea pig lung tssue

Consequently 1t seems that an mcreased oxygen uptake does not necessanly
represent an increased provision of cellular energy avaslable 1o the histamune
relesung reactions

These discrepancies together with the obervabons that other metabolites of
the Rrebs cycle did not enbance the aniphylacue histamine release from
Bumea pig {ung ussue although the oxygen uptahe was highly ncreased
(XAMAsANI et al 1960 AtsTEN and BrOCKLrwUrsT 1961 CHaRRavARTY 1962)
cast some doubt on the relevancy of correlating the oqgen uptake to the
Tustamine release Furthermore 1t 1s generally agreed that histammne release

occurs from the mast ¢ells These cells constitute an exceedingly mall part of
the fung tissue and 1t 1s smprobable that metabohe reactons taking place in
these cells would be reflected 1n the oxygen uptake of the tssue as « whole
This also mplies that the observed correlations bemeen histamune release and
oeygen uptake of whole tssue might be comnadences

One way of attacking this problem would be to repeat these cxperiments
vith a pure mast cell populauon In our view however a correlation under
these premuses should be J anly as cr { evidence of h
release being an encrgy req; process Althoueh much evid of thus kand.
has been put forward m favour of thi hypothesss the final proof will depend on
correlanions benseen histamune release from mast cell> and thar content and
wmoser of energy nch phmphalr hcmdi This seems especsally important in
View of recent 1 fi role of e glycolyns

for histamine release and masy cell drgmnulauon (for references ee Diasant
1962 b)

Finaneial support from grart A\ 04463 frem the Natonal Tnst tute of Health, Bethesda
US.A. 1 gratefully acknowledged
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Refractorv Period and Conduction Velocity
of the Striated Muscle Fibre*
By
Frirz Bucntaat and Lie Encpen

Reeewed 11 February 1963

Abstract

Bucktrat F and L Exceax Refractory period and conduction telocity
of the stnated muscle fibre Acta physiol scand 1963 59 199—220 —
Refractory penod and veloaty of b ten
tials were determned m single frog muscle fibres by intracellular
stimulation and tecording at 14 20 and 25 C Ax the end of the
absolutely refractory period the larency of the potental evoked by
the sccond stimulus was substantially increased mawmly due to a
redu uon 1 conduction Aeloaty delayed finng causing at most 10
per cent of the total delay The absolutely refractory period termz
nated at the on.ct of the negative afterpotential recovery m ex
ctability  amplitude and conduction veloaty n the relauvely
refractory period occurred within a tupe mternal in which the mem
brane pol:nnal did llu! changc more than about 3 mV At 2-3
tames the an
veloaty had a supernormal phast At the absolutely refractory
period the level of depolanzation required to imtate a propagated
response had inereased from 40 to more than 60 mV (recorded 0 25—
06 mm from the stimulaung clectrode) \ local respounse appeared at
a ume mnterval of 7080 per cent of the absolutely refractorv penod
of the propagated response

Most of the information on the refractory state denves from studics of heart
muscle (for references see Saurz 1958 and Horman and Craxerrd 1960)
and of myehnated nenve The amplitude of the nerve acthon potential 1s reduced
con 1derably at the end of the absolutely refractory penod {Tasant and Take
Lt 1942) The test patenual 1s delaved due to a reduction in the conduction

Zum 60 Geburtst g on Herm Professo A von Muralt
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velocrty (Gasser and ERLANGER 1925) or to prolonged latency as well {Gorext
1910 Forpes, Rax and Grirrrrst 1923) In the Inter part of recoy ery there is
at any rate m nerve with a curtailed negate afterpotentia] a transient in
crease 1n excitability (Gasser and Errancer 1930)

In sheletal muscle the amplitude of the potential evoked by the test stimulus
was reduced to less than 25 per cent at the end of the absolutely refractory
penod {(Graser and STArk 1958) This could be due to the activation of fewer
fibres since the amphtude of the potential recorded from directly stumulated
small fibre bundles i human muscle was 90 per cent of the conditioning po
tential (FArmER Bucntuar and Rosenravcr 1960)

Therefore to determine the absolutely refractory penod 1t 1s necessary to
record from the single muscle fibre To determine whether and to what degree
the amplitude of the action patential 1s reduced 1¢ 15 necessary to record ntra
cellularly the amphtude of the external potential reflecting more the nise ime
than the amplitude of the potential change At the same time this affords the
possibility to relate the changes an excitability to the changes in membrane
potential and to determme whether there 1s a supernormal phase i the re-
covery of skeletal muscle

Tucas (1909) showed that the arnwval of the potenual evoked by the test
stmulus was delayed at the end of the absolutely refractory period with m
direct stimulation of single fibres RurrLer (1942) found a decreased conduction
veloaity hosTyan 1958 recorded 1 delayed arnwval of the itracellularly re
corded action potential in the relatively refractory period

To determie whether the delay of the potential evoked by the test stumulus
was due to diminished conduction velocity or to prolonged latency or to both
we have recorded the action potential wath two electrodes one so close to the
Lstimulating clectrode as to avoid conduction and one at a distance which
allowed measurement of the ime of conduction Thereby 1t was also possible

to study 1 prop d resp 1n the absolutely refractory perod

Methods

Experimental chamber and temperature regufation

The frog s sartorius muscle (Rana femporania o Rara escu'enta) was placed over the
slightly cons ex bottom (0 5mm thich) of 3 perspex chamber and was fixed at both tendon
ends The degree of stretch usually about 30 per cent above equihibnium length was
adjusted until sumulation of the single fibre no langer caused movements visible under
the mucroscope The chamber was filled with Ringer s solution to about @ 5 mm abave
the strface of the muscle The composition of the Ringer s solution was 115 mM NaCl
2 mM ACl 1 8mM CaCl, 20 mM Na,HPO, and D5 mM Nal,PO; 10 obtun a pH

of72—73

Constant temperature (£ 01 C) was obtamned by circulaung water mamtamned
at constant temperature n a reserow through the double walls of the expenmental
chamber The temp » { by a theer (S1andard Flectric Type U)
placed m the Ringer s solution close to the recording electrodes
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Flectrodes
Glass capiffary electrodes filled with 3 N RCT were wsed for antraceliular recording
2nd i} The d of the ding clectrode was 10~20 M2 and of the

stamlatng electrodes S—10 M@ By pasung current pulses of 10-20 14 and of § 51
msec duration st 2 frequency of 5 per scc through the stmulating elecrrode as anode
1 Ringer’s solution the 1mpedances of different electrodes could be adjusted to about

the same value Thus procedure rendered the smpedance more stable durmg an expen
‘ment

Stmsdation

Paurs of rectangular sumuli {pulse duration 200 sec) separated by adjustable nme
mtenals were delnered from two stmulators (Amencan Electromsc Model 10+ A
The mtensty of each stirnufus of the par could be vaned sndependently The frequency
at which paired simub were delsvered vas less than 1 per 5 sec

The outputs from the two stimulators to the mtracellular electrode were added by the
use of two output transformers whose _econdanies were connected 2 senes  fhe i
different silyer-silver chlotde electrode was placed 1n the expenumental chamber 10
mun from the tendon end of the muscle and 2550 mm from the pomts ¢f recording
The sumulatimg electrode was shuelded by a thin metal tube which could be advanced
to coner all except the distal three millimeters of the capillary electrode  The sereen and
the use of reduced the of the sumulus to the re
errding electrode suff to allow ding of acuian Is at a distance of
02 mm from the sumulating electrode (FATT and harz 1951) The mcroclertrode
used for sumulation was connected to the 1nput of 2 cathode fallower to measure the
polential across the membrane while the electrode was inserted into the fibre and to
ascertam that it was placed intraceliufariv

Afeasurement of the sumulating currert

The impedance of the clectrodes varied in an unpredictable way 1 1th the sumulating
voltag Therefore the simulus current was used as a measure of the streagth of stimu
lation The current was measured by connecting the indifferent electrode 10 earth across
a resistor of 3000 ohms Stunulaung current and voltage were about proporuonal up
to an intensity twice the shreshold current (052 (A} Ax the current was mere
further the inpedance of the electrode decreased

A preceding sumulis of high ntensity roight or might not increase the wpedance
for « subsequent stimufus by no more than 10 per cent for 1-~20 mruec

Resording

The membrane potential and the action potential were amphified by adc duler
ence amplificr with a three stage mnput cathode fallower \CF1 The 1nput CF was
pentode coupled the second OF of large transconductance drove the shield of the input
cable and th third CF was output CF Tte equ alens mput capatiance ncluding
cable clectrode holder and electrode was 34 ¥ the frequency response was shahtly
overdamped (damping factar 2} and 3 db dov 1 at 6 keps with 2 10 M2 electrode
(Gt 19621

When recording simultaneonsly from two powts of the same m uele fibre each re
<cording electrode was connceted by a separate cathode follower to onc channel of the
double beam rathede ray oscilloscope To m asure the cxatability and to determme
the refractoty period at dutferent intensiues of the smulus the sumulaung cureent
was recorded on ane beam wmultancously with the action potenual on the other beam
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Measurement of corductior veloctty

The arnval time of the action potennals was used to determmne the conduction
veloerty It was measured as the time intenal between the onset of the stimulus and the
intersection of the extrapolated steep part of the rising phase of the action potentaal
with the base hne Two series of expertments were performed

(1} The same recording electrode was mserted successively at 3—+ different distances
from the sumulating clectrode (Fig 1) The arnival ume of the action potentials 1n
creased hinearly between distances of 13 to 13 mm from the sumulating electrode
Ths sndicates that the action potentials recorded at different dustances onginated from
the same fibre and that the conducuon veloaty s identical m different parts of the

fibre

(2} The action porential was led off from the same fibre with two electrodes at
different distances from the sumulating electrode This procedure was used also to
determime the velouty of the potentials evoked by the test sumult Assurming thar the
conduction velocity between the sumulaung clectrode and the recording electrode 18
the same as the velocsty between the recording clectrodes extrapolation to the pomt
with zere arnval time indicates the border of the region of the fibre in which the action
potential 13 iitiated  31th mtraccllular stimulation at an ntensity of 15 10 20 times
threshold the extrapolated potnt of impulse mtiation was displaced 03 = 005 mm
{13 fibres) from the sumulating anode tawards the recording efectrode Therefore the
conduction selocity was mrasured only n those experiments i which the recording
clectrode was more than D3 mm from the shmuanng elecirode Wb a stumulus
ntensity between two and four times threshold the smpulse was inttiated as far 2y 06
mm frem the stimulating clectrode and only such cxperiments were included in winch
the closest recording clectrode was more than 06 mm from the sumulating electrode

Extrapolation to the site where the acuon potental 1s smtiated presupposes the
same shape of the nsing phase of the potential instiated by the sumulus without con
ducuon as of the propagated potential This was the case as long a3 the sumulus in
tenmity was 1.5 umes threshold or more Vith stimulus intensities between 1 5 and 10
tunes threshold the latency of the potential evoked by the strmulus 1nercased from

0405 msec (20)
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Placemen( of the electrodes

Afeee snsertion of a recordiny electrode the stimulating electrode was placed mntra
cellularly at a swiable small distance Unless special precautions were taken the mem
brane potential d by the ding clectrode d d by 1—5 mV when the
stmulating electrode was inserted the greatest reduction occurnng when the distance
between the two electrodes was small This reduction was due 1o a short crowt of the
membrage patental through the ! de and to ground When
a condensor of {5000 pF was inserted between stunulator and stmulaung electrode
the voltage drop was 0 5 to | mV immediately after mnsertion and was presumably due
to feakage around the sumulating electrode This small change in voltage was conven
tent to wdicate that sumulating and recording electrodes were plared 1 the ame
fibre and no further effort was made to abolish it

The distal recording electrode frequently had to be serted nto several fibres untl
2n action potential was recorded by both clectrodes When the electrode was situated
i a fibre adjacent to the sumulated one a positne negatve deflection not exceeding
2mV was recorded ‘This represents the extracellulasly recorded potential of the stumu
lated fibre (Eastov 1955 hatz 1956) Jation through an clectrode
s anode makes sumulation of adjacent fibres by external current spread uabikely The
direction of the current 1s such that the adjacent parts of the membranes of neighbounny
fibees are hyperpolatized while the stength of current has decreased appreciably
where 1t has a depolanzing direction  Morcover the identeal threshold of the two
simultaneously recorded action 1s snd 4 that the electrodes were m the
tame fibre and that only one fibre was activated

The distance between the sumulating and the recordimg clectrodes was determined

meany of 2 measuring mucroscope with an accuracy of 8 07 ma

Results
U The abrolutely sefractory pernd
a) Vimmum time sntentols

The absolutelv refractory penod 1s the shortest interval between a conds
Uomng stimulus and that supramaxamal test sumulus which can evoke a
Propagated action potential It was obtaned when the test current wa 135
mes the threshold current (Fig 2} produced by 1 4 to 1 5 umes the threshold
soltage At 12-—13 tmes threshold the mummmm tme intenval between
effectrve stimuh was 2010 per cent longer than the absolutely refractory
peniod

The absotutely refractory penod averaged ¢ 3 4 006 msec at 14 C (39
fibres) 25 4 000 mscc a1 23 G (58 fibves) and 21 £ 004 msec ar 25 G
{11 Sbresy In fibres from another bateh of frags the refractory perrod was
shghtly fonger 48 4- 0 11 msec at 14 G (11 fibres) 31 £ 0 10 msccat20 ©
(15 fibres) and 2 2 + 00> msec at 20 C (30 fibres Fig 3 B)

The absolutely refractory period of different fibres at four temperatures 15
presented n the tustograms i Fig 3A There was no tendency for the fibres
%o fall in two groups one with short and one with long refractory periods as
did small bundles of fbres in human muscle (FARMER e af 1960)
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Fig 2 The refractory period at diferent intensiies of the test sumulus

The upper recordsin A and Bgive th mimmurm ime interval at which there was a propaghted
action potential (p) the Jower records give the maximum tme interval with yust no response
1 the sumulating current  The distance between the stmulating and the rec’ rd ng electrodes
was 15 mm

C. Refractory peniod as a function of the stsmulating current in units of threshol 4 eurrent
The figures at the points indicate the sequence of the recordingy

b) Rate of nise rate of fall and ampltude of the pvtennal evoked by the test stmulus

The rate of nise of the cond 1 as the average slope
between about 1/4 and 3/4 maximum amph(udc was 500 V/sec at 25 G and

200250 Vjsec at 14 C The nsing phase of the potential evoked by the test
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sumulus at the absolutely refractory period was less steep (Fig 4A), slowest
cloee to the point of stmulation Here 1t could be determined in eleven fibres
the rate of nse was about 40 per cent of that of the conditioning potential
measured § 4—G 6 mm from the sumulaung electrode In many experiments
the nsing phase was distorted by the sumulus The mcrease i the rate of
nse of the potentral evoked by the test sumulus depended crnucally on the
potential s prowsmity to the absolutely refractory penod In the example shown
m Fig 4B the potenual evoked preaiselv at the end of the refractory penod
reached 13 peak 09 msec alfter the test sumulus the potenual evoked 01
tmsee {ater reached 1ts peak 06 msee afier the sumulus (2> Cf

‘With ereasing distance fram the pownt of sumulation the rate of ris¢ of the
second potential approached that of the conditioning potential the second
potential was conducted more slowly than the condinoning potennal (p 10)
fving more time for recovery mn distal pornons of the fibre Recorded 4—6
som from the sumulating electrode the slope of the potental evoked by the test
stimulus at the end of the absolutely refractory period was 300-~400 Visec
at 23 € 150200 Visec at 14 C: ¢ about 70 per rent of the slope of the
condittoning potential

The maxamum rate of fall was slower i the potennal evoked by the test
sumulus than 1 the conditioning potential the time to half peak being 50 to
100 per cent fonger at 14 and 25 C Occasionally there occurred 2 hump of
1—~2mV 152 muec after the peak of the test potennal g 44b)

The amphitude of the cond : 1 was 110~-130 mV  the ampl
tude of the potential evoked by the test sumulus recorded ! mm or less from
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Fig 2 The refractory prriod at different intensuties of the test stimulus

The upper records i A and B give the mummum time interval at wl ich there was a propagated
action potential {p} the Jower records gine the maxymum tume nterval with just no yespons
¢ 18 the sumulating current The distance between the stimulating and the recording clectrodes
was 15 mm

C Refractory peniod as a function of the sumulaung current in untts of thresheld current.
The figures at the pomnts ind cate the scquence of the recordings

b) Rate of nise rate of fall and amplitude of the potential evoked by the test stmulus
The rate of nse of the g p } d as the average slope

between about 1/4 and 314 maximum amphtude, was 500 V/scc at 2; Cand

200250 V/sec at 14 C The nsing phase of the potential evoked by the test
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Fig 5 & The increase of the potential evoked by the test stupuadus (Ap ) at the end of the abso-
Tutely refractory -

period wilb mcreanng distance from the powt of surmulztan {14 20 and
3 L; \p s the amplitude of the cond tonmng potential

The scrtical bats indicate the standard exvor of the mean and the figurss below the prsty
the number of muscle fibres examined.

P Ampl cude of the potenual e oked
refeacrory

By the tost sumulus 13p ) at the end of the absolutely
o 1n unity of the resting

potental (Mp) with increanng distance ke pout
of umulaton ¢ 14 (3 20 'Y )

25 C
To ascertan that the potentialy were propagated potentials recorded at less than 1.2 mm
from the pont of sumulztion were 5 multaneousty recorded at greater distances.

mysecat 14 C (12 fibres) 23 - 006 m secat 20 ¢ /2] fibresjand 28 L 00y
msec 21 2> € 139 fibres) (Fig 6B) The dismbuton of conducuon velocities
1n different fibres at three temperatures 1s shown 1n the histogram of Fig 64

the sanation (20—40 per cent) must be duem part to dufferences ia fibre dram
cter smce conduction veloaty vared hincarly with fibre diameter 1n wolated
fibres HAinansson 1936)
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In the same fibre suby 1 to gradual changes ¢ the conduc

tion veloaty between 17 and 2 7 mfsec varied proportionally with the rate of
nise of the action potentals between 200 and 350 V/sec and hinearly with the
rate of fall and the duration of the action potentsal (6 fibres) With rates of
nise of 400—500 V/sec the seloaity was 2 7 and 2 8 mfsec (2 fibres) but the
measunng accuracy did not allow to ascertain deviation from proportionality

Cond was slowed sut lly in the relatively refractory pened At
the end of the absolutely refractory peniod and at a distance of 4 5—6 mm from
the stumulating electrode the latency of the potential evoked by the test sumulus
masnereased by about 50 per cent 1 ¢ 1t was 11 :£ 0 1 msec longer than the
latency of the conditioming potenual (25 C 12 fibres measured from peak to
peak Fig 4A 4B and Fig 104, At a distance of 06 mm or less from the
sumulaung electrode the onset of the potenual could not be determuned with
accuracy The onsct 1s probably slightly delayed as compared to that of the
conditioming potential since the rate of rise is decreased and the latency was
01 = 004 msec longer than the latency of the condittoning potential (20 G,
12 fibres measured to peak) Thus even though there may be a shight delay
at the onset of the potential evoked by the tost stimulus (less than [0 per cent
of the total delay) the mamn cause of the delayed arnval at the more distant
electrode 15 2 decrease in conduction veloaty

A plot of armisal umes of the action potentals recorded at different distances
from the pomnt of sumulation shows that this reduction 1s most pmnmmccd at
1—2 mm from the point of sumulation and approaches the veloaity of the
conditrontng potennal at about 5 mm from the pomnt of sumulation (Fig 71’
The slowsng closer to the point of sumulation allows recoveny to proceed a::cam
of propagation The average reducton 1n yvelocity to a distance of 5 mm fro
the point of sumulation was 35—45 per cent Table I)
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Table I Conductron relocity (V) of the potentral evoked by the i
ot et togontare b by the conditroning and test stimulys

c No of | Potential evoked by the
fibres

Conditioning. Test stimulus Ve oo

stumulug V {m per sec) YV an

V (m per sec) (per cent)
14 6 174007 09 5443
20 6 234007 13 641
25 14 28-£008 18 a1l

Distance of the prowma] and of the distal recordmg electrodes 04~! mm and 4 5—6 mm
from the stunulating electrode

Table IT Temperstuve dependense of the absolutely refractory periad and the conduction celocty

¢ | Mo of | Sbofutely Q Ne of | Veloeny Qe
fibres | refractory (14 =75 ) |fibres | cf the s —25)
penod conditionmng
(m per sec) potentiat
(m per sec)
14 1 48£011L 204006 12 174003 162004
20 1, 31010 21 235006
25 30 224000 39 281002

b) The recorery tn amplitude of the potential ¢ oked by the fest stmulus

The amplitude of the potential evoked by the te ¢ sumulus had recovered
from the 35 per cent reduction at the end of the absolutely refractory penod
when the interval between the sumuli was 2 5 umes the absolutely refractorv
peniod (Digs 94 and {0} Thus the amplitude of the sccond potenual toak
longer to recover than did 1s threshold (at 18 times the refractory period
Fig 8) Dunng the supernormal phase of excitability and conduction veloaity
the amphitude was not increased above that of the condiomng potenttal

Recorded at about 5 mm from the sumulating electrode the amplitude of
the potential evoked by the test sumulus at the end of the absolutely refractory
period was 10 2 03 per cent lower than that of the conditioming potential
(p 13) When the intenal between sumufi was 1 1 umes the absolutely re
he second potential was 12 & 07 per cent lower than the

At this ume ntenal the sccond potentnd
lus than as the absolutely refractory period

feactory pertod t
conditroning potenttal (Erg 9%y
armved eathier after the test stimu
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relatrvely refractory period
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between threshold currents
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The vertical bars indicate
the standard error of the
mean and the figures below
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allowing less ume for the amplitude to recover The earher arnval 1s due to
the shorter rise time of the action potennal and to a recovery of conduction

veloaty at 11 tmes the absolutely refractory period as compared with the
end of the absolutely refractory perrod

<} The recorery in conduction velocrty

The recovery m conduction veloaity n the relatively refractory period
depended on the pasition of the recording electrode and on the temperature
At 20 C with electrodes at 03 and 3 mm from the sumulanng electrode the
two potentrals again reached equal veloaity when the nterval between the
two stimult was 3 umes the absolutely refractory period with electrodes at
1 and 7 mm from the stimul: electrode the velocities were equal with an
meerval of 1 8 umes the absolutely refractory period (20 C)

A supernormal phase of conduction velocity has been recorded m the late
refractory period of myeln ited frog nerve (22 C) (Grarax 1934) of papllary
muscle (PiLrar and Hewrpacuer 1960) and m buman skeletal muscle (Far
MER &t ol 1960) 1n our experiments on fibres of frog muscle a supernormal phase
was abserved at 25 G At thus temperature the veloctty had recovered with
intenals between the strroyl of | 5 tunes the absolutely refractory pentod and
was 10 per cent faster than that of the conditioning potential at 2—-3 umes the

absotutely refractory period (Fig 9B) The total durauon of the supernormal
phase was not determined At 20 C the d

was less
and at 14 C there was none with mtenals between the simuh up to three

tumes the absolutely refractory perod when supernormality of the excitabl
Was most pronounced
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A B s

§70msec . 200msec

] o

32
E@Smm ﬁ;
! |

f\ A [\_205msec 110msec
Fig 107! ked T
by the conditionung (5,) and
by the test stimulus (§ ) re M

corded sumultaneously by
an el cirode at 055 mm
(Er) and 49 mm (Ep)
from the st mulat ng elec
trode (E) TnBS nolonger

o ™
evoked 3 propagated 1e S iraiiar® [R
sponse D 2 tmsec

differed less than w the condittonung potentral (Fig 4 and 10) At its onset

the negative afterpotential was about u—10 mV hugher than in the condition
ng potentsal

At about eight tmes the absolutely refractory period repolanization of the
conditioning potential was almost complete the remauning depolanzation
bemgonly 2 4: 04 mV (n = 18 14 C} When the interval between samuli
Was twa to three times the absolutely refractory period the negative afterpoten
tial was of the same amplitude 1n the cond P 1 ind m the poten
tial evoked by the test sumulus

The absolutely refractory pened terminated at the onset of the negatne
afterpotential (Fiy 10} recovery m tability de and
velocity oi the potennal ey oked by the test stimulus eccurred while the mem-
brane potential did not increase by more than 3 mV (14 and 25 C)

3 The local response of the potential ¢ oked by the test stimulus

Immediately before the end of the absolutely refractory period when the
test sumulus Just failed to evole a propagated potential the local response was
60 £ 5 mV recorded 02506 mum from the stmulating electrode i 15
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fibres (15° 20°and 25° C resting potential 81 mV) 4 ugher level of depolan
zaton than required to imuate the condinoning potential (H0mV Farrand
hatz 1951, Jenerien 1936) A stmilar duference has been described i erb
nerve (Hopehy 1938) When the test sumulus was near threshold the local
response which just faled to imate a propagated response was 40 4 3 mV
(6 fibres resung, potential 8+ mV) 1 e the same as that which Just mstiates 1

d 1 When a prop ‘] I was just chated by 2

8 P p
test sumulu near threshold the hump in the msing phase indicating the
transttion from mtal depolarizauon was more pronounced than in a cond
tiong potential evoked by a threshold stimulus As the (est sumulus approached
the conditiomng stimulus the amphitude of the Jocal response decreased and 1t
was difficult to decide whether st was present ac all A local response could
be discrimunated with certamnty at a time nteral of 70—80 per cent of the
absolutely refractory period of the propagated response

Discussion

After passage of an acuon potential evoked by drrect stmulation of single
skeletal muscle fibres the amplitude the rate of nise the conducuon velocity
of the second evoked acton potennal and the excitability of the fibre were
1 hed No prop d action p could be evoked by supramaximal
sttmul) for 2 msec after the conditioming sumulus at 25 C for 45 msec at
14 C 1 ¢ at transition from the spike to the negatne afterpotennial As the
mterval between the pair of sumuli lengthened exatability recovered first
then the amphtude rate of nise and conduction veloaity of the actton potential
Complete recosery took place within a tme interal ;p which the membrane
potential changed at most 3 m\

The potentral ¢ oked by the test strulus

By mtracellular recording in the smgle fibre the reducuon i amphitude
and 1 rate of nise of the potenual cvoked by the test sumulfus depended on the
i of ther diny el de from the 1 clectrode At a distance
of 0 6 mm the decrease in umphtude was 35 per cent and in rate of rise G0 per cent
at the end of the absolutely refractory period atadistance of $mm the amplitude
differed by only 10 per cent and the rate of rise was near)y pormahzed

By extracellular recording in fascicles of whole muscle the amplitude of the
potential evoked just after the end of the absolutely refractory period was less
than 25 per cent of that of the conditiomng potential { LAsER nd STARk
1958) The extracellular potennal 15 roughly proportional to the second derna
e of the membrane potential 1 ¢ roughly proportional to the ampltude of
the intracellular potential nd inversely proportional te the squre of 1ty e
swme With a reduction of the amplitude by 32 per cent and of rate of nse !:()"
GO per cent the amplitude of the cxtracellularly recorded potential g5 reduc
by 75 per cent In the expeniments af € taser and Starx no nformation 1s
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given s to the recording distance from their recordings 1t seems to be of the
order of 4 mm assurming a conduction velocity of 4 mfsec Therefore the marked
decrease m amphtude obsered by Graser and STARK reflects not only changes
10 the mdmdual fibres but alo a loss 1 responding fibres with decreasmng
time mtervals between the stroult The fact that FARMER ef al (1960} by extra
cellular recording 1n small bundles of human muscle found only a 10 per cent
decrease 1 amplitude of the potential evoked by the test sumulus 1s consistent
with the recovery of nise time and amplitude 1n the single fibre at distances
larger than about 10 mm from the point of simulation

‘That the test potential of the single fibre recovers from 65 to 90 per cent of
full amphtude in the course of 1ts passage to about 4 mm from the pomt of

1 15 wath the d hed cond veloaty which delays

sts armval 15 times In fact when the hme between the pawr of shmuli s 15
times the absolutely refractory period the test potential recorded near the pomnt
of stmulation 15 90 per cent of full amplitude

Conduction welocity

When conduction velocity 15 d d 1t must be dered that the
positton of the stmulating electrode may not comnade with the pomnt of mitt
ation of the impulse and that the latter may move with different strength of
the stmulus Therefore 1t 15 essental to record from at least two pomts of the
fibre both situated outside the region mn which the impulse 1s minated With
extracellalar stimulation of whole nerve the pomt of miaton of the nerve
1mpulse did not comcide with the cathode but lay some 3 mm from 1t extra
polarly (Rusuron 1949) Similarly 1n small bundles of human muscle fibres
arnval times of the action potennals extrapolated to zero tme mdicated that
stimulation was mitrated up to 8 mm proxymally or distally from the bipolar
sumulaning electrode (Bucntial Guip and Rosenraich 1955) With mrg
cellular sumulation of a smgle muscle fibre with intensitses 1 5 to 2 tumes thresh

old the pownt of sumalation nearly coinaides with the posttion of the stunulat
mng anode

The question arises how the potential evoked by the test strmulus at the end
of the absolutely refractory pentod 15 conducted from the 1 1

1o the distant recording electrode  Propagatton may proceed over a distance
of 1—2 mm without pvershoot (Fig 5B} At distances of 2mm or less hurFLER
(1942) reported evidence of conduction with decrement at the end of the
absolutely refractory period He wsed sumulation of the muscle fibre through
the nerve as test sumulus and found small spikes propagated not further than
2 mm from the end plate [n heart muscle (hao and Horrvan 1958) the
amplitude of the potential esoked bv the test sumulos after short time
wmterval was greater near the stmulating cathode than at 2 mm from 1t
In our expenments 1n which the mascle fibre was sumulatod directly there
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fibres (15°,20°and 25 C, resting potential 81 mV) 4 lugher level of depolan
zation than required to initiate the conditioning potential {40 mV Fatrand
hatz 1951 Jenerick 1956) A similar difference has been deseribed 1n erab
nerve (Hooowin 1938) When the test stumulus was near threshold the Jocal
response which just failed to amtiate a propagated response was 10 & 3 mV
(6 fibres resting potential 84 V) ¢ ¢ the same as that which just imtiates a

d 7 When a g d 1 1 was just eheited by a
test simulus near threshold, the hump in the nsing phase ndicauny the
transitton from imual depolarization was more pronounced than in a eondi
noning potential evohed by a threshold lus As the test approached
the cond lus the amplitude of the local response decreased and 1t
was difficult to dearde whether it was present at all A local response could
be discnimunated with certainty at a time interval of 70—80 per cent of the
absolutely refractory period of the propagated response

Discussion

After passage of an action potenual evoked by direct simulation of single
skeletal muscle fibres the amphtude the rate of rise the conduction velocity
of the sccond evoked action potential and the exaitabahity of the fibre were
dimmished  No propagated action potenuial could be evoked by supramaximal
stimult for 2 msec after the condittoning stimulus at 25° C for $5 msec 1t
14 C t ¢ at transition from the spike to the negatve afterpotential As the
terval between the par of sumuli lengthened exatability recovered first,
then the amphtude rate of rise and conduction veloauty of the action potential
Complete recovery took place within a ttme nterval m wiich the membrane
potential changed at most 3 mV

The polentral ¢ oked by the test storulus

By ntracellular recording 0 the single fibre the reducton in wmplitude
and 1n rate of nise of the potental evoked by the test sumulus depended on the
| of the r g cl de from the stmulating electrode At a distance
of 0 6 mm the decrease in amphitude was 30 per cent and i rate of rise G0 per cent
at the end of the absolutely refractory period ata distance of $mm the ampluude
differed by only 10 per cent and the rate of nse was newrly normahzed

By extracellular recording in fascicles of whole muscle the amplitude of the
potential evoked just after the end of the absoluicly refractory penod was fess
than 25 per cent of that of the conditioning potential (Grasrr and Stark
1958) The extracellular potential 1s roughly proportional to the second derina
e of the membrane potental ¢ ¢ roughly proportional to the amplhitude of
the sntracellular potential and imverscly proporuional to the square of 1ts sise
pme With a reduction of the amphitude by 35 per cent and of rate of r1se Iy
60 per ceat the amplitude of the extracellularly recorded potenuat s reduced
by 75 per cent In the expeniments of Craser and Starx no information 8
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course as the return of excitabihity from supernormality to normal However
there 15 no direct relaton between the degree of early recovery and the rest

tution of the b p 1 bility action p 1 and conduc
tion velocity recovered at a time when the membrane potential was pracucally
constant M bolic porsons (d: henol and azide) may dimimish

or abolsh the afterpotential without affrcting the inerease 1n membrane
canductance associated with actiity {Perssox 1960) Asn Purkinye fibres of
heart muscle (Wemstany 1955) ahity can be expl d by a more
complete recovery of the threshold p 1 than of the b p 1

JNan propagated responses occur after the passage of an action potential when
the fibre 15 stll unable to produce a conducted response In skelctal muscle
fibres as m the squid axon (Hobegin and HuxLey 1952) there was a time inter
val in which a local resp after a sup amal test lus could not
be discriminated  Whether this 15 2 true refractory state or whether a local
response 1s masked by the mmerease ;n membrane conductance 1 the falling
phase of the action potential 15 undecided

Summary

Refractory penod and conduction velocity of transmembrane potentials
were determined in single frog muscle fibres by mtracellular stmulation and
recording The absolutely refractory period was 2 3 and 4 5 msec at 2> 20
and 14 C (Fig 3B) and was obtaned when the test current was 1 5 times the
threshold current ‘The conduction veloaits recorded between two electrodes
sepatated by 2 mean distance of 5 mm was 28 23 and 1 7 m per sec at 22
20 and 14 C (Fig 6B) The refractory perod vaned more with temperature
than the conduction veloaity

The properties of the potential evohed by the test sumulus at the end of
the absolutely refractory penod differed aceording to the distance from the
sumulating electrode at which the potential was recorded At 0 5 mm the rate
of nse was dimunished about 60 per cent and the amplitude was 35 per cent
Iower than the amphitude of the cond p | At #—6 mm from the
stimulating electrode the rise tire was reduced by about 30 per cent and the

amplitude by only 10 per cent There was na evidence of a conduction with
decrement

The duffe m the

petties of the p | ded at different dis-
tances were due 10 a 40 per cent lower conduction veloaty of the potentials
evoked by the test sumulus Thus was the mawn cause of the late arnval of the
potential delayed finng causing at most 10 per cent of the total delay The
velocuty approached normal at about 5 mm from the pomnt of sumulation (Fig 7)

Conduction to I—2 mm might occur with amplitudes of 70 mV 20 per cent
below the potenual of the resting membrane (Fig 5 B)
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Reco ery of excitability occurred at 1§ umes the absolutely refractory penod
it ssas 10 per cent supernormal at three tmes and normal at about cighit tumes
the absolutely refractory penod (Fig 8 14°C) At this ume ntenal the
membrane patential was almost restored Recotery of amplitude occurred at 2 5
times the absolutely refractory period  Recorery of conduetion veloctty was obtamed
at 1 8—3 times the absolutely refractory period (20 C) with the fowest value
when recorded at the shortest distance from the pomt of sumutation At time
mtenvals of 2—-3 times the absolutely refractory period and at 25 C the con
duction velocity was 10 per cent supernormal (Fig 9B) Recovery mn exeta
bility amplitude and conduction velocrty of the potennal evoked by the test
stimufus occursed whife the membrane potential did not recover more than
about 3 mV

At the absolutely refractory pertod the level of depolanzauion required to
imitiate a propagated response had increased from 40 mV to more than 60 mV
(recorded 02506 mm from the sumulatny, electrode) A local response ap
peared at a ume interial of 70—80 per cent of the absolutely refractory
pertod of the propagated response

The work was supported by grants from the Mchacken Foundation Copenhagen ard
the Muscular Dysteoghy \socustiows of America New York
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the abund of farge hondna 1 tssues knawn to hace a Jugh aerob
retabohsm that the fancuoning of the rete does not whalve a hugh expenditure
of energy
A etz whise mae property s duffusion exchange between artenal and venous
blood ik serve very dafferent funcions depending o the solubuliey of the
diffasble gas w the thvo blood streamy Hthe solubility 15 the same  the refe will
constute a baroes not only for gasto escape the bladder but alse for gas 10
enter 1t 35 on the otber hand the solubality of the gas 1 d d (s ¢ gas
terson ancreased) 28 1he blood tirculates the bladder then gas will diffuse
from vemous 1o artenal Bloot o therete The astenal blood s therefare ennched
15 gas and when 12 Tetuns to the refe asvenous bload. the gas tensan will agam
be wereased and drve more gas mto the astenal blood By thus mechamum
which 1s termed hampin counter current diffuson muluphcation fugh gas
pressares will be bkt wp 1 the bloed at the bladder paleaf the rete allowing
g2s to enter the bladder by diffuston The bt of performance of such a
systere will be deternuned maly by the solubiliy teduction the diffusnaty
of the etz ussue the length of the rete and the veloaity of hload flow (Kunv
and huan 1961} It also worth notee that 3 refe working 1 this way will bea
harrier for gas loss from the bladder while at the same time 1t will allow gas 10
enter the bladder through the rete
Theories on gas concentration The combination of O, wath fish blood from ali
wvestigated fishes known to have a functioning swimbladder suffers a decreased
O, affimty on addition of acsd (Bohr effect) and some aléo a reduced Qg capac
wy (Root effect) {Roor 1931 Scumoraxprr and van Das 1854 Mamvert
1960) This property of fish blood immediately suggests that an acid may be
deposied into the venous blood of the gas gland creating a prumaxy gradient
whuch will be multiphed by the rete to lugher pressures
This t of gas wasin ple proposed by Harpawe
{1922 p 215) and later extended by Harr (1924} and Jacors (1930) hocn
{1934) reahzed that an acd electrolyte added to the blood would effect not
only O, bound to hemoglobin but alse cause a reduced solubility of all gases
present i the blood and thus 1t might explan concentranan of inert gases as
welt ScuoLanver {395%) developed mumple for the quantitat
potennahnes of the rete working as 2 muluplier 1o concesttrate gases 1n the
swimbladder htun and huns (1961) have later carned owt a more detaded
mathematical weatment of the same Both these workers conclude that 5f some
acud substance 15 added to the venous blood sream sn sulficrent quantty o
reduce the amount of O, bound to hemeglobn by 0 9% and the physical
sofubthty wath 1 ¢ then the rele 13 able to create pressures which actatly
exceed those vecorded from the swvumbladder of deep sea fishes
Scuatasper (1954) however came to the conclusion that the substance
which 15 1o induce the pumary gradient m O, tenuan could not be an aad
This was based on the obsenation of SchoLanver and an Dy {1934} that
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Fig 1 Shows a full scale drawing of the swimbladder of an ee! A modified cannula 11 tnserted
into é}‘xc sceretory bladder whieh 13 separated from the realsorbent biadder lnxam‘)a and
gonads remos,

A seaetory bladder B = rete C = teabrorbent bladder D = modified cannula E = pre
recartery F = postrete von. G = doral antery H =~ domalaen 1 = poit rete ariery and pre
rete vern

not even pH down 10 60 was able to dissoctate the oxyFemogiolan of some
fishes against the O, pressures actualls recorded 1a therr swumbladders {Scio
LANDER and \as Dast 1923) The vahdity of this conclusion will be reconsidered
later 1 this paper
Wrrrevpere and Wrrteneere (1961 imvestigated gas concentration 1n
toadfish kept 1n water contarung CQ in addition to Oy They found that CO
was concentrated about 5 times more than O, when compared to the partial
pressure of these gases m the water The authors argue that dhers results
exclude a concentraung mechansm based on awd dmsomation Rins and
hainn 1961 however clam that their counter current mrultplier mode!
explans the results of WirrespERG and WirTEnRERG (1961 ] sery sausfactonh
WrrrEseERG and WITTENBERG (196} sungest that the 1mual concentrat n
gradient 1s brought about not In aad but by acuve secrenon of Oy from the
senous 10 the arterial capillanes of the rele. This modificanon imphes that the
superb diffusion properties of the rete are not used (o build high presures b
snstead to counteract the gradient created by the alfeged active teanspere
There 18 expenmental evidence indicating that the senous blood of thie gas
gland has a lower pH than the arteral thus indirectly lending suppe st 1o the
acsd  coun er current multiphicavon theory Have (1924 found that the pil
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Fig 2 Shows 2 amphfied drawsng of the gas gland with refe and bladder The figure ako g o5
the anatomical drsignations whuck are used 1 the toxt

of a dialysate of a Fomogenate of actine glands of the yelfow perch (Perea fiz
reszens) was 64 agamnst 71 for 2 passne one Jacows (1932) found vens tugh
€O, values m freshly depostted gas from Perca fluctatalis BALL, STRITTMATIER
and Coorer {1925) found that gas gland nssue frova several SPecIes SO TS oSt
of ats glucose 1o lactic and even s an atmosphere of O, Hogres (1958, meas

ured the pH 1a vo chambers munally filled with dentscal flmd but separated
by the epithehnm Fom the bladder of codfish The pH of the solution of the
serosal side fell markedly wheveas the pH mn the other chamber remamed un

changed Fance {1953) found Iugher Jactate content 1n homogenates of acuse
glands than of pasne ones m codfish Recently hayy Moser and hows
(1962, and STEEN (1962) reported that s the acuve bladder of the cel the lacue

aad content of the hlood leaving the rete was up 1 60 mg %, hugher than
the blood enterag 3

The probless “There 1 bde doubt about the potentialittes of the gas gland to
concentaie gases by counter curvent mulsplicaton of a gradient created by
the presence of 2 larger concentration of an acd electrolyte xo thesenous branch
of the r2te than wn the snterial The am of ths e estigataon was to produce
eadence to show of shas posababity 15 1n fact the operatng mechamsm of gas
secretion and if so 1o discuss 1F 2t wall suffice to explun gas secreuon alo in the
IS extreme eases of deep sea fishes

Expervental approack An answer to these problems has been sought through
measutements of the gas compositon an the bladder and of the blood from
arterial and venous vessels at both pules of the refe durmg actany. This has been
accomplished by oeasurements of the content 1 the blwod of O £0O, and
lacue acd and of blood pH By companag these data v O, and CO, equibib-
T curves the tension of these gases 1 the blood was ohtamed In connee
ton to these man €xperunemts the snfluence upos the rate of O, depoainon of
the O, pressure in the bladder was insesugared

Esperimental anmal The cel was found to be & sunable ammal for these ex

penumnenis 1t deposes gas willingly even when hang 1o the air wieh the bladder
13633055 deta physnol ccand Tal 59
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Fig § Stowya full scale drawing of the swimbladder of an ee! A modifird c2anula 1 1nserted
mio dﬁiﬂ‘ R‘O’?‘;’Y bladder which ts separated I m the reabsarbenc bladder Intestiaes ard
gonads remon

A = secretory bladder B = rte C = reabsorbent bladder D = modified cannula E = pre

seanery F o= gpostrteven C = dorsat artery H = dorsalven 1 = poit rere agtery and pre

rete e,

not even pH down to 60 was able 1o dusociate the oxvhemoglobin of same
Lishes against the O, pressures actually recorded 1 therr swimbladders (Scro-
LANDER and 3 an Daw 1953) The vabdiy of this conclusion wall be reconsidered
later in thus paper
Wirrexesre and WiTTeNpERe (1961, imestigated gas concentratron in
toadfish kept 1n « ater contasmng CO 1n addion 10 ©, They found that CO
was concentrated about $ tmes more than O, when compared ta the parual
pressure of these gases 1n the water The authors argue that thewr results
exclude a concentraung mechanism based on acid drociation henn and
houy 1961 however clum that therr counter current multiplier mode!
explains the results of WrrTENBERG and WITTENBERG /1961) very Lausfactonly
WirreseEre and Wirressere (1961) suggest that the iniual concentration
gradient 15 brought about not by acid but by actne secretion of O, from the
venous to the artenat capiblaties of the rete. This modificatt n imphes that the
superb diffusion propertes of the rete are nat used to butld kugh pressures but
nstead to counteract the gradient created by the alleged actis ¢ transport
There 15 exf 1 evidence mdi that the venous blood of the gas
gland has 2 Jower pH than the artenal thus indurectly lending support to the
taed  counter current mulupheation theory Harw (1923) found that the pH
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Pig 2 Shows a imphified drawing of the gas gland with refe andt bladder The figure alio goex
the anatomical denignations whach are used in the text.

of 3 dualysate of a homogenate of active glands of the yelkaw pexch (Perce fla
teseens) was 6 4 against 7 1 for a passive one Jacoss (1932) found sery hugh
CO, values i freshly deposited gas from Perca flatatels Batl STRITTMATTER
and Coorex (1925} found that gas gland ussue Gom several species converts most
of ats glucose to lactic acd sven w an atmosphere of O, Hooeex {19:8) meas
ured the pHin two chambers imtially filled with xdentical flusd but separated
by the epubehium from the bladder of codfish The pH of the solunon of the
serosal side fell markedly whereas the pH in the other chamber remained un
changed Faxce (1953) found hugher lactate <ontent 1n homagenates of actrve
glands than of pasave ones n codfish Recently Kumn  Moser and hauny
(E962) and Srexn (1962) reported that 1n the active bladder of the cel the Iactie
acid content of the blood leaving the refe was up to 60 mg % higher than
the blood entering 1w

The prablem There s Dittle doubt about the potentialities of the gas gland to
concentrate gases by counter current muluphicasion of a gradient created by
the presence of a farger concentration of an acd electrolyte in the v enousbranch
of the 7ete than 10 the artenal The mm of ths mmvestigatton was o produce
evidence to show f this possibility 15 n fact the operanng mechanism of gas
secreuon and if so to discuss 1f 3t wall suffice 1o explasn gas secretton alo w the
TROSt EXtreme cases of deep sea fishes

Esperimentat approack An answer to these problems has been sought through
rAeasutements of the gas compositon 1 the bladder and of the blood feom
arieral and senous s essels at both poles of the rete during actaivity This has been
accomplished by measurements of the content 1n the hinod of & €O, and
lactic acid and of blood pH Bv companng these data with QO and £ Q eqanlih-
TRUTL Curves the tension of these gaves in the blood was obtamed In connee
uon 1o these main experiments the mfinence upon the rate of O deposinon of
the O, pressure 1n the bladder was i estigated

Exenmeatal emmal The eel was found 1o be a sutable animal for these ex
peniments It deposits gas willingly cven when lying in the air sk the bladder
19633015 Acta phy of and 3ol 59
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Fig 3 This shows the cxperimental arrangement in unusually good order The eel 1s fastened 1
the rack and supplied with water The abdomen 15 opened and the bladder 15 exposed The
sample storer 11 shown to the upper lefi

exposed Moreover the y of the bladder 1s very ble (Fig 1)
By placing a bigature around the duct connecting the secretory bladder (A)
with the reabsorbent bladder (C) their contents can be separated and gas

' deposition can be studied undisturbed by reabsorption The bladders recerve
blood from the swimbladder artery (E) a branch of which supphes each rete
from the heart pole (Fig 1 and 2) At the bladder pole of the refe the capillanes
rc unite 1n 3 to 5 post rete artenies These run parallel to the same number of
pre rete veins returning blood from the bladder to the rete At the heart pole of
the refe the two post sete veins unite and the blood enters the hepatic postal
vemn Thus all the blood which circulates in the seeretory bladder wall goer
through the retia The dimenstons of these arteries and veins are large enough
to permut blood sampling with thin bypodermic needles

Matenal

{ on female sp of the eel Anguilla rulgans These

E were p

were bought at the fish market in Oslo The animals svere kept without food n fresh
tanks

\v:I‘l’r;u of the eels for exp ‘The } d eel was fastened 1n a rack as

fass tube tied into 1ts mouth
hown 1n Fig 3 and supplted with fresh water through 2 gl
fI‘he fish was opened ventrally and the bladder freed from connectie tisue exposing
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s vascutar supply quute chealy Creculatiog ved cells could be observed through the
transparent vessel walls wath the aid of a mxcroscope

A hypodermic needle smodified as shown n Fig 1 was nserted mwto the secretory
tladder through a small sncssion 1 the seabsorbent bladder A Iigature around the duct
connecting the two bladders served hoth tn fasten the needle and 10 separate the bladders
The contents of the secretory bladder were bacallv reached by the
rubber stopper closing the head of the needle Thas preparation permitted therefore

onthe d separated secrefory bladder with blood supply through
one artery and one vem only (¢of Fig 1}

In many experments gas depositson started as soon as the biadder had been emptied
Intramuscular myection of 1 ml of a 81 , agueous solution of yalumbine mcreased
the actinity which seemed to be fusther enhanced by applymng pressure on the bladder
¢ g by tying bands moderately tght around the fish The secreting bladder was distan
gushed by good blood circulation and well oxygenated artersal blood m contrast to
the passive biadder where circulation was absent and where the Blood was dark poorly
oxygenated and with a Jow pH Lack of secretion was therefore not 1aken as representa
uve for the pormal passne gland but rather as an sadication that the experunentat

sitwation had resulted m ancox No pasne glands were found without these anouc
tendencies

Methods

Anebtical mathods The content of Oy 1 40 g4 of blood was measured by 1he method
of Roverroy and Scrotaxper (1943} wuh the modificatians prescribed for fish
blood by ScHoLasper and vav Iy (1956) Duphcate aoalyses on ect blood
agreed within 04 vol , The comtent of €O, in about 13 4t of blood was
measured by the meihod of SCioLANPER and Roucmron (1943) Duphcate analyses
wsually agreed within 07 10l ®  Gassamples were analysed with the water analyzer
of Scatoravwes etal (1930) Duplicate analyses agreed wubin 03 The pH of 20 pf
Blood was measurcd with a Metrohm pH meter equepped with @ capiliary micro blood
clegtrode The wstrument was checked prioe to each measurement aganst 2 buffered
solution of pH 712 The pH of dupheats blood samples agreed wathin 007 units The
content of lactate was measured by a micre diffusion method {Tovway 1962) modified
by SeuoLaxver and Braosmrerr (1962) 1o aliow analyses on samples no larger than
5 mg Duplicate analyses on blood samples agreed wittun 6 mg  The method 15 not
specific for Tactic acid but wilk determime amy compound whith g zectaldehyde on
eadation with Ce§O, st very fow pH It 1s unlikely however that any such substances
are present o suflicsent quantities to 1mpart & serious uncertamty

Hematornt way determned witen 14 1n 2 conventsonal hematocrt tube

D wed vaturs The tensions of O, ard CO, in the blood w re esumated from the
measured gas contents pH values and hematoont by the use of prev ously determmed
equilibrium curves (Steew 1963 a}) The measured (O, content + as frst normahzed to
hematocrt 48 an the following wan  The mevsared O content was aswrmed pro-
partnal to the acual hematoerit and the O tension » 25 ¢st mated by compansors
10 the O, cquilibrium curve The obtased O, tens on + as used to get an approxunate
vatue of the dissohed O, (¢ for ©, — 30 Thy was subtract 4 from the measured O,
content  The remamung was conmdered preportonal o the measared hematocnt
whereby 1t was normalized o 3 hematornt of 40 1he sum of the disolved O, and
the normalized hemoglobin baund Q, epresent d shen the Oy content of blood whick
had beea found had the hematocrt be n 3 Ths procedure mduced an error of
at most 82 yof A consideravian of th flect of the fyperimental procedure on the
accuracy of the estimated 3, tenston wilf be found 2z the end of thus chapter
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The blood flow through the bladder m mljmin was calculated by dividing 1/60th
of the amount of O, deponted n one hour with the differtnce 1 0, cantent in the
pre ree artery and the post rete vemn The values are only approximate since the method
assumes that the same difference m O, content was present during the hour of gas
deposition

The velocity of the blood 1n em/mun through the refe was roughly estimated by drading
the flow with the average cross sectional area for artersal and yenous capillaries in the
rete of the eel (hroon 1929) The vanable size of the retra Irom one eel fo another of
course indutced a considerable error 1 the values obtamed

The rate of gas deposttion was determined by measuring changes m volume and com-
postion of the bladder yas The volume was measured by drawing the gas in the bladder
mnte one or more 1 ml tuberculine syringes recording the volume and remtroducing
the gas The 7 of the gas was { by analyses of 2 0 05 ml sample Thus
procedure gave the rate of gas deposstion of various gases withm 003 m! For further
detasls confer Steey (1963 a)

Blood samples measuring up 10 01 m) were obtained by puncturing the appropriate
vessels with a modified hypodermic needle fitted to a blood pipette (¢f Steev 1963 b)
Care was tahen that ar was not trapped at this point dusing sampling Prior to use a
drop of heparin was run through the pipette which was then drred by suction During
sampling the pipette was wrapped 1 wetted gauze and handled with a wooden cloth
pin to reduce the extent of supersaturation Despite this some bubbles always formed as
blood from post rete artery filled the pipette In most cases this cavitation resutted 1n
very few and barely viable bubbles, which easly followed the blood It should be
stressed that when the blood samples were later transferred to the blood gas analyzers
care was taken that a proportional amount of these bubbles followed 1t The collected
samples were tmmedmtely placed 1n a sample store (Fig 3) which was cooled and
continuously rotated 180 back and forth to reduce sedimentation The blood samples

were treated as follows 20 ul blood was d d in a clean b bic p lam cup
and immedhately sucked into the capillary pH electrode The blood was in contact with
atr for no more than 15 sec pH values obtained on bloed treated in this way checked
accurately with the values obtamed when the blood was handled stncily anaerobically
Subsequent to pH measurement the bload was returned to the cup and sucked into the
origrnal prpette again separated from the rest of the original sample bv an arr meniscus
‘The pH electrode was carefully nnsed with distilled water between each sample Two
samples from each pipette were analysed for lactate Small glass vials had been prepa
rated with 1 ml 5 ¢, trichloracetic acid m each The vials were werghed before and
after the blood had been added When the blood had been added to the vial it was
vigorously beaten to allow the necessary extraction of the lactate The vaals were closed
with rubber stoppers and analysed the foliowing morming The rest of the hiood was used
for O, and CO, analyss The CO, analyser was first charged and the procedure carricd
out until the CO, had been extracted and the syrnge set aside for temperature equi
hibragson At thus time the O, znalyses were started The sequence of the analyses was
always the same first the pH measurements then preparation of lactate samples and
finally CO, and O, analyses With tins procedure tune induced changes which certamly
oceur should be about the same m all samples

Laldidy of data on Oy and COy tension The accuracy of the data obtained by the use
of O, and CO, equilibrium cunies to estimate gas tenstons warrant special attention
“The equihbrium cunes themselves suffer a certamn uncertamty 1 all parameters com
pared to the “true values This has hittle rnportance however as long as 1) Ihl‘ same
set of curves were used ta obtain tennions from all experuments and 2) the resulis are
compared only to those obtamed during the same experiments
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Table I Shous the va ¢ of depotiom of O and % n expenments wheve the parhal presgure
of gaszxan th Madder tared wiihin 1 atm

Ectao | Gas compostion Qas deposstson
Imtn} Final m} ‘hour
[5) I~ o N o ~
1 36 2 a7 39 037 0013
1 s 9 3 69 037 0
1 3 95 55 41 037 L1124
2 2 3% 23 74 013 -6z
2 » 5 92 [; 010 002
3 4 93 41 52 3 003
3 3 3 £ 5 036 Q03
3 4 94 37 59 036 ~002

Of unportance on the other hand are the factors which influence the rehability of
the estimated O, content and pH The accuracy s the Oy content 1s mostly wnfluenced
by hematoenit and anabvuieal ervor The hematoent mduces an wrzor of £ 02 1ol %,
Undez expermental conchtsens when the samples were stored for some tume, the ana
Iytieal aceracy was less than that gen m the chaprer on the mcthods Duphcate pH
measmrements agreed within 004 units O, measurements witn 06 ol ¢ and CO,
within 12 %0l %, The proceduse did not seem to nduce any tendency i the results
tovards hugher or lower s atues The reduced accuracy 1s probably. due to 2 combmatsan
of shght sedunentation respiratson with loss of Oy and tacrease 1 CO, and/ar lacttc
aad gas exehange with the air at the upper end of the blood prpette and foam formatson
n some cases

Ouly 1 expeniment G (Fig 5) did the volume of foam formedt 1 the blood sample
Trom the post rete antery exceed 1l In thus case 5 st farmed 10 100 ul blood 3 b of
this gas was analvsed and showed 16 5 CO, 67  Oyand 17 N Tiusmeansa CO,
loss of 08 vol  Blood Grom the post wete anvery had a pH between 70and 74 A COy
tonnof fvol v aHancrease the pH wizh at most 0 83 unsts 25 2 pH of 7 4 and 6 01 wimt
3t pH 79 CO, loss by cavitation does therefore not reduce the aceuracs of pH measure
meat sgmficantiv {except e &xp G Fig 5

Cannd all the wohed 10 d the O content and pH
the ranmated O, tension 1 probabh accuraie within = @ 13 aun i the presure range
where hemoglobin 1s saturated At lower pressures the accuracy wl of causse be much
bettere g a pH 7 5 and halfl saturauon the O tension s accurat < sthin = 001 atm
The €O, teanans are probabily aceurate wnhn = 801 am

Experiments

At dhe expenments were performed on the p epa atn of the serretory Bladder
which has already been descnbed The p evalent temperatur £ the erd and s water
supph ranged from 18 10 20 €.

1 T nfluenc of pO, wpon the ate { 0y & fo { 7 was muest gat d iy the following
way When 2 preparation had displa ed 3 onsta t rate of {3y drpemits i far a fow howss
st was emaptied and flled wath a kn waoom xrure A€ and N\, Twom n later the gaswas
removed and replaced by 1ml of the sam gas m xture 005 ml 1 this was withdrawn
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Fig 5

10 the concentration and velume of gases 1o the bladder
epost on. At the poi 1t ind cated by an arrow blood samples we ¢ taken The results
735 of these samples ase shown on the s mplified rete to the right. The tens ons of O
and €O have been ealeulated and the values are written i stalics The hematocrit and blood
flow 13 also ncluded for each expenment The content of O and CO 10 the blood 1 gnen 1

vol  the lacuc acd content 1n mg  blood flow 1n mljmuin hematoent n ¢ red cells and
PO, and pCO a1 of o1 atm

Figs 4and 5 These show the varat on
during gas d
of the anal:

and analysed immediately The first sample was used to adjust the pO, of the bladder
ussue to the new gas The rate of deposition was then measured for one hour The
procedure was repeated with different muxtures of O, and N, ( Fable I} Stmilar expent
mients were conducted when the bladder artery and yein had been tied off

2) The mechamsm of gas secvetion was stuched a. follows The separated bladder was
cmptied and then repeatedly filled and emptied with air a measured volume of which
s as finally iyected At certain time tntervals thereafter the content of O; N, and CO,
10 the bladder was measured VWhen the bladder had shown unmistakable signs of
acumty for some hours (sce Fig 4 and 5) the blood samplimg was started During
samphg a rubber tube was attached to the end of the pipeste o that suction could be
applied if a clot formed 1n the needle o if the blood pressure became too low to 1] the
Pipette This was almost exclusively used i sampling from the post rete vein The
aeedle was small enough to allow blood to flow mn the vessel during sampling although
flow conditions were certamly not normal
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The functioning of the gas gland 15 undoubtedly influenced by changes of the flow or
leakage of blood from the system I sought to mimimize dssturbances of this sort by
taking samples 1n the following sequence (¢f Fig 1 and 2) the pre rete vein of one
rete 2) the post rele artery of the other rete 3) the post rete ven and finally 4) the pre sele
artery In expenments B and E the sequence was 3 1,2 4 Two mumutes were allowed
between samples so that the disturb of the pling could be lized Each
sampling lasted from 2 to 5 mun and about 20 mun clapsed from starting the first to
finsshing the last sample Immediately after the last sample had been taken the yolume
and composition of the bladder gas was recorded and a blood sample taken for hemat
ocnt Jn two expenments the bladder stnipped of most of 1ts connective tissue and the
refia and gently squeczed to remove blood was weighed and crushed thoroughly m a

4 volume of trichl aaid for later de of lactate The elapsed
time betwcen removal of the bladder and 1ts immerston 11 the aad never execeded 3
min

Results

In Table I the rate of gas depostson 13 compared to the gas composition in
the bladder It 1s apparent that the rate of O, deposttion 15 unaffected of a
change 1n O, pressure within 1 atm The N, deposition 15 too low toallowany
further conclusions When the vascular supply to the bladder was tied ofl’
no movement of gas couid bie detected during 3 hours

‘The results of the measurements of the changes in gas composition 1n the
bladder during activity are shown in Fig 4 and 5 The content of Oy 1n the
bladder increases the N, content remamns rather constant while the LO,
content increases 1n such a wav that CO, aluays constututes some 6 to 8 % of
the gas The gas which is deposited during actvity consist therefore of O,
admixed with some 7 ¢, CO, Only 1n experiments A and G does the amount
of N, show a definite tncrease The N, tension was m alt cases, however lower
1t the bladder than i the water which means that N, 15 1n no case concentrated

The time of blood sampling 1s indicated for each expeniment in Fig 4 and 5
As seen from the curves the rate of O, deposited was rather constant at tis
point, but n some cases 1t decreased during sampling Ths 1s not duc to blood
loss as the sampled blood volume represents only 1/10th to 1/20 of the total
blood floww 1n some cases however, samphing seemed to mnduce contraction
of the bladder sometimes only locally and during a shorter pertod Tlus al
ways resulted 1n a decreased blood flow These wregularities together with the
disturbances by removing blood and changing the flow duning samphng 1
fluence the results 1n an unpredictable manner which demands caution tn
comparison of quantitative results both within one experiment and especiaily
when companng different expertments Particular stress will therefore be laid
upon the general trends in the results

“The results for the blood analyses are shown in Fig 4 and 5 Thereasa far

correlanion between the measured pH values and those which are obtatned
when the pH 1s polated from CO; equilib curves (STEEN 1963 a)
using the values for CO, and lactate content measured 1n cach sample Since
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‘Tabte X Shows @ quantitatice comparison betuceen two models for gas concentration and the ralues
measured 1 the present investigation The latter pertawn to the Stuation at the heart pole of the rete

mM | Flow  |Velocty|e AMax N |Max O
electro- |reduc | fmlf of flow [reduc | pressure | pressure
Iyte m Jtion in |run) (cmf tion. (atm) (atm)
post rete | physical mn) of O
vem  |solu capacity
above |bilwy
that 1n
pre sete
art
ScHOLANDER (1924) - 1 1 (as20) ~30| 26 40F0
Thounvand huus (1961) 20 1 06 12 10 26 2000
20 1 03 6 - 53 -
10 05 03 6 - 26 -
Present work 3 - 01-05| 3-—10 10-3> - -

the equilibrium curves were obtained on blood where pH was vaned by CO,
and lactic aad this mdicates that the lactate content represents lacic acd

The composition of blood from arteries and vens at both poles of the refe
of active glands displayed the pattern 1l dmFg 4and 5
Blood enters rete with arterial O, content and a low CO, content The O,
tension of this blood 15 below 0 2 atm and the CO, tension 1s below 001 atm
Duning its passage through the rete the arterial blood 1s enniched 1n lactic actd
and CO, the pH 15 reduced and the O, content remains rather constant The
O, tension howeser tncreases and 1t 1s noteworthy that when the pO, in the
bladder 15 high the O, content of the arteral blood may indeed 1ncrease as
1t passes the refe As the blood airculates through the epithelium of the bladder
its lactic acid content 1s further 1ncreased while the pH and O, contents are
reduced The Oy tension of the blood from the pre rete vein 1s 1n Imost cases
cqual to or higher than the O, tension mside the bladder On passing the refe
the venous blood looses some of 1ts lactic acid the pH increases the CO, con
tent decreases and the O, content as well as the O, tension are reduced The
lactic acid content of the bladder tissue 13 at least twice that i the pre vete vein

Tt should be stressed that at the bladder pole of the rete the O, tension 15
generally higher in the vem than n the artery while at che heart pole 1t s
lower in the vemn than 1 the artery Apparently the direction of the tension
gradient 1s reversed by the rete

The blood flow through the bladder vaned between 01 and 06 mljmin
(Fig 4 and 5) The veloaty of the blood fow 1n the rete vanied from 3 to 10
cm/mun (Table I1)
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‘The cavitation of the blood from the post refe artery clearly indcates that the
total g1s tension m thus blood must have been well above ! atm Our knowledge
about the condtions which faciltate cavitation 1n blood does not permt to
vonclude howerver, that the tension m the post rete artery was hugher than m
the pre rete vem although blood fram the latcer location did not eavitate

The lactic acsd content 1n the pre rele vern 1s higher than the sum of the Jactic
acid content in the post rete vein and the post rete artery munus that s the pre vete
artery Thus di crepancy may be due to conditions induced by the sampling
procedure ¢ £ change i flow or reduction of the blood volume w ane branch
of the rete Both these artefacts certainly oceur but no good ways have been
found to determine therr smportance 1n this connection It was ako possible
that the first sampling 1aduced a rech mn lactic acxd prody This was
checked by lacuc acd analyses in 3—4 samples taken from the fre refe vesn
2 mmn apart No reducton or other systemauc change could be determined,
however The posstbabity also exists that some lactate 1 further metahohzed or
used in synthesrs Fance (1953) showed that the gas gland of codfish contans
lactic acid dehydrogenase

Iscussion

Thus investigation shows that duning gas secretion 1 the swimbladder of the
eel the lactic acid concentration is lugher and the pH lower in the venous branch
of the refe than n the arterial It was further established that the O, tension of
the blood at the bladder pole increases as secretion proceeds and that the blood
dranung the secretory epitheium has an O.-tenston csther equal to or hugher
than the pO; 1in the bladder The additien of Jactie gard to the venrous rete
blood probably means that the total 1onic concentration 1s mcreased whereby
the solubility to gises in general will be decreased compared to that in the arte
r1al blood

These observations strongly indicate that the active gas gland of the eels
endowed with the cardinal prerequisites for concentration of both O, and inert
ga.es through a counter current multplication of a primary gradient created by
addion of lactic acad to the venous branch of the rete Connidening the evidence
for an mcreased and content mn acuve glands of other fishes {gf introduction)
and the puncipal umformaty of the structure of the gas gland and the propetties
of blood from different fishes 1t scems passible that the same mechansm does
also operate i other fishes

Behautour of lactec acid and CO, durng gos secretion. Harvane (1922) suggested
¢hat the venous hload of the refe communicated part of sts CO, to the artend
blood Jacons (1930) assumed that a substance which he thought vras depasited
snto the blaod followed the venous blood through retr but that CO, hberated by

thus substance diffused across the rete hunn and hunw (1961) assumed the rete to

be completely wnpermeable to the added acid My results show that the situa
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tion 1n the eel 15 2 muxture of these suggestions  part of the lactic aad and CO,
Ppasses acress the rete The CO, content 1s approumately the same in both blood
streams making the CO,-tension — due to the difference in pH — someswhat
lugher 1n the venous than 1n the arterial blood (Fig 4 and 5)

As mentioned abov e some of the lactic acid which enters the refe in the blood
from the sccreting bladder enters the artersal blood but some 1s alse tracklessly
lost Thus loss may possibly be duc to some expenimental artefact but more
Pprobably 1t may be due to lactate metabolism 1n the rete Since the loss entails a
reducuon in the acid gradient across the refe 1t may reflect one way n which
the rate of gas dep is tated Ths puonisstrengthened by the fact
that no such lactic acid loss was recorded experiment G (Fig 5) whichwas
also distinguished by the hnghest rate of O, deposition recorded It 15 tenta
tively assumed therefore that under maximum secretory work with a constant
rate of lactic acid production the acid gradicat from venous to arteral blood 1s
the same at all points along the rete

The delayed response

fi €

The short arcurting of acid across the rete will entadd
q for the eff of the multpher These

we due to the fact that some ume mnterval will necessanly elapse from acid 13
added to — or remorved from — blood and unul this 1s mamfested 4s a changed
Ortension In the further discussion this will be termed delayed response




236 JOUAN B STEEN

We must assume that the O, capacity of the hemoglobm 15 determined by the
PH 1nside the red cells When the acid content of the blood 1s changed this
intracellutar pH also 1s changed, but only after a delay caused by the time
necessary for diffusion, for bufler systems to react and rearrange and for the
reaction between hemoglobin and O, to occur (RosnenpLeck and Nirser 1962)
The blood pH was always measured some 510 mun after sampling During
thus time the ntra and extracellular pH probably will have had time ta read
Just The measured pH values will therefore not represent the intracellular
pH at the ime the sample was taken Generally the measured pH will be hugher
than the ¢ true pH an the blood which 1s losing acid and lower 1n blood which
1s ganing acid This means that the pH measured in the post rete artery 15 lower
and 1n the post refe vein higher than the pH which dictated the O, tenston at
the moment blood was sampled The delayed respanse will therefore induce an
error 1 the csttmation of Oy tensions by means of O, equilibrium curves In
the bload from the post rete artery the pHisin therange 7 0to 7 2 1n the post rete
vern 1t 1s from 7 310 76 Fig 6 shows that the O, capacity of eel blaod 15 most
sensitive towards pH changes in the range from 7 3 to 7 6 The delayed response
will therefore induce the largest error in the esimation of O, tension in blood
from the post rele vetn And since the true pH will be lower than the measured
for this blood the estumated O, tenston will also be too low

It was mentioned earlier that the O, tenston i the post rele vein apparently
was lower than n the pre rele artery It scems jusufiable to attnbute this to an
artefact caused by neglecting the delayed response 1n the esimation of the
O, tenston The O, tenston 1n the post refe vein would have been equal to that
1n the pre rete artery had the pH 1n the former been 0 05 to © 10 pH umis lower
The pH of the venous blood 1s increased about 0 7 units (Fig 4 and 5) as 1t

b passes the 7 mm long rete in 7 sec (Table I) A pH dufference of 0 1 unit cor
responds therefore to a delay of | scc between ¢lectrolyte change and readjust
ment of Oy tension In order to estimate the probabidity of a delay of this
magnitude it 1s to pare gas exck 1n the rete with that in the
fungs In the human lung the pH of the blood changes about 0 I umt and
each red cell 1s 1n estmate contact with the alveolar air for at least 0 3 sec in
exercising subjects (Rovenroy 19»4) We may assume that the lungs are so
developed that they allow the red cells yust enough ture 1n the lungs for the
necessary reactions 1o occur Considerng that the human red cells are flat
disks about 8 s 1 diameter while the ecl red cells are bean haped wih the
smallest diameter 15 ¢ 1t seems fair to suggest that a much longer time would be
needed for sumilar processes to occur 1n the ecl blood A dependable judgement
of this pomnt must awat direct measurements by phystochemical methods of
the magmtude of the delayed response

In conclusion 1t seems probable that the O, tension gradient across the
rete 15 caused partly by the actual aad gradient and partly by the delayed

response Under steady state conditions with a constant lactic acid production
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and a constant lachc acid concentration 1n the gr¢ refe ven the flux of aad
wll not reduce the acid gradient across the refe Under such condttions therefore
the 2cid flux will enhance the ability of the system to build lugh pressures above
that which would have occurred had there been no such aad flux
The delayed response will probably be less 1mp wth regard to gradients
1 nert gases since these are physically dissohed and not like O, combined to 2
compheated physio-chermcal system within a cell membrage
The rete The structure of the rete may also indicate properues of the svstem
which are different from those assurned 11 the models The exchange of matenal
1n the rete takes place over very small distances and through complex cellular
structures where the laws of diffusion may not suffice The structure of the
barrier between the two blood streams shows an abundance of pinocytotic
vesides (FAwcETT and WrrrespERc 1959 Dorn 1961) which may indicate
that a one way transport of matenal 1s sup posed on th
Pinocytosis may also alter the diffusion properties of the barner ¢ g due to
contection 1n the hquid wside the veuicles Furthermore the artenal capillary
endothelium i some species 1s thicker than the venous with nucler protruding
nto the lumen It appears alo that the total cross sectional area of the arterzal
capillaries are smaller than that of the venous Krocu (1929) calculated
based on the of a fixed prep of the rete from the eel that
the total cross sectional area of the 118 000 artenal capiffanies was only hall’
of that of the 88 000 venous If this dufference 1s present in the functioning gland
st :mplies that the afferent bloed flows twice as fast as the efferent a fact which
s!;;)u;d be considered n quantitative calculation on the efficiency of the gas
gian
Comparison betuzen models and expertmental data Tt 15 enident from the foregoing
discussion that even the most detaled models of counter current multiphers
that have been presented represent merely a skeleton of the very complex and
mtricate process of gas concentration It seems clear however that the models
Tepresent the basic principle m gas It s herefore to
compare some quantitative aspects of the models presented by SCHOLANDER
(1954) and by kumv and Rei (1961) with expermental data from the present
investigation Such a companson 1s shown 1n Table 11
1t 1s evident that the assumed values comade well with those actually meas-
uted This sndicates that 1f the refinements which appear to occur in the mulu
plier system of the swimbladder have not reduced 113 efficiency relative to that
of the model 1t should be able to buald pressures of O, well above those actually
measured The concentration of wert gases 13 more questionable A conclusion

on lhlux Pomnt must await measurements of the total 1on1c strength of the blood
 the refe

The sigmficance of CO, There 13 much evidence Which mdicate that the high
CO,; content of freshly secreted gas has funcuonal sgmficance Coprzasn (1952)
has shown that duning acusity the carbonic acid anhvdrase actruty decreases
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1n the gland plus rete while 1t 1nereases n the blood This probably means that
the enzyme 1s released into the blood during activity Fanse (1953) showed that
the carbonic anhydrase activity 1s more concentrated 1n the secretory epithelum
and rete than in the reabsorbent arca and that inhitators of this enzyme block
gas secretion It srems reasonable that the function of carbomc anhydrase 15
to enhance CO, exchange both across the refe capillaries and across the secretory
epithchum 1n the .ame way as it does 1n CO, exchange in the lungs
The high CO, content contributes to the lowered pH of blood from the
bladder pole of the rete It has been shown earlier that a certain amount of CO
added to blood wall be more efficient 1n lowening the pH the more lactic 1aid
35 present beforehand (Stzew 1963 a) This mreans that even though there 1s no
gradient 1n CO, content across the refe the CO, will cause a larger drop 1n pH
n the venous than in the artenal branch of the rete due to the higher lactic acd
content 1n the former
It was obsenned by Fance (1903) that dunng acuwity the gas gland was

covered by foam A sumlar observation was always noted 1n active eel bladders
1n the present study Fance (1903) also demonstrated the presence of extra
ceflular caviucs (secretery ducts) i the secretory epithelum of seseral species
These probably represent gas cavities and their function may be to allow a rapid
gas exchange between blood and bladder lumen WrrTeneERG (1928) also
presented exidence to show that bubbles take part in gas depositton It has
seen shown that a high CO, content enhances the mitiation of cavitation
Brivas Twirry and Winraner 1951) The hugh CO, concentration dunng
iecretion may therefore have impertance to facilitate the formation of bubbles
:hus increasing the diffusivity of the blocd to bladder barnier

! Gas secretion in deep sea fishes ScHOLANDER (1954} argued that the effects of
1 acd added to the venous rete blood could produce O, by counter current
nuftiplication only at pressures at which the lowered pH could dissociate
rhemoglobin For this reason the above mentioned system has been held
nadequate to explam O, secreuon 1n many deep ea fishes where the pO 1
he bladder 1s too Ingh for pH to mfluence the hemoglobin bound O, It seems
appropnate to der thus problem since 1t the major chall

to acceptance of the atd induced counter current multipheation theory as the
general mechanism of gas secretion As pomted out by hoctt (1934) an acid will
ifluence not only the dissociation of hemoglobin but it will also have a salung
out effect on gases 1n general. The quantitative consequences of this havebeen
pomted out by hunv and hunn (1961) Take as an example a fish 1n which
a lowered pH will dissocrate oxyhemoglobin at pressures only up to 50 atm In
shus case the pH effect wall bring the O, pressure in the bladder up to 20 atm
10 the first few malluneters of the rete from the heart pole while the rest of the
sete will the O; concs but now based on the salung
out effect huim and Kusry (1961) found that the phy 1 the bladder of such
2 fish could reach 1 500 atm  They also established that the rate of O, secretion
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— assuming a constant blood flow — 15 determined by the difference in O,
content between venous and artenal blood at the heart pole of the rete The
rate of Oy secretion ¢ g at 50 atm will be the same therefore whether the pH
effect extends to 50 or 100 atm as Jong as the effect 1s the same below 1
atm This 1s evadent from the fact that the salting out effect1s proportional
to the dissolved gas At 50 atm blood will contam roughly 150 vol °, O,
A 19 reduction 1n solubihity would spht off 16 vol 9, while at 1 atmat
splits off only 003 vol 9 We must therefore conclude that gas secretion alo
1n deep sea fishes 1s satisfactonly explaned by a counter current muluphcation
of a pnmary gradient snduced by the addition of lactic acid to the venous
branch of the rete, and that this also enables the gas gland to secrete O against
pressures which nullify the effect of low pH on hemoglobin bound O,
Terminology The actwaty of the gas gland 1s commonly referred to as a se

creuon According to modern entera this term immphes an energy requinng
cellular synthests and concentration of the gas to be deposited Some authors
also use the term active transport which would umply that the gas 1s trausported
across some cell membrane or layer agamnst 1ts concentration gradient None
of these critena seem to be fulfilled howes er, if gas 1s concentrated by an 2ad
tnduced counter current multphcation The term gas secretion has nes ertheless
been mamtained in thus paper, since no adequate substitute has been found

Dunng these mvestigations 1 have benefited from Prof R Fasces €Yper ence i swun
Bladder phys ology 1 much appreciate expert asstance from Mr O Tversex w th the expen
mental equipment from Miss I Gjoes and Mr O Baysupsrep vath the lustrations and
from Muss £ Bransteeet and Muss R. Moxx with the lactic acid analyses Special thank, are
due to Prof P F ScuiotANoes and Dr A Goovserr for ther enticsm and suggestions dunng
the preparation of the manuscnpt Mrs A. Mok hay shown a Imirable patience 11 typing the

manuscript several mes The avesugations have been supported by /S Nersk \ arckngs.
fors knngs Fond

References

Bae, B C F Statruatres and O Coor

£R \fetabolic studies on the gas gland of the swim

Yadder Bial B U 1955 108 117 ’ e

Bu' 61! LFB \ € Twirryand D M Winraxen Bubtle format on n frogs and ras Pp 143—
21 Feiror J F - Decompression s ckncss W B Saunders Co Phula. and Lond 1931

Caxway E. J., Microdiffusion analvsis and volumetnc ror » ed Crasby Lockwood and Son.
Ltd Lond 19 276—7gp

Cnlr;u;:; D E. The funct on of the pseudobranch gland n ¢ leosts. 4mer J Phrsiol 1952
&vu\ I»‘.UJ ‘The bouyancy of fish and cephalopods Prog  Buophysies 1961 17 178—234
s?;_sw ber den Fenbau der Schwimmblase on Anguilla rul ans L. Z Zellforsch 1961 55

FXacz R The mechanism of gas transport wn the euphysochit swimbladder 4eta physiof
s+ nf 1933 30 Suppl 110 1—133

Faverr D W 23nd ] B Wsrrexuere Th 6in structure of capillanes i the rete nurabile
of the swimbladder of Opsanus tau Anat Rec 1939 133 274



<38 JOHAN B STEEN

1 the gland plus refe while 1t increases 1n the blood This probably means that
the enzyme 15 released anto the blood during acuwity Fanse (1953) showed that
the carbomic anhydrasc actiaty 15 more concentrated in the secretory epithehium
and refe than in the reabsorbent area and that mhibitors of this enzyme block
gas secretion It seems reasonable that the function of carbonic anhydrase 15
to enhance CO, exchange both acrass the refe capillaties and across the secretory
epithelium 1n the *ame way as 1t does 1n CO, exchange in the lungs
The high CO; content contributes to the lowered pH of blood from the
bladder pole of the rete It has been shown earlier that a certain amount of Co,
added to blood will be more efficrent m lowening the pH the more lactic acid
1 present beforehand (STeex 1963 a) This reeans that even though there 13 no
gradient 1n CO, content across the rete the CO, will cause a larger drop 1n pH
1n the venous than n the artenal branch of the rete due to the higher Jactic acid
content 1n the former
It was observed by Farcr (1923) that duning actwity the gas gland was
cosered by foam A similar observation was always noted 1n active cel bladders
1 the present study Fance (1903) also demonstrated the presence of extra
cellular cavities (secretary ducts) 1n the sceretory emthelium of several species
These probably represent gas cavities and their function mav be to allow arapid
gas exchange between blood and bladder lumen Wrrreneerc (1958) also
presented evidence to show that bubbles take part 1 gas deposition It has
been shown that 2 lugh CO, content enhances the imtiation of cavitanon
{Buixks Twrrry and Wriraker 1951) The high CO, concentration duning
secretion may therefore have importance to facilitate the formation of bubbles,
thus increasing the difft ity of the blord to-bladder bamer
4 Gas secreteon 1n decp sea Jfishes ScuoLaxper (1934) argued that the effects of
an aad added to the venous rete blood could produce O, by counter current
muftuphcation only at pressures at which the fowered pH could dusociate
oxyhemoglobin  For thus reason the above mentioned system has been held
inadequate to explamn O, secreuion 1n many deep sea fishes where the pO,
the bladder 1s too high for pH to influence the hemoglobin bound O, It seems
appropriate to der this problem since 1t the mayor chall
1o acceptance of the acd induced counter current multiphication theorvas the
general mechanism of gas secretion As pomnted out by hocst (1934) an acd will
snfluence not only the dissocuation of hemoglobin but it will also have 2 saling
out effect on gases n general. The quantitative consequences of thus hasebeen
pomnted out by Koiw and huns (1961} Take as an example a fish i which
a Jowered pH will dissoctate oxyhemoglobin at pressures only up to 50 atm In
thus case the pH effect wall bring the O pressure in the bladder up to 50 atm
sn the first few mullimeters of the rete from the heart pole while the rest of the
etz will continue the O, concentration but now based on the salung
out effect. hurx and Kty (1961) found that the ph, in the bladder of such
2 fish could reach 1 500 atm They also established that the rate of O, secretion
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An Improved Method for Fluorumetric Determnation of
Small Amonunts of Adrenabine and Noradrenabne
i Plasma and Tassues
By
Jan Hacesvpat
Recemved 22 February 1963

Abstract

Hacersoay, § An wproted method for fluorimetric delermination o
small amaunts of adrenaline and norvadvenaline w plasma end fsues Acta
physal scand 1963 53 242254 ~— By the sntroduction of several

i of the tnhydroxyindele method for the determunation
of adrenaline and nosadrenaline apprecable amprovement of the
sensitavity has been obtamned The blank vafues have been consider
ably reduced and tized by sub g d ptoprop
(BAL) m sodwmm sulfite solution for a corbic acid The cluate
valume has heen reduced and the degree of punficaiion has been
increased by a modified ron evchange grocedure (Dowex 50 ¥ X8)
Deprotuimzation of plasma before the column procedure could
be orutted When this procedure was apphied to {0 i plasma

obtained ffom nogmal g g4 at rest noradrenahine spectra veuh
two achy: a;uany obtasned The average concentra

e Buf Bai 425 03 % 01 pg per bise of plasma
cons on 11 faund Noradrenaline occurred in plasma
1 form

1 both free and ¥

1

oL

The J9 f the small af ad {A) and
noradrenaline (NA) in plasma sc}ﬁ}s at present only to be possible by fluormmetne
methods These methods are based on one of two reacnons the inhydroxysn
dole (THI) reaction (Eureiv 1948 Luno {9482 b ¢} and the ethylenediamac
condensation {ED} reactron {Ivarersoy Lucovov and Prveus 1949 Wi
Matuerer and Bove 1952) However, the ED reaction appears 10 be less
spearfic than the THI reaction {Eurer 1956 Vaix and Pricc 1956 and

1 3 &

others)

242
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In the THI methods A and NA are oudrzed to adrenochrome and noradre
nochrome which 1n alkah are rearranged to strongly fluorescent tnbydroxy
indoles adrenol and drenol respectvely which are estmated
fluonmetrically The fluorescence of the lutmes 15 stabilized by the addition
of ascorbic acid Several methods for deterrmnation n plasma have been
developed ¢ g Luwn (1949 a b ¢} Prick and Price (1957) Couev and
Govpevgere (1927 a b) Vevpsaru (1960) The methods differ n muny
details For review see Eurer (1962)

Venpsary (I1960) has shown A and NA values in plasma samples from
different parts of the circulation during rest during muscular work and after
some drugs The method was with some madifications based on the method
for A and NA determunation 1n tissues by Bertrer CaressoN and Rosen
GReN (1958) The odation of A and NA to chrome dermvatives was performed
with potassum ferricyamde at pH 65 For the differentiation between A and
NA the difference m the actinating spectra of the fluorophores were made
use of

In preliminary expenments based on the method of Vexpsatu (I1960)
certain | of the d hmque were observed

The amount of A or NA 1s calculated from the difference between the
sample and the tissue blank Since the reading of the sample s but shightly
higher than that of the tissue blank vanations of both values affect the resule
obtaned Drfferent types of tissue blanks also gave different values One type
the non ouidized tissue blank 1n which the A and NA had been protected
from oxidation by adding the antioudant at an early stage (BERTLER ef al
1928) showed higher values than the faded tssue blank 1n which the ox
dation had gone so far that the fluorescent compounds had been destroyed

Fluorescent material from the cation exchange resin was found to interfere
and was partly responsible for the diference between the blanks However
the most important factor responstble for the high blanks was found to be
the ascorbic acd

Consequently we have tried 1) to increase the fluorescence intensity of the
A and NA i the sample 2) to elimmate the fnorescent matenal derwed
from the resn and 3) to find a more sutable annoxidant than ascorbic acid

Apparatus and reagents

B (all wa elengths given in this paper are

uncorrected instrumental values) All the spectra were recorded on 2 Moseley Autograf
For the h dure the d

bed by BerLer e al (1958) was
used,

Ascorbic acid from several sources has been used 1n thus laboratory both before and
after recrystallization without any marked differences 1n the results Dimercaptopro-
panol (BAL) was obtamed from Boots Pure Drug Company Nottngham England

For the column chromatography Dowex 50 W \B was used after the uest and
woarsest particles of the resin had been removed and the resin riased several times with
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3 N HCland 2 N \aOH 1 per cent disod ethy lened) tetra 1ectate
(EDTA) Commercially avaslable reagent grade chermcals wete used The Water was
glass distilled The HCL was distll d three imes which scemed ta ymprove the re
coreries

I Assay of A and M A

The pH of the cluate s 1 rule 23 ml N HQL was adjusted to 6 5 with
5 N h,CO, (indtcrtor paper) after 060 ml of the eluate had been removed
for use 1n the non oudized tissue blank (see below)

The sample To 0 70 ml of the neutrnlized eluate 010 ml 01 A phosphate
buffer, pH 6 5 was added After 0 02 m} 0 0025 per cent CuGl  2H,0 solution
had been added the oxidation was performed by addinon of 00> ml 025
per cent K Fe(CN}, After 3 min the oudation was stopped with 0125 ml
of a solution of 05 per cent BAL in 1 sodim sulfite solution contamn g 5 ¢
N2,80; 7 H;01n 10 ml water This was immeduately followed by the addition
of 02 ml 10 N NaOH

The standard A and ¥4 0010 ml of a solution of 1 0 kg catechol amne base
per mln 0000> N HCL was added to 0 7 ml water and treated as a sample

Zhe internal standard (£S) 0010 pg A or NA was added to 2 sample which
was treated as above

The non oadized tissue blank 060 ml of the eluate was 2dded to a freshly
prepawred muxture of 01 ml of the phosphate buffer and 0 125 m! of the
BAL-Na,80; solution CuGl, [e(CN), and NaOH were added as above
and they were followed by 0 10 ml 5 N K,CO,

The faded tssue blant The blank was treated as a sample After 3 mm of
ovdation however, only the 10 N NaOH was 2dded After another 10 mm

+“the BAL Na,50, solution was added

The sample and the blanks were read after 1bout 10 run 1n an Ammnco
Bowman spectrophotofluorometer at 400/515 and 450/515 mu (activaung/
fluorescent wanvelengths} As an alternatnve 1o the Iatter waselength combma
tion they may be read at 330515 mp or 400/550 mp The spectra were recorded
and the amounts of A and NA were calculated (see below)

The procedure 15 outlined 1 Table I An example of a determination on
plasma of a healthy person at rest 1s given

Comments
The sample tolume The total volume was kept as low as 1 2 ml to reduce
the diluting effect on the fluorescence of the reagents The standard cunettes
of the spectrophotofluorometer could still be used
The oxtdauon  The spontaneaus oudation of A and NA 1 an alhaling sohn
iom to fiuarescent compounds {Lorw 1918, PAceT 1930 Gavpunt and Scruep

fh d The fl ¢
1934) ha long been utihzed for Tic
15 ur?srab]c but ean be stabilized with ascorbic acid (EHRLEN 1948 Lunp
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Table I Example of analvsts of A and NA in an elua ¢ from a Blood sample drawa from the
brachal artery of @ health man n rest ( The spectra are shown tn Fiz 2)

Reavents and solunons n | Stand | Stand | RB Sample | IS Nonow | Faded
m ard | ard dized | TB
A A TB

HO o | 07 | 0.0 — — e
Phosphate buffer o10 | 010 | 010 | 010 o10 { o0 | 010
Eluate neatralized — — — ] ow | o7 | 060 | o7
NA 0010 - — — | 0010 - -
A — | oor0 — — 1 oo — -
CuCl, 00> | ooz | ooz | 002 oe2 | oo2 | 00
1 K ¥e(CN) 00 | 005 | 00y | 00> 00> | 002 | 00>
11 BAL-SNaSO added 3

mun after T 0125 | 0125 | o125 | 0125 | 0125 [%(0125) =
TH NaOH 10N added 10

sec after IT 0% | 020 | 020 { 020 | o020 | 020 | 020
IV BALNa,SO added 10

run afeer 111 - — - — — —| o
% K,CO, 5N added after

ur — - — — —| om0 —
Fluorgseeace mtensity st

400/515 mp 20 7 06 18 22 12 10

430/315 s 26 10 10 15 38 14 15

Alternatingly In the cxample NA was used

060 ml of the non neutralized eluate.

The BAL-N3,50 solution was added before the eluate

Other wavelengths may also be used see text

The N\ standard was set to 20 fluorescence unts.

The A standard was set to 10 fluo escensce unts,

Calculation The A (=x 10 ng) and VA (=3 10 ng) m Sample were calculated by
solving the equations
(1-06) x + 2006y p =1 8—('1 j 19
(10—10) x + (261 0);=15—”:l5

(Readings at 400/215 my)

{Readngs at 450513 mp}

x=000
2=00¢

1949) But higher mtensity 15 obtained when the oudation 15 performed at a
more neutral pH with added owudanis

Fluorescence with good 1ntensity stabulity and reproducibihity was however
obtamned by alkalne treatment 10 a two-step procedure of A and Na m pure
solutions At first a weak alkaline solution ¢ g 01 M ammomum hydroude
or borate bufler, pH 85 was added Some cupnc chlonde (107 g/ml} was
also present Frve minutes later EDTA and ascorbic acid were added Thena
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FLUORESCENCE
FLUORESCENCE

INA,

[32)
, PN gl
200 400 400 600 r s 200 400 400 600 my
Fig I Acuration and fluorescence spectra of 10 ng adrenal, d 10 d)

o tuon o sespeatgemment s ey oofy 2dtcealine nd 10 ng moradsenaline (afce
avon spectrum  Fluorescence wavelength 525 me IT Fluorescence speetrum Activatng
wavelength 420 mpe 111 Acuvation spectrum  Fluorescence wavelength 15 mp 1V Fluo-

yescence spectrum  Acinating wavelength 400 my
the spectra of adrenatine (A) Ino;;adn-mhne (NA) and reagent blank

4w NA RB,
(RB) afier the addition of ascorbic acid (2 107 g/m!

strong alkaline solution ¢ g 5 N NaOH followed The reproducitality was
not as good at the oxdation of tissue extracts a5 an pure solutions so at present
the oudation 15 performed with potassium ferncyamde at a pH of 6 5
7 In earlier methods the oxidation 1s often performed 1n the presence of added
small amounts of zinc sulfate The effect of zinc sulfate on the oxidation of
pure solutions of A and NA at pH 6 5 was compared with the effect of cupnc
chlortde and with the effect when no metals were added No effect of the zine
sulfate was found The znc sulfate addiion may however be of value 1n
stabilizing the oxidation of ussue extracts

The addition of Cu * 1ons appears to interfere with the assay 1n different
wavs Furst, the oxidation of A and NA to chrorre dernatives appears to be
aceelerated Using Cu * concentrations up to 10~ g/ml these dernatives
appeared to be relatnely stable at neutral or weakly alkaline pH Second
Cu*~ 10ns have been found to cause weakeming of the fluarescence of the
lutines 1n strong alkall This effect s partly reversible If the fluorescence of
futines 1n alkalh was brought to dsappear by the addition of Cu** tons 1t
could then be brought to partly reappear by the addition of EDTA within « few
munutes This initial resersible weakemng of the fluorescence 15 possibly due
to formation of complexes between Cu*+ tons and the futines However the
protective action of EDTA was no longer d le after a more prol d
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expostuon of the lutines to Cu** 1ons mdeating srresersible converston of
the luunes to non fluorescent compounds

If EDTA was added 1n sufficient concentrations before the Cu*~ ons com
plete protection was obtamned This was also true for the BAL-sodium sulfite
solution used 1n the present method It 15 interestmg to note that ascorbic
aad when added m the usual high concentration did not protect the luunes
from the effect of Cu** 10ns

In the present procedure a small amount of cupric chloride has been added
25 an attempt to keep the effect of metal 1ons under more constant control
In fact addition of Cu** 1ons seems to increase the reproducibility of the
results

The stabilization of the lutines Although the use of ascorbic acid for the sta
bilization of the fluorescence 1s well established 1t has definite disadvantages
Aboveall the use of abscorbic acid gives rse to ngh and varrable blank values
The mtensity of the blank salues merease with increasing content of ascorbic
acd Accoyding to EULER and Lissajko (1961) the addition of ethylenediam
me to the ascorbic aud improves the stabibity of the sample and the bianks

Within certain wavelength ranges the use of ascorbic aud will give hght
absarbance (Fig 1)

Instead of ascorbic acid other agents were tred for the stabilization The
best results were obtamed with the following compounds 1l of them contain

g sulphur hydrogen sulfide sodum sulfide BAL sodium pyrosulfite anc
cysteine hydrochlonde
The most reproducibl

results were ob d with a freshly prepared (not
more than 2 hours old) solution of BAL 05 per cent 10 a sodium sulfite solu
ton 5 g Na,80; 7 H O ad 10 ml water (The BAL was cautiously muxec
with the Na2,S0; solution untl a clear solution was obtamned The sodiun
sulfite solution should be less than 6 days old All solutions contammg BAT
were handled 1n a hood)

The fluorescence obtained was as high as with ascorbic actd The value:
of the blanks were smaller and more stable The reproducibility was good

The activating spectra of both A and NA had two peaks one at 420/52!
my for A and at 395/515 my for NA (actre ating, fluorescent wavelengths) ane
another at 330/32> my for A and at 325—330/515 mu for NA When ascorby
acd was added n the concentration generally used (2 10-% gfml) thi
acuvating peaks at 330 mp almost completelv disappeared A small rest wa
seen for A {Fig 1)

The presence of two acuvating peaks has proved to be of value in question
of wdentity pastieularly when the intensity of the fluorescence was weak
The ravo between the two peaks were different for A and NA This could b
utilized for differentiation between A and NA

The blanks As mentioned above the blanks v ere lower and more stabl
when the BAL-sodium sulfite solution was used However, there sull was
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Fig 2 Actnation and fluorescence spectra of plasma samples (alter ouidation and reasrange
ment 1 alkaly) obtaned from the brachial artery of a healthy man m rest before and afier
msubn Tand spectra Fi length 515 mu 11 and V1 Fluorescenos
spectra Activanng wavelergel 400 mp 1 and 11 Specira from the sample obtamned durmg
vest. Voand V1 Spectra from the sataple obtained 30 oun afier msuhn 01 JU per kg body
weight 1v The volumes of the plasma samples 10 and 13 mi respecinely S plasma sample

ron oxidized nissue blank TR faded tasue blank A adrenatme standard 10 ng NA
noradeanake standard 10 ng RB reagent blank.

At the secording the sensitsty was about 4 tunes hugher for the samples and tissae blanks
than for the standards When 1he standard NA at 400/515 mu was set to 20 Ruarescence units
the Buorescence mtenuties were standard A 17 and the RB €6 ihe sample during rest 1 8
with TB 12 and TB 10 and the sample alter inseln 34 with TR 13 and TB 10 fluwo
rescence umits

The ifftrence of the mtensiy besween the samples and the mean values of the corresponting
two types of ussue blanks were abramed from the figures  These values after having been
doubled are shown under the correspondung fgures Figures IHf and IV shov activauon and
Buorescence spectra typicat for N4 Figurey VIf and V11T show an mcrease of the fluorescence
intensity  The change 1 ratio between the two actsaung peaks indicates that the anerease 1s

due to A
Caleutated vatues (s Table 1 for calewlaton) During rest €3 ug NA per litce plasma
No A was found Afier msuha 03 /g NA and 05 sg \ per ltre plasma
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difference between the non oadized tissue blank and the faded tissue blank

the former bemng igher This seemed to be partly due to spontaneous oxdation
durmng the adjustment of the pH of the luate When the blanks were prepared
1 the way now used this rish was elimated The faded tissue blank tended
to be too low since moare of the fluorescent compound derived from the strong
cation exchange resin was destroyed m the blank than in the sample (Hacery

DAL 1962) This mterference could be reduced by washing the columns 1n

tensely and omutung the first portion of the eluate The spectra of the stmple
and the blanks were recorded for control of ¢ ¢ the spontancous oudation
1 the non owdized tissue blank For the calculation the mean values of the
two blanks were used

It 35 essential that the samples are well sep 1 from
BAL Otherwise anhibition of the oudanon may be observed Thus the non
oudrzed tissug blink to which the BAL-sodium sulfite solution 1s added at

an early stage should preferably be kept m a hood well separated from the
samples

The lernal standard In genesal there was good agrecment between the
usual standard and the internal dard but 1y di were
observed Such desviations should be referable to the compositon of the eluate
with respect to pH jomc strength andfor presence of nterfering matenal
derised from the resin or the tissue extract In order to keep these sources of
error under control internal standards were used routinely As 1 rule the de
terrunations were discarded if the difference between the mnternal standard
and the sample was less than 80 per cent or more than 120 per cent of the diff
ference between the pure standard and the reagent blank

The caleuletion of A and A4

For the calculation of the A and NA zmounts 1n the plasma the differences
of the activating spectra of the catechol ammes were utilized by BERTLER ¢t af
(1958) and Vewpsary (1960) Readings were thus performed at the actvating
Wwavelengths 400 and 450 my at 1 fluorescerce wavelength of 515 mu In the
Present experiments however when the fluorescence mntensity of the sample
wasvery low the actiy ating spectrum showed a peak at about 400 my (Fig 2)
This peak was also found 1 the blanks and even 1 pure water and was related
1o the light scatter As light scatter 1s vanable there may be disturbances in
the readings at 450 mg when very low amounts of catechol amines are present

As another possibulity the different fluorescence spectra of A and NA may be
utilized for the differentianon

As a third possibility the ratio between the two actnating peaks obtained
with the BAL sodium sulfite solution may be used for the calculation In this
€ase 1t 1 particularly essential that internal standards for both A and NA are
used since the mtensity of the actvatung peaks at 330 myu appeared to be
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$1g 3 Actinauon and fluorescence spectra of plama samples (after oxidation and reaseange
ment n atkaly) obrained from the antecubstal vein ¢f a healiby man ag rest and during muscular
w kI and V Activation spectra Fluorescence wavelenzth 51 mu 1 ani VI Fluarcscencr
sprera Activating wayelength 400 myu 1 and 1] Spectrs from the sampl 15 ml plasma
obtained dunpg rest V oand \I Spectra from the sampl 12 m) plasma ghtam ¢ durmg
museplar work, bicycle ergometey J00 kpm £ ¢ 15 min.
For abbresiations and furth er explanaton wr Fig 2
When the intenuty of standard NA at 400415 mu was et w 20 flustrscrnce umw th £
wing values were obtainrd  1}e kamypl dufing ret 20 wih TL 340 and T1, 105 thr
sample during work 33 with TB, 1 32and TB 115
Aftrr having Lrens doubled t e values of the diffetences betw #n the samples and the m a0
valurs of the corresponding two types of tisstie blanks als ehown under the o rerspondine
figures
Calculatrd values During rest 02 iz N3 per btre plasma During werk 06 ug \A prr
Litre glasma. N mea urat]l amounts of A were Luns

more eastly reduced by interfering compounds than the peaks at about 400
myp This interference 15 probably due to light alsorption

As spectra are secorded routinely, the importance of these vanous disturbing
factors can be evaluated thus faalitatung the choice between the three aher
naties A fi,ure showing the difference of the fluurescence ntensity Letween
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Table IT Preparation of the plasma extract

18 ml blood was collected 12 2n 1ce cold plastic centnfuge tbe (Internatonal Equipment
Company ongmal tube) conta mng 2 il 1 per cent EDTA 1 09 per cent NaCl solut on

W thin 1 hour the sample was centrifuged at about 10 000 X g for 20mmat + 4 C

The plasma v as sucked off and the volume measured.

The bulk of protems + s prectpitated with 0 1 volume of ¢ N perchlonic acid.

The sample was ceatnfuged &t 2bout 10000 ¥ g for 15 mun affer wwhad been allowed to stand
for about 30 run.

© The volume of the supernatant was measured

“The plasma extract \-as now ready 10 be passed through a column after adju tment of the pH

“The 2aid supernatast cold however now also be left 1 a freezg bov for several v evks without
anv measurable destruction of he catechol ammes

PRy

the sample and the tssue blanks at ¢ g every 10th mu 1s here often of value
{Sce Figures 2 and 3) In many cases differentration wall then be found un
necessary as the plasma samples will often be found to contain almost exclu
sively noradrenahne In such cases readngs at 400/515 mu will be sufficient
Adrenaline has been found to occur 1n measurable quantities only adrenal
venous blood or under specal conditions such as msulin hypoglycemia

II The Column Procedure

For the punfication and concentration of A and NA essenually the method
of Berrier ef ol (1958) has beenused in the way Vexpsary (1960) has apphed
1t for deter 1n plasma For ple 1 per cent EDTA m physiological
saline has been used as the anticcagulant Perchloric acd (04 N) has been
used for precipitating the bulk of protems and strong catton exchange resin
columns for the punficaton and concentration of A and NA Elution has
been performed with N hydrochlonc acd

“The Jollowing modufications of the column procedure have been introduced
2} the dumensions of the columns have been modified b) the resin has been
Dowex 50 W X8 1n Na* form ) less acad has been used for the elution, and
d) the first portign of the eluate has been omitted

In Table II the treatment of the plasma up to the column procedure 15
gnen In Table 111 the column procedure 1s descnbed

A simplified way of prepaning the plasma extract was also recently tried
The blood was collecred and centrifuged as above The plasma was then
without deproteinizanon passed through the column After nnsing according
to Table I but with 20 ml more water contaimng 0 1 per cent EDTA the elu
ton was performed with the aad The procedure was easy and faster than the
one i Table IT The results of the two procedures were 1n good agreement

After acid hydrolysis of deproteinized plasma (at 100 Cin N\ perchlenic
aad for 10 min) the values of A and DA mcreased In plasma 2s 1n unne ¢

'
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Tuble Il The column procedure

Colurnns of Dowex 50 W X8 diameter 27 mm length 35 mm were used m Na* form, Before
the plasma extract was passed through the column was pretreated with

1 15 ml2 N NaOH contawung 1 per cent EDTA

2 About 40 m) water to remove the NaOH

3 20ml2 NHCI

4 About 50 ] water to remove the acid,

5 15ml01 M phosphate buffer pH 65 contaiming 0 1 per cent EDTA

b 5 ml water contamung 0 I per cent EDTA

The pH of the plasma extract was adjusted to about 55 with 5N R CO  After centnfuganon
10000 X g for 10 min at +4 G

1 The plasma extract was passed! through and the column washed with

2 20 ml water contaimng 0 1 per cent EDTA.

3 15ml 01 M phosphate buffer pH 65 contaiming 0 [ per cent EDTA.

4 10 mlwater
5 The elution was performed with N HCl The eluate was omitted unnl the pH was less than

25 The following 2 3 ml contamed the A and the N\,
The rates of the solutions for the washing were 15--20 ml per hour The rates for the plasma ex
tract and for the elution were about 10 mal per hour
The tolumn could be used for many determunations 1f 1t first was washed with water and then as
described above

1d NA thus seem to occur both 1n free and mn conjugated form The bound
appeared to be at least as large as the free form
/By atwo column procedure the freeand the bound fractions can be determined.
:parately The plasma ample was first passed through a column as described
bove The free catechol amines were adsorbed and could be estumated after
wution The plasma which had passed through together with 15 ml water
containing 0 | per cent EDTA for rmnsing were hydrolysed in acid and passed
through a new column after adjustment of the pH After rnsing the bound
catechol amune fraction which had been liberated by hydrolysss, could be
eluted and estimated Results of further studies of free and bound A and NA

mn plasma will be publisbed elsewhere

Reco ery and Reproducibihty

Since the A and NA levels in plasma generally are very low the secovery
of added small amounts of A and NA has been of particular nterest After
addinon of 50 ng A and 50 ng NA to 10 ml normal plasma the determinanon
was performed with the column pracedure and the analysis of the eluate as
described above Ten such determnations were performed The mean recov
erv of the sum of the added A and NA was 71 per cent witha standard deviation
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of 16 per cent The amount of recovered A was about the same as that of NA
DNine determnations were performed with 10 ng A and 10 ng NA added The
mean recovery was 73 per cent with a standard deviation of 29 per cent

From a plasma sample twehe 10 ml fractions were treated separately
according to the method described above One sample was omutied since at
the owdation the difference between the internal standard and the sample
was less than 80 per cent of the difference between the pure standard and the
reagent blank In the 11 samples no A was found The mean concentration
of NA was 023 - 0 075 pig per hitre plasma which means a standard deviation
«of 33 per cent

Sensitizaty

Wath this method typical actvating and fluorescent peaks of 05—01 ng A
and NA wn pure solunons may be obtaned

It should be possible to increase the senstuvaty by further reducing the vol
umes at the oudation procedure and by reading in mucrocusettes tn the
spectrophotofluorometer In that case the column procedure must also be
changed so 1t can accommodate the reduced volumes

With the present method as a rule spectra of NA were found mn the assay
of 10 ml plasma from a person 1 rest (see Fig 2) Less plasma ¢ g 5 ml
could be used when the NA level suas lugher ¢ g dunng muscular work

Speafinty The ancreased sensitwaty of the method the possibihty of nthzing
two peaks mn the actnatin spectra of A and NA and the reduction and sta
thzation of the blank values should together mean an increase of the speaificity

By lengthenng the column the chromatographic separation (Section II)
<an be made more speafic Even complete separation between A NA and
dopammne and their 3 O methylated dervatines could be obtamed with col
umns of this type (Hageenpar 1962) But the durahion of the procedure vll
also merease The columns used at present appear suffictent for the pun
fication and the concentration of the plasma catechol amnes

With thiy method some results of VEnbsaro (1960) have been confirmed
“The \A concentration 1n plasma was thus found to increase during muscular
work (Fig 3) Details of these experiments will be published elsewhere When
the hypoglycemna afier 1nsulin was most marked the A level i plasma was the
highest (Fig 2) The lowest values of A or NA were found 1n samples from the
hepatic vemn The mean NA concentration 1 plasma from the antecubital
‘e or the hrachial artery of 13 persons i rest was 034011 pig per htre
l(‘lhc (;alucs corrected for the recovery) No measurable amounts of A were
foun:

The method may also be used for other tissues extracts and body fluids
than plasma It has for snstance been used for determmation of small amounts
of A and NA 1n small preces of bram tssue
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The Presence of Conjugated Adrenahine and
Noradrenaline 1n Homan Blood Plasma
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Jan Haceeapar
Recersed 22 February 1963

Abstract

Hacoevpar J The presence of conjugated adrenaline and novadrenaline
in human blood plasme Acta physiol scand 1963 59 255—260 —
The presence of d; line and line 10 blood
Plasma 15 shown As a rule 2 to 3 umes more conjugated than free
noradrenakine was found Vhen the free noradrenaline and adrenal
mne plasma levels were mercased durmg muscular work and during
msubkin hypoglycemia respectively the levels of conjugated cate
cholamines did not markedly change After the oral administration
of 5 mg adrenaline ta a healthy man lugh amounts of conjugated
adrenahine was found 1 the plasma and m the unne

In the unne of man and several other species .
are present m both free and conjugated form On the basis of the results of
Ricuter (1940) and Richrer and MacIxtoss ( 1941} conjugation was thought
to be an important pa hway for the bolism of the hol. When
1 these experiments a large dose of a catecholamine was ingested most of
the compound was excreted 1n the urine as conjugates The conjugates are
suggested 1a be etheral sulphates or glucuronides When small doses of adren
aline (&) or noradrenaline (NA) were parenterally admumstered howeter
onty small amounts were excreted 1n conjugated form (EviEr and Lurr 1951
Eutrr Lurr and Suvoms 1953 ScHAYER 1951) Most of the given doses were
metabohzed m other ways chiefly by O methylauon and deamination For
review see ANELRop {1929)

The conjugation 15 generally thought to occur in the Iner but other posst
bilimes have been mentioned (Ricsrrer and Maclxrosu 1941) The presence
of Aor \An conjugated form in plasma seems not to have been shown
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Fig 2 Activaton and fluorescence spec
tra_of plasma samples (afier oxidation
and searrangem nt 1 alkal) from the

NA ant cubstal vein 60 mun after the mges-
T ton of § mg adrenaline I Activation
AE-Snye spertra, Fluorescence wavelength 515 my
1l Fluorescence spectra,  Activating

length 400 mu A ad stand

ard 10ng NA noradrenaline 10 ng
RB reagent blank S anon hydrolyzed
plasma sample 145 ml, (showing the
free catecholamines) S hydr a plasma
sample 12 m) hydrolyzed for 10 min
(showmng the sum of free and conju
gated  catecholamines)

The samples were recorded at about 4
umes lower sensstivaty than the standards

Caleulated values pg per hitre pla ma
The non hydrolyzed sample NA 05

A
AL The hydrolyzed sample  NA 0
2 A 30
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600 my

VEenpsALU (personal communication) using some modsfication of his method
(Veapsaru  1960) has also found d of hol. mn
plasma after acid hydrolysis

The Jevels of conjugated catecholamines were 1n some experiments estimates
under condiuons where the of free hol. were d
The ncrease was obtained for the free plasma NA during muscular work
and for the free A dunng msulin hypoglycermia

1 ! When o healthy men performed muscular work (bicycle ergometer 600

# and 900 kpm) for 30 mun their plasma levels of free NA increased 4 and 6
times, respectively compared with the levels at rest Therr levels of conjugated
NA were only shghtly changed They ncreased less than 50 per cent

‘That the plasma level of A 15 increased after insulin hypoglycemma s well
known (see Venpsartu 1960) In Table I the results are shown of the determina
tion of frec and conjugated A and NA i plasma samples from the brachial
artery and hepatic vemn before and 30 mun afier the intravenous administra
tion of 81U 1nsulin (011 U per kg body weight) to a healthy man In the
blood from the brachal artery the level of conmjugated NA was twice as high as
the level of free NA. After mnsubin free A was found 1n addition to NA The
level of comugated catecholamines did not increase after the msulin but there
seemed also to be traces of conjugated A In the blood from the hepatic temn
the levels of frce catecholamines were very fow even after insulin This 150
agreement with the results of VENDSALY (1960) Taking samples from different

the circulation 1n the human body he found the lowest values i the
n Table I1t seems that the liver com

parts of
hepatic vein From the results shown »
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pletely bol the free hol. even when they have mereased
after wsulis When the plasma from the hepatic vemn was hydrolvzed, conju
gated NA was found After msulin there was no icrease of the level of conju
gated catecholamunes but perhaps a shght addwon of A to the NA The
Ievels of conyugated catccholamines were not hugher m the hepatc vem than
i the artery

Two more expenments of this type have been performed ane on 2 healthy
man and the other on a diabetic The results were in agreement with those
1n Table I

When the free VA mcreased duning muscular work and the free A mncreased
dunng msulin hypoglycerua there was no marked mcrease of the conjugated
catecholamines

Since Ricarer (1940) and RicnrEr and MacIvrosu (1941) obtamed hugh
amounts of conjugated A 1 the unine after oral admmstration of A the Ievels
of free and conjugated A in plasma were esumated after mgestion of 5 mg A.
No evident effects on pulse rate or blood pressure were obtamed Every 20
nun blood samples were drawn from the antecubital ven and assayed for
free and conjugated A and NA. No free A was found n the samples but
extremely high values 1 ere obtamed for conjugated A The sample after
60 mun which was the one with the heghest intensity contained 30 pg A per
Lire plasma (Fig 2 shows the spectra of the free and the conjugated cate-
cholamunes 1 this sample ) T | of ¢ d A were also
found m the urme Within two hours more than half of the admmstered dose
of A was found as conjugated A in the unne

The most tmportant pathway for the macuvaton of the arculapns A and
NA 15 supposed to be O methylaton 1n the Iner (Axetrop 1939) In the
Present expenments the role played by conjugation appeared to be small
shen the free A and MA levels were mereased by msulin and muscular work
respectisely  After the oral admunistration of A however conjugatien was
the predominant metabobic pathway Only 2 small fraction of the admustered
dose was found as 3-O methylated A. Smce the abihty of the liver to O meth
ylate 1s supposed to be large 1t 15 possible that the orally admmstered A was

conjuzated befate 1t reached the bver The A mav have been compugated by
the intestinal flora or m the mtestinal mucosa

¥o placmg the human matenal at my disposal and cariog through the catbetersations 1
am greatly ndebted 10 4. Captsten M D Professor of Climcal Phys ology A. Svaxzosc
M D Assocate Profcssor of Medic ne and L. Wesko A D ProfessorafMediane Lo ernty
of Goteborg Sweden. 1 am also most indebted to Dr E. H. coevdar for bs valuable help
Thes work was supported by the Medical Faculty of Goteborg and the Directorate of Lufe
Scenees AFOSR, Offic of Aerospace Rescarch, Lasted States Aur Force monstored by the
European Office Office of Aerospace Rescarch under Grant Na AF FOARS1-44
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From the Department of Pharmacology Umnniersity of Goteborg Sweden

The Presence of 3-O-Methylated Noradrenaline
(Normetanephrine) in Normal Brain Tissue
By
Jax HacGEnDAL

Recewved 22 February 1963

Abstract

HacoespAL, | The presence of 3-0 methylated noradvenaline {ror
metanephrine) 11 normal bram fisue Acta physol scand 1963 59
261—268 — In the bram of normal pigs and rabbits normeta
nephrine was found in amounts corresponding to about 15 per cent
of the noradrenaline values After reserpinc and after a catechol
O methyl transferase mlubitor the levels of normetanephrine and of
methoxytyramine were strongly reduced while mutially the levels
of noradrenaline and dopamine were normal In extracts from the
h of man was also found O methy

lation seems to be an mmportant pathway in the normal metabolism
of noradrenaline 1 bran

In the past decades several metabolic pathways for the catecholamines
have been d de g ! by oxsdase
(MAO) conjugation and 3 O methylation by O methyltransferase (COMT
for review see AxeLrop 1959) The relative importance of the different 1n
actvanng enzyme systems are sull under discussion The role of COMT
appears to be important for the bolhsm of the 1 d line (A)
and noradrenaline (NA) (AxELRoD ¢f al 1928 AxErrOD 1960)

In the central nervous system both MAO and COMT are present but de

has been to be the p pal pathway for the metabolum
of NA The brain NA level has been found to increase after admimstrauon
of MAO hibitors but not afier the COMT mhibitor pyrogallol (Crour
Creveine and Upevrmiexo 1961) The presence of 3 O methylated NA
(normetanephnne NM) 1n normal brain tissue has not been demonstrated
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1 I
NM NM

FLUORESCENCE

Fg ? Actvation and Buorescence spectra
of the eluate Eractions nos 17 to 21 mark

edn Fg 1 after oadation and rearrange

ment m alkals,

I Actrvation spectrum, Fluorescent o /\NM ® [\NM
waselength 482 my s
11 Fluorescence spectrum Activatng

wavelength 290 my

N\ normetanephrme standard. RE
reagent blank.

S the sample TB, pon-oudized fis-
ue blank,

TB faded tssue blank,

“AI* the top of the NI standard
from which the RB 15 subtracted

the sample from which the mean

values of tt & TB, and TR, are subtracted.

The sample was reco ded at about 4
umies hugher sentmsy than the tandard f T St

200 400 400 600 my

FLYORESCENCE

normal brain both enzyme (COMT) and substrate (NA) are avalable 3 O
methylation normally occurs 1n the bram smce the 3 O methylated denvative
of dopamune methovy (MT) was d 1 the bran of
Pig cow cat and sheep (Cartsson and VWaroech 1963) For these reasons

attempts sere made to demonstrate the presence of MM in brams of man
g and rabbae

Methods
The brain tissue was as soon as possible bomogenized 1n 0 4\ perchlonc acid according
toBermier Camtsov and Rossvere (1958) After centrfugation at about 10 000 5 €
at4 € for 10 min the PH of the extract was adjusted to 55 with 5 N K.CO; The
wiution was recentnfuged at 4 C It was then passed through & column of streng
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Table Il N ephrine (M) noradrenaline (NA) dopawune (DA) and methars tyramne
{MT) 1 brain (g per gram brain ussue The NM, NA and DA values gorrected for
the secovery 83 82 and 61 per cent, respectiyely)

MW [va - [pa [wr

Man. Hypothalamus
38-years-old man 48 bours aftcr death, Heart falure 012 | 083 | 0w | om0
T3y 1d man, 40 hours after death. My dialinfarct 004 016 traces { fraces

79 years-old voman, 16 hours after death, Cancer of uterus,
“The mtermediate part of the bvpothalamus wasasayed. [ 024 | 162 000 000
67 years.old man 9 hours after death. Cancer of stomach | traces| 032 046 600

Pig
Hypothalamus (4 ammals) 018 | 142 | 059 ~
Surroundings of hypothalamus 002 | 081 { 026 ~

Rabb t (Onc rabbit per determination)
“ormal 0944] 020 025 -
0023] 029 021 -
0024 024 046 019
0053] 031 043 -
4 hours after a single dose of reserpenet conz| o021 020 000
0002| 016 016 -

28 hours after a single dose of reserpone <oms| 010 | 016 -

4 houss after the fast dose of seserpune wich had been gwen
daily for 7 weeks 000> 001 | 000 -
0000] 000 | ©00 —
to 42 hows after the dosc of reserpine which had been
given daly for 7 weeks 0001{ 0002 [ GOI3 -
. 000>] 0035 | 006 -
0006] 0035 | Gooz -
0000| 0025 | Oooe -

5 voun after end of infusien of
2 (3 4-<hhydroxyphem) bexan iyl amde,
500 mg per kg body weght given mtravenously dunng
45 mun

0003] 026 04F 000
Goor| 424 U33 i3

3 — no cstumation of M1 was performed.
s “The reserpinc was gica subcutancously in 3 dose of 0.2 mg per kg body weight

34 mm.
tion exchange resin (Amberlite CG 120 type 2) length 10 em diameter

?ﬁa sipsing with 15 ml water the elution was performed with \ HCL The eluate was
collected m fractions of 1 to 2 ml With a pressure of 0.5 m water the clution was per
formed at  rate of abour 4 m per hour In each fraction the fluorescence intensity

ifiuorescence wavelength  uncorrected 1n
was estmated at 285/330 oy (actsatng/fin sncortected 1n

strumental values) in an P
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40
NA RABBIT BRAIN
NORMAL
y 30
$ DA
g
o 20
% 2 NM
3
¥ 0 MT
, . P
0 10 20 30 20 50
FRACTION MR
50
" RABEIT BRAIN
45 MIN AFTER INFUSION FOR 45 MIN OF
a0 2 (34 DIHYDROXYPHENYL) HEXANOYL AMIDE
500 mg/kg
Y
§ 30 ot
3 OH
9
S 20
E CHy (CH,)y CH CO NH,
I
o e —
10 20 30 20 50
FRACTION NR
tg 3 Column scparation of the h and thew 3 O methylated dernat ves m

braw evtracts of a normal rabbut and of 4 abbit pretrcated with a COMT mhibutor 2 (3 4
dibydroxvpheny ) hevanoyl amide

See Fg 1 for abbreviavons and descr pt on of the colurmns

which were of interest the more mtensc and specific fluorescence was estimated accord
1ng 10 the principles of the trahy droxyindole (THI) methods For details of the column
procedure see Hacozwoar, (1962)
The fluorimetnie deterrination of NM was performed ding 10 Ha
(1962) with some modifications Table I shows the determmation procedure
NA was estunated according to Berrir ef of (1958) and Hacoewpar (1963)
Dopamine (D) was estimated accordsng to Carusso~ and Warpeck (1928) modified

atcording 1o CARLssox and Livogyist (1962) MT was cstumated according to CARLs-
sov and Waroeex (1963)




266 JAN HAGGENDAL

Results

In Fig 1 the results of determination on an extract of hypothalamus of man
are shown The fluorescence mtensity i cach fraction (11 ml) of the eluate
was estimated at 285/330 mu A complete separation of NA NM DA and
MT 15 seen The fractions numbered 17 to 21 contaming the NM were com
bined and the fI NN deter method used Activation and
fluorescence spectra were obtained according to Fig 2 After subtraction of
the blank typical NM spectra were obtamed

The NM amounts obtained per gram brain tissue of man pig and rabbit
are shown 1n Table IT The NA and the DA and 1n some cases the MT levels
are also shown In normal rabbits about 004 xg NM was found per gram
bramn tissue which 1s about 15 per cent of the normal NA value After reserpine
the NV level was strongly reduced After a COMT inhibutor 2 (3,4 i hy
droxyphens I} hexanoy! armude the amount of NM was reduced to less than 10
per cent of the normal value the NA level being unaffected (Fig 3) The
MT level was also strongly reduced by this inhibitor while the DA level

was normal

Normal rabbit brains were divided 1n 5 parts (hemispheres corpus striatum
thalamus and hypothalamus, corpora quadngemma with pons and medulla
oblongata, cerebellum) which were assayed as described above NM and NA
were found 1n all the 5 parts The NM concentration was not higher than

006 ug per gram brain tissue 1n any of these parts of the bramn
Some deterrunations were performed on bramn tissue extracts to which had
cen added 25 pg NM 25 gg NA and 50 ug DA The mean value of the
y ccovery was for NM 85 per cent For NA and DA they were 82 and 61 per

cent respectively

Discassion

For the determnation of the NM 1n the brain tissue a combination of column
chr graphy and spectrophotofl y tho farrly speaific methods have
been used The N from the bram tissue was found identical with synthenc
NM at the column cl hy Thar fl maxima were also
sdentical both the peaks at 285/330 my and the more specific peaks at 390/485
mu obtamed after treatment according to the THT method

The presence of NM 1n the normal bram tissue must mean that 3 O methy!
ation of NA normally occurs That the amounts of NM varied considerably
1n the hypothalamus extracts of man may depend on several reasons such as
postmortem reactions cause of death and medical treatment

The brain NM lesel must depend on the rate of the N formation and the
rate of the further metabohsm of the formed N\{ The results of some drugs

may thus be explamed
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The low VM values after the COMT whybator are due to mhibtion of the
3 O methylanon of NA The NA values obtatned were normal after the COMT
inhibihion This does not argue agamst the wmportance of COMIT n the
metzbolsm of brun NA smce a nse of the NA level obt uned as a result of
wmhited NA metabolism may have been presented by an inhibiting effect
of the drug on the NA synthesis

The low 3V and MT ralues 4 hours after reserpne admymstration w e NA
and DA still remarned almost normal suggest that the drug reduced the asai
ability of NA for COMT

The high MM zalues after MAO wnhibitors may be caused by mhubion of
the deanmnation of the formed NAI The hugh NA values found 1n these expers
ments may possibly be explamed by product ink The hugh NA and
NN values can however abo be explaed if deanunation 15 an important
metabolic pathway for bram NA

At present 1t appears 1o be difficult to decde if MAO or COMT plays the
most mp role mn the bol of NA m the brain The presence of
N 1 the normal bramn tissue 1s however strong support that O methylation
of NA occurs 1n thus fissue It 15 possible that one enzyme (MAO) regulates
the miraceliutar store of NA while the other enzyme (COMT) tahes partin

NAL

the boltsm of the active exi ul
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From the Department of Physiology Rungl \ eterinarbogsholan Stockholm 51 Sweden

Non Essential Role of Prolactin in the Hormonal
Restoration of Lactation 1n Goats with Radio
Frequency Hypothalamrc Lesions
By
Crarces C Gare!

Recened 25 February 1963

Abstract

Gste G C Aonessential role of prolactin wn the hormonal testoration
of lactation 1n goats with radio  Jrequency I pothalame lessons Acta phystol
stand 1963 59 269-283 — C i\ of the median

by radio frequency heating in three of four Lictating goats caused
an abrupt onset of diabetes msiprdus and a dechne i milk produc
von 1o 15 10 30 per cent of pre lesion levels One goat with unilaterat
yury mn the median emnence deseloped d abetes msiprdus brefly
but showed hittle block of lactation In goats ith depressed lactation
the admmnistration of ACTH STH T3 and msulin restored mulk
production to or above pre lesion levels Stnce no deficiency m
secretion of prolactin could be di 1n goats with hypothal
e regul d by median lesions these data
are m accord with the hypothesis that prolactin secretion is con
trolled by a central inhubitory mechanism Diabetes msipidus develop-
g after RF lesions was characternized by an abrupt onset of polyuna
and polsdipsia followed by a well-demarcated normal interphase
and then by a perroanent phase of elevated water turnover An
ameboration of diabetes insipidus usuallv paralieled the dechne
w milk production after lesions whereas hormonal replacement
particularly wath ACTH and T3 restored levels of water turnover
above the maximum attained acutely after lesions Thus the par
uctpation of adenohypophysial hormones 1s required for the full
manfestanon of diabetes insip dus m the goat

Postdostoral Rescarch Fellow D+ sion of ™ urological Discases and Bhndness U § Public
Health Service
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In a previous study the production of proton radiolesions in the hypo-
thalamus of lactaung goats was found to block rmik production and to produce
a type of diab msiprdus ch ed by delayed onset and absence of
the normal interphase (Gare and Larssos 1963) That msufficiency in se
cretion of ACTH TSH, and STH (somatotrophin) from the antertor prtwitary
Jobe caused the block i mulk production was suggested by the abihty of replace
ment therapy to restore Jactation n goats with bram lesions In contrast no
madequacy 1n secretton of prolactn (LTH) 2 hormone essential for mlk
svnthesss m goats (Cowie and Trapar 1962), could be shown to contribute to
the dechne 1n mulk synthesis Support for the hypothests of central inhibitory
control of prolactin secretion was ascribed to these results

The delayed onset and absence of the normal iterphase 1 the diabetes
mapidus maniested by goats with median emunence radiolesions was
tentatneh attnibuted to the very slow rate of destruction of the supraopuco-
hypophysial tracts and hence theven gradual release of anudiurenc hormone
(ADH) from the slowls degeneratng neural lobe In contrast diabetes msipidus
marked by an abrupt onset and a well-defined normal interphase 1s produced
by methods which cause a rapid destruction of the supraoptico-hypophysial
tracts and of the neural lobe ¢ g electrolytic lesions (FistrER IncRAW and
Raxson 1932 and pituitany stalk section O Covaer 1952) Such procedures
cause the sudden release of large amounts of stored ADH from the neural lobe

In the present study the median eminence region m four lactating goats
was coagulated by radio frequency (RF) current 1n order to imvestigate further
(1) the role of the central nersous systemn i regulating the secreton of adeno-

. physial 1 for | and (2) the type of diabetes
nsiprdus produced by abrupt destruction of the supraoptico-hypophysial tracts
1n this speaes

Methods

Geneval eare of the arimals

The four adult, lactatng goats used in this study were mamtamed tn metabolsm
cages on a daih rauon of 220 g of gram with 1 g of \aCl added Water and hay were
available ad hbitum. Vater intake volume and speafic gravity of urme and rectal
temperatures were recorded daily  Average dath room temperature ranged from

1710 20 C.

Lactation measurements

Dunng this study which was begun i March and continued through Scptember
192 milk producton was measured after regular twice-daily mllangs (at 0930 and
1700) with parucular care bemg taken to empn the udder completcly b massage
Occasionalls the speafic graviny of milk samples cooled to room iemperature was
measured and oulk fat determined by the method of Lispstrom (df BARTEL 1928
\a- and K> concentration i mull and unne samples were ocasionally deternuned on.
an EELF while CL~ conc was d rding to BRr<

{1949
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Fig 1 40 % oy putu £ of lacalezation
of ol it 52 3 for p oduction of vads fre
quency 1 s i the Aypothatamus of a
£0at Thissagttal vi w shows the s
af the two paurs of electrodes poss
tioned mn the med an emwence 1e
imn of Coat A o¢ = optic chuasm A
= hypophys s

{
i
h
B

ttern of goats before and afier production of hypothalamwe lesions
means of a kymograph which continuowsly record d the weght of

Drnking pattesn

The demlong pa
was detesmuned by
the drinking bucker

Replarement theray

Subcutanewus wyections mto the neck region of vaned combrnations of the following
bormones ware given 1o goats at umes durng the study (dailv dosage) prolac in
fhuteothrophin LTH) MU PS3 Owvine 308 1L somatotrophin {STH growth
hurrmone) NH GH 8 4 Ovmet 12 mg ACTH Schering Corporation  4CTH Depot
R R

truodathyronme (T3) Smuth Rline and Freneh? 07 mg and protorune zinc
msubn Vitrum BIU

Praduton of vad Jrequency lesions wn the dypothalamas

Under genesal anesthessa one pair of electrodes (in Coats G and Dy or twe pars
{m Goats A and B) were ympl, bilateratly in the median regior by wuse
of a Horsley Clarke sterectaxic snstrument modified for use with the gon. and by \ ray
contral (Fig 1) A specially designed head holder which grpped the goats harns
ead ngdly during opezation The electrodes which s ert fixed permanentdy
ull surface with dental tement were constiucted of s« cannulas | mman
With thermacouples mserted w the bore and were msulated except for 2 or
3 mm of the ryp By thus arrangement 1t was posssble to m asuse the temperature of the
bram tisue a the tlecerade tips Hypoth les ons were pro by passng radso
frequency encsgy berween the clertodus generascd by a converted 80 W crystal
controlled U S Army surplus BE 604 Al speech and modut
were removed from the transmutier and 2 power uppls added The ouiput power
was regulated by raning the screen grid voltage of the final power amphfymg stage
The sereen gnd voltage was supplied by a Lathade fallower with the BC gud valiage
sct by a er %] 30 autput d: was maiched by a
TR ware transformer 0 8 150 {2 twin Jead feeder 1 huch carraed the RF energy to

Th peolacusn and the Jowmatatroph o were a gift of the End crne Study Sect on Nat anal
Imtitures of Heatth Uspus

Tie adothyronse was a &ft fom Smuh R ne and French Ca

o the sk
diametar

crcuns
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Table I The effect of radio frequency bopathalamc lesions tn lactating goals

Goat | Date of | Location of Iesion Lactation (per | Dia | Organ weights
Tesion cent of pre leston | betes | (g)
level) In
d
atier | afier | 7% | Ovaned] Uteras
lesions | hor
monal
therapy
A 4/62 | Bilaterally in median em 20 % (+++| 19 ne
pence basal hypothalamus
optic chiasm
B 5/62 | Bilaterally i median em: 30 100 ++ | 24 140
nence basal hypothalamus
¢ 6/62 | Bilaterally in modian emy 15 130 +
nemce
D 8/62 | Unilaterally in median 80 - R 34 820
emnence

2 In Goat D the acute phase of diabetes msipidus occurred but the permanent phase of elc
vated water tumover fatled to deselop

a matching transformer on the head of the antmal The matchimg transformer was
found necessary because of the large capacitive component of the electrode impedance
In Goats A and B hypothal Iesions were produced under general h

y following 1mplantation of the two paws of clectrodes In Goat A a large
\ esion 1 the basal hypothalamus was made by passing RF encrgy alternately between
pars of electrodes 1 ¢ laterally dragonally and front to back Current was apphed
suffient to rase the temperature at the electrode nps 1o 60 to 70 C for 4 nun with
cach passage In Goat B a smaller hvpothalanuc lesion was made by rasing the tem
perature to 65 for 3 mmn during pa.sage of RT energy in the same manner between
alternate pairs of the four electrodes In Goats C and D the RF lesions were made
sereral weeks after electrode implantation and while the ammals were standing
therr normal emvironmment 1n metabolsm capes In Goat € the temperature at the
tips of the electrode pair was raused to 65 for + min Duning thas hypothalamic heaung
the goat gave no ndication of pain or distress In Goat D hypothalamuc temperature
was elevated 1o 72 tor 7 min This anmmal also failed to show any obvious signs of
discomfort of conmiderable inteses was the observauon that 1t drank water during this
brief period of central bea ing a finding tn accord with the thermostatic theory of water
regulation (ANDERSSON and Lagrssoy 1961 Asperssovy GarLe and HUNDSTEN 1967)
Development of lesions 1n the supraoptico-hypophysial tracts one to three days
post heating was sndicated by the onset of drabetes msipidus

Local coolno performed n the hypothalamus

1o goat C local cooling of the hypothal Tegion was §
for 8-hour penods on 2 successn ¢ days before production of lesions By means of rapid
1ce water perfusion of a siver thermode ymplanted 1n the brain several months earlier
the brain temperature recorded 5 mm lateral to the thermode by a needle applicator




LACTATION IN GOATS 273

Fg2A Fig 2B
.82 A Efect of hormanal replacement on mlk production 1n Goat A b{jpn;md after hpothalomu. lestons
U} an m

CTH
production but detenioration 1 the healdh of the 2mmal dunng seplacement apparently
faused lactation to dechine agan Addiion of probices (LTH) (300 TU daily) to the thera

Tresgmen fauled 0 1mp ove lactat on fufther The snsmal s o fome el s on the day
mndicated by the cross

Fig 2B Pr duction of duabetes msip dus & bypothalamur Ies oms 1 Go ¢ 1 — elevated water turnoter
augmented by hormanal 1eplacement Admunstration of ACTH and T3 befo e RF heaung caused a
160 per cent mcrease m water turmover ey addition of STH and 1nsulin to ths therapy fasted
1o elevate water metabolism further Later destruction of the median emumence by RF coagu

Iation wduced diabetes ins p dus of 1he classcal type 1 ¢ characterized by (1) the abrape
onset ofa b sef period of polydipsia and polyura followed by (2} a well-defined niormal ater

Phase of 7 days duning which water tabr rerurned to pre lesion lev 1s and then (3) the
e of the permancat phase of polydipas. sng polyuna When eplacement with STH 10

sl T3 and ACTH was gnen e custent high level of water turno er was elesated 100
Rer.cent furth © Additon of prolactm (LTH) to this remmen caused some amelioration. of
diabetes 1ns pidus

o 30 duning cooling The construction of the silver thermode the tech
antation and of perfusion and effect of chronic central cooling on alt
mentation Lhermorcgu!auun and thyrord acuvaton have been reported earlter
{\nnERssoy and Larssov 1961 ANDERsSOY GaLE and Su~psTEN 19624

Histalo,y

was lowered 1
mque of mpl

modification of Martory Cvarsce and uten 3 ere removed weighed to 01 g fixed
R 5 per cent formol salne cmbedded 1m paraffin cut at 15 4
toxylin and eosin

18—632015 Aeta phys of scand 1 o1 53
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¥ig 3 Block of lactation and onset of diabetes wsipidus after by pothalamsc lesions wn Goat B Uik pra
duction restored by hormenal therapy Following RF dcstr!l'xlclm';p';f the med an eminence lhcrcpoc
curred 2 decline 1 lactation and an onset of diabetes map dus of the classical type Note
that the fall in milk prod 15 paralleled by an amel, of diabetes ms pidus Following
admeaistration of nsuln STH T3 and ACTH mudk synthesis was promptly restored to the
pre lesion level while diabetes 1nsip dus was increased to a level even greater than that seen
past lesian The brief myection of profactt (LTH) 13 not believed 1o have increased milk yield
further Upon withdrawal of insulin and STH from the therapy mulk yield fell sharply whereas
drabetes nsipidus was mamtamned at the same hugh fevel unal withdrawal of T3 and ACTH
A second replacement course failed to restore mlk synthesis to more than 60 per cent of pre
Jesion values whereas water mtake was elevated to the same high levels seen during the pre
y1ous therapeutic treatment

Results

1 Block of lactation follo.cing radto frequency lesions in the kypothalamus restored by
hormonal seplacement

Within several days after the production of hypothalamic lesions by radio
frequency warming there occurred 1n 3 of 4 goats a decline 1 lactation which
within 3 to 7 weeks had fallen to 15 to 30 % of pre lesion levels (Fig 24 3
and 4 Table I} Replacement with varying combimations of hormones was
then administered with attention being given to evaluating the mportance of
bormones was then admnistered with attention being given to evaluating the
importance of prolactin (LTH) 1n restoring the depressed mulk yreld W athin
10 to 20 days foll g the daly ation of ACTH STH T3 and in
sulin milk production had nisen to or near pre lesion levels The addruon of
prolacun to this therapeutic regamen could not be shown to improve milk
yield further nor could its withdrawal be shown to reduce 1t

Goat A mcurred a particularly lfarge lesion i the basal hypothalamus
Failure of hormonal replacement to mamtamn the high Jevel of lactation mitially
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Fg 4 Complete rest ation of lactat on 11 Goat C . 1h hupothalamic leswons by hormonal eplacement
excluding prolactin Local cooling of the preopticjanterior hypothalamic region (the heat loss
center ) for two consceuts ¢ days evoked a 30 per cent increase m milk yseld apparently due
16 stunulation of secretion of pitwtary TSH ({thyroid shmulating hormone) and possibly other
hormanes (AsperssoN et al 1963) Following RF lesioning of the median emminence the marked
dechne tn mulk p oduction was oaly sheghtly checked by adaumstration of T3 for 7 days In
contrast, replacement daily with T3 STH snsuba and ACTH induced a rap d restoration of
mulk synthesis o the maximurn level attaned durmg brain cooling 1 ¢ 30 ¢ above p e lesion
<controf levels Ihe effect of selective withdrawal of hormones from the replacement suggests the
anportance of T3 and STH and to 2 lesser degree ACTH i restonng milk productioy The
‘moderate d abetes insp dus occurnng after lesions was augmented cons derably by therapy

attaned (Fig 2A) 15 believed to be reflated to the extensie bram damage
Reduction 1n food intake pirual bhndness and a general detenioration
health were observed m this ammal duning the latter part of the replacement
period

In Goat B replacement therapy afforded a rapid restoration of mlk pro-
duction to pre lesion levels (Fig 3) The additon of prolactin to the thera
peutic regumen for a brief period 1s not beheved to have benefitted lactation
further since 1ts icluston occurred when mulh yield was nearly maxmally
restored and 1ts withdrawal was not associated with a decline 1n milk yield An
attempt to restore milk production a second time after stopping all replacement
therapy had depressed Jactaton was only partially successfl Falure m this
Instance to achieve more than 60 per cent restoration is unexplamned but may
be due to formation of antibodies agmnst the protein hormones myected
previously

Stokingly the best restoration of lactanon occurred m Goat C which was
not given any prol at all 1n the h pp (Fig 4} In ths
ammal admumstration of T3 for seven days dunng the declimng phase of
lactanon (after lesions) afforded very shght benefit showing that other hor
mones were essential for restoring mulk production That median emunence
18t 633015 Acta phynol scand ¥ of 59
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Fig 3 Block of lactation and onset of dabetes snsipedus ofter hypothalamc lesions wm Goat B Al p o
duction, restored by hormonal therapy Following RF destruction of the median erinence there oc
curred a decline 1n iactation and an onset of diabetes inspidus of the classical type Note
that the fall ;n milk p 13 parall y an amel, aldisbetes tnsp dus FaRtawing.
adminstration of insulin STH T3 and ACTH rulk synthesis was promptly restored to the
pre lesion Jevel while diabetes msipidus was 1ncreased to a level even greater than that scen
post lesion The brief injection of prolacun (LTH) 1s not believed to haye ncreased milk yield
further Upon withdrawal of msubin and STH from the therapy mulk yield fell sharply whereas
diabetes insipidus was ma ntained at the same high level until withdrawal of T3 and ACTH
A second replacement course faled to restore mulk synthesis to more than 60 per cent of pre
Jesion values whereas water intake was elevated 10 the same high levels seen during the pre

yous therapeutic treatment,

Results

1 Block of lactation follouing rado frequency lesions 1n the hypothalamus restored by
karmonal replacement

Within several days after the production of hypothalamic lesions by radio
frequency warmng there occurred 1n 3 of 4 goats a dechne in lactation which
within 3 to 7 weeks had fallen to 15 t0 30 °, of pre lesion levels (Fig 2A 3
and 4 Table I} Replacement with varying combinations of hormones was
then admumstered with attention being given to evaluating the importance of
hormones was then adrmumstered with attention being given to evaluating the
importance of prolactin (LTH) 1n restoning the depressed mulk yield Widun
10 to 20 days foll g the daily of ACTH STH T3 and tn
sulm mulk production had risen to, or near pre leston levels The addrtson of
prolactin to this therapentic regimen could not be shown to 1mprove mih
yreld further nor could 1ts withdrawal be shown to reduce 1t

Goat A mcurred a particularly large lesion in the basal hypothalamus
Falure of hormenal replacement to maintamn the high level of lactation mtially
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Fig 6 Drmkm patiern b fore and after mduction [ diabetes m
a1p dus by kyphothalamy 1 sions 1n Goat B Prior to the destruc
tion of the median eminence by RF heating this ammal
siormally drank pract cally all ofits %4 hour water require
ment w thin several hours after eating its morming food
taton In contrast after les ons it mgested large amounts of

sater contiuou ly throughaut the 7% hour period ~— except
du ing the norma! interphase when 1t reyverted to the pre
lesion pattern

CUMULATIVE WATER {NTAKE

ENCRENRD
HOUR OF DAY

3 Production of drabetes mnsiprdus by RF lestons wn the Fypothalamus

Withm one to three days after RF heating m the hypothalamus diabetes
nsipidus developed i all 4 goats In the acute phase which lasted 3—>
days water intake and unne output wncreased 3—10 fold with the speafic
grauty of the urme falling to very low values (Fig 2B 3 4 and 5} A well
demarcated normal interphase then became manifest for 4—8 days during
this interval uninary output fell to very low nmounts 1nd of a high speaific
gravity while water intake as well was reduced to or below pre lesion levels
‘The permanent phase of diabetes msipidus then supervened m 3 of the 4
ammals with the return of marked polydipua and polyura After 4-—3 weeks
the seventy of diabetes wsipidus tended to decline Of mnterest was the obser
vationt that this amelioration of the elevated water turnover generally paralleled
the fallin milk production Goat D after displaying an inttial onset of diabetes
wspidus after lesions faled to develop the permanent phase of polyuna

(Fig 5) — this falure apparently resulung from the mcompleteness of the
median enunence leston

4 Pottern of water wmtahe after R kypothabamec lestons

The drnking pattern of normal goats and of thase with diabetes nsipidus
after RF hypothalamic lestons was studied by means of a kymograph which
continuously recorded the werght of the drinking buckets Before lesions two
goats drank pracucally all of their datly water requirement within 2—3 hours
after eaung their morming raton of gran In contrast after median emnence
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Central ¢
Necrosis

2 mm

Fug 7 Fhotomucrographs showm (4) the location of RF le tons w the hspotkalamus of Goat B and (B
ke effect of Kypothalam Jerons an the Appothyses of this antmal " )
A Bilatcral desteucuon of the median emun ace (ME) d generation of one calumn of for
rilx (F} and disruption of the normal configurat on of the third ventsicle are shown Stam
oyez
Shown are the large area of central mfarction in the adenohy pophysis (3P atrophic change
the neural lobe (N) aid absence of marked change in the mtermediate lobe (1) Collod
3t {C) Stamn Ladew g

Jestons, these goats displayed a pattern of continuous drinkmg throughout the
24 hour pentod (Fig 6) — except dunn, the normal mterphase when the
pre lesion pattern returned

5 Histology

Brams of Goats A B and C exhibited lesions mn the mudhne of the basal
hy pothalamus causing bilateral destinction of the median emmence while the
bramn of Goat D showed mcomplete destruction of the median emmence In
Goat A which died during the study the rostraf extent of the fesion transevted
the optic chiasm and d dally into the m, Htary bodies Exten
snve damage dorsal to the median emunence obliterated the third ventricle
Goat B was found to bear a lesion extending from the optic chiasm to the
mamimllary bodies and causing damage to the third ventricle and to one
column of the formx (Fig 7A) In Goat C the lesion destroyed the median
emmnence at the level of the separation of the stalk Goat D which failed to
show lactatonal block and only brief elevation of water turnover showed i




LACTATION IN GOATS 279

e

. A Ty
b \/” ‘“‘“,—-}
A\

ME-TC & ~ _ 2 LESION
junchon W N
« elmm

thalamus Lactation m ths an mal was only shy
betes msipidus abated spontancously St 1o

complete destruction of the median emnence the lesion bemg lumited to one
half of the basal hypothalamus (Fig 8)

The ptwtary glands of 3 goats developing | block displayed large
areas of central necrosis 1n the anterior lobe (Fig 7B) although considerable
amounts of apparently well vasculanzed parenchyma were present especially
i the posterior portion of the adenohypophyss Infarction m the anteror lobe
of Goat D which failed to exhubit impairment m lactation was less extensne
than in the other ammals The neural lobes of these anmnals showed atrophic
changes while no gross alterations were observed mn the mtermediate lobes

Discussion

production 1n goats with
amounts 13 indeed

1961 Cow and T,
of this adenohyp
gland has been

median emunence lestons Since prolactin 1n large
essenttal for milk synthesis i the goat (Cowie and Trvpar
INDAL of ForLey 1961) these data indicate that secretion
ophysial hormone can b after the prtwitary
denenvated from central neryous control It can not be ruled
out however that concurrent admimstration of permussive hormones such as
ACTH TSH and msulin may be required for maximal secretion of prolacun
from the denen ated hypophysis Although 1t has been recently suggested that
m the rat may late prol; {t plun) release during
Pseudopregnancy via posttive feed back control (RoTeHILD 1962) the impar
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tance of this mechanism 1 difficult to assess since avartectomy farls to bt
lactation (and hence prolactin secretton) 1n this species (FoLLey 1956 Gare
1960) Sumilarly, estrogen administration has been shown to ncrease prolactin
content 1n the adenophypophysis 1n intact rats (Merres 1961) and to sttmulare
both svnthes:s and release of prolactin 1n antenor lobes cultured 1 z1tro (Nrcorr
and Merres 1962), but the failure of ovariectomy to impart lactation indicates
that the shmulating action of ths steroid 15 not essential for the serretion of
physiolog; of prol. Sawvrr (1962) has recently reported that
whereas inplantation of estrogen crystals in the basal hypothalamus of rabhts
cawses an increase prolactin content of the pitwitary the production of electro
lyuc lesions in this area depletes the hypophysis of its prolactin content and
promotes mulk secretion At present therefore 1t appears that although some
of the endocrine factors which play a stimulatory role 1n prolactin synthesis
arc under central exaitatory dominance ¢ g estrogen cortisol (Harris 1925)
the primary control of prolactin 15 exerted via central tomc imhibiton Addy
tional evidence in support of the hypothesis of inhubitory regulation of prol.

and data tending to disprove the theory that oxytoan sumulates prolacun
secretion via direct action on the acidophil cells have been discussed 1n a
precedmng commumcation {Gare and Larsson 1963)

In goats with median emmence lesions produced rapidly by RF coagulation
the presence of large central infarcts in the antenor pitustary lobes 1s 1n con
trast to the relative lack of adenohypophysal scanficaton seen i goats in
which lesions had been induced gradually by proton radiation (GaLe and
1963} It 15 remarkable that despite the extensive necross seen 1in the
prtuitary lobes i the present study they were still capable of secreting
he large amounts of prolacun requred during lactation — as shown by the

1 1

on afforded by repl therapy P

It 15 possible that the somewhat greater decline 1n lactation observed 1n goats
with RF coagulation than in those with proton radiolesions may have been
due 1n part to the greater degree of non specific pitwitary depression secondary
to abrupt interruption of the hypophysial portal vessel supply (DameL and
PricHARD 1958) The slower rate of hypothalamic destruction caused by proton
radiation may haive allowed time for some comp: ry vascular

perhaps via the short portal vessels from the neural lobe and thus minimzed
sschemic necrosis In any case the results of these studies tnvolving both types
of lesions suggest that the stoppage of mulk synthess was primanly due to
blockade of central sumuli which regulate secretion of lactogenic hormones
It 15 well known that lesions destroying the median eminence comprising as
1t does the final common path between the bram and the adenohypophy is
interfer with secretion of ACTH (McCans 1923 and many others) and of TSH
(most recently demonstrated in the goat Awpersson ef al 1963) Although the
nature of the regulation of STH 1s less well understood (Rescnis 1960) the
present results are at Jeast suggestne of central nenous participauon That
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oxytocin deficiency 1n goats with median eminence lesions was f10t a cause m
the dechine m milk production secondary to incomplete removal of milk was
shown 1 a previous study (GALE and Larsson 1963)

The present production 1n goats by RF coagulative lestons of the classical
diabetic syndrome of Frsuer Incrast and Ransow (1935) — charactenized by
a rapid post leston elevation m water turnover followed by a normal inter
phase and then by a permanent phase of polyuna polydipsia — 15 in contrast
to the unusual type of diabetes msipidus evoked by proton radiolestons (Gare
and Larssow 1963) In this Iatter instance there was observed a delay of 30
days post radiation 1n the onset of diabetes mnsipidus whick further faited to
exhibit the normal mterphase It appeared that the permanent phase of dia
betes mstprdus came on directly without the mamfestation of the earher phases
Tt was postulated that this unusual diabenuc syndrome was due to the very
slow severance of the supraop hypop 1 tracts by the gradually enl
radiolesions and hence to the continuous biberavon of small amounts of
antuduretic hormone from the neural lobe as the axons degenerited Accord
ingly therefore such goats bearing proton radrolesions would mamtain normal
water balance until total depletion of hormone had occurred at which tume
the permanent phase of diabetes msiprdus would become mansfest The present
finding that rapid coagulative lestons nduced the classical tn phasic drabenc
syndrome thus provides correlatrve evidence 1 support of this interpretation
According to O Coxer (1952) the acute phase and the normal mterphase
are due respectinely to (1) the abrupt denervation of the neural lobe by
destruction of the supraoptico hypophysial tracts which would prevent release
of anndiureuc hormone mn response to physiological demands and (2) the
sudden release of large stores of hormone as the nearchypophysial axons de
generate en masse That considerable amounts of antidiuretic hormone are
normally stored in the neural Iobe of the goat was indicated both 1n the present
study by the well defined normal anterphase lasting four to eight days and
also 1n goats subjected to proton wradiation by the 30 day delay in onset of
the permanent phase of diabetes msiprdus In contrast albino rats apparently
have relatnvely smaller stores of d h i the hypoph
smee rats made diabetic by hypothalanuc electrolytic lestons exiubit a normal
tnterphase of shorter duration (wo to four days) and durmng which water
turnover does not return to normal levels Rather water wtake remains three
to five tmes greater than normal during ths short period although 1t 1s re
duced about 50 per cent from the maximum of the acute phase (Gare TaLgss
MR and McCaxy 1961) Thus appears that less anudiurenc hormone 15
normally stored in the rat neurohypophysis than in that of the goat the cat
(Fsuer Incras and Ranson 1935) and the dog (O Conver 1802}

Since the decline 1n mulk production in goats with lesions was paralleled by
an amelioration of the drabetes dus and since h 1
which restored milk production also reestablihed the previous hugh level of
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water tumoser, 1t appears that <ome pituitary hormones essential for milk
synthesss are also required for fill manfestation of diabetes inssprdus ACTH
and T3 were mo<t effectne 1 elerating water bol; In contrast, sn
albino rats in which lesion induced dial prdus had been d by
prior surgical hypophysectomy, the snjection of ACTH but not of STH or of
T3 was found 1o ele ate water turnover (Gare TALEBVIR, and MceCany 1961)
Since nether STH nor thyroid hormone have been found to be essential for
T of | 1n rats sub d 1o bypothalumue lesions (Gave of of
1961) or hypophysectomy (Cowe 1937 Brvrarsmasit ef af 1928) whereas
ACTH (or adrenal corticonds) play a entical role 1t appeass that ACTH exerts
2 lactogeme stmulus i the rodent which s shared wath STH and TSH n
higher mammals

‘The 30 per cent augmentation in mutk yicld resulung from chrome local
cooling 1 the preopuc/antenor hypothalamic  heat foss center sn the present
study was apparently the result of three factors (1) simulation of secrenon of
TSH and perhaps othes gal 7 b {A o ol 1962
AxpErsson ot af 1963), (2) increased food intake {Axpers.on and Lars oy
1961) and (3) chronic elevatian of core temperature to fever levels during
cooling v Inch mast have inereased metabolsm by a Qi effect (ANpERSSON,
Gae and Suvosten 1962) Thus although lactatron and adaptation to cold
stress appear superfictally as dissumlar biologic phenomena  they share a
common reliance upon mteraction between the central nenous and endocrine

1 N

<ystems for approp b

The author wishes to express thanks to Associate Professor BENGT ANDERSsO for fus helpfut
Y advice and encouragement dunng this imestgaton

References

Aspersov B and B Laksos Influence of local temperature changes wn the preopuc area
and rostral hypothalzmus on the regulation of food and water Intake Aca physial scand 1961
52 7589

Asprrssos B L Exxan G € Gatx, and | W Stnpeen Thyroidal response to tocat
oooling of the preopric “heat loss center™ Life Sances 1967 1 1—-11

Axpgzssox B L Essan € C. Gare and ] 1% Svwostex Controt of thyrotroph ¢ hormone
(S H ) secrevon by the  heat loss center 4tz phyiol siond 3963 53 1233

Asprrssos B C G Gate, and | W Sewpsrew Effects of chronie eeniral coobrg on ab
sentatra apd thermoregulanon. e phriel seand 1962 55 17 —183

Bamrzy, C. De Metoden zur Untersuchungen von Milch und Aolkereprodukten Paln
Pogl Pore. 1928 S 54~38

Breramsmosst, W R Lyoss R E Joussos and C 3 Ly Hormonally indueed lactation ta

3 4 raus gy 1958 €3 540348
Brix C Microdetrrmunation of eblondes i blood. Nerd Afrd 13319 42 17741772
Cowtm, A T The mamtenance of lactauan 1 the rat after hypophysectomy J Endwrinel
1927 16 135347
Cowts, 3. T and] § Tosoat. The mamntenance of lactation 11 the goat afier hypophvsectomy

F Enfocrimt 1961 23 19--%




LACTATION IN COATS 283

Coune C F A dbook of b h 1 technique Lovdot A 1957

Dasmi, P M and M M L. Prcuanp The effect of pitwtary stelk secton 1 the goat
Amer 7 Path 1928 34 433169

Fiser C. W R.Inraw and § ¥ Ranson The relation of the hypothalamico-hypapbysial
system 1o diabetes msip dus 4 ok Vewrol Poychrat (Chicugo) 1935 34 124—163

Fotex § ] The physiclogy and b ochemustry of Yactation. Spran field Chas € Thomos Publ
1956 pp 37

Fottey § J Recent advances 1n the physiology and brachemustry of lactat on Datry Srince
thstracts 1961 3 511—528

Gate C € Unpublished obsery 1960

Gate € C. S Tatessik, H VM Frenstax and S M McCaxs Hormonal basis for im
pairments n milk synthesis and mulk ejection following hypothalamsc lesions 7 Endocrinol
1901 23 303316

Gaiz C C. § Taenswis, and S M McCav Producnion of diabetes ins p dus m hypo-
physectom cd rats by hypothalamic les ons Amer J Phpsiol 1961 701 811—814

Gate C C and B Lamssov FRaduton mduced  hvpophysectomv  and hypothalamuc
Tesions 1n lactating goats 4cta physol scand 1963 59 In press

Hazris G W “eural control of the pitutary gland London, Eduard 4mald Lid 1935

Laoeite P Uber enc cunfache und vickettige Bindegewebsfarbung (Modifikaton der
Mallory Heidenhainschen Methode) & s WA 1938 55 215—21/

McCaxv § ML Effect of hypothalamuc Iesions on the adrenal cortical responsc 1o stress 1 the
vat dmer J Phynl 1953 17> 13-20

Merres ] Mk the mammary gland and s secretion § h hon and A. T Cowse eds
Lond 1 dcademic P ss 1950 Chapter 8

Nseorr € S and J Axrres Estragen € b
¥ tn et o Endoerinslogy 1967 70 272977

O Covner W ] The normal mterphase m the polvur a which follo s sect on of the supra
optico-hypophysial tracts in the dog Quart J exp Physol 1957 37 1—101

Retenun 8 Thyrowd function body temperature regulaton and growth in sats with hypo-
thalamc lesions Endocrnol gy 1960 66 340—3>4

Romzaumn T Posut ve feedback s luteal phase egulation of luteotrophun secreton P or
mt Lnon of Phystol Samce YXIT! Congr Leid n 1967 I pp 746748

Swwyre C H. Hypothalamic control of profact n secrehon n the rabb &, Proc st Lni nof
Phyol Scencs XXH Int Co  Leder 1962 1 pp 749

t




Acta physiol scand 1963 59 283294

Fram the Institute of Medica! Physiol Unt ty of Copenl Denmark

Handling of Glycerol mn the Kidney
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Recesved 25 February 1963

Abstract

hronorrer P oand O I Nissex Handitng of gheerol in the kidnr

Acta physiol scand 1963 59 283—284 — Essentially complete
reabsorption of glveerol (and unne/plasma ratios below onc) was
observed 1n cats at low filtered loads With increasing filtered Joads
the reabsorption rate continued to nise and the reabsorption fraction
converged upon a value of about 0+ The rate of metabohc con

version of glycerol 1n the kidneys — simultaneously determined from
measurements of renal blood flow and arterio venous defieits —
exceeded the reabsorption rate at low filtered loads whereas the
relation was undoubtedly reversed at hugh filtered loads Stop flow
experiments indicated that the most distal parts of the nephron are
sparsely permeable to glyceral and that concentrations below that of
arterial plasma mav artse in proximal parts The observations mav be
accounted for on the assumptions that reabsorpuion at low filtered
loads 15 predominantly a conversion reabsorption (diffusion from the
tubular lumen 1nto tubular cells mamtamed by a metabohe conver

sion inside the cytoplasm; and that at highfilteredload wellabovethe
level of saturation of the glyrerol comverting enzymes 1t 15 essentially
due 10 transcellular back diffusion through the (provimal; tubular
cells The pattern of renal excretion of glycerol may thus be 1nterpreted
without resorting to special b transfer

It s 11 ded that the excretion of a great vanety of substances
by the mammalan kidney can be adequately accounted for by glomerular
ultrafiltration followed by tubular reabsorption Usually two types of reab

ul caused

tored

sorption p are passive back diffi
by 2 unme to blood concentration gradient set up by tubular reabsorpion of
1

water and active  tr. llular transfer lving a ry ¢

284
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of the substance 1 question with a cellular carner element {Transfer of 10ns
downhull an electrochemrcal gradient 1s neglected here since this article deals
with the renal handling of a non electrolyte )

In the case of urea 2nd of ethanol tubular reabsorption 1z widely believed to
be exclusively a matter of tr Nular back difft Accordingly the reab
sorption fraction of these sut 1s (widely) wndependent of the plasma
concentration but dependent on the reabsorption fraction for water Due to 2
rather low permeability of the tubular cells to urea the reabsorption fraction
for this substance ordinznly amounts to only about 04 In the case of ethanol
~— to which the tubular cells are lnghly permeable — the reabsorption fraction
1s closely sumlar to that of water and thus ordmanily close to one

In other cases the reabsorption may be exclusively effected by an  active
transfer system of hrmted transfer capacity The rate of reabsorption will then
mse to 2 maximum value with increasing filtered loads and the reabsorption
fracuon will decrease from essentially one towards zero Glucose 1s generally
held out as a prototype of thus category

It appears to the authors that processes other than the two just mentioned
{or a combmation of these) may be involved i tubular reabsorption hadney
tissue 15 known to metabolize a number of organe substances which are also
known to be subject to tubular reabsorption {lactate hetone bodies glycerol
amino acids ete) In such cases a 2 of the sub: mught
keep ts intracellular concentration at a low level and thus gve rise to a diffusiont
of the substance from the tubular lumen mto a tubular cell the conversion
product(s) would subsequently be delwered to the blood or to the urne

The main purpose of the work reported 1n this paper has been to mvestigate
whethersucha conversion reabsorption mght play a role in the reabsorption
of glyeeral Wath this i view the rate of reabsorption of glycerol in the kidneys
of cats was determined 2t vanous plasma levels and
wath the rate of metabolic conversion of glycerol 1n the kidneys stmultancously

determned (as the product of the renal blood flow and the renal arteriovenous
glycerol deficst mimus the rate of urinary excreton of glycerol)

Methods
Al were perf | agesth

kg The trachea 3 catotx

for infusions
In 5 successfial .

m d cats werghing about 4-—5
arotd artery and a jugular vemn were cannulated the last serving

p were made of the rate of
metabolic conversion and the rate of reabsorption of glycerol 1n the kidneys whereas
only the latter was determined 1n some other expenments Constant levels of glycerol in
axltenal whole blood and plasma were obtamned by continuous infusion of glyceral
solutions for at least 30 mun (following a primung dosc)  the rate of mwfusion of glyceral
varied from approxsmately 96 mg per hour and kg to 45+ mg per hour and kg correspond
108 to arterial plasma concentration levels ranging from approximarely 5 2 mg per cent
19—633015 Acta physial scand Vol 59
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Fig | Dyferential pressure floumeter R Resistance glass tube ¥ Clags wials through which the
blood enters and leaves the reastance tube M Manometer S Stopcocks used for zero setting
of the manometer For detals confer the text

to 111 mp per cent At the Jower concentration levels unine flow rates (0 00—0 3 ml/min)
dequate for d were evoked by nfusion of 2 per cent NaCl
sofution or I—3 per cent Na,SO, sofution
A continuous fusion of hepanimized blood from a donor cat was mamntamed through
the expeniment to compensatr for the blood samples drawn and for a smalf bleeding
and at high unne flow rates a saline water raixture was infused at a rate sufficient
revent dehydrat Inuln by mnfusion  was Toyed
/.)r ‘determnation of the glomerular filtration rate Artenal and renal venous blood for
deterrmination of muha glycerol {and 1n some cases PAH) was sampled over a few
munutes slightly pnor to the middle of the unne collection periods The duration of
these periods varred from 9 to 17 mun depending upon the level of the plasma glycerol
concentration and the diuresis 3—4 periods were used 1n experments with determi
nations of the metabolic conversion whereas 5 were ordinanly used when only the
reabsorption was studied Urine was collected from 2 uretheral catheter mserted via a
temporary opemng in the apex of the bladder the expanded end of the catheter was
fixed 1n the tngonum by means of a ligature around the urethra Emptying of the
bladder which remained exposed 1n the mudhine incision was brought about by manual
compression
The rate of blood flow through the kidneys was determined 1n heparinized cats by
shunting the renal senous blood through a glass tube resistance and measuring the fall

n pressure over the A speaial tech was developed which d
P with 10 be blished without pting the blood flow through
the kidneys

The of the di 1 pressure fl appears from Fig 1 A straight

glass tube (R) about 20 cm long and with a bore of 34 mm was used as the resistance
The blood entered and left the tube through the lower part of small vertical glass vials
(112 X 3 1j2 cm) (V) In the vials the blood was covered by a layer of parafin orf
The air 1n the upper end of the vials was connected ta the ends of a manometer (M)
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Fig 2 Dua,ram sllust alin the (omnc
tions betueen the differenteal-pressures
fawmeter and Uhe cascular system For
detasls confer the text

by way of ground glass jomts Connection could also — for zero setting of the manometer
— be established to th ks (S) The was V shaped

one branch was cxpanded to serve as manometer flud reservorr and the other — the
measunng branch — had a slope of approxmately 16 degrees towards the honzontal
and rested on a mullimeter scale Coloured kerosinte was used as manometer flud The
apparatus was gounted on a luate plate and during the experiment and the calibration
1t was submerged m water at 47 £ 005 C. With blood of ordinary composttion 2
deflection of about 100 mm (corresponding to about 23 mm of vertical water coluran)
was obtamed at a flow rate of 100 sl per munute All glass parts contacted by blood

were siliconized glass parts and cannulae were connected by PVC tubes of 5 mm
re

The flowmeter — prefilled with hepannized donor blood or saline ~— was connected
to the venous system as indicated in the chagram Fig 2 The first step — order tc
have only the venous blood from the kidneys passing through the floymeter — was tc
bgate alt branches of the renal veins (spermate adrenal etc ) and of an approumately
5 em preve of the postersor caval vein distal to the renal veins Wath the mbing clamped
at pomts a—g cannula A was mserted 1nto a ugular em Canpula B svas nserted mtc
the posterior caval vem after igation smmediately proumal to the site of msernon (2
bulldog clamp was temporanly placed on the vem distal to the sire of msertion) Une
clamping at e and g then allowed blood from the hind limbs to pass mto the yugular
sein The next step was the insertion of cannula C mte the pestenor caval vem distal
to the ongia of the renal veins followed by unclamping 3t b ¢, d and f Subsequently
the caval vemn was ligated immediately proumal to the ongmn of the renal veins {often
a s from the night adzenal gland also had to be bigated to allow the last cannulation
to be carried out without bleedsng) Cannula D was then wseried mnto the caval vem
Proumal to the renal vemns with 2 bulldog clamp temporanly applied proumal to the
;n: of mseryon  Subsequent unclamping at a and clamping at ¢ allowed the blood
fom the hund himbs to pass from B to D whule the blood from the kidnevs would enter
the flowmeter via G and retum to the body via A and D Samples of mixed renal y£rous
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blood were drawn from the “cxut side  of the flowmeter The zere flow position of the
masnometer fud could be tested during the expeniment wathout mterlening with the
tenal blood flow — by unclampung the tubang at ¢ and clamping at 4 and §

At the end of the the fl was calibrated I'ar this purpose some
80100 ml of blood were collected from the asterial cannula and {generally by removal
of some plasma) the hematacnt was adjusted 10 a level close to the average of these
observed n the experimental periods Thi blood was then run through the termostatized
flowmeter from a burette with 2 beating mantle A constant rate of flow dunng each
ealibration run was achieved by keeping the bload surface Jevel 10 the burette constant
{by elevating the burette nzounted in serew stand) Recording the time spent by the
blood surface s passing from one burette mark to ancther (50 mi —— or 40 ml apart}
alfomed caloulation of the rate of flaw The flow rate versus pressure (all relation proved
ta be essentally vectihnear As mught be expected the pressure fall decreased with
decteasng hematoent values at a given sate of flow but st turned out that over 2 range
of hematocnt values from 26 to 46 per cent the flow rates carresponding 1o a partieular
pressure drop were nearly mxversely proportional ta the hematocnit value Consequently
the rate of flow (f3) m an perrod wsth a | of htp was 4
asfy == [ X htfbty where Bt 18 the hamatocnit of the blood used for ealibraston and
§ 15 the flow rate zead from the calibration chart at the pressure drop prevathng (on an
average) during the expenmental pertod The hematoent corrections were generally
below 5 per cent and only exceeded 19 per cent mn one experyment Dunng each ex
penmental pertod manometer readimgs were taken at 1/2 min ntervals and the average
was used for calculation of the flow rate It 1s estimated that the overall efror of the
determunatian of the rate of blood Bow i below 5 per cent

A few stop-flow experuments were performed A smail polyethylene catheter was inserted
11 one ureter close to the renal pedvis Stops asting from 10—11 nun were made during
manntol diaresss About 30 successive efffuents of 156—250 puf were collected over a

od of abous 23 mmp

“Glicerol was determned m whole arteral and renal venous blood and artenal plasma
f)"’nn enzymatic method being a modification of that of Wizrann (1957 a} 400 ul
of blood or plasma (and water and standard sclution) was deproteimzed by addition
of 1 600 g of 6 per cent (WfV) perchlonic acsd and carefid shaking After centrifugation
at 4 5300 rpm for 15 mn 8004l of supernatant were mixed with 50 p1 of 6 8 % hOH (to
precipiate perchl as the p salt) Upon 200 pt of sup

were transferred 10 2 mi of 2 mixture made by adding 065 mg DPN Bochringer 14
mg ATP Bochnnger 10 pig ghycerophosphate dehyd Boct and 10 pg
glycerokmase Bochringer to each 2 mi of the following bufler mixture 208 g hydrazme
hydrate (24 per cent) §5 g ghone 02 ml of 02 M \MgCh 08 miof conc HCI and
approumately 2 mi 68 N ROH made up with water to 100 m} {zed pH adjusted to
ca 94) Upon meubation for 75 mun at room temperature the density at 330 mu was
determined m sihica cuvettes of § em layer thickness As gnen above concentrations up
o sbout 40 rug per cent ran be measured (concentration density proportionality)
Above this concentration some part of the supernatant from the Jast precipitation was
eplaced by supernatant from a blank (water} At bl

at about 20 mg per cent the standard deviation was found to be {8 per cent of the

mean
Inulia was determined by the method of Bojese~ {19525 using 1/5 the volumies of the

ongmal procedure
PAH was deterrained m whole blood by the method of Syt et al (1948) usng a
1 15 dilatson dunag the cadmum precipiation “The reconery was on an average 81

per cent
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Fig 3 Tk selationship between fltered ghcerol loads and the rates £ glycerol reabsorptian and metabolic

conersion A iltered Toad of 0 1 mgfmunfg corresponds to a plasma glycerol concentration of
roughly 35 mg /

Results

In 5 exp the rate of blood flow through the hidneys was on an average
94 mlfmun (range 53—139 mlfmin) and the filtration rate on an average 124
mljmun (range 5 9—21 8 ml/mun) In 6 other exp where the renal blood flow
was not determuned the filtration rate was on an average 13 7 mljmin (range
50228 mljmin) Thus the procedure of the flow measurement did not seem
to have any great effect on kadney function 1n this contest 1t may also be
noted that the rate of unine flow was not ssgmficantly altered by the procedure
In 4 exp the rate of blood flow was determmed by means of PAH (rate of
unaary excretionfarteriovenous defiait) as well as by means of the flowmeter
In these and simular expeniments undertaken to study the handling of hetone
bodies 1n the kidney good was d between the two
types of measurement but discrepancies of about 20 per cent were occastonally
observed 1n these the PAH d showed greater vanations
from one period to another than did the flowmeter determinations

At mcreasing levels of the plasma glycerol concentration and the filtered
load the reabsorption fraction (fraction of the amount filtered being reabsorbed)
decreased from values close to one down to values of about 0 5 and at the highest
filtered loads the reabsorption fraction appeared to cons erge towards a hrmting
value of about 04 (cf Fig 3) In other words 1t appeased that the absolute

rate of glycerol reabsorption was steadily mereasing with rising levels of the
filtered load

11
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In 4 exp atplasma glycerol concentrations i the range of 5 28 6 mg per
cent, lower glycerol concentrations were observed n the unne than m the
artenial blood plasma The lowest observed UJP rato was 037

In the 5 cxp s which the glycerol concentrations of artenial and repal
venous whole blood were determuned the renal extraction fraction for glycerol
was found to decrease at increasing levels of the arterral blood concentration
The highest extraction fraction obsersed was 0 56 (at 7 mg per cent) and the
Iowest 0053 (at 105 mg per cent)

The rate of renal conversion of glycero} Icufated as the arter
concentration difference times the rate of renal blood flow munus the rate of
wanary excretion) wcreased with snereasing artenal blood concentratons
from the lowest levels studied (58 mg per cent) up to about 15—25 mg per
cent (corresponding to filtered loads of about 095 mg per munute and gram

ladney mn Fig 3) There appeared to be a flat at this blood
tion Jevel, but the fact that the rate of conversion was found to decrease ap-
preciably agamn at derably higher 10ns (46 5 and 110 8 mg per

cent) 1 2 exp does not carry much waght since the determinations of the
conversion rate at such lugh concentrations 15 guite maccurate {low extraction
fractions rate of usinary excretion approaching the rate of renal extraction)
In spute of this mnccuracy 1t seems safe 1o conclude that the renal rate of glyceral
conyession does not rise at artersal blood above app: )
20 mg per cent and that se may dechine at lugher levels Enzyme whibuon by
excess substrate or by consersion products mght be the cause of a dechne ft
apparent then that at arteral blood concentrations up to roughly 50 mg
cent the rate of comersion of glycerol m the kidneys exceeds the rate of
bsory {cf Fig 3) wh at very high the rate of re
absorption wall exceed the rate of comversion

At the saturation lesel (artenal blood concentration of 1530 mg per
cent) where determmanons could be made with sausfactory accuracy the rawe
of renal consersion of glycerol was found to be on an average 0087 mg per
minute per gram of hidney or 088 mg per mmnute per kg of body weight
The rate of comversion of glycerol in the hadneys amounted to about 1/5 {range
13 7 to 29 per cent) of the rate of conversion i the body as a whole (calculated
as the rate of mfuston of glycerol at constant blood concentration munus the
rate of urinary excretion) The observed whole body comversion rate (at

) 1518 good agreen with that reported by Houst (1944}

A few stop-flow experiments were made (dunng mannitol dsurests 1n cats)
n an attempt to focalize the sitefs} of glycerol reabsorpuon At high blood
concenteation levels (80—9a myg per cent) the ghycerol concentration i the
first efffuents was signeficantly higher than the concentration of the free flow
unne and 1t fell off to approximately the lesel of the laster i the subsequent
effluents Rather simlar patterns were observed for urea and muhin In an
at an artersal plasma glyeeral coneentranion of 22 mg per

expenment made
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Fig 4 8t 2 fow expe un ot Upon nnclamping the wreter approvamately 300 pl of unne was
allowed (o sp 1} before collection of sample | was starzed
The PAH concentratian i samples 018 o jginated fram 2 dose admunistered m a stop-flow
=sprriment prior to the oaz illustrated The rue 1n concentration agpearug from sample 19 and
;umn‘h 15 caused by a PAM dose snjecied inwat enausly about 43 seconds before unclampiog,
¢ ureter
Plasma ghcerol concentrat on dorng the stop 7? mg per cont

cent (¢f Fig 4) a mise 1 the glycerol concentranon in the first cffluents above
the free flow evel was also observed butin this ease the ghyeerol concentrauon
fell off steeply 1 the subseg; to reach a of 40 per cent
of the frec How Jevel nearly comcyding with the appearance of PAH anjected
about 4 sec before wrmsnanng the stop)

Since amy glycerophosphate present in the samples would be included 1 the
determinations of glycerol by the enzymatc method a conversion of glyceral
1o glycerop hate and the subseq appearance of the laster 1n the renal
venous bload would make the calculated renal consersion tates 0 fow
Uscreton of glycerophosphate sn the unine would have the same effect and
Guarthermore 1t would make the calculaied reabsorption rates too low  Errers
of thus kand are however hardly of any smportance since i one expenment
where gt hosphate was d tby leaving out ghycerokinase) no
arterto senal venous difference and no unnary excreuon of giycerophosphate
could be demonstrated The artenal and renal venous) blood concentration
of this substance did however rise slowly to about | my per cent expressed as
ghycerel} dunng the expenment with ghcerol concentrations sn arteriat
blood nung to about 60 myz per cent)




=y POUL RRUHOFFER AND OLE I NISSEN

Discussion

The general pattern ol the renal excretion {reabsorpuon) of glycerol observed
n this study is i agreement wath that observed by Svenvsson {1948) 10 studses
on normal human subjects (using a less speafic method for glycerol analysis
and omstting determimation of the filtration rate)

The fact that with 1nereasing filtered glycerol loads the rate of glycerol
reabsorption continues to rise while the reabsorpnon fraction appears to
converge upon a linsting value is reachly explained on the assumption that at
ugh filtered loads the reabsorption 15 predomunantly due to bach diffusion
The rather small size (about 04} of the reabsorption fraction (at fugh loads)
1 comparison with that of water (about 0 90 95) indreates that the permeabn]
1ty to glycerol must he rather low m the cells of the dustal tubular system

The fact thatatlow filtered loads the glycerol concentration of the urine may
become lower than that of the artenal blood plasma (263 mg per cent and
71 mg per cent respectively w a particular casc) would tradimonally be
mterpreted as due to active reabsorption It may however well be ex
plamed without resorting to a particular  active  transcellular transfer mecha
nism for glycerol Since at low filtered loads the rate of renal conversion of
ghycerol 15 connderably Iigher than the rate of reabsorption all glycerol re
absorbed at low filtered loads mght be converted 1o some other product(s)
n the tubolar cells Tt seems reasonable to assume thar at the lowest glycerol
concentrations an artersal blood plasma stuched here (5—8 mg per cent) the

absotption of glycerol 15 exclusively effected by 4 diffusion into the tubular

Is followed by — or rather caused by -~ an mtraceliular conversion into

ber praducts

The uptake and consvession of glycerol 1 the tubular cells 15 however not
hrmted to that presented to them from the luminal side (the filtered load) as
mdicated by the fact that the rate of consersion exceeds the rate of reabsorption
at low filtered loads Thus the tubular cells — or at least some of them — are
able to take up glycerol from the basal side too and 1t 15 reasonable to assume
that this uptake also occuss by diffusion

Thus concept of the handhing of glycerol at fow filtered loads — uptake of
glycerol in some tubular cells by diffusion through the luminal as well as the
basal celt t asa g of an ftular ¢ — 15 not
mcompatible with the observaton that at low glyceral concentrations of the
artensal plasma the glycerol concentration of the unine may become somewhat
fower than the concentration in the mixed renal venous blood and that the
extraction fracuons at such loads do not become higher than about 6 5-~06
Such findings could be obtamed if the permeabihity to glycerol of the glyeerol
convarting cells were lower at the basal than at the luminal surface, 3t would
even suffice if such permeability charactenstics were present only m some
glycerol-converting distal cells In wnterpreting the above mentioned obsera
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tions 1t may also be recalled that the measurements were made on mixed
renal venous blood the glycerol concentration m some parts of the venous
blood (and some parts of the pentubular mterstices) may have been appreaiably
lower than that of the mxed venous blood It 15 possible that the extraction
fracuion 15 appreciably higher at artenal glycerol concentrations below 5 mg
per cent but it was deemed mpossible to the fraction m
this range with acceptable accuracy with the present analyncal method *

The site of the metabolic conversion (and conversion reabsorpuon) of
glycerol 1n the tubules 15 not known at present The results of the stop flow
expermment shown m Fig 4 confirm that the permeability to glycerol must be
low 1n the most distal parts of the nephron and show that glicerol may be
reabsorbed in proxamal parts of the nephron to the extent that the concentra-
tion 1 the tubular flud becomes appreciably lower than that of the artenal
plasma The findings do not exclude that some reabsorption of ghcerol (and
metabolic conversion) may take place at a distal site e g m the convoluted
tubule of IT order

Altogether our observations may be accounted for on the basis of a et of
assumptions like the following Glycerol 1s converted m the proumal tubular
cells and 1 some cells m the distal tubular svstem (comioluted tubules of IT
order?) mto other products (CO glucose lactate?) The former cells are
assumed to be reachly permeable to glycerol at both the luminal and to the
basal surface whereas the latter are assumed to be permeable only at the
luminal surface The collecting tubules arc assurmed to be pracucally imperme
able to glyceral At very low filtered loads glycerol 1s reabsorbed almost com
pletely by comversion reabsorption  but the major part of the glycerol
converted 1 the proumal cells 1s taken up from the pertubular blood As the
filtered load nses the glycerol comersion hani m approact
and as the concentration 1n the proxumal tubular fluid mereases m consequence
2 proportionally greater part of the glvcerol comverted must be assumed to
gamn access to the cell from the lurmnal side the rate of conversion reabsorp-
ton consequently nises somewhat At the same tune the elevation of the glycerol
concentration 1 the prowmal tubular flurd will cause a tran.cellular diffuston
of glycerol through the proumal tubular wall and with further nses m the
filtered load the reab by {1 back difft b

P quite
dommant m companson with the conserston reabsorpuon which 15 incapable

of any further increase (or which may even fall due to enzyme mnhibition)

To anterprete the fact that glyecrol extracuon fractons b gher than about 0 3—0 6 were not
obsersed the possibility may also be cons dered that some glyoerol mught duffuse from the
beginning of the perstubular capillanes nto the blood leaving the cortical 1nterstices. An evalua
ton of the magmitude of such a counter-current exchange 15 hardly poss bl from our present.
knowledge of the arrangement of the small blood essels of the renal cartex A suniliz shunting
mught contribute to the incompleteness of extracton of PAH and D odrast at even very low
Plasna concentranons,
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The first step i the metabolic conversion of glycerol 1n the kidney 18 un
questionably the formation of glycerophosphate by means of glycerokinase
It 1s noteworthy that our m vivo findings of a renal rate of glycerol conversion
of about 20 per cent of that of the body as a whole (at the saturation level —
about 15—20 mg per cent — apparently nearly the same for liver and kidney)
are 1n close agreement with WieLanD s (1957 b) observations on the distribu
tion of glycerokinase He found almost idenucal concentrations of this enzyme
1 hyer and kidney (from rats) and absence of the enzyme 1n a number of other
tissues The hverfkidney weight ratio 13 close to 4 1

The present study does not disclose the further fate of glycerol 1n the hidneys
Besides pl d a c mto glucose (or lactate) 1s likely to
occur In a single expeniment where the arteriovenous oxygen difference was
determined the rate of oxygen consumption 1n the kidneys (3 15 ml{mn) was
found to be somewhat Jower than that (366 ml/min) required for complete
oxidation of the glycerol converted The nfusion of glycerol was found to be
accompanted by a drop m the RQ from 091 to 0 81 which may have been
due to a partial oxydauon of glycerol (¢ g conversion mto glucose) The
arteriovenous glucose difference expectable from a partial conversion of the
glycerol metabolized nto glucose was deemed to be too small for detection
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of Hutology Rarolnska Institutet Stockholm Sweden

Evad of Dog Cont Nevrons in
the Retina of Rabbits
By
J Hacoewpar and T MALMFORS

Recently adrenergic neurons have been demonstrated 1n the retina of rats
with a fluorescence microscopical techmque (Marsrors 1963) The neurons
were situated 1n the mner part of the inmer nuclear layer and had their synaptic
termunals 1n a well defined zone 1n the outer part of the 1nner plexiform layer
It was suggested that they contamned noradrenaline or dopammne The same
type of cells with essennally the same distribution was found 1n the reuna of
rabbits (Marsrors unpubhshed results) This mvestigation was performed 1
order to study the identity of the catechol amme found n the retina

The expeniments were performed on rabbits one on retinas from 4 animals
and another on retmas and choroids from 13 both albino and pigmented rabbats
The amumals were hlled by air embolism The eyes were tmmediately dissected
out and halved 2 mm behind the limbus The retina was then prepared free
from the choroid and cut from the optic paptlla in order to exclude catechol
amunes m the vascular nerves there (Mararors unpublished results) In the
second expeniment the retina was prepared as described above and the choroid
was prepared free from the sclera The matenal was immediately put in 1ce
cold 04 N perchloric acid and homogemzed according to BERTLER GaRLSsoN
and RoseNGREN 1958 The PH of the extract was adjusted and passed through
2 strong 10n exchange column Dowex 50 —X8 After washing with water and
buffer the elution was performed with N hydrochlonc acid 1n 1 m] fractons
{for detauls of the column procedure see HagoEnpaL 1963) The fluorescence
obtamed by treating every 1 ml fraction ding to the trihyd dal
method was read at the activating and fluorescence peaks of noradrenaline
respective d Norad, d ding to HAGCENDAL

p was
1963 dopamune according to Carrssow and WALDECK 1958 modified by Carts
soN and Livpgvist 1962

“Two peaks were found 1n the determunaton of the retina The peaks were

phically typical for drenaline and d (cf BerTiER
Carrssox and Rosencres 1928 HaGGENDAL 1962) The noradrenaline peak
fraction 2 was very weak The dopamune peak was evident with maximum
t fractions 6 to 8and these fractions had activating (330 me) and fluorescence
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Table I Caterhol arunes e ng per reting and chorod respectively

“oradrmalme Dopamme No of rabbits

Retmna 05 13 4
002 B 13
Chorod 10 0 13

(380 mn) peaks typical for dopamune The corresponding estimation of the
choroid showed a rather high noradrenaline peak but no evident dopamme
peal. The amounts are gnen 1 Table I
These results show that dopamune 15 the dominating catechol amine in the
retina of rabhits The noradrenalhine found in the retina may be a contamnation
from the chorord The doparmune found in the retina 15 probably Jecalized to
the adrenesgic neurons demonstrated there with the fluorescence mmeroscopical
technigue The presence of dopamine i these cells fits well with the findings
of MaLrFoRs (unpublished results) that there 15 no vissble reducuon knstochern
rcally of the catechol amune fluorescence n the reuna of rats 24 hours afier
two anjecuons of 400 mg/hg body weight a methyl metatyrosme with 3 hours
itenal From biochemscal expenments 1t 15 known that such treatment
lowers the noradrenaline Irvel while the dopamine Jevel 1n the brain 15 only
shghtly mfluenced (Hess, Ozaxi and UDEnrRIexD 1960 Bropre Marcret and
WESTERMAN 1961 Carisson and Lixpgyvist 1962)
T wink hias bren supported by a research grant INB0?834 03 from the Unted States Pul] ¢
1 Sepyice by Svenska Sallskapet for Medseimsk Forskning and by the United States Awr
under Grant No AF EOAR-63 14 and momitored by the European Officr Office of
cospace Research
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Recording of Net Tonic Flux during a Single Action
Potential mn Nitellopsis Obtusa
By

L Haapanew and C R SwogLunp

On the basis of 1sotope studies the 10me changes oceurning 1n varous types
of excitable cells after perods of rep have been analyzed and
suitable calculations made to determme the somic flux i the course of a single
activation Attemnpts have also been made to determuine the temporal relation
ship between the 1omc fluxes and the electnic events by fractionating the tracer
outflow from certain slowly reacting cells SpyrRorouLOs Tasant and HAYW ARD
(1961) have thus established the average time course of the potassium efflux
dunng activation in Nitella by collecting poruons of the flud contaiming the
the radioisotope efflux at 075 sec intervals dunng 40 successive cycles of
actity The aim of the present mnvestigation has been to obtain 2 method of

recording directly the net 1onic flow 1 Matellopsis obtusa comncrdent with a smgle
action potential

Single nternodal eells of the algae were placed in a four chambered perspex contamer
soft paraffin seals provid between the chambers (Fy;
meler connected 1o 3 capacitance probe placed 1 the extra cellular flind was . ed ta
measure the changes 10 1on flux during the course of a simgle action potential and these
changes were displayed on a hannel nkwriter simul ly with the action po~
tential This meter described previously (Hasraxs~ 1962) gives an outputof 11V fora
<apacitance change of 0001 pF Titration methods making use of the principle of ca
Pacitance measurements have been described by ¢ g Braxoer, and Matsstant (1950)
The two types of probes used were (1) a completely insulated U shaped siver tube of
2 mm length and an 1nner diameter somewhat larger than that of the internodal cell
the nside imsulation consisting of a plastic sheet about 15 g thick and (u) a Ag AgCL
electrode connected to the capacitance meter through a capacitor of a few pF The same
electrode could be used as one lead in the action potential recording

Based on a larg number of measurements the following characterisucs of these ca
Pacitance probes in solutions of different concentrat ons can be described At low jonic
concentrations small 1ncrements in solute result in a decrease in total capacitance of the
probe with d the to ncremencs in solute reaches a
Maumum and the capacitance changes become positive while at high concentrations
the capacitance changes remain positive but sensiuvity is reduced At the workimg fre
qQuency of the meter (1083 keftec) maximum sensitiaty v as attaned 1n a solution
whose conductivity was about 10—%ohm—tem=* {¢ g | mMKCI) At ths concentration
an inerement of conductvsty of 0 1 could easily be detected In this sertes of expen
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Table I Catechol amines sn ng per relina and chorad sespecteely

Noradrenaline  Dopamine  No af rabbus

Retina 05 i3 4
005 8 13
Chorod 10 0 13
(380 mu) peaks typical for dop The corr d of the

choroid showed 2 rather high noradrenahine peak but no evident dopamine
peal The amounts are given m Lable I
These results show that dopamine 15 the dommating catechol amine mn the
retma of rabbits The noradrenaline found 1n the retina may be a contamnation
from the choroid The dopamine found 1n the retina 15 probably lecalized to
the adrenergic neurons demonstrated there with the fluorescence microscopical
techmque ‘The presence of dopamine in these cells fits well with the findings
of Marmrors (unpublished results), that there 1s no vistble reduction hustochem
1caly of the catechol amune fluorescence tn the retina of rats 24 hours after
two injections of 400 mgjkg body weight a methyl mctatyrosme with 3 hours
interval From biochemucal experuments 1t 1» known that such treatment
lowers the noradrenaline level while the dopamune Jevel m the brawnt 13 only
shightly nfluenced (Hess, Ozaxi and Upenrrizan 1960 Brooir Marcker and
Wrsteraay 1961 Cawrusson and Lanogvist 1962)
“Thas work has been supported by a research grant /\B 02854 03/ from the United States Publhc
th Service by Svenska Sallskapet for Mediensk Forskning and by the Unted States Air
e under Grant No AF LOAR 63 14 and monutored by the Luropean Office Offiee of
\erospace Research
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Radiation Induced “Hypophysectomy” and Hypothalamic
Lesions m Lactating Goats
By
Cuarees C Garg! and Bogrje Larsson
Recewed 25 February 1963

Abstract

Gate C C and B LarssoN Radistion induced  kypophysectomy and
Iy pothalamc lesions 1n laclating goats Acta physiol scand. 1963 59 299
—318 — Radiolesions were produced 1n the prtuitary gland and/or
median eminence pittary stalk region of seven lactating goats bv
use of 2 narres  colimated beam of 185 MeV protons from a syn
chrocyclotron Radiation doses of 25 to 30 krad were restricted to
these structures by rotation of the goats heads around the vertical and
horzontal axes of the planned lesion Ten to 15 days after priuttary
irradhation 1n four goats mitk production declined steeply over a ten
day penod to about 20 per cent pre lesion leels In two of the hypo-
physectomized anumals with mjury also 1 the median eminence
diabetes snsipidus developed concurrently with the onset of lactation
block Dailv replacement with prolactun (luteotrophin) somatotro-
phin ACTH truodothyronine and msulin had restored milk s m
thesis to 60 per cent of pre radiation levels when destruction of m
Bemunal nerve trunks by continued lateral spread of radrolesions
caused an abrupt decline 1n the health of the goats

In 3 lactating geats 1rvadiation of the median eminence/pitmzary
stalk region was followed after 25 to 30 davs by (1) disappearance of
the milk ejection reflex. (2) onset of diabetes wsipidus charactenzed by
absence of the normal mterphase (3) dechine in mulk production to 30
10 40 per cent of pre lesion levels aud (4) m onc of them marked
loss of hayr That median eminence lesions blocked lactation secondary
1o pitwtary 1nsufficency of ACTH TSH and STH but not of pro-
lactin or of oxytocin was suggested by the abulity of varied therapeutic
regumens to restore lactation

Postdoctoral Research Fellow Divis on of Neurological Duscases and Blndness U.S Public
Health Service
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to fail to block prolactin secretion i progress eg, pitwitary stalk section
(Jacossonn 1949}, plantaton of the adenchypophysts awas from the

P
median eminence (EVERETT 1956 a) median eminence lesions (MeCas and
FrEEDUAR 1960 Hauv and Sawver 1960 GALE et af 1961) and m ~ttro 1n
cubation of the adenohy pophysis (Nicorr and Mzrres 1962)

Stce previous studies of central control of prolactin secretsion and milk
production have been performed pnmanly mn small laboratory ammals 1t was
thought tmportant to 1 estigate the role of the CNS in prtwitary gland reguia
tion during lactation 10 a ruminant — i the present study the goat Cowre
and Trvpar (1961) have shown that surgical removal of the hypophysial Iobes
causes lactation to stop in this species, and that replacement with prolactin
somatotrophin (STH), ACTH or adrenal corticonds trnodothyromne and
msuhn affords marked restoration of mulk producton That myury to the
medsan emunence/prtuitary stalk region may bloch mulk synthesis in the goat has
been reported by Tversko: {1960) but 1t was not determined which hormonal
defiaits caused this impatrment In the present study lactational performance
was studied 1n goats suby d to proton d d d exther to destroy
the hypophysis or to nterrupt the hypothal /hypoph n
the median emunence By this techmque which was suggested by ToBias and
co workers lestons can be produced in the CNS without causing sigmficant
trauma or stress to the ammals (¢f LexseLr ef al 1960} Following the onset of

lactation block replacement therapy was given to identify hormonal defict
encies

Since median emnence lestons cause an insufficsency m secretion of neuro-
hypophysial hormones secondary to interruption of the supraopticohypophysal
tracts (FiscaeR IngrAM and Ransov 1935) and since diabetes insiprdus has
not previously been studied 1n the goat water

was also d
1n these anmmals

Methods

1 Study of tactation Daily milk production 1n nine borned goats was measured 2—+#
weeks before irradiation and then continuously durmg the entire expermental period
Milking was performed twice daily at about 0930 and 1700 hours with patticular care
beng taken to empty the udder completely by massage The lactation studies were
begun m carly spring after partuntion when milk production was h ghest but some
ammals i the series were aradiated 1 early autumn (Table 1) Owing to the slow
developrent of radiolesions and to the chromc nature of the studv 1 estigation i
certain amamal copunued therefore 1nto v mter Smce milk production sn goats may
dechine 1n winter — largely due to the advancing state of a ficw pregnancy a comph
caton avoided i this study — the immed:ate pre lesion lactation level was used as the
base of reference for cach ammal

Mulk: gection reflee The ulk ejection reflex + as tested as follows  the nulk from one
udder half was 1utially drained by insertion of a small metal cannula mto the teat
During the rapid wmsertion of the cannula {avording undue stsmulation of the teat} the
803t was distracted by the procedure of gripping 1s horns and gently shaking sts head
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Fig 1 Typual distribution of absorbed dose tn goats vradwated far (1) tota ector
destruction of the med an eminence (see also Yable 1) The cml{r o(r rlalalml’l\ I?f {,";’,QJ :?as 735;553
approximately i the middle of the targes structures the 5 plane being in the rcdhan planc of
the skull wath the [ axis approximately parallel wath the base of the skall [sodose cutves arc
shownforn =0 , >0 and{ =0 p> 0 The complete dustribution of dos raay be sisualized
by reflecuon n the &y plane and the If plane respectively

In thus manner reflex release of ovytoan was avoided After permitting the animal (0
rest for five to ten minutes with the cannula i sur the udder on the opposite side way
mulked 1n the usual manner A posttive mulk ¢jection reflex was signtfied by an abrupt
streamung forth of 20 to 30 ml of mulk from the cannula 30 to 50 sec after the beginning
of millung  Absence of this gush of nulk was considered a negative mulk egection reflex
In negative cases an ¢ 7 smjection of 3¢ mU of oxytorin { Syntocinon  Sandoz) was
admmstered to demonstrate that the mammary alveolt had contamed sufficrent amounts
of milk to indscate endogenous oxytocm secretion

Other measurements Qccastonally speeific gravity of milk cooled to room temperature
was deterrmned Concentration of Na* and of A m milk and unine samples were
measured on an EEL flame photometer and Cl— was measured by the method of
Brun (1949)

2 Replatement therapy Following the dechne in muilk production after central lesions

b of h were ad d subc Iy 1n the neck

1arnous ¢
region of the ammals 1n an attempt to restore lactation Dasly doses were gh en of pro-

lactin (luteotrophin LTH) NIHPS3 Oune! 300 1U  somatotrophtn (STH
growth hormone) NIH GH 5 4 Ovne? 12mg ACTH Schenng Corporation ACTH
Depot 51U  truodothyropme (T3) Smth kline and Irench® 10 mg and pro-
tormne zinc msulm Vitrum 8 I'L

3 Techmque for 1rad The rad 1 ch cs of the 185 MeV proton
beam have been desenbed elsewhere (cf Larssoy 1961 and 1962) and so have the
dosimetry and other details of the radiosurgical procedure (Leksert ef af 1960
AxerstaN et al 1962) For the present experiments a spectal head holder was dengned
o clamp onto the horns of the goats 50 as 1o permt ngid fixatton of the skull or weads
auon under shght sedation with chlorpromazine Contiauons rotation of the head was
apphed duning wrradiation so as to destroy the pitustary gland/ or the medsan eminence/
pitwtary stalk regron more or less without affecung surrounding nene ussues 1a this
‘sway doses of 25-—30 krad were absorbed in the tissuc at the center of the target volume
Complete caleulated dose distributtons are shown m Fig 1 In some goats the radiation

1 The prolactn and the somatrophin were gifts of the Endocrine Study Sect on National

Insututes of Health USPHS
1 The truodothyromne was a gift of Smuth hline and French Co
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Fog 2 Dravram of the hypophysts and ven! ol hypothala
s of the goat (m dline 10 1tial plane) Destructio s of
the Lypophysial lobes per s¢ (AP 1 N) bv radio-
les ons fermed sumple hypophysectomy  caused
a marked d cline sn mifk product on When radio-
Tesiows were produced 1 the median emmence/p:
tuitary stalk region as well as in the hypophysial
Iobes termed total hypophysectomy  develop-
ment of dubetes mspidus occursed concurrently
with the block in lactatrion Production of racio-
lesons s the median embence wloie faused
d abetes nsip dus disappearance of the milk ejec
tion seflex and. a less severe smpairment i Iacta
on

oc optic chiasm
\E rmedian emmence (arrows mdicate the approuioate
rostral and caudal extent)
\MB lary body
3 third ventricle
AP anterror lobe of the prtuitary gland.
N seural lobe of the p utary gland
1 intermedsate lobe of the p twtary gland
T part tuberalis
procedure had to be repeated before bl 1 changes ap d \u

merscal values of physical defining the radiation procedure n each
ansmal are given in Table I

+ Routme care of the ammals All goats were mantaned 1n metabolisim cages except on
the day of irradiation when they had to stay at the cyclotron laboratory They were
given daly 2 rauon of 250 g of gram 1th # g of NaCl added Water and hay were
available ad hbitum Dailv measurements were made of water intake, unne volume and
specific gravity and rectal temperature Average daily room temperature ranged from
2 Jow tn winter of 17 C to a high of 22 C 1n summer

5 Histology The anumals werc kiled by under Nembutal th
Perfusion through the carouds was rapidly performed at 150 mm Hg with physiologic
saline followed by 4 4 formol saline both solutions being at room femperature The
brain was removed with the pitwitary gland attached and fixed for about one week
5 formol saline A block of ussue containing the diencephalon was dissected out
embedded in cellordin and cut in transerve senal sections at 35 g Alternate sections
were stamed with tolidine blue and by the method of Loxez («f Cutrme 1957) Usually
the prtuttary gland was dissected free from the brasn following fixation embedded in
paraffin cut senally at 5 to 15 y and stained by LabEwics (1938) modification of
MALLORY 3 method The ovaries and the uterus were dissected out, wesghed and repre
sentatine samples were fixedin 5 formol saline embedded i parafin cut 4t 154 and
stained with heonatocy b zed econ

Results
T “Mspophysectomy  produced by proton radration
\ Block of lactation after trradiation of the hypophysis
In order to mvestigate the xmportance of the piturtary gland m lactation sn
the goat four ammals were sut d to proton d d d
to destroy the hypophysis In two of these aymals “Lalhe and “Enspent
destruction of the prtuitary lobes per se was atterupted — a procedure which
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Fig 3 Block n lastotion follarerng
radiahan induced  fopophvicclomy
Mached dechne tnmitk produc
ten resulted 1n two goats sub
Jected to  sumple hypophysee
tomy apduced by irrad atos
of the hypophysial lobes Toth
antmals semawed . spparent
good health and nutritonal bal
ance durmg the period dustra
tad Note that irradiation caused
very lutle immednate mparr
eent m lacfaton  ndieanng
thas the goats expen need very
httle stress dunng she evpert
rmental procedure Control ans
N mals recaved non destrucine
doses of protons in the median
enunence region

may be described as produemny, sumple hypophysectomy  In two other goats
“Floyd and ‘100 the proton beam was so directed as to ablate 1n addition
to the pituttary lobes the median emunence/pruitary strlk region 12 the
portion of the neurohypophysts projecting up mnto the hypothalamus and
formung the floor of the third ventricle (Fig 2, Tius latter radiolesion mav
be described as causing  total hypophysectomy

Ten to 15 days after effective yradiation which acutely cau ed only very
shight transient dechine n Jactation there was observed 10 all 4 goats a marhed
drop 1o mulh production After a period of about 10 wddwonat days the milk
yicld had fallen to approxumately 20 °; of pre radiation levels Two contiol
ammals  White and “Caroline  which had been irradiated with non
destructnve dosages mn the median did not shaw { 1 impasr
ment (Fig 3 Table 1) One goat subjected to  ssmple hypophysectomy
{ Enspent ) displayed 3 spontancous recovery in lactanon to about 40 per cent
of pre feston levels Subsequent histology showed that 1 Ind incurred about
60 to 70 9, destruction of the adenohypaphy 15 The otiter three ammnls did
not exhibit spontancous recovery and later their pituitary glands were found
ta be totally or near totally destroyed The abiluy of radiatton  hypophvsec
tomy  to tmpair mulk syathesss so markedly 1» goats which remamed in good
concition and continued to et their daily food ration demonstrates that the
iy pophysis 1s essential for {actation 1w this species

In the twa amumals, Flovd and 100 which were rotally hypophysrcto
mized  the reduction 1p mulk yield was accompanted by the onset of diahetes
mssprdus (T1g 4] Mo marked werease 10 water wrnosver however was seen
m the 2 goats  Lsfle and Enspent n which only the hypophystal lahes

had been wrraduaced
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Fig 4 Restoratum of lact ton by ¢ [yt praton
Hlacement therapy wm Floyd @ folally on—e Radi 1o P
Mpophys ctomt ed  goat Dechne n 07
milk production following trradm ATA"S!
tion of the pitmtary gland and me ]
diman emunence was associated with ne |
the development of diabetes ms
pidus which abated as mlk synthe BRE
sis reached very low levels Replace os ] fyind
ment daly with prolactn (LTH) %
(300 T U) STH (12 mg) ACTH o B .
(ST U) T3 (Img) and msubn /
(81 U) quichly restored mulk pro- s
duct on_to 60 per cent of pre lesion D3 B 1
levels The anudiretic actvity of & ‘
the prolact n p eparation is bel eved
o have prevented an augmentation oz 2
1 water tumover by replacement °
with ACTH and T3 Failure to cat :
secondary to tngeminal nerve dam ot oo 0
ag caused a rapd decline in the v 0%l o oo !
health of this animal o v

DA ° k] Ed o 0

B Restoration of lactation by hormonal replacement
When lactation had declined tovery low levelsn the 4 hypophysectomized
goats replacement therapy with various b of | d

was
m the attempt to restore lactation and to idenufy the constellaton of pitwitary
‘hotmones essential for mlk ynth )

daily of prol (LTH)
ACTH STH truodothyronine (T8) and smsuln for perods of 5—10 days
afforded restoration of mulk production to 60 per cent of pre radiation levels
(Fig 4 TablcI) At that ime however 1t became apparent that the radio

lesions after destroying the pituttary lobes had continued to expand laterally
and to mjure gradually the trunks of the trigermnal nerve lying adjacent to the
Pituitary Damage to the mandibular branch of the tregemunus mdicated by
atrophy of the masseter (chewing) muscles then prevented these animals from
cating their normal diet of hay and gram Due to the difficulty of mawmtaimng
force fed 80ats i good condion the health of these animals detenorated
rapidly and they were killed for histologreal study

C Hutology of *hypophy sectomn.ed goats

Microscopie examination of the pituitarres showed total to mnear total
desteuction of the hypophysial lobes i 3 ( Lille  Floyd and 100 )of4
£93ts (Fig 5) the fourth anumal ( Enspent ) showing 60 to 70 per cent
destruction of the adenohypophysss Two anmnals in which  total hypo-
physectomy  was attempted ( Floyd and 100 ) exhibited, 1 addition
destruction of the median emunence/piturtary stalk region (Fig 6) Trgemnal

DETVe 1ury was present 1 all 4 goats and was mared by demyelmization of
nerve trunks and round cell anfiltration
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LLRony . Fg 6 Detutian of the medam antn nce by froton
\ trradiat on 1 goat Floyd  Byfateral destruction
3 P L0 the medium eminence a3 the base of the by pothat
M amus (transverse section) 13 shown “ore that therr
1 an abwence of tisyr reaction at fhe junction of
(b cadalesion st vad e pareachima Thi de
Ve ?’M son produted_diabetes iy padus i tis arimal
T ¥ Pean, MU median emnence 11 ihird

sentncle Stan

11 Fffees of radolesions tn the hypathatamus
A Dlack of lattation after production of sadulesions 1 the medion emnen ¢

Following the study of hypophysectomy 0 goats, which sen cd 1o confirm
e essental role plived by the prutary ghind m laetition, an mvestigauon
was made of the impartance of the ceatral nervous system sn regulaung hypo~
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Fiz 7\, E,ect of a medion em
nexce rad olesm g% facta.ion m_goct
Esruralds™ Raduton of the
median emuence caused a de-
chine 10 roilk production which
was asoaated with ke logs of
the milk epection reflex and the
develooment of diabetes nu-
pidis (sce Fig 7B) \crymar
ked harr Joss from the neck and
also occurred 1a thas sm
mal (Fig 9) Adminntration of
LTH for seven da 3 fled to1m
prove the Lactation,
but when ACTH, T3, STH and
msubia were geven, milk prodac
tion was rapsly restored. Add:
ton of LTH to this
failed to mprove Lactation fur
ther The onset of aphara shart
Iv thereafrer camed a quick dete
noraton of the bealth of the
animal

Fig 1B Prlatn by

an amelora
rd water turn
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interrupt the co;
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LT

1
wrar el \ALL . i/\\

AlTYA . |
V\({\ /f\\ llw ‘%

P S

- e

neE ¢

_— ) bones

toy I’
. l

g lactation An attempt was made m 3 lactaung goats to
oncctions between the hypothalamus and the pitmtary gland
diolesions i the medzan emunence pituitary stalk region but
2 the hvpophysial lobes persr From the previous expenence
¥ith “hypophysectorarzed  goats which develo

ped lestons 1n the tngeminal

dose was reduced 1n order to restrict tssue damage to the
owever erther the dose elected or the area iradmated was
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Fig BA Eff ot of med an ¢munence vadiolestons 1 goot In o Afier the first proton radiation milk
production dectined briefly but was restored spontanously — the mulk ejection, reflex remained
posive Following a second radiation of the median eminence however a gradual dechne in
lactation associated with the 1oss of the milk ejection reflex occurred Water turnover was not
clevated but specific gravity of the urne was lowered That this oxytocin deficiency did not
prevent complete mifk removal was indicated by the fature of post milking injections of oxytocin
to permut the remosal of significanly greater quantities of mulk upon renewed milhing

apparently too small to produce sigmficant brain damage since the amumals
fatled to show signs characterisic of lestondevelopment during the several
months of careful post wrradianon study Two of these goats Esmeralda and
Ingo  were therefore given a second proton dose while i the case of

~  Spowflake 1t was found necessary to adoumster a third proton treatment
(Table 1) Twenty to 35 days after these addimonal proton exposures the
ammals exhibited a decline 1n mulk production which eventually fell to about
35 % of pre lesion levels (Fi, 7a 8a and 10) The start of this dechne was
marked by the onset of mid to severe diabetes insiprdus and by the disap
pearance of the mik ejection reflex ndicating deficiencies of posterior lobe
hormenes When oxytocmn was injected 1 v 1mmedately after the twice daily
milkings ;n Inga for a 7 day mtenal the addivonal amount of milk which
could be obtamned by flurther mlking was very small 10 to 15 m} (Fig 8a)
This evidence that oxytocin deficiency did not appreciably prevent milk re
moval in these amimals 13 1n agreement with findings of other workers (Tversko!
1960) Of special interest was the absence of the normal interphiase sn the dia
betes insipidus shown by these ammals (Fig 7h), an effect that was also noted
sn the two  totally hypophysectormzed  goats carher A further unexpected
finding was the marked loss of body hair which occurred m Esmeratda
(Fig 9) another ammal  Snowflake showed moderate har loss
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¥y 8B Restorati n of Ictation wn goat  fn, by r plac munt thevopy When walk p oducton had
dechard w0 45 pee cent of pre_adiation kel (175 days after the first proton exposure) re
placement da Jy with ACTH T3 wsules and STH esched a prompt eswration of mulk s
theus and alsa x large mervease s water tumover The b ef adm austration of LTH abe dunng.
the 1is ng phase of rentoratan of lactas on 2ppa ently did not contribute 1a ths unp avement
stnce a second estosaton 1o the same h gh level was achicved by adm s trat on of replacement
extiuding LTH and wiace addition of LTH to the therapeut ¢ regunen Eiled to further merease
the hugh level ofnilk product on so anamed Selecun  withdrawal of hormenrs [ om the v qunen
following Lactat onal vevioration suggests that ACTH T3 imwbn 20d to a lesser extent, STH
wese unportant w sumulanng rlk synthesss . eey rapd dechme 1 factat an afier cessat on of
he second thrrapente treatrent was ted with devek of motor
secondary ta radiotesions in the crrebral peduncles (Fg 1E

B Restoration of lactation by ko monal replacement

In two of three goats { Esmeralda and Ingo ) with lactation blocked by
median eminence lesions the datly admissstration of ACTH STH  tmode-
thyromne and wmsulin — byt not of prolactin ~ sestored mulk production 10
ornear pre lesonlevels (Fig 72 and 8b Table 1) In Esmeralda the gnang
of profacun alone duning the peniod of depressed mlk synthesss faded to 1n
crease mitk production winle the adding of prolacun to the therapy m Ingo

could not be shown to improve lactazron further Selective withdrawal of
hormones from the the regumen foll 3

m Ingo
suggests that ACTH T3 msubin and to a lesser evtent STH were smportant
I:lbsumublmg milk synthesss Fig 8by  \fier lactauon had been restored m

tda by therapy excluding prolactn the develap of aphagis and
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Fig O Loss of har from the neck and
back of goat Limeralla afier median
emin nce ratiolesions About 35 days
after median emmence arradauon

there was observed a marked loss of
hair whicl denuded the neck and
bach region Asshown whole hand

fulls of har could easly be pulled
out This hair Joss occurred after the
dechne 1t iactation Joss of the milk
ejection reflex and onset of diabetes
wapidus (Fig 7 A and 7 B;

HILK ' HiN € ton URENE
o au ' L oM Fug 10 Effect of median eminence
radiolesons i goat Snoteflake After
a third exposure 1o proton arracdia
ton this goat d splayed a deel ne
sn mulk production loss of the mulk
ejection refiex and onset of dizbe
s tes inupidus An abatement of the
elevated water turnover paralleled
the falt i pulk synthesis Brief
treatment with ACTH and T3
failed to restore milk production
— at best merely checked the
downward trend — but produced
a marked increase i water tarn
2 over Subsequent development of
aphag a and partial blindness was
related to_the progresuve devel

% ' opment of ;,ldmlenons lateral to

’ - i the dtencephalon and in the optc
" o ooron soped E tracts (Fig 13 A)

oas a @ @ ] 00
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the abrupt deterioration in the ammal s health duc to untoward brain damage
precluded an evaluation of the effect of selectve hormonnl withdrawal In the
third ammal Snowflake  replacement with ACTH and T3 failed to restore
mik prod pp! bly hough the seventy of dabetes insipidus w1s
augmented greatly (Fig 10) The general health of this ammal also declined
followng signs of unfavourable extension of bramn lesions ¢ g aphagia parnal

bhindness

C Signs of damage of other parts of the brain than the median emnence
In all 3 goats with median enunence lesions the onset of diabetes insipidus
and/or the loss of the mulk ejecuon reflex served to measure the time after
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Fg M Postural imparrment after detelopment of radio
Isions 1 the ereb al peduncies and wnternal capsule
120 davs alter the second proton exposure an

Ingo this goat abruptly descloped 2 gross
postural disturbance charactenzed by a bulldog
Ike stance and wing scapula  Despite this
marked impaument al mentation was not affevted
H stology revesled the presence of radolesions in
th cercbral peduncles and mternal capsule
{Fi5, 13B) m addition fo the median erminence

proton wrradiation for the gradually developing radiwolestons to destroy the
supraoptico-hy pophystal tracts and to block secretton of posterror pituitary
hormones After the 3 aumals had manifested this sign of median emmence
nyury, they remamed m good health for penods of 5 weeks( Snowflake )
7 weeks ( Esmeralda ) and 22 weehks ( Ingo ) It then became evident that
due to the repeating of the proton treatments radolesions developed in other
portions of the bram In the case of Snowflahe and ksmeralda  the falure
to eat despite a retaned ability to chew and swallow food placed i the mouth
resulted in a rapid dechne i health In addition both anmmals became partially
bhind before they were killed for histology Ingo developed a grass motor
disturbance charactenzed by a bulldog liked stance and wng scapula 22
weeks after loss of the mulk ejection reflex (Frg 11) Although this animal ex
perienced difficulty 1n standing and walking 1t continued to eat and drink
;mrmally and had no apparent visaul impairment when klled several days
ater

These neurological symptoms were most likely due to damage to portions of
the bran Iying lateral to the median emnence (see below) and seermmgly
resulted from the overlapptng of sub lethal proton doses consequent to the
repeated exposures 1t 15 likely that thesc lateral lesions rather than those along
the mudline caused the abrupt detersoration i health of these anmals Lestons
a1 the far Jateral hypothalamus and 1n the globus pallidus have been reported
to produce aphagia m other speaics (AnanD and Broseck 1952 Morgane
1962) Further 1t1s unlikely that the lateral imjury 1nfluenced significantly the
lactational performances studsed earlier in these ammals since the lateral

lesions should have developed more slowly than those near the mudline 1 the
region of maxumal dose
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Fig 12 Photomurog aphs of median emunence yadioleston and the off <t on the Bspophiznssngost Fsneralds
A Bilateral drstruction of the median eminence in the basal hypothalas

won) 15 lastrated ML = median eminence. 11T = third venteicle Scoun setarne thoe * ¢
B FPhotomicrograph of the hypophysis {rmudhne sagittal plane) of th 1 she

atrophy of the nevral lobe (%), httle obnsous change o the Tat m’;eﬁmflfﬁ?(’:)m;:'; priviai

of marked crntral necrows in the anterior Jobe {A) € collnd cyst Stan Ladrwig

18 13 Radwles ons n the brawn lateral to the deencef halon

A In Snowflake Iilateral destruction m the reg m of the basal gangha and mtcrnal
eapuule Ly rad olesk 13 was assoaated with aphiaga but azt ac pua No maried motor d s

turtanee war obsened MT  mammifl thalamic ract MB - mammiltary body Stan
Loyez

L In Ingo radwlesions caused balateral destruction 1a th cerebral pedencl 1 and um
lateral injury to Whe interna) capsule and fateral bypott alamus Motr and posturat disturbane
resulted (Fi= 11 but no impairment in alimentation occurred o formix 11 tid v

tricle Stamn Loyez

D Hustology of goats with kypothalamic radiolesions

Brains All three goats in ths series displayed radiolesions 1n the median
eminence In “Snowflake and “Fsmeralda  the lesions were found to extend
along the mudhoe from the optic chiasm candally to the mammiltary bodies
(Fig 12A) whiletn Inyo the lesion was sttuated tn the caudal median e
nence at the level of the pituntany stalk and extended into the mammillary
bodics The two toats which became aphagic but not st should be noted
adipuc) kad 1n addibion radiolesions in the region lateral to the hy pothatamus
In “Snowflake , these lesions caused tulateral destruction in the region of the
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Fig 14 Ef ct of median emn nce rad oles ons on o @ ses

\ In Snovflake the ovar eswere atrophied and lacked developing follicles thus suggesting
a d ficiency m secretion of pitmtary gonadotroph ns had resulted from the hypothalam ¢
damage Stam hematoxyl n and cosm

B Ovary from a cotrol goat  Whitie which rece ved non-destructive srradiation 1 the
medan eminence docs not show these changes Stan hematoxyhn and eosin

mternal capsule and basal gangla (Fig 13A) while m Esmeralda smaller
lestons were located m the vicmity of the lateral hypothalamus Further both
of these. goats had lesions m the optac chiasm with possible secondary degeration
1 the opnic tracts The third animal  Ingo  exhibited bilateral lesions in the
cerebral peduncles which app 1 d for 1ts postural and motor dis
turbances and an etensive lesion extending from the mammllary bodies unt
laterally mto the lateral hypothalamus and nternal capsule (Fig 13B)

Puwtanes Hustological examunation of the pituitary glands of goats with
median ! revealed hic changes 1n the postenor lobes
absence of marked change m the intermediate lobes and possibly small areas
of mfarction 1 the anterior portion of the adenohypophysis (Fig 12B) This
questionable anfarction was possibly the result of anoxic 1schemia secondary to
interruption of hypophysial portal vessels since this portal system compriscs the
xlr;zm vascular supply to the anterior lobe m the goat (Danies and PRICHARD

58)

0 anes The ovrues of these animals showed atrophy and absence of devel
oping follicles most pronounced in Sunowflabe  (Fig 14 A and B)

Discussion
The present finding that rad induced hypophysect blocked milk
synthesis n goats dunng the peniod m which they remamed 1n good health and
n nuttitional balance clearly demonstrates the essental role played by the
Iypophysts 1 lactation n this spectes Restoration of mulk production up to 60
per cent of pre lesion values was rpudly aclueved 1n goats with pitwtary
destruction by brief replacement with prolactin STH ACTH trnodothyromne
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and wmsulin The develof of aphagia dary to tr [ damage,
however, prevented a detailed analysis of the proper balance of hormones
necessary for full restoration Presumably more complete recoy ery in lactation
would have been attamed on this therapeutic regimen if the animals had re
mained 1n good health inasmuch as Cowie and TinpaL (1961) have been able
to restore milk prod more letely in Ily hypopt d
goats by giving 2 similar replacement regimen More recently these same
workers have been able to restore lactation completely in hyp phy 1
goats by ad g a therap Tegimen g 1n add to other
hormones 600 1Y of prolactin daily, 1€, twice the prolactin dosage in the
present study {c¢f Forrey 1961)

The present observation that median eminence radolesions block milk
production in goats confirms the effect of surgical inyury to the median emmnence
reported 1n one goat (Tverskor 1960) and of electrolytic destruction of this
region 1n the albmno rat (McCann Mack and GAre 1959) In the present study,
the admunistration of prolactin fer s¢ to goats with median eminence leasions
could not be shown to imp. mik prod Aless of whether this
hormone was given alone or i } with other h Thus finding
15 agreement with results from studies of rats with electrolytic median
emunence lesions 1n which lactational imparrment was corrected by replacement
therapy excluding profactin (GALE ef a/ 1961) These data therefore, suggest
that 1n both species destruction of the median failed to block prok
secretion app bly and that 1 1 ymparmment resulted from insufl
ficiency of other adenchypophysial hormones Results from the present re
placement study sugeest that deficiency 1n pituttary secretion of ACTH TSH
and STH caused the decline i mulk synthesis It 1s well documented that
median erunence injury wnterfers with secretion of ACTH (McCanw 1953 and
;nany others) and of TSH {recently 1n the goat by ANDERssON efal 1963) The
effect of such hypothalamic lesions on STH secretion, however 1s less well
understood (RexcrLix 1960) The failure of post mlking injections of oxytocin
to augment sigruficantly the amount of mulk ble showed that oxyt
deficiency 1n these goats dud not cause lactation to decline by nterferning with
milk removal

The absence of extensive central necrosts 1n the anterior lobes of goats with
medtan ermnence radiolesions suggests that the vascular supply to the adeno
‘hypophysis was not abruptly wterrapied This finding v an sharp tondtast 1o
the effect 1 this spectes of surgical section of the pitwtary stalk, a procedure
which causes massive central necrosis 1n the adenohypophysis by blocking blood
flow 1n the hypophysial portal vessels (DANtEL and Prictiarp 1958) Lactatonal

imparrment n the present study therefore, appears to be duc to the interruption

of regulatory stimuls descending from higher centers rather than due to non
specific dep of theadenchypophy dary tosct It s possible
that the slow rate of develop: of radiol pinging, on the portal
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vessels 1n the median emnence p i some 35 y adjustment 1n
the vascular supply perhaps via the short portal sessels from the neurchvpo-
physig

The results of the present study may best be reconciled by the hypothesis
that the central nervous system regulates prolactin secretion by means of an
nhibitory mechanism, while central control of certain other adenohypophysial
hormones ¢ § AGTH (Guitiesm e af 1959) and LH (MeCany Taesin
and Friepsian 1960) 1s effected by sumulatory influence Since 1t 1 now
widely behesed that the hypothalamic control of antenor lobe secretion 1y
medrated via neurohumors transported down the hypothalamico-hypophy stal
portal vessels (Harais 1923} rentral intubntory control of prolastn Tequses

the postul ofa b with inlubrtory action Although no direct
expenimental evidence has yet been reported on the nzture of the portulated
mhbitory h 1t has been d1n view of the fact that prolactin

and LH are secreted reciprocally (as shown m the albino rat dunng Jactation
(McCaxy Tareseve and Graves 1961) that the hypothalamic inhibator for
prolacin may be the same neurchumor that has recently been shown w0
stm:ulale secretion of LH (McCany ef af 1960) An alternatine theory that

P 1on may be lted by the direct action of oxytocin on the
denohypophy 1al acidophul cells d earlier by Bewson and FoLrey
(1997} was based mamly on the evidence that mammary 1nvolution could be

delayed by injections of oxytocn Swnce howeser oxytocn may exert this
effect directly at the level of the mammary gland (and not necessanly via the
mitwtary) (Meares and HopxIys 1961) and i view of the considerable evidence
supportmg mhibitory control of prolacun (see below) this alternative theory
no loneer seems hikely

Varous operative procedures which would tend to release the primtary
gland from central mhibition by interrupting the hypothalamico hypophysial
connections have been shown exther to stiate the secretron of prolactn of to
fail to block secrenon in progress For ple in add to the 1
study i rats by Gare e of (1961) cited above the placement of electrolytic
lesions sn the median eminence of rats dunng earhy gestatnon (Gark and
McCax~ 1961) and during the estrous cycle (MoCan~ 2nd FriEpyan 1960)
and of ynmated rabbsts (Hav and Sawver 1960) has been found to be com
patible with the secretion of prolactin 1n sufficient amounts to support res
pectnely Yy wense dead and the of malk ecteton
Simiarly the abihity of the adenohypopt 1o i prol pemsts
following transplantation of the gland beneath the renal capsule 1n the rat as
shown by of utenne decid: (Fverr Tt 1926) and pregnancy
AEVERETT 1938) and of lactanon (Cowre Towar and Bexsos 1960) That
prolactn secretion can continue i the total 2bsence of central sumulaton has

been convinemgly detnonstrated in studies of adenchypophyses mcubated 2
£ m such 1nstances prol h d daily 1n up to ten

13
2633015 Acta phynol scand Vol 59
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times the 1nitial parenchymal content for periods up to six days (Nicorr and
Merres 1962) Further the persistence of prolactm secretion after Ppituitary
stalk section asind d by of scereting y acininrabbuts
(Jaconsons 1949), suggests an explanation for a chmcal report that mik
secretion 1s mmtrated i women following stalk sectioning i treatment of cancer
(Ecnres Erwr and Rarschisaus 1958) Taken together, these lines of evidence
proude strong support for the concept of central mhibutory regulation of
prolactun secretion

Diabetes mstprdus developed 1n goats concurrently wath the Joss of the milk
ejection reflex ten to 35 days after irradiation of the median eminence Of
particular interest was the finding m the.e ammals that diabetes nsipidus

1 without fe of the normal interphase, 1¢  the hrief

period, after the iniual mcrease 1n water turnover, when water metabolism
returns to normal levels and which 1s followed by the permanent phase of
polyura and polydipsia This normal wnterphase 15 believed to result from the
release of stores of antid h from the hypophysis as that
structure underg il dary to interruption of the supraoptico-
hypophysial tracts (O Conner 1952) It seems quite likely that both the de-
layed onset of diabetes snsipsdus and the absence of the normal interphase i
irradiated ammals was the result of the slow develop of the radiok
Thus the atrophy of the neurchypaphysis clearly seen at hustology must have
occurred so gradually as to permit a continuous release of small amounts of
stored antidiuretic hormone Upon total depletion the permanent phase of
diabet pidus would Fhus unusual type of diabetes insipsdus 1s
1m sharp contrast to the classical experimental syndrome of Fiscier InGRAM
and Raxsov (1935) with 1ts well defined normal mterphase and which can be
produced 1n goats by rapid coagulation of the median emunence (GaLe 1963)
When hormonal replacement was given to goats with diabetes snsipydus 1n the
present study the elevated water turnover was augmented further — with the
exception of the goats receiving prolactn in the therapy The observed anti
dwretic acuvity of prol: cannot ly be attributed to an
wnherent action since no assay for possible neurohypophysial hormone conta
minants was performed ACTH and truodothyronine appeared to be the
h es ad d which were responsible for the further augmentation
1n water turnover These findings suggest that drabetes tnupidus can be sus
tained 1n the “hypopitustary  goat but that adenohypophysial hormones are
requured for 1ts full manufestation

Although the 1dcal situation of restncting radiolestons precisely to the puut
tary gland or to the median eminence was not achieved 1 this study, a similar
wwradiation technique has been employed successfully by others to destroy the
hypophysis in monkeys (Sreso~ ¢f al 1929) without causng damage 10 the
C\S It follows therefore that when the relation between distnibutson of
absorbed dose and histological damage are better understood st should be
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entirely possible to mduce radiolesions 1n the CNS delumited to the target
structures Cihng some of the ad: ges 1nh n the irrad h

over ¢ 1 means of prod central lestons may serve to ilustrate
the usefullness of this method Furst, the experimental ammal experiences
practically no stress since no surgery 1s performed second 1t 1s possible to
produce larger bramn lestons compatible with survival (e g, mthepreopucregion
JArperssoy and Larssov 1961/) because the radiolesions develop gradually
without causing excessive hemorrhage or edema and third the invesngator
15 afforded the opportumty to study the effects of CNS damage developing
gradually over weeks and months rather than be Witness to the aftermath of

sudden central destruction comphicated by the effect of hemorrhage and edema
on adjacent structures

The authors + 1sh fo express therr appreciation to Assoc ate Professor Bena Aspzrs<o for
s contimuous sound council and dunng this My estigah

“The 1nvestigation was supported by the Swedish \edical Research Council and the Office of
Aero Space Research United States Awr Force through 1ts European Office under cootract
No \F61 (052183 and Grant No A F EOAR 67—84)
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From the Institute of Biological Chermstry Unnersity of Copenhagen Denmark

Method for Non-destructive Determunation of the Sodium
Transport Pool 1 Frog Skin with Radiosodium
By
B AnpersEv and K Zerany
Rece ved 1 March 1963

Abstract

AvperseN B and B Zeramn MetPod for non destructs ¢ determnation
of the sodsum transpert pool an fro skin with radwsodum Acta physiol
scand 1963 59 319--329 — A method 15 described for measuning
the amount of sodum confined between an outer membrane which
15 passively but specifically permeable to sodium and an wner
membrane where the active trapsport mechansm 15 located The
method allows correction for sodmm outside the transport pool
Several determnations can be performed on the same skin Repentive
deternimations gave a standard devianion of £ 7 per cent A single
determnation can ordinanly be made 1n fess than an hour Good
agreement 1s found under switable conditions between the potentral
diffetence calculated from the pool and the measured potential
difference across the skin Furthermore from the disappearance
rate of sodium from the pool and the size of the pool the active
sodium transport can be calculated under conditions v here other
methods cannot distinguish between active and passive movements
of sedm

Since the discovery of active son transport across brologial membranes
many theories have been advanced as to the mechamisms of the transport
processes (for references see Usstna 1960}

In the case of active sodium transport expertments seem to support the idea
of a forced exchange of »odium for potasstum i the membrane as being part
of the transport mechamsm (SteveacH 1952 Hoboxin and Keynes 1925
KoeroEp Jornsew and Ussme 1958) In the theory advanced by Rorroro
Jonnsev and Ussing (1998) for sodium transport through frog skin the sodium
1ons are supposed to pass through the cells and hence have to penctrate at
least two cell membranes viz the outward facing and the mward faang
membranes of the epithehal cells of the frog skin Whereas the outward fa~r
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cell membrane lets sodium 10ns through 1n a selective but purely passive way,
the active transport tales place at the inward facing membrane by way of the
forced exchange of sodium for p with a nt expenditure of
metabolic energy So far almo t all investigations on transcellular transport of
10ns have been concerned with the influence of external factors on the transport
mechanism as a whale Very little has been published about changes 1n the
internal tomic environment of transporting cells m response to external condi

tions It has been the aum of the present study to develop a method for the
determmation of the cellular sodium content as part of a more extensive study
of the Na transport mechamsm proper The method to be presented here 1s
direct and does not necessanly require steady state conditions Furthermore
several determinations can be made on the same skin a single determination
being performed in 45 minutes

Theory
The method rests on the assumption that sodium 1n order to be actwely
transported through the frog skin has to be 1n some specific compartment 1 ¢
the epithehal eells This compartment 15 confined by two boundaries of which
the inner most 15 the site of the active sodium pump (AhoErFoEp Jornsen and
Ussing 1998) Furthermore 1t 15 assumed that the transport pool consists of
sodium from the outside solution This 1mphes that the pathways of efffux
aind of influx through the skin are separated This assumption will be discussed
n a future paper from this laboratory
The principle of the transport pool determination 1s as follows
The outside solution 15 labeled with Na 22 or Na 24 and 1sotopic equilibrium
s awarted Now the outside solution 1s completely removed and the residual
diosod 1n the skinas d with time This 1s done by placing a G—A{
:ounter above the skin and measuring the radioactivity {Fig 1 B) Since the
sutside 1s dry the radiosodium can only escape to the connective tissue by
wetion of the sodium pump  Although a small fraction of the labeled sodim
vill be caught by cells in the connectve tissue, most of the sodium transferred
o ths ussue will diffuse nto the nside solution wath a half time of less than a
ninute (Hosino and Usstne 1960) Furthermore radiorodium 1n the con
1ective tssue will be measured with a lower efficiency due 1o selfabsorption
Jnce in the mside solution the radiosodium s flushed 1nto a big reservoir and
wace does ot contnbute ta the actvity measured by the G—M counter
At zero tume the radiosodium 1n the shin 1s mainly contained in the actne
transport pool located in the epithelial layer Determnation of the size of the
pool from radioactivity measurements of course requires that exchange diffusion
or back diffusion through the mner membranc of the pool 1s msignificant
1f, however the transport mechanism 15 located m the outer layer of the
epithelium the measured pool will con.ist at least in part of labeled sodwm
already transported At the time being this possibility can not be excluded
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8 A

104t outs

Fg 1 A Sctupfo loading the sk 3th radsosodium B _Set up for following the disappear
ance of rad osodium C et up for measurmg actruty of standard G- G M counter and
scaler Abndge Agar agar bridge for measunng potential over slun Ag AgCl Chlormmated
silver plates H Shunt for the determination accord ng to Hoshiko and Ussing 10  outs
10 4 outside Na 22 solution distributed evenly on lens paper with 25 il dectrose solutio 1
Sample Hole for sampling Stuter Strrer made of perspex.

Technique

The ventral skin of Rona temporaria or Rana arcalis was placed 1n the apparatus (sev
Fig 1) the epithelial side facing upwards The nside solution was Na R a,80; Ror
Li R ‘acrated and curculated m the usual way The composition of the solutions was
as follows
NaR NaCl 115 mM, KHCO, 2 5 mAM CaCl, 1 0 mM
N3850, R Na,80, 575 mM KRHCO; 25 mM CaSO; 1 0 mM
LiR LiCl 115 mM KHCO, 25mM CaCly 10 mM

The outstde solution contamed sodim 10 vanous concentragions labeled with radio-
sodium  For shy T4 the lity of the outside and mude sobu
trons were equal The potential bridges were prepared from a solution » tuch contained
3 per cent agar agar 1n etther the same solution from which the potennal wis to be
measured or saturated RCl The current electrodes + cre silver sverchlonde when
¢hlonide was the major anion 1n the solutson When sulphate v as used as amon, platinurm
electrodes were us~d 1n short periods electzolysis wall be small and the pH will remam
fairly constant The volume of the outside solution was 3—5 ml the volume of the
mude solution was about 600 mi

Procedure

The gencral procedure was as follows The shin was mounted and adjusted to the
expenmental conditions wanted Next the outside solutton was changed to the labeled
solution or the radiosodium was added 1n a small volume and wmotopic equilibnum
across the outer boundary was awaited Usually 10 min was sufficeent, but with low
fluxes of sodium up to 50 min was necessary At the ume t = O the upper current
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Fig 2 Na22 dusappearance from
skin of Rana temporaria Curve I11 38
derved by subtracting values of the
curve II' from the found valures
curve

] 1 29 mn

electrode was remoy ed together with the suming device the outside solution was remon ¢d
as quickly as possible the skin was washed twire with 2 ml of distilled water and blotted
with soft paper The G—) end window counter was placed 1n position and measure

ments were taken every miute The readings were plotted 1n a senilog graph Fig 2

The first part of the curve 1s a straight inc and can be extrapolated to ume zero After
some ttme the curie changes its slope 4nd eventually becomes another straight line

Curve 1 can be resolved into two strasght lines 1T and 111 As will be discussed later

curve 1 represents radioactivity from other sources than the transport pool The other
straight ine 111 gives the amount of radiosodium in the transport poo! at any time

The extrapolated value on the ordinate 1s counts per ruinute and can be comerted mto
# eg of Na This s done by counung the radicactivity of 10 gl of outside solution under
conditions which will gine pracucally the same geam try back scattering and self

absorpuon as the epithelial layer (sce Fig 1)

Discussion

Before the of the de { pool some
hayve to be made about the expenmental procedure
1) Washing

Since the outside solution cannot be removed completely by blotting 1t 13
necessary to know whether a quick washing of the outside will remove Na frort
the transport pool In earher experiments by one of us (h 7 ) the amount of
solution sull adhenng to the skin after blotung was determined with Ca~f2
18 determunations gave a mean value of 6 7 pl (range 4 71011 2) In the present
work the amount of adhenng solution has been estimated from the difference
1n apparent pool of the same skin when 1t 15 Just blotted and when 1t 18 both
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Table I Comparison bebucen calculated actmwe Na flux and short
crreuit current 1 skins of Rang temporaria bathed in Rumger s
Area of skun 15 7 enr

Calealated flux Current

{nEq/hr) («Eq/hr)
17? 113
137 01
185 171
50 6.5
115 108
149 13
100 134
69 81
8o 108
86 97

Mean value 114 109

washed and blotted 13 d gave a diffe e of 51 ul {range 25
w0 81) Sice the mean values obtamed by the two methods are practically
rdentical there can be no significant loss of sodium from the shin to the washing
fluid

With a Tow outside Na concentration 1t 15 of no unportance whether the

skin 15 only blotted or washed because the pool 1s representing many a1 of
outside solution

2} Time for 1sotopic equilthrium

A prelimmary expeniment yields an approumate half tme Usually a
loading pentod of 5 umes thus half ame 1s pracucal In many cases 90 per cent
equhbrum will suffice because an error of 10 per cent 1s not umportant
3) Zero time

In short circwst experuments we have taken the moment when the short
Cucuit current 15 cut off by hfting the upper electrode to be zero tume In
eXpenments with the spontancous skin potential we found it natural to choose
2s zero time the moment when the outside solution was removed by washing

However the difference m ume will be only about 12 sec causing a difference
mn the esimated pool of 5 to 10 per cent

4) Transport pool and apparent pool

Curve 11n Fig 2 gives a certam value for the Na pool This apparent
Pool ancludes however sodwm which 15 not part of the transport pool for
which due corrections must be made To determine where the racosodium
s Jocalized the shicing technique of Hvip Haxsex and Zears (1963) has been
used Tt was found that hardly any residual activity was located 1n the epithelial
layer after 20 mun thus curve 1 can be correlated with the acuvity found 1n
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Table II Repetitive determunations of the transport paol under constant
conditrons The shins were short cxrcurted and bathed 1n Runger s
Area of skin 15 7 em

Curreny Pool

(pAmp} (xEq Na)
258 087
290 083
407 876
452 093
390 085
422 077
480 087
465 079
400 089
385 077
362 074
475 092
488 104
435 098

the cellular components of the connective tissue at the edges of the sk and
the upper rng of the plastic apparatus This actiwity 15 obviously not part of
the active transport pool

Attempts to localize sodium quantitatively just after Joading were given up
due to the short half ume for the transport pool but prelumimnary shicing ex
ipersments showed that even 2 mm after t = o about 50 per cent of the total
actiaty 1 the shin 1 sl located mn the epithelial layer

‘Thentervalsb reading the ac lated counts were set to { mun Thus
15 a long ime compared to the half ume for the transport pool, but the actual
error commuted 15 uigmificant The large volume of the inside solution makes
the disturbances from the acuvity of the mside solution neghgible From the
stze of the transport pool and the half ime the flux of sodium can be calculated

by the following formula

poolatt=o0
Truttal flux of Na 1ons per hour = -———’—' > 60 1n 2
172

where t,f, 15 the half tme mn minutes read from cunve I1I (see Fig 2) Inshort
arcut expenments this flux can be compared with the short circut current
In Table It can be seen that there 1s fair agreement
5) Reproducsbility

In Table IT are given repety
constant conditions {on the same skin)
be & 7 per cent

ve determnations of the transport pool under
The reproducibility was calculated to
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Table JII Compartron betuween half tumes (tyf Na aad ty L1) for
sadium transport pool wath sodron or lithumm as the wmstds catuon
Qutarde Na= 115 mM Specues Rana tempararta

4 ha t, L
29 22
26 27
33 30
36 32
27 31
35 36

Meanvalue 31 30

6) Exchange diff back diffi

For definition of the concept of exchange diffuston across the ipner membrane
where the sodim pump 15 Jocated we have adopted the defimtion gren by
Ussne (1948) By back diffusion we mean diffusion from the mside solution
mto the transport pool

I back diffusion 1 thys sense or exct diffy were of
magmtude the speafic actvity of the sodsum m the transport pool would
belower than that of the sodium 1n the outside solution ‘Thus the pool measured
by the present method would be too low

A number of arguments may however be advanced agamst the
of such processes

The efflux of sodium {1 e passage from the mside to the outstde soluton)
observed 1n skins by addion of radiosodium to the nside solution mght take
place either through the transporting cells starng with back diffuston or
exchange diffusion through the mner membrane or through routes by passing
the transporting cells In the former case a change i the sodium permeabihity
of the outer cell membrane should lead to a change 1 the sodium efflux
However several expeniments have fuled to demonstrate such changes In
Rarna esculenta 1t 15 reasonable to assume that atropine (RIzscHNER 1925) and
procan (Sxou and Zerakr, 1929) increase the sodium permeabihity of the outer

brane without affecting the mechansm at the mner membrane

In spte of an wncrease 1n sodium mflux the efffux remains constant withmn the
expenimental accuracy

In Rana temporana caltium sons on the outside decrease sodinm mflux most
kely by decreasing the sodsum F ity of the outer b (Crrran
and Gui 1962) Efflux remams however essentially unchanged We have
found that L: 10ns 1n the outside solution decrease the Na permeability of the
outer membrane without effect on the transport mechanism at the inner mem
brane From a paper by Zerams (1925 Table 1) 1t can be seen that of due
corrections are made for the decrease in sodwsm concentration 1n the mnside
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Table Il PD mtasured and calentated according to Roefoed Johns w and {ssin

g (1958,
rsolated frog sken 1 sulphate Rmger s [KF Joken gt 200 mit Subserpts ¢ and o n)e‘rfw
to concentrations i epithelaal cell wmside and outnde solution respecticely

N ha » [ Qale BD | Found FD ] Species
(3] (373 s ~12 56
023 938 115 ~17 -
23 135 13 10 9
23 20 115 o -3
073 042 ns —~18 ~20
15 28 15 38 7
15 93 15 61 40
ns Hi Hs 50 15
115 36 its sf 51 Rama anafe
1ns 213 it5 40 ]
15 243 115 36 23
s 78 25 16¢ t4p
15 117 75 154 134
15 a3 25 159 165
15 75 25 164 i
023 023 25 o5 17
a23 07 35 o 9
1o 18 33 25 21
s 84 s @ @
15 0e 115 57 21
15 135 115 51 2
s 81 23 168 B Ranx temporana
13 72 25 166 7
s a4 1> 173 182
s 81 22 %? 128
1is 108 25 % 57

solution sodm efflux remams constant wether or not Lt 15 psesent on the
outside It can therefore be concluded that efflux thraugh transporting cells
35 msigmficant and thus back flow of sodum through the cell membranes
does nor constitute a significant error 10 the determination of the sodsum
transport pool
Correspondence between the sodium flux calenlsted 25 mentioned abowe,
and the short aircwt current cannot be used as an argument agamst the
existence of exchange diffuston since in the presence of this process both the
transport pool and the half time would be underestimated to the same extent
Howener 2 strong argument agatnst the exstence of a sigmficant exchange
diffuston rests m the fizet that replacement of sodium 1n the nner solution
with other cations — hithwm potassum o choline — were found to cause no
significant changes m the half ume obsened n succesine measurements ot
the same skin The values obtained i some hthmm substitution expenmenty
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a| peata 4

Fg 3 Cune I 1s the sodum derned

from the outside {fabeled Na} whick ac 9
tually appears on the mside Curve I 15
obtamed by drawing a bine parallel to the

stra ght p_rt of I through the zero po nr,

The tinal verucal difference A between I

and II s the amount of labeled Na used E
to bring the skin from an unlabeled w
steady state to the labeled one

are presented an TableIIT These findings contrast with those made by hey\es
and Swax (1929) m muscles In their experiments an appreciable decrease 1
the disappearance rate of labelled sodium 1n frog muscles was observed upon
sub titution of bttwum for sodtum sn the bathing solution Thus 1s equivalent
to an increase i half time thus mndicaung the exstence of sodwam exchange
<iffuston across the muscle cell membrane
Frog skin will not always tolerate L1 R on the mside for prolonged periods

but so far there has been no effect of Lithyum on short cxrcuwt current m 4 pened
long enough to determme half ume

7) Caleulation of shin 1L di
(1958) from transport pool

to hOEFOED-J N and Ussive

If the concentration of sodium and potasgum 1 the transporung cells
known the potential difference can be computed provided that there i1s no
short errcusting by other 1ons From shemg expeniments (Hvio Hansen and
ZERanN 1953) the p c can be d to be between
100 and 140 m\f when corrected for dry matter and extracellular space
For the present purpose the concentration has been set at 100 m\M The sodum
concentration 15 dertved from the apparcnt transport pool by setting the volume
of the epithehal layer to 5 #ljcrot Both the apparent pool and the volume
are too large The errors mtroduced will at least partly cancel each other
The accuracy will however be suffient smce a factor of 2 will only show as
20mV Now the potential can be calculated according to the fellowing formula

when ouly non penetraung anjons are present in the outside and the mside
solutions

1N Na
E (mV) = 58 log ‘i‘_ Y

where the subscripts € 1and o refer to the concentration of the son n question
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Table V Na pool n PEQI7 e frog shin determuned by di t
m thods (see section 8  dfirn

Kancuc m thod | Graphic method | Present metbod
o84 125 061
oro 068 040
052 070 031
138 185 10
151 155 097

1 cells, 1nside and outside sotution, respectively In Table IV the PD calculated
n this way 15 compared with that actually measured There 15 satisfactory
agreement between calculated and found values for the PD when made (K]
15 lugh and outside [Na] 15 low This 1s ¢ ble because the p 1 dif
ferences across the membranes are fow and consequently the short arcut
from other 1ons hmuted In some cases especially with Rana arvalis the natural
potential 1s very high (above 140 mV} and good agreement 1s obtained with all
concentrations of potasstum and  odium
8) Companson with other mcthods

A Lmnetic determunation of the sodium pool of the transporting system of the
frog skin has been treated by Hosutno and Ussine {1960) under the assumption
thatinflux and efflux are using the same route Experiments from this laboratory
(to be published) 1adicate however, that extracellular pathways exist

Another way of obtaining an evaluation of the pool s to plot the accumulated
sodwum flux versus tme An example 13 given in Fig 3 At zero tune the skin
1510 a steady state and the radiosodium 1s added 10 the outside solution The
labeled sodium appearning on the mside 15 measured and plotted with ume all
the sodium appeanng and accumulated on the inside for each point When
curve I (Fig 3)1s astraight ine the steady state for the labeled outside sodium
13 reached and the difference sn height between curve I and curve I will give
the amount of labeled sodium retained i the skin and used for bringing the
skin to the laheled steady state

These two methods both gne the total pool and provide no means for cor
rection for radiosodim which 15 not 1n the transport pool Therefore these
determunations will give values which arc somewhat larger than daes the
present method In these hods the probl with exchange diff and
back diffusion are the same as 1n the present method In Table V sodium poot
determuned by the two above mentioned methods and the present method 13

compared
As mentioned the method rests on the assumpPtion that the sodm transport

takes place at the mner cell laver of the epithebum IT however the transport
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takes place at the outer cell layer the signuficance of the measured peol and half
time will be qunte different In thus case the half tmme 15 2 measure of the diffu-
sion resistance for sodium from the site of the active transport to the anside solu
tion and does not reflect the efficrency of the sodium pump Although the pool
will be mamly a transported pool 1deatity berween short-circunt current and
calculated sodrum flux will sull hold Further expesiments are needed before the
exact location of the sodwum pump can be decided upon

References

Corran P F and J R Grt, The effect of calaum on sodium transport by frog skn 7 gen
Plysiol 1967 45 625~641

Hopexiv A.L.and R D Kevees Active transport of cations 1n giant axons from Sep @ and
Lolgo J Pymol (Lond ) 1925 178 2860

Hossko T and H H Ussing The hunetics of Na flux across amphub an sken and bladder
4 ta physiol scand 1960 49 74—81

Hvm Havsen H and b Zeramy Concentration of ithwm sodium and potassium 1 epithelial
cells of the isolated frog skun duning acts ¢ transport of hithmm Acta physwl scand 1964 In

pross

heyses R D and R C. Swan The effect of external sodium concentration on the sodium
fues in frog skcletal muscle J Physiol (Lond ) 1950 147 501—625

hmscuxer L B The effect of atropine and the cusares on the active transport of sodim by
the skin of Rang ¢ culenta J cell comp Physl 1925 45 61—87

hoeroroJorvsen V and H H Ussva The nature of the frog skin potestial deta phisiol
scand 1928 #2 298—308

Ssov J C and K. Zerann Imestigations on the effect of some local anaesthetics and other
amin s on tf e active transport through the 1solated short-circurted frog skia Buwchom b phys
deta 199 35 324333

Steresc, H B On the sodwm and potasssum balance of 1solated frog muscles Proc nat
Acad Scr (Wash.) 1957 22 451455

Ussna H H. The alkah metal ons m biology Handb expen nentellen Pharmakolo, ¢ 1960
E ganzungswerk. 13 1—19>

Ussme H H The use of tracers i the study of act ¢ 1on transport acrass smmal membras es
CldSp Harb Symp quant Biol 1948 I3 193—200

Zerany K Srudies on the active transport of I thium 1n the isclated frog skin Acta physol
scand 1955 33 347358



Acta physiol scand 1963 59 330—336

From the Department of Pharmarology, Royal Veteninary College Stockholm 50
Sweden

Locahzation of Radioactivity 1n the Superior Cervical
Ganghon of Cats Following Injection
of C-labelled Nicotine
By

L E Arrrroren, E Hanssovand C G SCHMITERLOW
Recenved 6 March 1963

Abstract

Arpercren:. L E E Hanssov and C G Scmaterrow Local
zation of radiwactivity 1n the superior ceriical ganglion of cats followng imection
of CV labelled meotine Acta physiol scand 1963 59 350~ 330 — The
distribution of {—) nicotine methyl C* in the superior cervical gan
glion of the cat waystudied by using autoradiosraphic and microauto
radiographic techniques Fuve minutes after the mtracatotid injection.
of labelled nicotine the ganglion was removed frozen lmtantanel)usly
and then prepared for phy From the

grams presented it becomes evident that almost all of the radioactivity
18 localized to the ganghion cells whereas the satelhite cells and the
connective tissue contain very httle radioactivity It iy noteworthy that
some of the ganghon cells contain much more radivactivity than
others The posuible explanation for this discimination 1 discussed

In cathier papers (Scryvrrercow and Hanssox 1962 Haassox and Scinter
row 1962 and Aprercren Hanssov and Scusrrerrow 1962) we have de
scribed the distnibution and metabolism of C!* labelled micotine It was found
that the bramn rapdly accumulated mcotine and thatinttially the mcotine was
concentrated to the parts of the bramn rich n nerve cells We also found a high
concentration of meotne and/or its metabolites in the suprarenal medullz

Since onc of the most conspicuous pharmacological actions of meotine s
on the autonomic gangha we thought 1t of interest to study the lccallz;\uon of
G labelled nicotine 1n such a ganglion A d phic and
graphic methods were employed
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Lympath t net &

Super1o ¢ wicalga gl on Nodose gan,! on

Fig 1 Autoradiogram of a longstudinal section of the superior cervical gang! on and the nod e

gangl on with their adjacent nerves (cat) 5 minutes after intracarot d inyec 10n of (! nicotine
SWhite areas correspond to radioactivity % 10

Methods
Synthesis of (—) mucotine methyl GW

Nicotine methyl C4 was synthesized by methyl sting(—) nornicotine using formal
dehyde G 1n the presence of formic ac:d (Mckexss e al 1961) as described earlier by
Haxssov and Scmvmrerrow 1962 The CM micotine used throughout the present 1n
vestigation belonged to the same batch as the G nicoune used n our previous work

(AeprLorey et ol 1962) The speafic actwity of the (—) micotne methyl GM was
78 uCimg

Antmal expertmenty

Cats (approimate weight 3 kg) were used under NMchumal™ anesthesia The trachea
‘as cannylated  All branches of the common carotid artery were ued excepting those
supplyng 1he superior cenvical ganghon Clotung was presented by intravenous in
Jection of 200 unsts of heparime (Vitrum) per kg body weight A needle 27 gauge con
nected to a polythene tube was inserted 1nto the common caroud artery for njection

of C nicotine In order to ascertain that nicotine reached the ganglion and exerted
18 proper effects the behaviour of the b

electnc stimulation was studsed
The amount of G micotine mjected was 05 mg corresponding to approximately

10 4C The C umcotne was dissolyed 1n physiological saline and the solume mjected
was 02 ml

following

The superior cervical ganglion was rermosed 5 min after the myection of CH nicottne
After having been removed the ganglion was divided into three preces These were
frozen v INta 150-p cooled with hquid mtrogen Thev
were then transferred o a tissue holder for frecze-drying The frecze-drying was per
formed in a modified Glick Malmstrom apparatus (MoBERCER ef al 1934) The frecze
9ing was contimued for 24 hours after which the ganglion pieces were embedded 1n
paraffine In some control expenments we made certain that no radioactinity was ex
tracted from the tissue pieces into the paraffine

The following experiment was carried out in two kttens weighing approumately 0 75
1g Aficr sying off the main branches of the common carotid artery and myection of
22633015 Acta phystol scond Vol 59
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Fiv 2 Mere avtoradiogram from the supenior cervical ganghion fcal) 5 minutes afier mracarotid
unjection of € nicotine Film and section tog ther 1 lack spoty (] er grams: indicate the de
positn of radicactivity

Staning }emalum-cosn 80

CH mcotine a3 mentioned above the supenior cervical ganglion the nodese ganglon
and the adjacent nenetrunks were cut out (3 min after the mjection of C** micotine)
This preparation was immersed nto iso-pentane cooled with hquid nitropen without
cutung the gangiia into preces The gangha with their nenves wer  then mounted on a
rucrotome stage

Hustological ard autoradingraphical methods

Seven micron thick sections were made from the frecze-dnicd ganglion preces In order
to obtamn whole sections without floating them on water — which would result in the
duissolution of the water soluble €7 nicotme and/or 1ts metabalites — Scotch ceflulos
tape was carefully pressed on to the flat upper surface of the block before cutung the
«~ction The sections on tape were then mounted with a small amount of cgg albumen
ghycerol on hodak AR 10 stripping emulsion already stnpped on glass shder  subbed
with chromealum gelaune After exposure for about 30 davs the tape was removed by
1mmersion of thr whole specimen in xslenc for 48 hours The xylene was removed with
abolute alcohol In order to make the penetrauon to the film of deseloper and ficer
posuible the plates were passed through 95 per cent alcoho! for 2 min and 70 per cent
alcohol for another 2 ;on The film was developed an hodak developer D 19 and carrnied
out for > mn 21 20 C The preparauons were then fixed in an ordinary aad fixer used
for \ rav films After therouzh washing the secuons on the film were stauned with
hemal and the whole prep {sectson on fitm mounted i Euparat ftrade
mark, Flatters & Garnew Ltd  Manchester England; Using this technique th section
and the film are together in close contact with cach other throughout the wh fe pro-
cedure Microscopic cxamnaton will thus show the staned section on top of the film
where uilver grains mark the presence and position of the radioacuve tracer The pt oto-
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Fg 3 Enlarcement from Fi % Notc that the radsoactiv 1v 15 concentrated 1n the gangl on
cells <360

graphuc pictures presented here are shghtly blurred because of the fact that the mucro-
scope has to be focussed somewhere between flm and section

The whole ganglia with their adjacent neres removed from the kittens were sectioned
and autoradiographed according to the method described by Urisera (1933)

Results
Gross distribution

Fig 1 shows an autoradiogram of the superior cervical and nodose gangha
with their adjacent nerves The wtracaroud myection of Ct* mconne was made

5 mun before removal and freezing the gangha As can be seen there 15 an ac
1

of rad ty 1 the sympatt lion whereas the amount of
radsoactivaty 55 much less 1n the nodose ganghion It s al o obvzous that the sym-~
pathetic ganglion contains more rad 1ty than the phathetic p i

onic pene trunk The fact that the capsule of the nodose ganglhon seems to
contain a high amount of radioactivaty 1s probably due to the leakage of blood
contamng C** rucotine when the gangha are removed

Mictoautoradrographic m estioations

Fig 2 shows the distnbution of radicactivty at a cellular level 1 the supenor
cervical ganghon It 15 noteworthy that i this survey mrcroautoradiogram it
ecms as i some of the ganglion cells contain much more radioactvity than
others Fig $ 1s an enlargement from the section -+ film shown in Fig 2 (area
made the outhned rectangle) When looking at these two microautoradio~
£Tams 1t becomes evident that almost all of the radioactivaty 1s localized to the
£anghon cells whereas the satellite cells and the connective tissue contarn very
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radioactvity It can also be observed that in many cases the radioactuaty
. sponding to the black silver grams) scems to be concentrated 10 one pole
of the ganglton cells The large ganglion cells seen in Fig 3 and 4 demonstrate
thus clearly These tv o gures show that the rad y 15 mainly coned d
1n the perspheral parts of the ganglion cells It 15 imposstble to tell whether the
radioactivity 1s concentrated within the cells or 1f 1t 15 located on the surface
of these cells The microauntoradiograms shown i Fiy, 2—4 all show the distn
bution picture 5 min after the intracarotid tnyection of C** nicotine

‘Thscussion

“The now classic work of Langley and hus co workers at the turn of the century
resealed the action of nicotine on autenamuc ganghia The mechinism behund
the smtial 1 action followed by an inhib of synaptic transmis
sion has been subject to many different interpretations (ef Prrov and PERRY
1953 Luvoperc and Tuesterr 1953 PeLimas and Gagers 199 Primav
1960) In the present wnestgation we only show by visual demonstration that
nicotine actually concentrates to the ganghon cells of the supenor cenvcal
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ganghon There must obuously be some sort of selective mechamism by which
mcotme 1s directed to the ganglion cells

The autoradiograms shown in this paper all derve from gangha removed
5 mun after the intracarotid jection of G** nicotine It 1s a well known fact that
mcotine 15 farrly rapidly metabolized 1n the body Due to the short tume mterval
between mjection and removal and freezing of the gangha 1t s likely however
that most of the radioactiity shown in our autoradiograms dernes from un
changed mcotine If longer interals had been used more and more of the radio
activity would presumably has e been present 1n metabolites fiom meotine

Some of the findings should be brefly discussed here

The difference m uptake of radioactivity between the supertor cervical and
the nodose Lion might be expl d by their chffe structure and physio
logical mode of acuon As the nodose ganglion belongs to the visceral afferent
part of the vagus 1t serves the same purpose as a spinal ganglon It was stated
already by Lancrev (1901) that niconne has no stimulating or paralyzing
action on the spmal gangha If there 15 no cholinergic synaptsc transrssion n
the nodose ganglion 1t seems unhkely that micotne should accumulate 1n this
ganghon In the supenor cervical ganghon on the other hand the accumulation
of nucotine 15 quite m accordance with the view that mcote interferes with
the choltnergrc synaptic transmussion

Some of the ganglion cells 1n the supenor cervical ganglion accumulate more
mcotine than others The reason for such a discrimination 1s hard to explan
Tt may be that for some reason or other there 15 an rregular nicotne distribu
tion within the ganghon Another explanation could be that micotine apart
from ats interference with synaptic transmusston  has a specific affimty for those
ganghon cells which contain 2 high amount of acetylcholinesterase Such cells
are known to be present in various amounts in different sympathetic gangha
{for references see  hokLLe 1962 Hovystepr Lusporen and Sjogvist 1963
SydgvisT 1962 1963 a b) From Sjogvist s (1962) nvesugation 1t 1s apparent
that only 1 per cent of the ganglion cells m the supertor cervical ganglion of the
cat belongs to the group of cells which shows an especially hugh content of
acetylchohinesterase (type I cells) Judging from our autor :diograms however
the number of ganghon cells with a high amount of nicotine constitutes much
more than 1 per cent of the total number of ganghon cells Sull another expla
nauon for the difference 1 nicotine uptake 1 different ganghon cells refers
1o the findings of Vorcr {1962 a b) who studymng the effects of a number of
!r!:nghonlc blocking and sumulating drugs on the supenor cervical ganglion
h:‘l‘\:“cw\\dcnct for the concept that the sympathetic ganglion cells are func
funcuoy ;tC\ICf\';genous This finding 15 1n accordance with the hypothesis of
\[Al‘u_:_:'n iHerences among synapses put forward by Sraw et af (1921} and

and Sgaw (1922)

Expersments shown,

#ith hexamethonium

g the distnbution of niconne 1n gangha after pretreatment
and afier pre ganghonic denenvation are m progress
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From the h ) Lab y at the A I Institute Unnersity of
Olo Norway

Exatatory and Inhibitory Bladder Responses to
Stumulation of the Cerebral Cortex 1n the Cat

By
R Gjove and J SeTERLER
Rece ved 6 \March 1963

Absiract

Giove R and J Setesien Esatalory and ihibitory bladder responses
to stymulation of the cerebral cortex m the cat Acta physiol scand 1963
29 337348 — A ' I pressure ding was

hshed 1 22 h cats by op 1 of the
bladder cavity leaving the urnary outler wmtact The mtrasesical
pressurc vamations cawsed by controlled volume changes were studied
and the alterations sn bladder actnaty 1 response to sumulation of the
cerebral cortex were recorded The following excttatory bladder reac
uons on corttcal are of the
rhythmic contractions dyopwise expubsion of the bladder contents
with incomplete emptying of the venical cavity and finally a normal
muctunibon act with forceful detrusor contracuons Mith regard to
imebstory effects the following responses were obtained reduction or
complete inhibution of the rhythmie bladder actrvity arrest of the
urination act or muctunton In vath previous
mvestigations exciatory bladder responses 1 erc obtaned from the
first sensory motor area and from the anterior cingulate regon In
additon excrtatory effects were elicrted by stioulation of the antenor
ectosyhian and anterior sylvian gvyn (the somatic sensors motor area
I Previous obsenvatons of mhsbr oy influence on bladder actrvaty
from the first sensory motor area were confirmed In 2ddition hibs
tory effects were produced from the somatc sensors motor area 11
the subcallasal part of the antenor e1igulate region and the orbital
gyrus All the varous types of bladder reactions described above s ere
obtaned from any of these regions

337
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The nfluence of the cerebral cortex on the activity of the urinary bladder has
been the subject of only a few systematic experimental studies In particular
very hittle s known about inhibation (arrest of mictuntion and relaxation of the
bladder) i response to cortical stimulatton The main purpose of this study was
to localize the cortical areas influencing bladder motiity both with regard ta
excitation and, in particular mhibition

The first evidence of cortical excitatory influence on the bladder function was
presented by BocueFoNTAINE (1876) who observed bladder contractions sn the
curanized dog on faradization of the cortex surrounding the cruciate sulcus
Tius observation was confirmed n experiments on cats and dogs by Bren
Terew and Mistawssy (1888) These workers recorded mntravesical pressure
elevation 1n response to stmulation of the medial part of the posterior sigmoid
gyrus m the curanzed ammal Simlar effects [rom the sensory motor cortex
were later obtained 1n the dog by Franxe Hocuwart and Frouon (1904) and
mn the cat by Hinsicher and SrigcEL (1933) and LanGworTay and hots
(1935) Crouvcnt and TI'owpson (1939) observed mucturimon resulting from
sumaulanion of the same cortical region in cats dogs and monkeys

Durning the past two decades systemauc studtes have also revealed exatatory
bladder responses from the postertor orbital region in dogs (OrInARA ef af 195.3)
the anterior cingulate area of the cat (Strovt and Uvnas 1950 INGERsOLL
Jones and Hegre 1961) the posterior ungulate region in dogs (hroder 1947)
and cats (HEnNEMAN 1948) the prepyriform cortex of the dog and cat (ko
caui ¢t al 1957) and the postenor pynform cortex in cats (Hennevan 1918
Surrir 1949) From the latter arca haana (1951) elicited urination (as well
as defecation) in cats dogs and monkeys

Inkabitory bladder responses recorded by a fall of the intravesical pressure,
have been elicited from the sensory motor cortex (Hunsicker and Spircer

1933 Lancwortny and horn 1935) In addition relaxation of the bladder
i} of the p prul and pynform

has been observed by

cortex (HENNEM AN 1948)
1In the expenmental studies referred to above the excitatory and inhibitory

bladder responses were recorded as alterauons in the intravesical pressure
either by the use of a urethral catheter or by operative canalization of the
bladder cawity through a cystostomy When the latter procedure was employ ed
the neck of the bladder was higated to provide a closed cavaty, from which no
leakage could then occur during the mtravesical pressure recording In both
cases the micturition reflex was abolished by the suspension of the sphincter
mechamsm

In order to gain further knowledge ahout cortical xegulation of Lladder
actisaty it was considered essential 1o modify the recording techmque so as 10
inchude the dynamcs of the micturition act thus fanlitating a study of(h': way

ial
thus act 35 nfluenced by cortical

1 The cxp tal c
required may be achieved by utilizing the techmque of ‘direct ¢ystometry
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CHLORALOSE URETH-NE  CATS

Ay

il
NEMIUTIL T ®
&15,
g
2 10|
Fg 1 Rhythouc spontancous actmity ofcat = [
Bladder Above chloralose urethane anesthesa. &5 5
Below nembutal anesthesia 2l
—
IMN

(Murpry and ScroEsserG 1960) By this method the urtnary outlet 1s left

fully mtact the mt | pressure readings being obtamed through a blad
der puncture In the present experiments 3t was found more convenlent to
perform a cystostomy g the ad: ge of an undssturbed sphincter
mechanisim

Materaal and Methods

A total 0f 22 cats of both sexes (weight 1 $—+ 2 kg) were used The entire expenmental
procedure was carmied out under general usually by ! ad
of 1 per cent chloralose® (10 mgjkg) and 22 per cent urethane (500 mg/
kg) Two ammals werc ghen paralyzing doses of succmylcholine CuracnT “yco!
(1 mg/kg) and ventilated arufictally with pure oxygen throush a tracheostomy In these
cases anesthesta was induced by wjections of chloralose alone using the regulas dosr
Three ammals were grven Nembutal . Abbott (30 mwg/kg)
Cystostomy was per{rmed through a rudhne abdormural incnron and a Nelaton
catheter No 12 was mserted mto the fundus region and sutured to the Bladder wall

By means of a Statham pressure transducer vonnected to a Grass polygraph (Model
5'C) with DC. a " as a

| pressure recording w
Blood pressure and respiratory ts (rep d by the of the thoractc
wall) were recorded on the same polsgraph i 9 and 6 apmals re

spectively In the first three expertments the bladder response was obtamed by means
of the closed system method using an intrasesical balloon whereas 2l subsequent o
Pperumental data were based upon the of the direct y d
above By this technique an ssometric recording of the 1ntravesical pressure 1s obtained
a3 long as no urmation takes place In additton the pressure changes dunng the vording
act were recorded  Alfter replacing the unne by salme solution at body temperaturc, the
bladder volume could be checked thraugh the 3 way tube connectng the catherer to the
transducer

‘The animal s head was fixed in a Horsley Clarke frame and a craniotomy performed
the cerebral cortex being exposed to the extent requred The cerebral cortex was
stunulated by electric square waves of | msec duration and applied at different fre

Chloraloss was kindly suppl ed by E Merck Darmstadt and Curacic by \yegaard & Co
Y8 (Nyeo) Oslo
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Fig 2 Cystometrogram obtancd by step-wise Alling of the bladder during chloralose urethane
anesthesia

quencies (1100 ¢ps) through brpolar siver chlonded ball upped ¢lectrades with an
mierelectrode distance of about 2 mm The stmulus strength necessary to chicit bladder
responses was 2~ volis (0 16—~0 32 mA) In mapping the cortrcal surface intensites
of 5—7 vols {0 40-—0 56 mA) were ordinanly used Stumulation of the cerebral cortet
was niot started unul 3 hours after the inducuon of ancsthesia

Resulis

() Background actiaty

Rhythmic vanations of the mtravesical pres ure were constantly recorded
m the anesthetized ammal These pressure changes representing detrusos
contrachons m response to distention of the bladder were seen not only duning
the dard chioral srethan 1 but also when nembutal was used
(Fig 1) The frequency and amplitude of the detrusor contractions were 1n
creased by ncreastag distenton of the bladder unti! finally nucturition oc
Teurred The muctuntion threshold ¢ ¢, the degree of bladder filling neccssary
to preciputate unnation showed indnedual vanations from 10 to 75 ml and
was regularhy found te be hyher mn the ancsthetized male cats than i the
females The bladder capacity sermed to bear no defimte relationshup o the
body weight but was clearly dependent on the type of anesthesia Thus the

muctuntion threshold was significantly higher under nembutal as compared
! h ! To d ths ph further

with chl
20 mg nembutal kg body weight was added 1n one experiment to the standard

do ¢ of chloralose urethane 3 hours after the admunistravon of the latter The
bladder capacity was rawsed therely from 10 to 65 mi Under ordinary con
ditions this eniteal intravesical volume did not however rary sy mificantly i
one and the same arumal throughout the experiment not ey en dunng successive
ovstometries performed by step-wise bladder filing at mtenals of 3 to 5 mi
Ayshown in Fig 2 cach volume increment caused a sharp pressure fise follawed
by a slow return 10 a stable tension level The Jatter represented a very shight
elevation of the mtrasesical pressure as compared wath the preceding levet
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(8) Bladier responses remling from electreal sturulation of the cerebral costex

In the summary diagrams of the responsne cortical areas {Fig 8) the stmu
laton effects ate referred to sumply as excrtatory (]) or inhibitory {}} Ycshould
be emphasized howeer that the two symbols represent dafferent types of
bladder reaction Thus an excstatory response icludes angmentation of the
shythmic detrusor contractions (Fig 3a) as well as precrpitation of a vording
act The Jatter was observed esher as an abortne type of mucturton with
drop wise incomplete expulsion of the bladder contents (Fig 3b} or as sus
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. 210 l ’ ‘ Fig 5 Inhibruion of the thythmic
» W |‘\ ’ bladder actnity and concomtéant
Zo A fail of blood pressure elicited from
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tamed detrusor contractions with complete emptying of the vesical cavity /Tig
3cand Fig 4) All of thesc excitatory responses occurred after a latency of 2—3
sce, and the optimal effect was reached at a stimulus frequency of about 50 eps
y 1 effects were ded as a dimmution or abolitton of
the rhythmic bladder activity (Fig 5) arrest of mictuntion (Fig 6 and Fig
7b) or prevention of the onset of unnation (Fig 7c—d) Arrest of micturinon
could be demonstrated irrespective of the uninaton reflex was mmnated by
cortical strmulation or resulted from bladder distention A latency of 2—3 sec
was found also 1n all types of inbitory bladder response this bemng recorded
as a prompt and marked reduction of the wtravesical pressure A drop of
tenston to below the resting level (as recorded 1n the 1ntervals between two suc
cessive sg detrusor ) was often 1 Oncessation
of sumulation a sharp pressure nise was frequently observed with restoration of
} the pre stumulation tension level In some cases however a post sumulation
inhibition of long duration 12—3 min) was obtatned

20
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T L Fig 6 Curanzed cat Interruption of u nation
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DiL A
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CM OF WATER
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Fg 7 Interruption (B) and mhibat on (€ D) of normal ructuntidn act (4) imtiated by rapid
Hadder filing These nhubitory responses were obtamed from the arca indicared by arros on
she inser. The duratian of the afibiton correvponds 1o the stmulat on pesiod Stimatus pasam-
errs 3 msee 7 volt 50 ¢ps The effccts sho nin € and D were produced + hen st mulauon
was started 12 3¢c prior o the bladder fiting

Suppression of the urmaton mechanism could be produced when corical
sumulation was started prior to a rapid bladder filling beyond the volume which
would ordinanly release the micturibon reflex 1n that particular expenment
Ia Fig 7c the stmulus was applied to an mhibttory point of the cerebral
cortex 15 sec before the filhng of the bladder A delay of unnation 15 shown,
Iasting untl cessation of the cortical stimulation As ilustrated Fig 7d the
soihing act could also be completely mhibited Intubitary bladder responses
were obtamed by the same stunulation parameters which gave optimal ex
tatory effects Thev were however ehated wihin a wider frequency hmst
Tom 5 10 50 ¢ps bemn,, maxsmal between 20 and 50 cps

Duting exploration of the sesponsive cortical regrons the same type of bladder
teaction could be readily and repeatedly reproduced from each pomt of
sumulation In the same animal opposite stunulaton effects were however
regularly obsen ed on shufting the sste of the electrodes

The rhythmc bladder actvaty as well as any effect of cortical sumulation
were dep by di g the h

The cortical ongun of the y and inhibstory bladder resp was
demonsteated by the fact that Jocal application of ) per cent hdocame (Xylo-
ainT Astra) to the cerebral cortex abolihed the effects whereas the rhythmic
actvaty of the bladder was not sntetfered with

Sensineness of the bladder responses One mght question whether the hydro-
static pressure changes recorded from the vesical cavaty did 1n fact reflect ex
chusnely vanations 1n bladder actiuty  Several factors which miht be as
sumed to mfluence the dynamucs of the bladder hatve to bie considered

Fisdy the possibility that the intravesical pressure changes are secondary to
alterations 1n respiratory movements 1s excluded by the demonstratian of there
Presence in the curanzed and arufically veatlated anmal As shown in Fig
4 and § the rhythmc detrusor contractions were not altered by grung paralyzing
doses of suceimy Icholine marked sumulation effects excitatory (Frg 4) as well
aswhibitory (Fig 6) were readily elicited
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Tig 8 Bladder responses to sumulation of the cercbral cortex 1n cats 1 Lateral aspect of the
cerebeal hemisphere B medial aspect Exatation 1 inhabivon | and no response o

S l of the abd, I muscles may effect the intra ab

s
domunal pressure and thereby mught be assumed to nfluence the bladder
actraty However the presence of bladder responses 1 fully curarized ansmals
also proves them 1o be independent of this factor Turther definite bladder
responses were frequently observed without any vistble masements of the aby
dormnal wall

The probability remains that in gast 1 mos ts may
act directly upon the bladder wall and 1n tlus way may interfere with the sum
ulation effects Thus 1s strongly contradicted by the fact that forceful ileus Itke
bowel contracuons (vistble by external abdomunal inspection)  resulting from
sumulation of the vagus nene did not aflect the intravesical pressure as re
corded on the polygraph

Localication of the responsue cortical regions The (opographical distribution of
the cortical ponts which have been sumulated in the present expertments ap
pear on F1ig 8 o change i the bladder acuvity resulted from stumulation of
extensive areas on the lateral and medial aspects of the hemspheres and the

olfactory bulb Most of the temporal Jobe including the hapy pus was not
explored This will be done 1n a subsequent study which also deals with the
effects of ! of the amygdalowd and penamygdaloid region S nificnt

sumulation effects on the bladder activity were obtained from the followsng

cortical regrons
1 The first somatic sensory molor cortex This region was explored in 12 animals

1 which a tatal of 60 stunulations were applied 28 exeitatory and 19 snlulntory

resp were ot 1 whercas 13 ) produced no bladder responte
Both types of bladder reaction were encountered in all the 12 cats although at
tmes y or infuk 1 effects preds | On the lteral

14
aspect of the hemusphere the responasc locs occupy the upper portion of the
peacruciate cortex and the anterior as well as the posterior sigmoid gvre The



BLADDER RESPONSES TO BRAIN STIMULATION 345

effective zone seems to mclude the region of the Jower extremuties and trunk
whereas the reqion of the upper e<tremuties and the head 1s unrespon e On
the medral aspect of the hemisphere exertatory effects were mainly obtamed
from the anterior sigmotd gyrus whereas inhibstory : d
when stmulaung the posterior sigmoid gyrus

2 Thke anlenor ectosyl 1an and antertor s3leian gyr1 corresponding lo the somalic sen
o1y molor area II as outhined by ¥4 colsey et al (1958 1959) This region Iike the
pericruciate cortex yielded both types of bladder response However i 2 of
the 5 ammals sn which this cortical region was explored mhbitory effects only
were recorded E: v as well as mhibtory resp were produced m the
rematning 3 cats As a whole the sumulanon effects were not as readsls obtained
from this area as from the first somatic sensory motor cortex They seemed to
depend more on the ammal ‘being m good condition and on a relatvely hght
anesthesia

3 The anterror csngulale cortex (Fig 8b) The dufferent character of the bladder
response allows a clear subdivision of this area 1nto two zones one lying su
peniorly and bordenng the genus of the corpus callosum the other lying i
fertorly 1n the subeallosal part of the late gyrus S lation of the supra
callosal and pregemculate cortex was performed m 8 anumals consstently
resulting 1n bladder excitation In 4 of the same cats the subcallosal part of the
antertor cingulate regron was exposed All of them responded to stmulauon of
subcallosal pomnts grving wmhubstory bladder effects exclusrely

* The orbutal gyrus (Fig 8a) The bladder produced by 1
of this region were consstently of the mhibitory type Such effects were obtained
n 7 anumals sn which 4 total of 28 stumult were applied Four of these stumu

lzanons caused no change 1n the bladder actnvaty whereas inhibiton eccurred
4 times

P!

(C) Contonntant changes sn blood pressure and respsratory mo ements

In accordance with previous observatons (for references sce haapa 1901
1960 Uvwas 1960 and 1 orvine 1961) alterations 1 blood pressure and resptr
Atory mi were ded by 1 of all the cortical regions found
fo vield bladder responses

Fffects on blgod pressure The pressure alterations as recorded from the femoral
artery, were m general stight and inconstant This fact may probably be related
to the type and depth of anesthesia used i the present study No defimte cor
relation was shown to exst between the direction of the pressure alteration
the fernoral artery and 1n the vesical cavity The dragrams in hig > and € serve
to dlusirate this sndependence by showing two ca e of bladder inhibition one

ang accompanied by  blood pressure fall and the nther by a divht elevation

Effects on respiratory mo ements In general the sespiratory responses were
the same a5 those reported previously As ¢ rule these stimulation effects were
more marked and mare reacdily obtained than the blood pressure changes The
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most strthing nfluence on the respiratory moyvements was ehetted from the
orbital and antenor cingulate regions from which an imial complete arrest 1
exprration was produced (Fig 3a) usually followed by a pentod of lowered
resprratory frequency The somatic sensory motor areas I and II yielded
weaker respiratory responses but acceleration as well as slowing of the respira
tory rate were frequently observed

Discussion

The present experniments demonstrate that during chloralose urethane of
nembutal anesthesia rhy thmic bladder contracttons can be recorded in the cat
The frequency and amphtude of the are aug d by
bladder distention which finally results 1n urination

Previous cortical stimulation experiments have chiefly been concerned with
the influence on the rhythmic bladder actvity The recording techmque used
1n the present inv allows 1n add: a is of the fluence on
the rhythmic detrusor contractions and the micturition reflex All the responsive
areas were shown to produce exther of these effects both as regards exaitation

and inhibihon However the latter was often only when d
ted by the interruption of mictuntion
The foll exctlatory 1 effects have been demonstrated (1)

augmentation of the rhythmic detrusor activity (1) the mination of repetitive
and strong contractions resulting in dnbbling unnauen and finally () a
sustained detrusor activity representing the normal mucturition act with full
emptying of the bladder The present investigation confirms the earlier ex
penimental evidence of an excitatory influence on the bladder activity from the
first somatic sensory motor cortex and the supracallosal part of the anterior
cngulate region In addition exatatory (as well as inhibitory] bladder re
sponses have been chated from the anterior ectosylvian and anterior sylvian
gyn corresponding to the somatic sensory motor area II as delneated by
WOOLSEY f af (1938 1939) This 1s to the authors knowledge the first dem
onstration of an autonomic response to stmulation of this area

In accordance with previous obsernvations (Lanewortiy and Roip 1935
SpieceL and Hunsicker 1936) wnhibitory bladder reactions were demonstrated
by cortical sumulauon of the first somatie sensory motor cortex Further
bladder inhibition was 1n the present study elicited also from the somatc
sensory motor arca II from the subcallosal part of the antertor cingulie
gyrus and from the orbual region The two latter regions yielded inhibitory
responses exclusnely and the cffects were strong and seadily obtuned es
pecally as far as the influcnce on the micturinon act was concerned Thus
within the anterior cingulate area there appear to be two distinct zones one
exerung an y and one an inhibitory nfl on the bladder activity
A sumilar differentiation has been made by haapa (1931 1960) with regard
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to the effects on somatomotor activities and partly on resprration and blood
pressure Further 1t 1s of considerable interest that in the cat bilateral ablation
of the same two zones results mn diffe beh, al fe {McCLeary
1960 haapa Rvent and Rasuussen 1962) In contradicuon to the results of
the present investigation hoikecavt et af (1957) reported no inhibitory effects
on the bladder actiity by sumulation of the orbital gyriss This discrepancy
m2y be due to differences in the experimental techniques The latter wvestt

gators recorded the intravesteal pressure erther by the use of an intravesical bal

loon or by establishing a closed cavity by means of a catheter Thus the effects
on the mcturition act, which appears to be of specral mportance 1n studies
of the mhibitory fluence could not be observed Bladder inubition was also
produced by stimulaton of the pynform cortex through needle electrodes

Such stmulation was carried out 1 two anumals 1n additton to the usual ex

penimental procedure (Fig 5)

The short latency of the bladder responses proves that they are medjated by
nervous actynty and not through a humoral mechamsm The cortical ongmn
of the effects 15 d d by their disappearance on surface anesthesia of
the responsive cortical Joeus A study of the path d the L

P
from the responsive cortical regions wall be dealt with 1n a subsequent corn
munication

Sponsared 1n part by the 4ur Force Office of Sc enufic Research OAR through the European
Office Acrospace Rescarch United States Awr Force (Graat AF EOAR 62—36) and i part by
the Norweg an Reseacch Council for S¢ ence and the Humams es
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A Method for Continuous Momtoring of the Rapid Uptake
of Ions by Biological Tissues
Bv

B Dasersov and U §jostrAND
Rec ed 7 March 1963

Abstract

Danretson B and U SjostRaND A method for continupus monitoring
of the rapid uptake of tons by buological tissues Acta pbysiol scand 1963
59 339356 — A method 1s described with which the uptake of 1ons
by biological tissues can be studied continuously The method makes
possible studies duning short time mtervals (0 1 sec) The preparation
15 mounted 1n a chamber which 15 mserted 1n a gamma ray analyzer
Through the chamber 1s fushed Ringers solution mterrupted by
peniods of sihicone o1l The silicone o1l 1s nert to the systern The prep-
aration used m this paper was the smus venosus of the frog s heart
Influx curves for k** and Na* are presented

Tt 15 known that there are different 1omc concentrauons (¢ g ht Na  CI”

and HCO,) 1n the MNular and the Hular spaces due to metabolic
and other conditions
The resting p of the cell b has been ded as the result of

the sonic distnbution and fluxes during the resung state Changes m this distrr
bution have been proposed as responsible for the reversal of the polarity of the
cell membrane that occurs during an - action potential 1n exatable cell (Hong-
K% and Huxtey 1952 a—d) This would mean that the tonic fluxes were also
changed during activity
Many attermpts have been made to clanfy expertmentally the relatons be
tween 1omie fluxes and electncal activity Both mflux and outflux studies have
performed and 1 most of the expertments radioactive ssotopes have been
used The fluxes have been examsned duning long ume periods (> 15 oun) and
under different conditions (resting state and vaned temperatures jonic con-
ditions and stmulation frequency €t¢ ) In e nerve and heart tissue:
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results quantitats ¢ calculations regarding the total 1ome fluxes expected during
one single action cycle have been made

‘The ocutflo. experrments have as a rule been performed as follows A tissue
preparation has been loaded with the radioactne 1sotope to be studied After
a sufficient loading time the preparation 1s soaked 1 snactive bathing solution,
which 15 then analyzed for radioactive tracer (c £ amang, others Jounson 1957
Raxner and WearnerALL 1959)

In a few papers outflux studies dunng single action cycles were reported
WiLpr and O Brign (1923) studied the K** concentraton of coronary perfusate
from an 1solated turtle heart n relation to the recorded LCG They found
periodic changes in K4 activity with 2 peak duning the T wave of the ECG
Daxietson, Oprink and Spostraxo (1959 1961 1862) perfused inverted
atrial and smus venosus preparations which sere loaded with Na® and R?
‘The Na*-concentrahon of the perfusate saried synchronously with the electrical
actinity An efflux peak regularly appeared during the fast part of the repolan
satton The h* concentration also showed vanations in phase with the clectrical
cycle LorbEg ot al (1962) reported sumilar results for the R efffux from a
ventncular stap They found a well defined efffux peak that regularly oceurred
synchronously with and was of app: 1y the same di as the action
potential

These expenments however only gwe taformaton about the tracer flux
one direction 1 ¢ from the preparation to the perfusate The only conclusion
that can be drawn 15 that there are periodic vanauoens in the tracer fluxes In
order 1o study the complete pastern of the 1onic fluxes 1t 1s necessary to study
the tracer fluxes 1n both directions

» Jonsc mffux measurements have been reported previously The method most
used for studying the mflow of tons into 2 tissue preparaton has been te measure
 “the radwactivity of the preparation after soaking for different umes 1n a solution
contamning the radioactive potope (see ¢ g Jormson 1927) Such expenments
have been pesformed on different tissues and under different condttions I'rom
wtegrated influx expennments of this type 1t 1s impossible however to draw any
conclusions regarding the 1omic nflux dunng a single cardiac ey cle To be able
to follow the traces flux into the preparation dunng the cirdiac cycle 1t 15
necessany to use a method which permuts continuous recording of the radio-
activaty of the preparation

Hatherio studies followsng continuously the uptake of 10ns do not seem to have
been reported 4 methed for such uptake measurements s descnibed 1n thn
paper A preluminary report has been published earlier (§70sTRASD 1962}

Prnciple of the fractioned uptake method
The purpase of inflow measurements 1s 10 follow the 1racer uptake by a
solution by analyzing the tracer content of
edure

prep: from the sur
the preparauon after different tumes A necessary condstion for such 3 proct
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atrum dx
atrum sin

septum atrjorum

Fig 1 The solated sino-atrial preparation The —v cava ant sin
pos tion of the plast ¢ cathete after its introduc
1uon through the atnoventricutar opemng 1s shawn
The dashed hne between the sinus venosus and
the atf a repres nts the sulcus cireulans = section
line (f Heart preparation) v cava post

SINUS venosus

1s that the surrounding vity 15 mall pared to the rad 1ty of
the preparaton iself duning the time when the radioactivity 1s being measured
If the tracer mflux 1s to be studied during short intervals ¢ g durmng the single
heart cycle 1t s particularly difficult to reduce the background acuvity during
the determunanon of the radoactiviry

In analyzing the tracer uptake of the sunus venosus this was perfused mter
muttently with a radioactrve solution The perfusion was interrupted by a flow
of siicone oil of low viscosity The o3l flushes away the radioactive solution that

surrounds the preparation During this tune the radioactinity of the preparation
can be determned

‘Metheds
Heart preparation

The cxpeniments were performed on the isolated sinus venosus of the frog (Rona
temporana) or the toad (Bufo bufo} Frog or toad heart was chosen because 1 has no
coranary system and the normal mode of nutrition 1s by a direct transport of fimd and
solutes between the lumen of the heart and the spongy structure of the walls This means
that perfusion of the endothelial side of the sinus venosus simulates the normal mode of
nutnitiun of the cels The prep. had a vih (primary and
potential pace makers)

Afier decapitation of the frog the heart was dussected free and the uipus venoss
cleared of wssues For detasls € § Ecxer and Wie
DbersuErv (190 p 269} Batk aatertor canal vesns were higated as far distal from their
cntrance into the sius venosus s posuble The sinus venosus was cut away irom the
atna along the sulcus crculacs A plastic catheter was mntroduced through the sino-
atnal opening and further nto the postenor caval ven and through the wall of this
vessel (see Fig 1) The postenior caval vein was then cut and the preparation freed from
the frog The sinus venosus was then transferred from the plasuc catheter on to another
catheter which was fixed 10 the U tube shown 1 Fig 2 The stnus venosus was then
tumned inside out fendothehal side = outside) and was ued to the catheter at both ends
{F1g 3) The endothelial side of the sinus could now be wrigated (superfised) wathout
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1 eten
/

shus encsus a Fig 2 The ssolated invepted Sinus yenosus preparation

oo o Fig T n posion in the U sube uscd for superfusion

[ (Sjostrand 196”) The superfusing chamber 1s mounted

m the well of the Nal(T1) erystal The alternate flow

of the Ringer s solution (R) and the sil
777/ schemaucally shown " () and the shone ol (S)

Welt typ NallTy ystal

~polyethylene tube
£CG lead 1

$INUS venosus

ECG tead 2

Fig 3 Thesolated tnverted sinus venosus preparaticn
_ part of supertusing T o siver wire leads | and 2 on the epicardial 311
chamber are shown

distension of the preparation An increase of the tension of the wall of the $inus venosus
13 known to increase the sy actinaty of the (Farnan 19,8 Afan
woop 1962)

Technical arrangements

The tmerted ©nus venosus was mounted m a chamber of relatively small dimension
see Fig 2 The perfusion chamber was inserted 0 a brass ylinder which in turn 1
a Nal(T1) well type crystal The brass cylinder was thick enough to absorh all beta
rays with encrgies lower than 33 Mecl  The uinus venosus could now be perfused with
Ringer s salution for short ime ntenals mnterrupted by peniads of low viscosity nhcone
oil (5¢S) The silicone o1l was obtamne from Midland Sificones Ltd London ¥ ngtand
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Fg 4 Pat of 2 recording from an mifow sxpenment [

on 30 wolaled inverted snus venosus {from Syostrand Dacinal
1963} The propagst on of the depolsnsation w s HE
dicated by Pepol The perfusing smuauoa o she- TR
matieally ;méeated above the ume scale 30~ znd 106-

P are shawn on the deaimal prp regutration Lassetosabasal

The length of the periods could be vaned from about ¢ § up tascveral seconds A
radicactne uotope Na* ar A was added o the Ringer ssalution 1 the perfusion rate
was high enough twrbulent flow and sharp phase boundartes betwecn shieane and
2queaus remons were obtamed A detailed study will be published Later by one of us
{Sjostrann 1963)

In the experiments the perfusion temperature was -+ 20 O At this temperature the
frequency of the siaus venosus was 2530 beats per munute The hesrt frequeney wais
¢ d from an ECG {two leads on the drat sutface of the prepara
tion see Faig 3)

The sibicone oa finshed away neardy wiof the rad Rmnger ssolution d
the preparation The “a™ or hit actwny tmamly within the preparaton) could be
analyzed duning the shcone perfusng pernod The mtermuttent flow of the Rungers
salution and the ulicone o was obtamed by 3 ramdhy working twonay vahe gving
sharp phase boundanes

In ordex ¢o reguster the radwacnty of the preparation dunng the sibrone ed perod
without wterference of the surrounding bigh activity persods 2 vapidly workng recording
SESEm was . cessary with time constant practically zeso The recording svstem used was
as follows All pulses Grom the analyzex wese registered by 2n osdinacy scaler Exery 10
100 and 1 000 rupulses from the scaler were recorded woth a decnal g method (D4
MELSON e gf 1963} on au oselloscope scremn which was phatographed conbinuously
Generally a suffictent nomber of pubes wert recorded to give an accuracy of 13 &
{DaviLsox and Sjos7RaND 19631 The ECUr was fed to a second channel of the oseillor
scope (Tektronix mod 561) see Fig 4

The perfusson rhamber was monated m an 1 33 Nal{T1 well ppe enstal m

b with RC A\ 6655 tuplier {Tracerfab RLD — 3, The hugh voltage
waxobtaued from a Traceslab Precsson High L ohage Supply with a long tume stabshity
of002° perday Linear amplifier and pudse hesght analyzes were Traceniab RLU~ 4

Solutions
“ormal Rynger s solution

B3gRaCl(itl 2 02g BOH268mA 82g CaCh (2 80mA\]) 01 g NaHCO,
{199mM) angd 1 g glucose {2 35 oM per hiter HyQ (pH =~ 72}

In experiments where Na iflow was studied D03 ¢ Ma® €3 was added 0 051
wormal Ringer s solution The speafic acim i for th perfusing solvtion was 11 mG
per g Na I experiments wath ht 043 g hQ was added 0 05§ normal Ringer s
solution The resulung specific artnsty was caloslated 2138 2mCperg b St and Rt
were obtamed by ssadsanion of NaHCD, and K,CO, cespectiely

The uotapes were obta ned § om AB Wom nerg Stockh dm Swueden
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Table 1 The Runger 5 solution cantamed 37 260 & 427 pmt per ol

Sample Aeung tme Sample acturty — Cocfficzent of variation
an manules background in cpm n per tent
1 10 26 52
2 20 15 983
3 &0 13 nse
4 120 32 500
5 200 8 19790
13 300 33 @0
.
0
528 o -
: Fig 5 Inflow experiments for b
* // Alscssa  Accumulated  pecfusing
rs K? ame with W Rengers solution
. Ocdinate Counting rate (cps) dur
ing thr sibicone ool persods succeed ng
@ cach Ringer penod Duration of the
whole expenment (Ranger and st
cone pertods) 210 seconds

Feig 6 Inflow experim nt for Na
{t}e same prrpznml;n anm ntg 5
g e Alsewa  Accurmulated  perfusng
g tme with Na Reoger o ml.mong
v Ordinate  Counting rate (cps) dur
g the ml cone oif periads succeeding
@ cach Ringer period_Duration of the
whol experment (Ringer and sl
cone period] 230 scconds

fome distribution between Runger s solutuan and stlicone ol

Tt was of mterest fo examune the distribution of 1ons brineen Ringer s solution and
silscone o This was done 1 expertments where rqual volumes of Ruager v sofution
contaimng “a** and k4 rexpectnely znd sficone o were shaken together Samples
from the sdicone of were waken aftes shaking for 10 20 60§20 200 and 300 ma
Table § shows the result

Table § shows that g radwactne rond were detected wn the silicone of A smilar
result was obtaned for K92 where the Runger s solution contamed 15 785 & 173 cpm
per ml The rathoottiaty of 2 sshcone oil sample after 400 man mixing Lme way pot
ugnuficanily different from the background level Thus Na and K% did not dissolscin

the sitheone o1l used
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Results

4s the aum of this paper 1s to present a method which makes possible mter
mittent momttoring of a tracer influx m a preparation the presentation of fuller
details coniermng the cardiac cycle will be deferred to a later pubhication
Fig 5 shows an mflow experiment for k42 1n an 1solated spontaneously beating
sinus venosus of the frog The accumulated perfusing time with k* Ringer 5
solution 15 plotted on the abscissa and on the ordinate the counting rate duning
the siltcone oif period succeeding each Ringer period

Fig 6 shows corresponding data for Na®* m the same preparauon a few
munutes later Ths was made possible by rarsing the discrimnation Jevel of the
pulse height analyzer above the photopeak of h#?

Dsscussion

The fractionated uptake method reported makes 1t possible to study 1onic
uptake 1n tissues continuously and to detect rapid changes 1n the uptake rate
Perfusing systems with radioactise Ringer s solution mterspersed with analyzing
pertods of air or inactive Ringer s solution was found to be msufficient Silicone
ol of viscosty nearly equal to that of the Ringer s solution offers many advan
tages Itis strongly hydrophobic and electrolytes donotdissolve in 1t Additional
ly 1t seems brologically wnert and app ly does not affect the heart tissue
This was shown 1n expenments where the rsolated spontancously beating sinus
venosus was taken out of the bathing Ringer s solution and put nto silicone o1l

Figs 5 and 6 show that almost stable levels of the counting rates for both K¢
and Na* were reached withm a short nme Earlier experiments (e g Jonnsow
1957) showed a longer tume to reach the plateau level but they were performed
on frog ventnicle which with ats thick wall makes direct comparison between
the two types of experiments smpossible

As pomted out m the mtroduction 1t 1s supposed that 1omc fluxes oceur during
the clectnical activity of excitable tissues accordmng, to the most accepted hy
potheses Only a few investigations are published which show such 1o fluxes
during one smgle acuon This paper describes a method which may make
posaible studses of the 1nflux of 1ons 1nto biological ussue A pnimary condition
for studies of exit and during el 1 acuvity 1n hle tissues is
that the preparation can be analyzed at very short ume intervals Trom 2
technical point of view the method described satisfies this condition

Our sincere thanks a e duc to Mry N\ Waster for techn cala s tan.can i Mis I Sovrranp
for prepanng the maiuscrpt Th an st gaton was supperted by a PHS roe el grant
H 5345 from the Nat onal Heart Institute Publ ¢ Health Service USA and grants from 1l
Med cal Faculey Un vers ty of Uppsala the Swedush Natonal Auoc at n againet H artan §
Chest Discases Stockbiolm and the Sw d sh Soe ty for M 1 al Resrarch Stackh tin
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Schweden
genologische Best g des Herzvol
der Ratte
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BernHARD TRIBURAIT
Eingegangen am 9 Marz 1963

Abstract

Trivkarr B hont enologische Bestimmung des Her.zolumens der Ratte
Acta physiol scand 1963 39 357--362 — A method for X ras
determination of the heart volume of rats 1s described Using general
2nesthesia the heart was X rayed in the frontal and sagittal planes
The relative volume of the heart calculated from the length breadth
and depth was multiplied by the correction factor of 0 44 to obtain the
absolute volume The correction factor has been estrmated by empint
€2l analysis in heart models The relationshup between length {a)

breadth (b) and the square of depth (¢} 1e — <

dm:s not change

duning growth The standard error of cxtimate fur 2 single deter
muination calculated from 168 was 73 /

des

nen ber Tieren nicht vorzulegen

U 1 des hlich H

wiclfach wesentlich zur Beurt:llung des pathol hen und zum Vi
h 1

haben
d

Derartige Studien schey

Um Renntasse uber das Verhalten des Herzvolumens der Ratte und dessen
St:llung mnnerhalb des Araslaufs unter verschiedenen cxpenmentcﬂcn Bedin

gungen zu erhalten 1st eme Methode zur

summung ausgearbeitet worden die nachfolgend beschricben werden soll
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Abb 1 Fromuater unds n
hcher Herzschatten emer
Raute

Abb 2 Schematsche Wiedergate des fron
1alen und scittichen Herzschattens mi § 5 1g3
Quer_und Ticfendurchmesser A Brustbein
B Trachea ( — Osophagus

[

Methodik
Vom Herzen der Ratte werden in Bauchlage und linker Sestenlage Rontgen
bilder hergestelft Um das Versuchsuer m der gewunschten Lage zu halien
13t cine Narkase notwendig (Bastsnarkose mie Nembutal t 2 mg, {100 g Rorper

gewicht 1p Ath hose bis zur Ents ) Durch emen hatheter wird
1 den Osophagus etwas Rontgenk t p YWae ber der Herz

[ L an liegenden Menschen (hjeriserc Ruppie und Sjo-
STRAND 1949) wird um die Herzk en kiarer h tesen bes der
Frontalaufnab der Zentralstrahl um emnen Winkel von 30 candalwarts g
sichtet das S bild wird mut perpendikularen Strahlen angeferugt Der

Abstand Ronigenrohre—Rontgenplatte betragt 120 em Belichtungszert 35
mAs ber 4030 kV und 700 mA  — 005 sec) Die so erhaltenen Herzschiatien
zeigen Abb faund 1h

Der frontale Herzschatten wird der Lange und des Breste der sethiche
Herzschatten der Trefe nach aufyemessen Dazu wird die Heszspuze mut der
ausseren Begrenzung des rechten Vorhofes erbunden senkrecht zu diesern
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5~Im2

tolan)

Abb 3 Beziehung zwischen
dem plaumetrisch gemes

senen frontalen Herzschat

ten (Ordimate) zu dem
Produkt aus Herzlange fa)
und Herzbrete (b) (Ab- 2
sse) Gleschung der Reg ¢
ressionshme y = 0 82 x —
00(r =096 Werte von
19 T eren

Fro tH r1senah

2 a 4 s gemé
FotHezchile fa b

Langsdurchmesser und durch dessen Mitte verlaufi der Querdurchmesser
(Abb 22) Zyr Tiefenbestimmung des Herzens ist der Abstand Innenrand
des Sternums bis zu der gut zu erk den E dungder L 1
n den Herzschatten gewahlt wober der mut kontrastbrer gezeichnete Osopha
Bus die genaue Lokalisation erletchtert (Abb 2 b) Die Abstande lassen sich
auf 1/2 mm genau besummen

Aus diesen drer Grossen ward das Produkt gebildet und dadurch en rela
tves Mags fur das Herzvolument erhalten das indessen die Form eines Wurfels
oder Quaders hat micht aber die emnes herten Rotats 1 ds wie
© das Herz darstellt Um von diesem relativen zum absoluten Herzvolumen
zugelangen wird das relatn e Herzvolumen nut emem korrekturfaktor von 0 44
multipliziert der in der folgenden Weise ermuttelt worden 1st v on den Herzen
Zweier unterschiedlich grossen Ratten wurden mut Hilfe von Gipsabdrucken
Ph rzen aus Bler h 1t deren Absolutvol unter A dung
des Archimedes schen Prinzips gemessen wurden Diese Phantomherzen wurden
dann getoteten Tieren emngesetzt und deren relatve Volumma analog den

Icbenden Herzen aus den angefertigten frontalen und seitlichen Rontgenab
bildungen 1 k

Die erhall Unmreck betrugen 045

und 0 43
Der Methodenfehler der an Hand von 168 Doppelbestimmungen ber
100--500 g schweren lichen Ratten emnes S (Wastar) ermuttelt

wurde betragt fur eme Emzelbestmmung 73 %

Unter relatn em He 1 widmdr 1Fach | rache das Herz olumen/m
orperoberfl che  erstar den
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\ Abb 4 Bezchung zwisct en demn plams
metrischen gemessenen frontalen Flm
schatten (Ordinat ) zu dem Quadrat der
Henatiefe (¢, (Aby e} Gleichung der
Regressionstinic y ~ 078% + D17 r o
080 Werte von 19 Tirren

3 4 Sem?
He Ttiete ¢ 7y
Diskussion
Auf die Pnnzipren der genol hen Vol ¢ caes un
regelmassigen horpers wie thn das Herz darstellt 1st 1im Zusammenhang mut
der hltck Herziol i vont Larsson und RyeLinerc

(1948) ausfubrlicher emngegangen worden Lxakte Volumenbestmmungen
verlangen emne grossere Zahl von Projekuonen i serschiedenen Ebencn Aus
prakuschen Grunden muss man sich jedoch auf cmge wemge Messgrossen
beschranken mit deren Hulfe dennoch das Herzvolumen moghchst genan
berechnet werden soll

Bes der vorliegenden Methode wurde das Herz frontal uad serthch rontgen
photographiert Es erschien am emnfachsten und 15t auch berechtigt den fron
talen Herzschatten nur der Lange und Breite nach zu messen Wie Abb 3
steht das ans diesen beiden Grossen berechnete Rechteck i einer engen
h zur pl h Flache

Der zum Errechnen des absoluten Herzvolumens empirisch ermuttelte hor
rektionsfaktor tragr prakusch nur der Form Rechnung da bes den fast paralfel
cinfallenden Rontgenstrahien die Vergrosserung ausserst unbedeutend 1t Der
gefundene Zablenwert hat allerdings nur daon allgemeince Gultigkent wemn
die Form (oder auch Lage) des Herzens umverandert blebt Beim Menuchen
sst das nicht der Fall Zwischen der Grosse des frontalen Herzschattens und
der Toefe als Mass fisr die Form des Herzens fand Lupwic 11939) kene hor

relation LARSSON und RJELLBERG (1918, haben aus diesem Grund serscluedene
k fak berechnet Die anatormsehen \ erlialtnssse

zeigt
B

Zahl rie des Kor
der Ratte sind dagegen sehr viel konstanter Dies gehe aus Abb 4 henor
der von 119 verscluedenen 100500 g schweren Ratten die Tliche des fron
talen Herzschattens aul der Ordinate gegen das Quadrat der Herructe aof
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Tab I Her form J der Ratte berechnet aus dem Verhaltnes zusrscher dory Qu2drat d T fe (e}
und drm Prodebt aus Lan,z {a) und Bresie (5]

J oo Mitchverte san Cruppen venchuedenre Herrgrossan.

Zaht ‘Herzgrossr 1
{ml)
50 <208 0800 £ 0019
2 201500 6819 10019
(Y >301 o811 0002

der Abszisse aufgetragen worden sst Mt grosserer Herzlange (a) und Breste (b)
wachst anch die Trefe (c) Besurnmt man den Quotienten J aus dem Quadrat

e
der Tiefe und dem Produkr aus Lange und Brene (j =;—) wie &5 m

b,
Tab 1for Gmppcn ve hiedener Herzgrossen geschehen ast finder man keme
ch zu U hiede (p > 003) Es st deshalb zumindest
unter 3 \nrmalbcdmgung:n moghch (wenn auch s Hinblick auf die Gesawg
ket der B mcht fchl wt) lediglich aus dcm

frontalen Herzschatten der Ratte auf das Herzvoltmen zu schhessen wie es
Smexney Norrsrue und van LiERs (1956) getan haben

Ob die kurz dauernde Narkose auf die Grosse des Herzuolumens emnen Emn
flu shat konnte micht geklart werden Selbst zahme Tiere waren ohne Narkose
nicht i der gewuaschten Stellung zu halten Da Markouka die Blutverteslung
verandern konnen (Rigke und Fverett 1957 — Ratte Frigpyany 1959 —
NMaws Vior of of 1959 — Ratte) st esne Ruckwisk auf day Hi i
denkbas In wie went dabes eventuclle Va des Herzol st
Andcmngcn der Pulsfrequenz oder des Blutdrucks rusammenfalirn Tuss spe
niellen Uniersuchungen yortehaiten biesben

Emen bestimmiten Abschntt der Herzphase 2u erfasien wurde aus prak
Hschen Grunden und dex Uberlegung heraus dass die \’olumcmcrandcmngm

der Ventrbel zumundest zum Tet durch Volumen
Sung der Vorhofe kampensert werden michtsersucht Ehenfalls aus prakus.chcn
Grunden wurde die A ! mnt ihren moglichen E k auf das

p
Herzvolumen unberucksichugt gelassea

Wt Unterstutzung Prof T Sjosrrang b fugung gestedlt n A ttebn des R Vssddrottsfor
bundets Pof Ul ek d
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From the Institute of Zoophysiology Unrvensty of Uppsala Sweden

The Influence of Oxytocin upon Some Senunal
Characteristics 1 the Rabbit

By
J E kmustrovand P Mern
Recened 13 March 1963

Abstract

hmstrow J E and P Meorv The anfluence of exptocun tpon Some
semunal charactersstics w the rabbit Acta phystol scand 1963 59 363—
369 — Semmnal volume sperm count and sperm demsity were studred
n gjaculates collected from rabbits rmmediately after intravenous
mjections of oxytocn The hormone was shown to increase the volume
of the first ejaculate obtamed and mate a more rapid epussion of
sperm cells 1n the ejaculates immeduately following Some observa
tions may indicate that the oxytoaic effect varies with the androgenc
status of the amimal Results hay~ been presented suggesting a release
of gonadotropins caused by oxytoan

The effects of oxytocm on the female sex organs are well known Furthermore
it has been established that this hormone 15 released by utenne distension by
toutus and by suckling and 1ts role 1 parturition has been discussed However
the eflects of oxytocn upon male functions are less studied (WappeLL 1916
1917 Prrurz and MerpLer 1924 Laguer e Josamand Tausk 1948 Cross
195 1029 Cross and Grover 1938 Dziuw and ™Norron 1962 Ewy and
Bietanskr 1962 } Lately Depacxere Peerers and Tuvrrens (1961) have
shown that upon stunulation of the gemtals also 1n males an oxytocw sub-
stance 15 ibeiated from the postenor lobe of the piturtary It thus appears as
of oxvtocin could have a direct and rapid effect 1n connection with male sexual
functions We therefore studicd the density of sperm cell and volumes of gjacu~
lates produced immediately after an oxytocn mjection Besides the effects of thus
hormone upon the ibido and a delayed action on sperm count were observed,
?gd will be 1eported 1n separate papery (Mewn 1963 Mews and Rantstrom

63)

Recently ¢yche vanations i the sexual functions of the male rabbit have

en demonstrated (DouGETT 1996 haiistrov 1958 Decervan and Rir-

24633015 4 ta physiol scand ¥
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sTROV 1961) These phenomena are caused most hkely by tychic vanatons
the androgenic status of the ammals (Rarstron and Drorrya 1962) In
females the effects of oxytocn arc influenced guantifatnely and qualitatsely
by other sex hormones We therefore ahso studsed whether of not o tocin
causes different effects 1n different phases of the male sexual ¢ycle

Macersal and Methods

Nine male rabbuts of the Swedish Country Breed hase been studied from Sept 15
1961 to Apul 14 1962 The animals were all sexually mature and none of them more
than wo years ofd  The bucks were kept separatcly and i the same cages throughout
the experumental period and were given the same ind of food orce a d1y at a guen
arnr The experiments and the daily sperm collections were perdformed 20 2 p m

Th~ hormane preparation was a punfied posterior lobe extract (Utednn \atry Lid
the rauo of its oxyioace and pressor actiaties being 100/3 The dosss were in 3 anymals
01510 n5anmals 030 L and i one ammal 060 [ U per kg body wersht A
phyuological sodsam chionde solution was used for control mjections 1ach ammat
served as sts own control Al anpeciions were done i the marqinal car vem

With a doe present in the cage the anmaals sere accustamed by wainig, 19 o wulate
mnio an astificeal vagina Docs have been urd as sexual stmuh inste o of rabbn furs
since some bucks exhsbited no sexual wterest in a fur The expenim nts were then per
formed in the foflov tng way 30 sec after the Ctednn myection a doe was placett an 1l ¢
cage of the male ammal The buck could then cjaculale repeatedly dunne 0 aun o7
unti] exhousted /— exhau pon ~xpenment) As 1t could be suspeetrdd that th b chs e
acted differenthy 1o different does the same doc was used for cach buck Wk nihe dors
were sn ocstruy apart from the daify semen collecting 1) expersments v ere perf srmed

The sermen was colierted in small test tubey the volumes of which up 1 3 mash i the
glass wall were known with great accorzey Ty adding a 7 per cent water solutn of
chloramine which effectiveds kolls the sperm cells from a burette o to ths mark the
+ ohtirme of the semen could be determmned s 1vh 2 hugh degree of precs ton /Drrt Ry asand
Raitesrrost 1961 About half the number of the farulates contain { gelrtinous mat 2
swhich 1 cre semoved before the determinstion of the volume  \ccardiag ta the demsiiy

the sernen way duted 50 o 200 wme and a small portion was ranf rred ta 3 hmn;
ovtometer Aler 10 min when the sperm cells had settled ddon n the sperm denuty w3
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determined under 2 nucroscope by counting at least 200 cells Some ejaculates contatned
unne that was easily observed by ats colour and odour Such cjaculates particularly
frequent m one animal have been excluded

‘The male sexual cycle was determmed 1n each anumal by observing the dauly variations
i the volumes of the gjaculates Besides during a fortnight before the start of the ex
penments the bucks were given daiy saline ingections m connection with semen col
lections By this treatment the ammals became farmhar with the expenimental pro-
cedures

In 4 ammals the hormone was injected the day after a peak m the semen volume and
1n 5 individuals the were performed the day after a minmum volume Each
2mmal was given between 3 and 5 hormone mjections and with a few exceptions the
same number of control myections Fig 1 shows the vanation in semen volume of the
first ejaculate of one ammal and also the distrit of some of the In afew
cases when the hormone had been gien the day afier what was regarded as a peak-
volume the ammals yielded a still hugher volume It ss impossible to decide whether this
was due to the mnyected hormone or the fact that the uyection had not been given alter
maumem We have therefore excluded these experimental data

In the experiments the first ejaculate and those immediately following are of course
the most nteresting However in many cases the volumes of one or more gjaculates were
too0 small to be measured In such cases the volume has been taken down as zero When
treating the data the mean values of the sccond to fifth ejacualtes have been used

Each amimal was studied for about 2 months Dunng this tme seasonal varratsons 1n
the seminal characterstics (Cf Rmstrow) occurred m 2 ammals one myected at 2
Maumum one at a munmum m the sexuval cycle In the tables the p values obtamed
when data from these ndurduals have been meluded are gnven 1n brackets The data
from the rabbit giving unne m most ejaculates have been excluded altogether from
the tables

The staustical analysis has been perft d ding to a sub test d d
by Sxeoecor (1946)

Results

In the present matenal no difference m the response between ammals re
ceving the different doses of the hormone could be dctected As scen from
Table I oxytocm sigmificantly mcreases the volume of the first gaculate n a
scries yielded diately after an As the total of sperm
cells m these ejaculates are unchanged compared with the controls the -
ereased volume must depend upon a larger amount of serinal fluid In kecping
With thic the density of sperm cells is lowered (Table 1) However 1f data from
the 2 anmals showing seasonal varations are included there appears a larger
amount of sperm cells 1n the first ejaculate { Fable 1)

The mean volumes of gaculates 2—5 on the other band are not influenced
by oxytocin (Table 11} nor 1s the total volume vielded durmg 30 min after a

ormone mjection sigmificantly larger than after a control myection

Fjaculates 2—5 1 a series taken afier a hormone injection hase larger
amounts and higher densties of sperm cells than corresponding jaculates
taken after a saline mngectron (Table 1) However the total amounts of sperma
tozoa yielded duning 30 min after an injection are the same rrrespective 2‘
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Table I Sermnal characteristucs,  from first ¢ sheus
garula.es yilded by € perms
Performed on the day after maxima end minwna m’thiuuxwl);'(lem‘ el o speminnts

Control 1y Hormane uy
Nafir maoms 12 after maxima
10aftermumma Bafter muums prvalae

Volume m! 03320031 04720039 <0002
(< 0002}

Sperm deraity wo of oells > 10Ymt 1252277 U9 194 ~ 00
(>0

Sperm amount no of eells % 107 56:L 84 54186 ~
(<001}

NMean 1afues x SE.
In br-ckets pvalues obtamed when data from the 2 ammals demonstrating seasonatl van
ahons hase been wcluded

Table I Sermal charalerssts.s fromt the gaculaes 25 yielied by 6 anmals 1 exhan.tion
expesimen.s pesformed on the day gfier maxuma and mwwma w the sexval gycle

Control 1y Hormone 1y
13aftermanuma 12 after prrama
Waftrmmma H aftermumms poalue

Volume ml on on -

Sperm denuty no of cells x 10,ml 313+ 384 431 £ 30 < 002>
1 0005}

Sperm amount no of eells x 107 48£57 %250 < 05
{<oon

\fean values > SE.
In brackets pwvalues ob ained when data from the 2 amymals demonsirating sessonal van

atons have been smctuded.

whether oxytoan or a saline solution has heen mjected This observanen sug
gests that the asaulable store of spermatozoa 1s emptied more raprdly under the
mfluence of the administrated hormone

When the b were perf 3 after 2
cycle sperm density 10 egaculates 25 was 571 = 52 « 10" ml ascompared
with 304 = 422 1 » 10" mh when the mjections were done alter a maumum
{p < 0001) The corresponding salues n sperm count were b - PG and
50 = 56 (¥ 107} (p <0003} There were no significant differences for the
controls 1n these respects The observavons may mndicate that the oxvtocc
effect varies with the androgensc status of the ammal

1n the sexual
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In addiuon to these rapidly occurring effects some facts demonstrate a more
prolonged action of the hormone Thus the day alter an injection sperm denstty
was 70 3: 88 (X 107/ml) 1 the oxytoun freated ammals and 128 + 219
(> 10 fml) i the controls (p << 0 01) The sperm count shows the same tend
ency {p < 00>)

Besides the gelatinous masses of rabbit semen occur i 74 % of the cases the
day after a hormone injection as compared with 43 %, after control mnjecton
{p<002)

Contammation with urme was frequently observed m with hor
mone iy Thus 1 first lates out of 42 gaven after hormone mnjection
contained unine (26 %) After the control myections only one ejaculate out of
41 contamed urine (3 %)

Discassion

By the traming performed the amumals became familiar with the expert
mental procedures which did not seem to srritate them durmng the expenments

App ly the diate effect of oxytocin 1s an increased output of fluid
from the accessory glands followed later on by a more rapid emptying of the
vasz deferentia (and epididymus®) It may be supposed that as in females the
smooth musculature of the mternal genital organs 1s sumulated by oxytocn
The obsered effects of the hormone may then have the following explanation
At the first ejacul; after the ad 10n of oxytocm  the muscles of the
accessory glands became more intensively contracted thereby increasmg the
volume of liquid yielded In the following ejaculations the stmulating action
of the hormone on vasa deferentia and possibly epididyms becomes noticeable
m the 1ncreased amounts of sperms m the d folt
upon the first one

The total amounts of sperms yrelded durning the whole exhaustion test 1s
nearly the same in the hormonetreated animals and the controls This might
mean that the available store of spermatozaa m the genttal organs s efficiently
emptied duning the experiments whether or not the animals have been
Jected with oxytocin The effects of the hormene are thus an mncreased amount

ofserunal fuid and a changed distrib of the availabl
the gjaculates

Z

among

: Harris (1947) found that 1n the rabbit the amount of oxytoaie principle
hberated by the neurohy pophysis on 1 was eq

“" O¢ytouic action 10 02—05 1 U of Pitocsn Snion and Rarpos (1954) es

l";;;md the amount of this princaple 1n the pitwitary of the rabbrt to be 0 6—
e U in comparison the doses used m the present mvestigation seem rather
3 &b However, in the rabbat the half Lfe of oxytocin 1 the blood 1s low about
col:cn (Cuavpuury and Warker 19991 It 1s thus possible that the oxytoan
zf\er:?}:ratlon 1 the blood at the first ejaculation which took part about 40 sec

€ njection was within the phvsiologreal range
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There are some carher reports on the influence of oxytocin upon male genital
organs Most authors have failed to demonstrate any obviaus effects of oxy toctn
or extracts of the postenior fobe upon the vasa deferentia and/or the accessory
glands (WappeLr, 1916 Prrurz and Meroirr 1924 Martins And Vagre
1939 Cross 1955 1929 Crossand Grover 1958) Iesently Dztun and Nowtox
{1962), using exactly the same procedure as the present authors obtained no
effects using the sery hugh dose of 30 J U However, they gave subcutaneous

pposing that the } was absorbed after 20 muin when the
semen collections were performed Some mesugators have found effects s
certan spectes only (Perutz and Meroirr 1924) or in oestrocen treated
ammals (pe Josenr quoted from LaouFur pe Josen and I'awsh 1918)
Wabperr (1917) has observed an ncreased moulity of the uterus masculinus
of the rabbit using Patwtnim In a preliminary paper Fwy nd Bierassst
(1962) have reported 1n the ram an 1aereased rate of transpart of spermatozoa
through the ductus deferens after mtravenous ingecuon of oxytocin

The works of SitistsAwa et af (1935) ARsstRONG and IHasseL (19.8) and
MarTing o2 ol (1928) suggest that postenior pruitary polypepudes sncite 1
release of gonadotroplins from the antenor fobe In the present work the
gelatinous component of the epaculates occurred most frequently the day after
a hormone njection As the production of this substance s stimuiated by
androgens (Cesc and Casips 1939 Cuenc of of 1920 Parsons 1900/ thus
obscrvation may indicate that the oxytoain via the gonadotrophing increses
the concentration of androgens 1o the blood The low sperm denstty and sperm
count found on the day following upon a hormone injection my also be
ascribed to increased amounts of androgens retarding the funchions of eprdidymis
and vasa deferennia (MarTivs and N aLce 1939,

The lower densities and amounts of sperm cells found when the njections

’1 were performed after 2 maximum 0 the sexual oycle indicate that the effect
of oxytoain 15 influenced by other sex hormones Floweser itis possible that the
Iugh doses used partly mask such synergtstic actions

Studies of the effects of the hormone on indnidual organs n sitw and n

AHro are tn progress
f Sceences (the Foundat ¢+ (Dr
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Cyche Phenomena m the Sexual Functions of the Bull
By
J L RKutestron
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Abstract

Ruisrros J L Qe phenomena 1a the sesuat finchions of the bull
Acta phvsiol scand (963 32 370377 ~ Hy means of statistxal
methods ¢y chie varmations i some sexual functions of ten bulls used for
artificial have been 3 The cyeles found
have a dength of 2 few weeks and iadscate eyche provesses in the ey
chdvmu as well as 1 the accessory glands The cyehe vananions in
ferulity v ere more regular sn young bulls than m older ones

The exsstence 1 both sexes of a simifar arrangement of sateractn, gonados
trophic and gonydal hormones makes it plausible to expect the occurrence of
cyclic phenomena corresponding to the ocstrous cycle also m males Neser
theless such phenomena have appareatly not been obsened unul the faxt
decade (DocueTr 1956 hauistrovt 1908 Deorryan and haonstros 1961,
hastrom and Droeruan 1962 However the vhsenations reparted il
refer to rabbits for which eyche vanauens have been establishbed m some
charactenstics of the semen (DOGGETT 1956 Ranestrov 1998 Droravss wnad
Raursrrost 1961 Rartestros and Decerssas 1962, and i the hbsdo (Drerr
wan and hmestros 1965, The present paper descnbes a first attempt t0
reveal sexual cveles if ensiing s bulls by utihzing the enarmous amount of
data concerming ferulity and semen charactensies accumulated by the v}
{artfical snsemunation; associations It must be hept 1 mng hat bufls wsed
for arufical nserination are npidiy selecied an order w fulfill great demands

upon sexuat functions
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Fig 1 Weckly vanations mn the fertility of the gjaculates of one bull

Material and Methods
Ferulity and semen charactenstics were studied 1n 32 bulls of the Swedish Red
Breed el tothe A1 at Eslal The guanuty of data necessary

for the statistacal treatment applied requires that the animals have been used for collec
ton of semen regujarly without interruptions for about 7 months Ten bulls five of
them dunng two different pertods fulfilled these condinons and could consequently
be utilised for the present investigation

Semen was collected according to ordinary vetermary practice With a few excep
tions the bulls were put 10 service regularly every seventh day and generally two or in
a few cases three ejaculates were obtamed from the same bull within approximately
O mm The quality of the ejaculates was assessed by the \etermary staff by mea uring
the volumes and by observing density mass actmty and moulity By multiplying the
volumes of the gjaculates by their respective densities of sperm cells approumate ex
Pressions of the number of spermato oa per cjaculate were obtained

If considered of good quality the ejaculates yielded by the same bull on one occasion
were pooled before beme used for msemination Fxcept fertiity all charactensties
of semen studied refer to the first eyaculate gnen i such a s nes

Fertility was defined as the number of obseryed pregnancies in per cent of the number
of first performed Onlv eyaculates used for more than 20 msemmations
have been included As discussed earbier (RurtisTrow [928) this number of in.eminations
will g e 2 reliable mdex of the fertibity of the semen samples The volume of the semen
yielded was measured in graduated test tubes with an accuracy of 0 2 ml However some
semen always remamns 1 the artficial sagia thus wcreasing the error n the figures
Gbtamed The mean volume of all ejaculates 15 53 ml Denuity and mass activity were
subjectnnely estimated according o a three graded scale motlity according 10 a four
graded scale

The lenwth of the cycles was determined by arrangmg the collected data n chrono-
Iogical order with a constant time ternal Part of a senes thus obtaned 15 diagram
matcally dlustrated 1n Fig 1 The senes + as then rearranged 1n horizontal rov s of
enticat length one below the other This arrangement was repeated the number
of figures 1n each ro v varving from 3 10 10 (Cf Wortmin and Gerrver 194 p 296)
In all senes every m mmum value arrespective of 1ts deviations from the adjacent values
Wasmarked When 1t ¢ mimimum was broad and comprised two or more identical yalues
the most centraf value was looked upon as the reaf mumrnum  If the mimmum consisted.
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Table I Cythe vanatwons m_fertdity

Buline § Age i Per cent | Length an | Most pronounced cyche vanaton

»ears 2t | of neeks of

the end { regeeted | significant

of the Aty e

studied | lates :’nrmnons f;::i‘:;, ! f pe

perod
4ot 30 ] 36 3 199 2}
421 73 2 46810 4 20> ?3 2‘0)':)
445 38 1 5 5 249 5 [ G;
446 38 i5 -~ 7 129 30 02
450 38 0 - 3 15¢ 35 (2]
450 63 1 368 & 222 63 [1128)
444 48 0 +458 8 233 38 005
8 50 0 6 6 218 33 00%s
434 70 3 - & 136 35 ot
434 g0 2 7 7 143 57 00002
431 78 2 8 8 181 35 Q0
431 120 ° - L3 i3 30 D3
4% 88 o 89 & 23 % ao’s
126 s ¢ 4 4 17 13 005
418 03 4 9 a 14 55 ags

of an even number of figures the tho most central values were marked as the mmmum

At the ealeuiations each figure 1n such a coupfe was fooked upon a3 haff a minimum In
4 1962) the values were used snstead of the

ay

¥ paper (A

‘mrumum valuey However the mimmum salues hase proved 1o be more regular

L aless the collected daiz express ¢y clie vanations the wuninum s alues will be distreb-
" uted at random among the vertica) columns obtained by the procedure desersbed
Howeser a evclic vanation of a given length appears as an accumulation of the majority
of the nunima in one and the same cofumn This happens when the bonzontal row hasa
length approaching that of the cvele or a mutuple of the evele The longest period in
vestigated m this way amounts to §9 tmes the interal besween the figures which sy ore

week,

The probability of a gnen frequency of muuma th a vexteal column to br statsucally

different from that expected of the nummum values i the whate senes were Satnbuted
at random among the columns, bas been tested according o the known formuls

p=(tm—t) Y Pm

gmPm ~p g

n

#w = the relatne frequency of minima m the vertiea) cohumn o g the aggest
number of mintma when the horzontal row contamns m consceutn e data

m ==

! pm

fiee = the number of data in the column
# = the relatne frequency of munima in the whole senes

It

y =
e == the number of data 1 the whole serics
af the regulanty m the occurrence of the mmma wad

An 7
am\cdy;; by the following procedure When the fength of the rons deseribrd abore
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Table 11 Crclic eariations an volume and amount of sperm cells por epacula ¢

Bull [Age | \olume \mount of sperm cclls per eac late
[ [Length | Most prosounced cyclic |Length | Most pronounced cvche

end of u;v\teh variations n;‘ weeks | vanations

the |° k(¢ ° Length |t t {p<

studied| SiEficant :;Img‘ roe< s gn ficant || <

penod |YBe | cyche weeks

‘variat ons vanations

o] 30 (3610 10 {263[43]001 [3689 9 | 25943001
sl 73 las10 8 |259)6af001 j4810 8 | 250]65fo0
il 38 [510 10 | 298] 4600005 10 10 | 298 | 45 [o00s
H) 38 | — 7 |1s8j23fo1 |7 7 | 267|290
B0 38 |~ 7 | 148|38{01 [456 6 | 25937001
40| 63 16910 | 10 | 272{59 | 000|710 10 | 189]60 00,
WBE 3 | 14a)33]01 |6 6 | 183600
“43| 50 {45 s |tssj3sfoes |5 5 | 32233 000
a4l 70 | - 6 {om|3 |03 |- 5 | 122 ]3¢0z
4190 - 6 |16 |5e{o1 |- 6 | 2195400
431 78 |4689 8 215{5210022| 4689 4 251 f 25 |001
AR EE] 5 | 200]32}005 | — s | 12t]33]02
961 88 |6 6 {1.6]|48]005 (8 8 | 183]46|00>
MBI 4 |20t fe2|o00s| — 5 | 10641 fo2
8103 146810 10 | 31355 |000s|68010] & [219]06{002

“PProximated the length of the cycle 3 e the row gives the most pronounced cycle
the highest number of muntma accumulated i one column was divided by the number
ofmunima in the whole serres The figure thus obtamed represented the relatn e frequency
of regularly occurning mumma

. Inorder tostudy whether or not the different cychic vanatons found comnaide chrono-
omcally a chi squate test was apphed The observed numbers of mumma of fertihity
occurnng simultancousty with miima of the remainng charactensucs have been
“ompared with the numbers expected 1f the munma + ere distnbuted at random The
*ame procedure was apphied also to the occurrence of the maxima

Results

All bulls studied four of them during two periods show sigmificant rhythmic
1es 10 at Jeast one of the characterstics studted 1 Sce Table I and 1)
ettty Nine out of ten bulls two of them dunng two different penods
$10% sizmficant cychic vanations 1n the ferubty of the pooled eyaculates (Table
} There ss a rel, p between the 1 of these cyclic vanations and
the age of the anmals Fig 2 1s obtamed by plotting the relatne frequency of
*eqularly oceurnng minima agamst the age of the amimal The diagram demon
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Relative frequency of
regularly occurring mmima
07

02 x Fig 2 Relame frequency of reqular
mmm3 an feralty plotted
agamst the age of the ammal

L& b8 10 12gyears
Age of the anmal

strates that regulanty of the cycle 15 most pronounced 1n young animals and
decreases with mcreasing age according to a hnear relationship (r = — 0 ,2
=219 p <002
It must be pointed out that only semen deemed to be of good qualty has
been used for insemmation Most hikely this selection of samples dimunishes the
available informations about the cychic vanatiens The percentage of rejected
ejacualtes 1n each bull 1s gisen mn Table 1
Tolume Seven of the ten bulls show sigmficant penodic vanations n the
volumes of the first ejaculate 1n a darly senies (Table J1) In these cases norela
’ tionship between the charactenisucs of the cycles and the age of the amimals
could be detected
As discussed above the accuracy sn the determnations of volume and
fertility are comparatnely good However denaty of sperm cells mass acuvity
and moulity are onh roughly estimated according to a three or four graded
scale For this reason possibly exusting cyclic varations in these charactensucs
must be ven pronounced 1n order to be detected Nevertheless alt bulls
studied show sigmficant periodical vanations i the number of spermn cells per
ejaculate at least duning one studied peniod in each bull Table 1, Sporadically
there are weahly sigmificant vanations also i densty and motility of the sperm
cells
As seen from Table [11 mavima as well as mmima in the different charac
tenstics studied cancide siznificantly more often than what should be expected
in a random distnbution Consequenthy  the cveles found in ferulity volumes
of the gjaculates densitv amount and monlity of spermatozoa altaretna

certan degree synchronous
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Table I Comparisn betiween obsereed and expected fiequensies of sumultan ously occurreng
hasts of yelic vanations wn different eharactenssties

Simultaneous phases Observed | Expected | 22 p<
frequency | frequency

—_—

Volume Fertilty

Masumum Maximum 68 519 469 ) cag oot
Not maumum % 151 211

T R— Mumum 73 536 666 g6 0000
Not mumimum 101 1204 297

At of sperm cells| Ferttuty

Maxzum Maximum 66 547 213 } 509 01
Not maamum 110 1213 096

Mumum Mimmum 73 533 692 }m 0 0005
Not munmum 100 197 308

Densty of perm cells| Fernt 1y

Maomym Maxmum 30 196 423 } 614 0025
Not maxumum 33 434 191

Minmem Miumum 37 259 434 } 627 0025
Not munmum 47 581 193

Vitiliy Fertil ty

vy Maximum 48 373 279 } 402 003

o { Not maximum 7 827 | 126

Minumgyry Muumum 41 366 042 } 060 _
Not pummum b 824 018

—

Discussion

Unfortunatcly the long interval between the ejaculations in the present
stenal does not permit a reliable estimate of the lengths of the cycles Fig 3
shows the distibution of the lengths of all cycles determined as the interval in
eeks between two successtve mumma The mean length of these cycles s 29
weeks The mean length of the significant cyche vanatnons on the other hand 1s
64 weeks (Table I—II) suggestung that the found lengths of these vamations
18kt be multiples of the length of the primary cycle However some bulls
show sigmificant cyelic vanations with a length of 3 or 4 weeks Therefore 1t 15
also Possible that a cycle having this length 1s supenimposed by a longer one

Y Wav of companson may be mentioned that the average length of the oestrous
evele of the cow 15 21 days (EcxsterN and ZUCKRERMAN 1956) From time to
Ume random vanations also cause minumum values interfering with those of
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Nurmber
of cycles

200
150

100

Fig 3 The ebserved distabution of the 1 ngths
of cycles

2 3 ¢ 5 6 71
tength of the cycles in weeks

the male sexual cycle Therefore a third possible explanation 1s that at least
1 some bulls the endogconus cycle has a length of 5 to 6 weeks the shorter
ntenvals between mimima being caused by random vanauons In order to get
further informauen about the length of the cycle and the influence of age a
bigger and more swtable matenal including bulls used for senvice at shorter
intervals 1s being studied

As significant cychic vanations are found n the amounts of sperm cells as
well as 10 the volumes of the ejaculates 1t must be concluded that cyvclieally
varying processes occur in the epididyrus as well as in the accessory sex glnds

Veterinan, expenience cleatly shows that semen charactenstics may vary
considerably depending upon the skill of the peron colllecting the semen In
the present matenal two veteninanians have performed the collections one of
them 4 or 2 days a week the other 1 or 2 days a weck Howenver there are no
significant differences in the semen characteristics between ejaculates collected
by these two persons Consequently the cycles found are not caused by differen
ces in shll between these persons

Work 1s 1n progress with a view of eluadaung the physiological background
of the cvcles found

Jihankth A [ Aswaauon of Eskilstuna and especially i ch ef vet ananan Dr 1 Steot
for placing records atmy dispos.t My tharkyare du  Profave P E Livownf evead rpate
manuserpt and thereby grang valueb! sugmesticns { thank Mas Fusierme Vouse ant
Ers CXL<on for tectmeal asstance Financial support from tfe Lars Heraa M mocual
Fourdation s grat full  acknowjed=ed
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Enzymatic and Molecular Properties of Chohnesterases
m Human Lavey

By
OLE SVENSMARK
Rectived 19 March 1963

Abstract

Svessuark O Enpmatie and molecular properties of cholnesterases in
human lirer Acta physiol scand 1963 59 378389 — Three frac
tions of human hver acylcholine aryl hydrolase (cholinesterase FC
3118) were scparated by chromatography on DEAE cellulose
and by gel filtranon on Sephadex G 200 One fracuon (IT) was
adentical with human serum cholnesterase with respect to enzymatic
properties (substrate and mhibitor spectficity pH dependence act
sation by ammonium 1ons) 16 solubslity m the presence of zinc 1ons
and to electrophorctic mobility before and afier removal of smalic
acid Swce as much blood as possible was remoyed from the Iner be
fore extracton 1t scems unhkely that the fracuon onginates from
plasma The other fractions (Id and Te) were also identical with
serum cholinesterase with respect to enzymatic properties but dif
fered wath respect to molecular properties They were not malo-
proteins and their electrophoretic mobilities iffered from that of
natne and of dase treated serum ch Separa
tion on Sephadex G 200 indicates a lower molecular weight of frac
tion Ie than of fracuon 1d and I1 The findings are consistent with
the that scrum chol 15 produced in the Iner with
fraction Id and I as precursors and fraction JT as the final product

Cholinesterase actinity was demonstrated m the hner of the cat dog and
rabbit by PLATT~ER and Hivrser (1930) The activaty 13 mainly due to acyl
choline acyl hvdrolase (cholmesterase EC3118)' v ¢ an enzyme of the same
type as scrum cholinesterase (Sawver 1942 Sawver and Everrrr 1987
Avcusmmsson 1948) It is generally assumed that serum cholinesterase s
1 Report of the Commussion on Enzymes of the faternational Union of L ochenustry | LE
Sywmp Serics no 20 Pergamon Fress Oxford 1961
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produced 1n the Iner (FaBer 1941 Sawver and Evererr 1947, GEREETZOFF
1959) This view 1s based on the finding of a decrease m the activity of serum
cholinesterase 1n hver disease (AxTopoL, Semrrrn and Tocrvan 1937) and
after experimental Iiver damage by carbon tetrachloride (Braver and Roor
1946) hnowledge of the properues of human liver cholmesterase 15 scarce f§
carbonaphthoxycholine 1s spht by the enzyme and n starch gel electro-
phoresis at pH 72 1t migrates in a broad zone comprising components of
1dentscal and lower mobilittes than the mobihty of the serum enzyme {Ccort
cHOV and harow 1962)

In the expeniments presented 1n this report the properties of human Ier and
serum cholmesterases were compared Thetr enzymatic properties were m
vestigated particularly wath respect to sut and 1nhib peaficity, and
thewr molecular properties wath respect to electropharetic mobility before and
alter treatment with neurammdase

Materials and Methods

Eight human hvers were obtamed 5—24 hours after death (acerdents coronary oc
clusion) The Liver cholinesterases were prepared fram agueous extracts by chromatog
maphy on diethylaminoethyl cellulose (DEAE cellulose) gel filtration on Sephadex
G200 and by preparatory electrophoress

Exirachon The Iner was cut mto Preces of about 05 em?® and larger vessels were
excised To remove as much blood as possible the tissue was rinsed three times m 09
Per cent sodium chlonde and each time squeezed gently between two layers of filter
paper The tissue was then homogemzed 1n 2 WARING blendor with two volumes of
water The homogenate was centnfuged at 14000 ~ g for 30 mmn and the preciputate
discarded The supernatant was adyusted to pH § 2 wath 1 M acetic said and centafuged
2314000 & g for 30 mun The precipitate v-as discarded and the suprrnatant adjusted
to pH 70 with 1 M sodm hydroude and dialyzed agamst runmng tap water for 24
hours A slight precipitate formed during dialysis was remored by centnfugation These
operations were performed at 5—8 ( The resulting supernatant was clear or shghtly
turbid The Copenhagen tap water contams relatively large amounts of calaum (2 5
®\M} and precpitation of calcsum phosphate on the DEAE cellulose mught have in
fluenced the ch p However obtamed with
ver extracts dialyzed agamst dislled water could not be disnguished from thase
obtauned with the calcium containing extracts

Chromatography on DEAE cellulose (WHATsAN DE 50) was carmed out at room tem
Perature (2022 C) on 80 em » 5 cm?® columns which v ere eluted with linear salt
gradients from 25 mM NaH,PO, pH 7 to 2> mM NaH,PO, pH 7 + 03 M NaCl
The shuntes were coliected 1n 25 mi fracnons and therr conducivty determmed (Con
ductity meter CDM 2 Radiometer Copenbagen) The different cholinesterase
fracuons were concentrated by preciypiation with 3 M ammonium sulphate The precips
tate was collected by centrifugation and dissolved in the smallest posuble volume of
distilled water

Gel filisation The dussols ed from DEAE was applied on a
30 em X 32 em® column of Sephadex G 200 (Pharmacia Lpprala Sweden) and eluted
%ith 0 1 M NaCl at 12 ml/h at room temperature The cluate was collected in € ml
Tractions The chol nesterase fractions were concentrated by preciprtation with 3 M am
75—633015 4 ta phy of scand Vol 59
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monium sulphate The preciprate was dissolved n the smallest possible valume of dis
niffed water and desalted on a column of Sephadex G 2,

Pref aratory electrophorests was carred out on a column (100 em x 5 cm?) packed wuh
cthanolyzed cellulose (Munktell Sweden) 1 Tos buffer (30 mM tns (hydsox
methyl) aminomethane 50 mM NaCl adjusted to pH 86 with 6 M HCI) An electnc
field of 3 V/em was applied for 70 hours at 10 C and the cluate was collected 1n 5 ml
fractions Before application on the column the protein solution was transferred 10 the
“Tns buffer on a column of Sephadex G 2

The protetn was by recording of the hight transms
sion at 254 oy (Uvicord light path 3 mm IRB Stockholm) or by measurcment of
the optical density at 280 mys 1n 0 1 M phosphate buffer pH 7 3 1n silica cells of 10 mm
light path (BECKMAN spectrophotometer DU or DB)

The chal; actieity was d d cole 1n {a) ch hic eluates
of low enzyme actiity and (b) m chohnesterase preparations when different substrates
were used

{a) tssay of eluates 50 pl of eluate were incubated at 30 C for 1 hour wath | m! of
25 mM butyrylcholine sodide 1n 025 \f sodium phosphate buffer at pH 7 3 After the

peniod the of butyrylcholine was determined by the protedure
of Hrstrry (1949)

(b) Enzyme actwity with different substrates was determined by incubation at 30 C
with 4 ml of 125 mM acetylcholine 1odide butyrylcholine 1odide or benzoylchohine
chlonde m 0 25 M sodium phosphate buffer at pH 7 3 At 15 min intervals [ ml samples
were withdrawn and the concentration of the chohine ester determined colonmetrically
Both in the assay of cluates and 1n the determination of the enzyme activity with different

1"

for sy hydrolyus was obtamed from a sample prepared

with water n lieu of enzyme
“The choty actiisly was d d sp n (¢} the assay of cluates
of sufficientls high actinaty and (d) 1n the d of imhibator i {e; pH
d d and (f chlonde of Iner ct prepara

tions A BecKuay spectrophotometer DB with a Beckyan logarithmic potenuometer
recorder was used with silica cells of | cm hight path The cell compartment was man
taned at 30 £ 03 C by a water th The final of the substrate
benzoylcholing chloride was 0 1 mM The opucal density at 240 mp was recorded and
the ¢h actvity calculated in pmol 1 as
B ofmun ~ 016 fe

where v 13 the volume of the reaction mixture and ¢ the volume of the sample The
factor 0 16 was determined from 0 1/.1Ey,q1n experiments where all substrate (0 1 mM)
was split (10 expm S D = 0006)

(c) In assay of eluates the cell contamed 1 ml substrate m 008 M sodum phosphate

fler at pH 7 3 and 10 pif of the cluate
bu(d) ‘\'h}:n wnhibitor :pery‘imv was studted the cell cantained 0 8 m) of subsirate 1n 0 08 M
sodum phosphate buffer at pH 73 01 ml wat r or mhibtor and 0 1 ml enzyme The
following inhibuiors were used 1 aqueous soluuons  \eosugrmune [Irosl:gmmr bro-
mdeD Hoffmann La Roche) Astra 1397 (10-(a-dicthyl P Iy
chlonde Astra Sodertalje Sweden) and sucamnylcholine chlorde (Fluka, Ncostigmens
was mncubated with the enzyme for 30 mun bcfor;l‘);; lu{);l:a\cpwoax::?;l‘d o dierent

(c) The pH actiaty curve was i esugated wit mM \a, PO, ad) ted to fTrvens
pH 1alues between 55 and 90 with HCl Correcuon for spontincous hydrolys

water in licu of enzyme

oh(‘f’)“:’:::}f‘x ation by ammomur; chionde was swdied m 5 m\ sodwr phosphate
buffers containng 0—08 ST AT adjusted o gl 7 3
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€. White cotumny  Carboxy lesterase activsty i smoles phenyl acetase mimun at pH 73

30 € Upper cunve Conductmity of eluate. \bsassa i eluate

‘ Abu Iner cholinesterase fractions were contammnated by carbovyhic acd hydrolase
2 Bo

Olesterase EC3111) The acuvity of casboxulesterase v as determned spectro-
Fhotometneally by the procedure used by Zerizs (1956) for the determunation of
tholinesterage actvity Phenyl acetate and phemil butwrate were used as substrates
The equpment was the same a5 used m the spectrophotometne deterramation of
cholinesterase described abose The cell contained 10 i of 2 m\ pheny} acetate or
¥hemyl butyrate 1 25 mM Trs buffer at pH 73 10 1l of the enzvme and 10 g1l of
D13 Astra 1397 to mhibic the cholmesterase The optical density was recorded at 280
i and the enzyme actvity calculated i grmoles/mn 'l ay

JEgw foun X 164 vie

where v 15 the total vohume (102 m}} and ¢ the volume of enzsme ({0 ul) The factor
!B was determuncd from 1/ 3Eqgq 1m experiments where 1 M substrate was sphit (10
opm S D w002

The elect aphoretie mabrhity of hiver cholinesterase was determmned i paper cleciro-
photesis wigh for 4 paper siructure and adsorpe
Lon of proten 1o the poper (WaLovany Mever and Scrieetne 1959 Svassaark and
(Mmmn 1963} Chohaesterase was stamed wath § carburaphthoxy choline (Ssgrma)

Wi Tsou and Sericuan 1951) as the s naphthyd acetate previowsdy used (Svess
HARE 1961} stamns carbos lesterases

Treatment of fiver chol with N acent 1y cohydrotase {neur
emintdzie FC 32118 ) (\euramimdase Schnngwerke Marburg Germany) was cactied
UatS G as descrihed previously (Svessuanx and hesrevses 1963)
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Table I Recou 1y of butyrylcholine sphittng chol

g eholuesterases i the eatraction procedure and separation
of fracton { and II w chromatography on DL AL cellulos  The vatues represent the mmup(nf
duplicate determnations For lners no 1 and 2 complete quantetatize data are not avatladle

Luver no Cholinesterase acus sty
(umoles butyrylcholine/g ussue wet weight/h)
Homogenate Extract Chromatogriphie fractions
I n
3 (24 28 8 12
13 60 22 9 8
4 8 35 12 13
4 58 40 13 13
5 63 23 - -
[ 172 69 14 9
1 118 43 4 14
8 - 43 B 12
6 17 19 - =z
7 86 38 13 12
8 - 40 8 Tt
P ~ 40 H n

1 After storage of the extract at —5 C for 4 months
* After storage of the homogenate at 25 C for 7 days

To corapare the properties of Iner cholinesterases with those of human serum cholin
esterase a pi was made by 1 it with sulphate
and DEAE cellulose chromatography The punfication factor was 35 (StENsMARK
and Rristensen 1963)

i

Results

Separation of different hirer cholinesterases

By DEAE cellulose chromatography of aqueous extracts of liver two mamn
fractions of cholinesterase (fraction I and 11} were separated Tig 1 shows 1
typical expeniment  similar results were obtaned 1 16 experiments with
extracts from 8 hvers The actvities of the two fractions were about equal
{Table I) Storage of the extracts for several months at —» € or ofthe homog
cnate at 25 C for 7 days did not alter the total or fractional 1ctivinies
(Table 1)

Fraction 1 was inhomogencous with three parually separated peaks of cholin
esterase (Tug 1, fraction Ia Ib Ic) A parual or complete separation of frac
tion 1 was also obtaned i gel filtration on Sephadex G 200 (Fig 2) Onc
fraction (d) appearcd immediately after the void volume and wother {r)
was retarded on the column indicating a higher molecular weight of fracnon 1d
than of fraction e Gel fil of the chromatographic fraction ¥1 of lner
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Cholinesterase and of human serum cholinesterase indica tes that thesr molecular
32€ 13 0f the samye orders as fraction 1d (Fig 2y
In Preparatory electrophorests at pH 86 the Iner cholmesterases were sep
2r2ted 1010 the same two fractions as sn chromatography on DEAE cellulose
e fraction correspanding to the chromatographic fractian I migrated

faster fowards the anode than fraction I There was ne evidence of 1
geneny of fracton 1 (kg 3y
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Tabl I Recoery of cholmesteras actinity w extraction and separation proc dures

o of expm, Revorery per cem
Extractien 10 3555
Chromatograpty on DEAE cellulnse 10 3=
Gel filtration o1 Scpbades G 00 5 1560
Electsopbress of fracuon{ 1y 3 L=
o

Table II Speofic acticities of cholinesterases and carbosy! steraze wm duffevent fractions from human
It er (pmolesimun ml E_ o) Cholnesterase uas d termned usth ben_oylcholine as substrat
carboplestrrae wuk phem! ocetate The vals s repr sent the mean of duplicate

determmnations on psrparations sbtawmed 1n 8 Gpical expersnent

Fraction Cholinesterase Carbarsylesterase
Liver extract 000> 034
’ Ia oon? 050
1b 0002 020
Chromate e fracuons
CETopHIC Ira s 6003 007
n o012 021
i b din y b 13 00 047
s I o029 00y
Fractems obtamed 10 gel Altration 1a cost o
le 0074 04
buperastant afier precip tation of ¢ chromarographic
fraction {1 with 10 mMM zinc acetate at pH 7 0300 020

?

The recorery of enzymatic acuvity 1n the extraction and the different
separauon procedures are given in Table IT
In ch hy on DEAE cellulose three or four fracuions of nop~choline
esterases appeared They were not acuvated by 10 mdM Call; were not 1n
hubited by 10 m™M ethylenediamune tetraaccuc aad and they hydrolyzed
pheny! butyrate 2—3 umes faster than phenyl acetate [hus indicates that the
non-choline esterase fractions were carboxylesterases (formesly aliesterase ot
Besterase for veferences sec Horstee 1960) Complete separation of cholin
esterase and carboxylesterase was not attempted  theur speaific actues in the
different Sractions are gnen wn Table 1L
Cholinesterase fraction T was precipiated by 10 mA{ ninc acetate atpli 7
whereas fraction 11 remained 1n soluuon as did serum cholinesterase (Cons
1953) More than 9 per cent of the carboxylesterase was preaipitated by nine

1ons
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sec )

Now e

Mot tity (10 %emiy ¥
@

5 [ 7 3 pH JB
e 28 b °
ACETATE

ACETATE-BARBIAL

f;’mmn M were identical witts those ot natve and neuramn dase t eated human sengm
guanesterase (lower and upper full § ae respectnely Svensuan snd hresvensen (1963)
ach dot represents 3 sungle determ paton

Properties of leer tholinesterases

The electropharetse mobrlity at pH 4 to 3 was determuned before and after treat
ment with neuramyngd. for fractions Id and Te ob in gel fil and
for fraction ¥I obtamed 1 chromatography (Fig 4} The molnlity pH de

Mmolecular weight fraction Id was about parallel with thatof neurammdase
treated fracnion I for serum chol } and the lectric pomt was
APH 8 The soelectnc pont of the low molecular werght fraction Ie was at
PH6 and the change i mobility per umt of, pH exceeded that of neurammdase
treated serum cholinesterase conuistent with a lower molecular weight of
fraction Ie than of the serum enzyme or af hiver cholnesterase fraction jis

OFf the chromatographic fractions Ia and It shawed the same mobiities as
the high molecular werght fraction 1d and fracton Ic the same mabnlity as the
low wolecytar sweight fractian Te Treatment with neuramndase did not change
the mabilities of the chromatographsc fractions Ia 1b and Ic

The enzymanc fropesties of the ch phic fraction 11 of f 05 Id and
Te obtasned 1 gel eleetrophoresis and of fracuon I and 11 obtained 1 pre
Paratary electrophoresss were the same as those of human serum chalinesterase

¢ relative actvities of hner cholinesterases and of the serum enayme were the
e with 10 mi{ acetylcholine butyry leholine and benzoy leholine a5 substrages,
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Table Il Substrate spearficaty of human serum and luer cholmesterase Fracton | and I were
oblaned by preparatory electrophoresis Substrate concentration 10 m A P73 30C
Relatue actuaty 15 en.yme aclinty expres ed 1n umits of the actreity determuned 1tk
acelylcholne as substrale The valu s represent the mean of duplieate determinations

P B yleh 13 Acetylcholine Benzoylcholine
umoles] | Relawye | pmolest | Relatve | rmoles! | Relative
ml/h actvity | mi/h activity | mith actnaty
Human serum
cholinesterase 197 256 77 1 42 05
Human liver
cholinesterase
Fraction T »7 257 142 1 79 056
Fraction 11 330 260 126 1 69 055

Table V. Ac wity of luer and serum cholinesterase as a function of pH Th luer fractions Id
and Ie were obtained by gel filtration and fraction I by chromatography on DEAL cellulose
Cholmesieras actierty was determined wsth ben_gylcholine as substrate The relatie actuunly

15 exbress d i umits of the actirrly at pH 90 The walues vepresent the mean of

duphcate determmnations

pH Relauve actiity of cholmesterase

Serum Liver cholinesterase

(ChE) Fraction 1d Fraction Ie Fractum I1
55 007 - - 008
60 016 015 -~ [
65 028 031 032 023
70 050 056 058 048
75 068 072 070 058
80 079 083 o8l 074
85 083 081 091 0.8
90 100 100 100 100

(Table IV} Changes n pH (Table V) miubutron with ncastgmae Astes
1397 and sucanylcholine (Fig 5) as well as actnauon with ammonium 1ons
{Fig 6) had the same effect on the liver and the serum chofinesterases
Assuring a total recovery from the homogenate the cholinesterase actuvity
of fracuon I i hiver extracts corresponds to a with blood
plasma of 5—15 per cent The dog liver — handled carefully so that the blood
1s not squeezed out — may contamn as much as 13 per cent plasma (Ginsos
et al 1946) In this study as much blood as possible was removed before ex
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tracion and st seems wnbikely that the chobnesterase of fraction 1f should
unginate solely from plasma

¢ chobinesterase actiaty of the different fractons I cannot onginate from
plasma The electrophoretic properues of these enzyme fractons were different
from those of natne and siahc acid free serum chohuesterase Furthermare 1n
Cubation of serum cholinesterase preparations at 2> C and pH 55 for 10 days
with equal volumes of liser homogenates did not fead o a decrease in mobihy
ol the strum enzyme

Discussion
Before extracuon of the hver as much of the biood as posuble was removed
10 reduce the error from contamination with plasma It ss quite possible that
ths dure may have ed present m the matve bssue \t any
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rate ™o mam fractions (1 and II) of choltnesterases remained and were
con sstently found i the aqueous extract. Fraction 1 was :idenucal with serum
cholinestera.e with respect to enzyvmate properties  electrophoretic mobihny
before and afier removal of sialic 20d and salubility 11 the presence of zinc
sons It scems unlikely that this fraction onginates solely from a contamunation
with plasma

Fracuon I could be subdivsded into two fractions (Id and Ie) 1 gel filtraon
on Sephadex G 200 Fracuon Ie was retarded on the column indicaun,, a
lower molecular weight than that of fraction Id and II which appeared 1m
medsatels after the vord solume This 18 1n accordance wath the steeper slope
of the mobiity pH curve of fraction Ie than of fraction Id The clectraphoretic
molilities of fraction Id and Ie were different from those of native and neur
amumdase treated serum cholinesterase In contrast to <scrum cholineterase
(SvEnstarn 1961) they are not sialo-proteins since their mobilities remained
unchanged by treatment with neuramumdase Fraction I and its subfractions
did not exhubit the stability charactenistic of sialo-proteins They were macts
vated dunng prey 3 €l ph and by ling at room temperature
1 the _2me way as siabe aad free human and equine serum cholmesterase
(Svesourx unpublished obsensations)

The enzymanc propertes of fraction I were :dentical wath those of fraction
11 and <crum cholinesterase  This indicates that the three hiner cnzymes rep-
resent different molecular forms of the same enzyme and that the [iver enzyme
15 1dentical with serum cholinesterase This finding 1s consistent with the as-
sumpuion that the enzyme 1s syntheuzed in the Iner fraction I representns,
precur<ors and fraction 11 the final product Standing of the hiver homo, enate
at 25 C for one week did not lead to an increace of fracuon 1 at the expense of
fraction If indicating that fraction I 1s not due to degradauon

J am okl ~d to Mn. 1 Excrt fr technical asu tance and to the saff of tt Insusut of
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Acta physiol scand 1963 59 390—399

From the Aero-Medical Laboratory Department of Physiology
Unnersity of Lund Sweden

Cardrac Output 1n Healthy Subjects Determined with
a GO Rebreathing Method
By

R Jerarrts G Lunpis and D Trouson
Recaved 23 March 1963

Abstract

Jeraervs R G Iyvom and D Trosson Cardac output 11 health
subjects determned uwith @ €O, rebreathing method Acta physial scand
1963 59 390—399 — The cardiac output 13 measured with a CO,
rebreathing method suggested by DeFares (1956) The mixed senous
CO, pressure 13 determuned graphically from the breath by breath
determined CO, content 1n a rubber big during rebreathing from the
bag Arterial CO, pressure 15 assumed 10 be the same 28 1 end tidal
arr CO, ciminated per ume unit 1s measured by collecting the ex
pired atr 10 a Douglas bag and the cardiac output 1s determined with
the Fick equation For the CO, analysis a rapid infrared CO, meter 1s
used The obtained values at rest are of the same size as those obtained
with the Grollman acetylene method Thevalues from thework expen
ments are of the same magnitude as those obainted with dye-diiution
or direct Fick methods Stroke solume shows increase from rest to
work about 60—80 per cent

The techmque of using the lungs as an acrotonometer to measure the tension
of gases 1n the mixed venous blood and hence the gas content of the laster was
sntroduced by LOEWY and ScHROTTER as early as 1903 but as thewr procedure
was difficult and cumbersome their method was never tnied agan

The ntroduction n 1922 by Doictas and HaLpanr of thewr rebreathung
method provided with a fairly simple procedure for determuning the 0,
content of the mixed venous blood From this the amount of CO, clsminated
and the CO, content of the arternal blood calevlated from 1he €O, pressure
inalveolar air the cardiac output could be calculated by the Fick equaton

390
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Rebreathing methods have since been widely used for cardrac output
determinations for mstance by Bock, Drir and Tatsorr (1928) The techmque
was to rebreathe or hold in the lung different muxtures of CO 1 oxygen The
rebreathing was repeated ses eral nmes until a mixture was found the tension of
which did not change on breath holding The obtaned CO, tension was then
sard to be that of muxed venous blood This procedures invohed repeated re
‘breathuing for 15 sec and took a considerable time

A method which made 1t possible to determine the mixed venous CO
pressure from a serves of rebreathings 1 and out of a bag and the breath by
breath determination of the CQO content of the bag was suggested bv DEFARES
(1956) The method to be described 15 founded on the above mentioned work
by Derares and 1s based on the followng assumptions

(1) No signtficant CO, pressure gradient evusts between the end tidal ar
and the arteral blood

(2) The rate of blood flow during rebreathing 1s constant

(3) Recirculation of blood during rebreathing 1s neghgible

Dunng rebreathing from a bag the merease 1n CO  content of the bags
dependent on (a) the lung bag volume (b) the blood flow through the lungs
and (c) the CO, content of the mixed venous blood If the first two factors are
constant the breath by breath increase of CO 1n the bag should follow an
exponential course Howeser the influence of the dead space 1n the lung bag
system and the uneven distribution of mspired air 10 the lung can disturb the
exponential relation of the first tv o or three CQ. values

The above factors which have been subject toavery thorough mathematical
treatment by DEFARES {1956) allow us to determine the CO pressuse of the
mrted venous blood and from that the cardiac output

Methods

Th cxperiments arc done in the morning with the subject 1n a faving condition
Tn the rest expersments the subyect 15 lying almost horizontally s a resting chair ‘The
work experuments are done on a v Doperx (1954) bicycle crgometer In the rest ex
Periments the subject rematns in the charr for about 30 min before the actual measure
ments are started Adter pulse contro! the subjects starts to breathe room air through 1
breathing valve with msigmficant dead space (v Dostey 1919) and the CO; percentage
m the end dal air 13 recorded with 2 rapid ifrared GO, m ter (Godart capnograph)
The sensitivity of the CO, meter 15 adjusted with a calibratscn gas containing, about
85 0O, air When the CO; concentration 1 end tidal arr 11 stabulized the ex
bired air 15 collected 1n 2 Douglas hag for 5 min during wluch the end tull €O, it

y d 1 ith 2 p (Fhulips 13 ¢ for 19 d flection) After
the collectng 15 finished and the pulse rate agan controlled the sut ject 18 allowed to
rebreathe from a rubber bag at a constant spred  [his rubb ¢ by, wanitially fille 3 with
about 2-—3 0, CO, 30—40° oxygen and mitrogen The am nnt ¢f yas mixture 1n the
bag during this est expenment 11 abcut 1 her and th rate « Fechreatl ng 1v at ret 30

reaths & minute and during work 50 breaths a minue e tidal ve lumes and abio th
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TWO W2y Sy
TAP H

Fig 1 Arrangement for collecting air
and measunng end tdal CO,

SUBJECT

502 REBREATHING
41
WETER g Fig 2 Arrangement for measuring €O, m lung
N bag system dunng rebreathing

breathing rate should be fairly constant The subject controls ndal volume by obsrrving
the si2¢ of the bag and breathing rate 13 governed by a metronome The €O, content
of the bag 1s followed with the CO, meter which samples at a rate of 15 I/min The
CO; meter 13 both during collection of expired air and duning rebreathing coupled 25 2
shunt to the breathing device Fig 1 and 2 show the experimental arrangements The
volume of the tubes 1o the CO, meter analyzing cefi and pump with connecuions 1s
about 10 ml The sulyect rebreathes 10—11 times in and out of the bag Afier the re
breathing which takes 12—20 see 15 fintshed the subject 13 disconnected and the ex
periment s for s part concluded

The contents of the Douglas bag are then measured in a wet gas meter and gas
samples are taken for analysis with a Scholander apparatus At the same tme 1 (O,
meter reading 1s taken as an exira check on the CO, mecter calibration

From the (O, percentage 10 the Douglas bag and the volume of the bag the GO,
clhimmnation 18 determined and from the Oy values also obtained from the Scholander
analyses the resprratory quotient and metabolic rate are obtatned

The CO; percentages measured 1o the bag during rebreathing are now wsed for
deterruming the mixed venous CO, content 1 the following way The percentage of
the CQy 1n breath 7 1s plotted against the CO, percentage of breath n — | in a hinear
coordinate system 1 e breath 2 agamst | 3 aganst 2 4 against 3 and so on It 13 found
that all the points obtained except the first one or two fall on a siraight bae

“The distances between the plotted pornis are gradually decreasing and when the
alveolar air and the mixed vrnous blood hase the same COy pressure the CO, pereentage
In tho conseeutive breaths should be the same This however never happens owing
among other things to reaircufation of COy ennched blood The pomts where the GOy
pressure in the bag and 1n the mxed venous blood 13 the same can however be exua
polated from the straight hine obtained This hine 13 extended until it intersects 8 straigtt
hine with the same distance from orduate and the absawa The fast menoned
represents all the points where the CO, percentages in twa following breaths are the
same and the intersection of the two hines should thus represent the equilibrium pont
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Table
Subjeet Age | Hoght|Weght| Body | No of | Cards | Carch | Steobe | Basal
years | em kg surface| deter [ acout | acout | vol meta
area |yuma [put | putm [ume | bole
m ton | Ymun | BS.A. | ml rate
_—
GL. 52 1185 | 76 | 108 | a3 33 17 | 29 | +5
LA 9 Lam o8 |20 | s 39 | 19 | 6 | —1
Ry 3B |12 | e0 |17 | o 40 | 23 | 20 | 416
RL 27 179 70 190 9 42 22 9 -1
DT 23 192 81 214 4 50 24 9 —-10
AW 2 118 | 68 | 186 3 49 | 24 | 84 | ~0
LL 18 77 (R 189 5 39 | 21 0 | —10
BB 17 18> 9 205 3 19 24 89 | —13
— 1 71"}

i O%vgen percentages 1n the lung bag system this mixed s enous CO, represents.
® CO; pressure 1 the o%ygenated venous blood To determne the CO, content of the
muxed venous blood and 1n end-capillary blood the data of Roor 1w Handbook of Respir
s Ium are wed The CO, capacity of the blood 15 assumed to be mormal for all
Jjec
The cardiac output can now be calculated using Fick s equation z1.

Q=" CO(Grco,—Caco,)
where Q — Blood flow per nun 1n hiters
V€O, = CO, ehminated per min in ml
G0 = O, content of mrced venous blood m m! per Liter of blood and Caco —

CO, m artenal bloog assumed to be the same s 1n end-capillary lung blood also 1o m!
Per 100 mml of blood

The subject were all health
Msidered normal beca
Propezties (Luvprv 1955)

The pivscial sworking caperty 15 normal for all subjects (AsTRAND 19601

y lung normal males of different ages The lungs were

<o use a mutrogen clumination test sho ed normal ventiatory

Results

Sxpenments were done at rest on subject G L to test the reproduct
b‘l"Yt!fthemcthod Inaseniesof 23exp theaverage cardiac outpurwas3 3hters
o 171/m body susface area The standard deviation was 0 31 1 and the coef
ficient of varration 9 4 °0 The average metabolic rate for GL during this
*enes of expertments was - 5 9

In Table I the resting cardiac-output values for 8 subjeets are summanzed
togehter wath some anthropometnic data All values where the CO, elimmation
Per munute at rest 1s hugher than 200 ml are excluded (usually the first 2—Sexp )

© cardiac output seems to be smaller for the older subjects and 1s for the 5

The first



39¢ R JERNI'RLS ET AL

Table 1
Subject | Workload | No of deter CO, elums | A, €O, | Cardiac Stroke
kom/min | munations | 0 ted Dfference | outpur solume
mifmin wlff Y mi
GL Rest 23 2i6 65 33 39
300 3 8 90 8s a7
600 7 1974 13 s 0
900 2 200> 143 149 85
RL Rest 9 190 £ 47 2
300 2 2 7% 98 101
600 3 1237 at 152 143
900 2 1770 97 182 154
1200 2 25985 123 20 140
DT Rese 4 25 4 5p 7
300 3 79 59 133 137
600 4 1400 [d) 31 91
900 2 1820 8 224 {4
1,200 2 2920 s 23 i5
AW Rest 3 180 37 19 84
00 2 772 74 105 ug
600 z 1739 9 12¢ 115
900 4 167 1o 152 118
L L Rest 5 206 w3 39 0
300 5 854 60 [E¥ 137
00 3 1770 70 181 127
ago I 1910 84 227 134
BB Rest 3 20¢ 113 43 a)
300 7 804 0 1o 121
600 2 1310 3 €7 Ty
900 2 2240 109 207 138
\ierage
R L Rest 2 19 +H 16 83
300 14 » 68 o 12
l 600 i 129 I3 V71 it
900 9 18% ag 18 1
rn 1,200 1 2750 g 232 o

subjects under 3 years of age 2 3 lym? body surface arca The stroke solume
100 15 snaller in the 3 older subjects thanin the younger group beng on average
58 m! against 83 m! Table I 1s a summary of the rest and work expenments 0
the 6 subjects on whom work expeniments were done The increase 1 cardiar
output during work 15 considerably bigher an the 3 yonng subyects than ]m
GL the increase in CO; chmimated 1s about the same for 2l subyects In G
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the alveolar artennal CO, dufference 1s considerably lugher both At rest and
duning work than in the young subjects In i subjects there 1s a4 considerable
increase of stroke volume from rest to work In sulyect G L the stroke volume
during work seems to mcrease to a maximum already at 300 kpm where
the stroke volume 15 60 %, hugher than at rest and shows a falling tendency at
higher worl intensities whereas 1 the younger group the 600 and 900 kpm
stroke volume values are on average Ingher than at 300 kpm/mm with anan
crease over the resung value of about 80 %,

Dhscussion

The cardiac output values obtained 1t rest are considerably lower than the
now 1y pted values ob d with the direct Tick or dye ditution
methods but are of the same size as those obtained with the acetylene or mitrous
oude methods (Groriman and Bauman 1935) This should stimulate re
searchers to undertake T e 1 me: of cardine
output with the CO, and for mstance the dye dilution methods A companson
between the acetylene and dye dilution methods has been done by Asvussen
and Niewsex (1953) who ol d a good ag bet the two method
somewhat better during work than at rest The above mentioned authors
conclude that both methods give reliable measurcs for cardine output both at
rest and duning, work However the resting values obtained by these workers in
their bined are derably higher than the values ob
tained by them carlier with the acetylenc method only The authors explain
this partly by the fact that the earlier acetylenc experiments at rest were done
n a sitting, position which grves somewhat lower values but they also attibute
1t partly to the apprehension caused by the expenmental procedures (mint
pulation of the mdwelling arterial needle etc) Another contributory factor
could also be that the rest determinations were performed on each subjects
only a few tmes and that they were therefore not in a condinion quite as basal
as were the lughly skilled subjects used 1n the earlier acetylene expeniments
Trom our experiments we can confirm the importance of the last mentioned
factor In all our subjects the first one two or three restng cardsac output
salues were hugher than the later opes and these Jugher values were ako
combined with a somewhat higher CO, output per minute For the 5 youngest
sulyects the ayerage cardiac-output v alues for the first 2 measurements 6 0 hiers
or 3 0 1/m* instead of 4 6 1 or 2 3 1/m* The average B MR found for these first
2 exp 15 + 15 9 instead of an average of — 10 ® 1n the experiments given in

Table 1

In Fig 2 a comparnson 1s made of our values at rest ind during work with
those obtained by Assussen and Mewses (1953) using the dye dilution method
and HotsarEN Jossson and SJUSTRAND {1960) ustng the chirect Fick method
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The resung values from our expenments are considerably lower than thase
obtaned by the above mentioned authars The values from the worh ex
pensents are about the same for our group of young subjects but lower for
our aldest subyect The mamn dufference 1n results between our method and the
dye-dilution and direct Fick method seems to be 1 the rest values \We belicve
this t0 be due to the factor mentioned above the apprehension and higher
metabolic rate for the methods 1n question 31 fhis 15 true the resung cardiac
cutput should have about the same values as those gonen by Grotruwas and
Baryan, 1935) viz around 23 }m? body surface area higher for younger
2nd lower for elderly subjects instead of the now generally accepted values of
more thag 3 Ifm?

The decreased output with age 11 also tn accordance with earher observations
where the acetylene method has been used {Arerss 1938) The conuderable
difference m stroke volume between rest and work confinr the older obsenna
ons uang the acetylen method (Grorian and Bavyas 1935} but does not
conforr with the salues obtaned by direct Fick (Hotyores Jonssos and Sjo
TRaxp 1960 )

Oae of our assumuons on which the accuracy of the CO, method 1s dependent
 that end udal aw and artenal blood have the same CO; pressure Diect
measurements by Enwarss and coworkers ( 1929) and Busiano et of {1950)
seemn to have confirmed that these pressures are the same both in rechning and
i upnight siting subyects
A recent work by West (1962) using radivactive CO, to deternune the ven
laton perfusion ratio between dufferent parts of the human lung seems to
wdicate a posuble difference between end tidal CO and arterral blood of
— 1 mm Hg These measurements however are done dunng breath holding
and this could ) the normal 1 T el p I ths
Pressure difference 15 accepted as normal 1t would introduce an error mn our
determunation of the arterial blood €O, content of about 04 vol %, which
weuld gue a theoreticat ervor in cardiac output of less than J0 9, This dif
fertnce would also be reduced m the rechning position where the hydrostatic
Pressure difference whach s supposed to cause these & — a CO, pressure
Afferences 15 considerably decreased Our assumption that the CO, pressure
mend bdal ar has the samevalue as that of the muxed artertal blood thus seems
Jusfied for the resting expeniments Asstesses and “\ersen 1936) found that
dunng work there was a somewhat higher GO pressure 1 end udal air than
#artenal blood The same obsenaton was made by SUsaP\L et af (1920} who
found that durng wark which gave about a 400 7, ncrease ;m BV R there
*33 2 difference of about . 2 mm Hg between end tdal and avenal CO,
Presure Assiseex and Dagtses found an increase i this difference with
“reased tudal s olume begunning at tdal solumes of 14 ) and amounung to
A 13 e duning heavy work with udal volumes around 31 Thas conld mean

20 &r7o7 1 our card; put d dunng work g i values
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around 5—10 95 too lagh Other possible sources of error 1n determmation of
the muxed venous blood are a chanve 1n lung volume during rebreathing and
the rearculation of CO ennched blood Drrares (1956) has shown thit the
changes i Jung volume duc to an oxygen uptake larger than the amount of
carbon dioxide eliminated are too small to introduce any measurable errars
This should hold good at least for the rest experments duning work however,
there could be a decreased lung volume owing to a considerably higher amount
of O taken up duning the later part of the rebreathing peniod tending to give
gradually too lagh GO, values durmg rebreathing and thus a too high mixed
venous blood CO, content This error should counteract the above mentioned
error resulting {from the CO  pressure 1n end ndal air being higher than in
artersal blood However, the CO, error due to a volume decrease 1n the lung
bag system 15 only of the order of a few hundredth of a per cent
Rearculation could influence the CO, content 1n the last few breaths but
from the cunes obtamned no tendencies are to be observed that indicate a
deviation upwards of the plotted CQO, curves There 1s also during the first
3—4 rebreathing breaths some hypervenuilation which means that the blood
which passes through the lung during this short period leaves with a CO,
content Jower than normal This blood should nstend of 7 rising trend after
12—15 sec when recirculation 1s supposed to occur give 1 depressing effect in
the exponental course of the CO, washing out 1nd alse counteract the above
mentioned effect of the gradual mcrease of oxygen uptake versus carbon
dioxide chimination The CO, pressure of the oxygenated mixed yenous blood
should thus be determmined with a farrly good accuracy We thus hve a methad
of determuning the cardiac output 1n normal subjects which seems to be meely
reproducible easy to perform and repeatable an nfinute number of umes In
subjects where ventilatory or airculatory disturbances makes 1t imposuble to use
*the end tidal arr to determne the artenal CO, pressure 1t should sull be pos
sible to determine the mixed venous CO pressure and thus avoid heart
cathetenization This1s of course only possible when the air miving properties
of the lungs dunng breathing are fairly normal [he method should also be
sdeal for follow:ng changes 1 normal subjects of cardiac output stroke volume
and a—v gas pressure dufferences due for imstance to nactivity or physical

trainng
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Abstract

Frasuesmaztser MV Grask Lonsevie and G A esser
Effects on paxchomotor functions of different nmitrogen-oxrgen gas mxtures at
wiereased armbient pressures Veta phvsiol scand 193 39 400409 —{n
order to differennate and evaluate possible factors responuble fr com
pressed atr narcous changes in psychamotar performance (umple
and four-chorwce visual reaction tmes and mirror drawing) mmduced
through exposure (o different nitrogen-oxygen gas mixtures at rated
barometric pressures were studied an 12 subjects By companng data
from five different experimental conditions evidence was obtamned
that at rest {} rutrogen presures up to 3 9 armospheres atsolute
have but shght effects on objecune pedormance and 2 axsgen
excess has a potenuaung effect on the narcoue acon of nurogen at
hugh pressure It was concluded thar oxy gen excess acts indizecth by
satexrfering with ehmnanon of carbon dioxide from the tissues and
that compressed arr narcosis 15 ot due to interference with oxidation
wmn the ussuss by autrogen excess

\umerous msesugatons have shown (hat air at rawsed barometnc pressures

exerts an intoxicating os narcotic eflect on man which 1s characternzed by con
fusion cuphona slowed mental actnity motor icoordination and 1mpaired

400
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pedformance Subjective intovication has been observed at pressures  low as
3 pheres absolute (atm) ponding to asea depth of 20 meters {Branke
Trowso and Moruey 1935) whereas objective changes in performance hase
been demonstrated at 4 atm {hmzsszene and Maac 1960) The true cuse of
these changes 1s sull a matter of controy ersy Thus they have heen attnbuted to
2 direct narcoue action of mitrogen at hugh pressure (Brineke Tuousos and
Moriey 1935 Case and HaLpaxe 1941 Beanerr and Grass 1961, to the in
creased partial pressure of oxygen (Dasant 19301 and to a bwldup of carbon
dioude due erther to hypoventlation {BuuLwany 1961) or to mcreased diffi
culty m carbon diowde movement 1n hyperbane conditions (Bean 1950) It
has also been suggested that the subjective symptoms expenenced mn work at
hugh atmosphene pressure are mamdestations of anuety {(Hiuy and GrEExwoop
1906} and claustrophobia (see Enp 1938) or that theur cause mght be either a
combination of alf of the above mentioned factors or else an effect of the pres
sure alone (SmLune and WiLLGRUBE 1937)

The divergent Opumon. as to the cause of the narcotic action of awr at high
Pressure may to some extent be explained by the fact that at rased barometne
Ppressure there are simultaneous mcreases in alveolar oxygen pressure ahvealar
utrogen pressure and gas density Expenmental 1tuations i which the subjects
are exposed merely to a raused barometric air pressure will therefore not permit
any aifferentiation betwcen these factors as to their possible narcotic effects

Aruficial Bas muxtures contaiming less mitrot en and morc oxygen than air

V€ 0 recent years been employed 1 self contamned diving apparatus because
thesr use shortens the decompression time for a dive of: given depth and duration
It would therefore be of umportance to a certain whether such gas muxtures
when supphed ay high pressure produce narcotic effects 1n man and if so to
make a quantitatis e companson with the narcotse action of rased air pressure

In the present mvesiigation an attempt was made o separate the possible
factors fausing compressed air narcous by studving the changes i human
performance induced through exp: diffe nirogen oxygeng
4€ efevated ambuient pressures By p data obtamned 1n five diffe
expenmental conditions the effects of 1) creaung the nitrogen pressure
without changing oxygen pressure and 2) varing the oxygen pressure at a
con tant bigh level ot mitrogen pressure were determined

Subjects and Methods

Twelve healthy subjects ranging in age from 19 to 39 years (average 26 1) were
studied One of the suby cts was a female techmean three were profes. onal male
disers and 1he Test maie raedical students o of whom were amateur divers

Each subject was asked to perform three psythomotor tasks while breathing various
Xy gen mitrogen muxtures at normal or at increated ambient pressuresin a dry comfres-
%on chamber There were 5 expenmental conditions (Cond tions 4—Fj as follaws
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Condition Ambient pressure | Inspired gas minture § arual pressures of
atm mepired gases um

Ongen ’ Nurog o

4 198 htts 0920 034
B I 106 o, 09t -
c 42 52 O '}, 072 397
b 50 Awe 103 391
£ 66 98 O mN " 60 391

The gas muxtures were admmntered by means of a respiratory system comprsing a

h anose clip a } valve assembly having a low resistance and small
dead space (about 10 ml) and several Douglas bags placed inside the chamber Tach
Dougla bag was connected to a hugh pressure eylnder outside the chamber \ ssual
and auditory communication. were established between the observers outside and

side the chamber

Psychamator tasks

Four chotce wssual seacton ime The expenmental arrangement used to provide the
four choice task muolved 1n this test has been described m Rll elsewhere (Fraskrs
yaEvsER GRAFF 1osnevic and Hesser 19603 The subject wAas seated before 1 panel
on which were mounted 1 tnangular Jasout three colored neon signal bulbs a red
below a green and a yellow to the left of the two ethers By means of "n electrome
device including a magnene tape Tecorder and tuned frequency senane telys the
three signals were switched on in random order and at random interals which aver
aged 2 sec The subject s task was to respond as rapudly as possible to the appearance
of signals by closing one of two “Morsc kovs according fo the following scheme

Red light -— left hand key

Green hight ~ night hand key

Red and yellow lights simultaneously — nght hand Ley

( reen and yellow Iights simultancously — left hand key

There was thus a four chotce task imolving reversals of response n additton (o the
sasic two-choice task

Fach test trial included
5 sumul) there was a 5 sec pause dunng which the sum of the » prece
2d 100 001 sec on an clectronsc deeade counter This procedure wasreprated
€2 min Tor each subject the score 11 reaction ttme was caleulated
\s the mean of his §0 rcacuon tmes An inhwnter was used to record the yignals and
responses these gave charactenstic deflectsons and 1n this way errors coutd be srored
The mean number of errors dunng each 2 min penod gave the error score for exch

subyert
Smple crsual veaction tme The t chuigque and frequency of stimulus prescatation v er¢
o the same stimufus (the

the same as in the choice reaction task except that enc an
yellow hight) was mmvanabls preseated and the subject used one hand and one bey
The scores were the means of the 40 reaction fumes recorded within exch 7 mia

0 responses as follows After one 10-src penod comprinng,
ding reaction

1mes was re
3 ymes during a period of

only
pened

Alirror draring The 1ask w3s to move a stylus along 4 track cut otit
sa as 1o form a 5-ponted sar and visible only n a murror  The trac
notches along both margins in which the stylus tended to get caught The subyee

in a metal plate
% had saw tooth
oL was
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mstructed not to touch the margns The time to complete onc run was measured
by astop-watch and the time of contact between the stylus and the margins was recorded
by the electromie decade counter Eight consecutie tnals separated by 1o src were
gven under each expenmental condition. Time score was ealculated as the mean tume
taken to complete the trials and error score as the mean ume during which contact with
the margins occurred

E pnmenal dengn
Esch subject took part in two cxpermental sessions onc of which comprsed Conditions
4a1d B the other Conditions C D and E Enery other subject took the tnals m Conditrons
4 51 B fist. The conditrons 1 the tv o sessions were rotated 1n the followmg manner
Subect] ABBA CDE
Subject2 DEC ABBA
Subect3 BAAB ECD
Subject4 CDE BAAB
Subject5 ABBA DEC

e
In cach condition the procedure was as follows
3) Sumple reaction task 2 mun
b} Maror drawing 3 nun
) Choice reacuon task 2mm

\ 30-sec pause was mnserted between successive tasks The two tests of reaction time
were performed i the reverse order by half of the subjects
In the expenments under ncreased ambient pressures (Conditions C—E) the subject
started to breath the asigned gas muxture while the pressure was changed from one
Ievel to another The rate of change tn pressure was about 10 atm per munute The
performance tasks were never begun untl the subject had been breathing a nev gas
rasture for about 5 mun and the desired pressure level had been beld constant for at
least £ oun Thus each subject spent about 12 mun at cach conditton out of which + min
were allotted to adaptation and 8 min to actual tesung
same procedure and schedule were used 1n the control expeniments (Cond tions

1 and B) except that normal henc pressure hout the exp
tal peniod
Those sub ccts who had not p: d 1n previous atmcreased ambient

Pressure and/or were not fammibar with the psvchomotor tasks were acquated with
the vanous aspects of the expenmmental situation at a prehmoary session. Moreaver
to reduce effects of practice each expenmental session was preceded by warming up
trials 1n the three psychomotor tasks
nstyns of data

The data obtained 1n the 5 expenmental conditions (4—E have been compared in
the following ways

parisons I I and HI By companng I) Dwith 4 I Ewih 1 and JII Ewith

B the effeets of simultanecous ncreases in ispired Py mspired PO, and gas den.ity
were determuined

Companisons I3 and ¥ By companng (fF ) C with 1 and (} D wuh B the effects of
amulaneous increases n mspired P, and gas density (with no change in 1nspired Po )
were esumated

Compansons 7 $11 and VII The cffects of increa ing the inspired Po at a high Puy,
Ievel (39 atm) were determmed by comparing (3, D with € (VIL, E wath D and
{MIN Funh
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Table I Means and S E (12 subjects) for hime and ervor seores iy homotor tasks

Task Conditon
\ s c D B
™ o, 52° O | 398 0,
{1 0 atm} {1 0atm) m N, (3Oatm} {m N,
(42 aum) (66 atm)

Simple reaction sec 0.2434.0 002 { 024240006 {0241 0007
Choice reactiop sec 06714007010 633:0020{ 06820030

Choice reaction, number]

of errors 2234033 ) 1912041 | 1642047
AMurrordrawmng time sec] 916+£067 | 9254070 | 9474064
Murrordrawiag error sec] 289027 | 2824025 | 3390027

1874033
9241057
311.£029

0243 £0 007 [ 825620000
G671 £0079{0693£0031

200405
B33£049
334:027

Table If Per cent chan,es 1n time end ervor scores wn compansons I~V I Vean calues

Jor 12 subjects
Task Comparison no
1 It w o v v
eslesleelesce|ss|5e]es
Ef S| 85| g5 e fa (a5 3=
- 128 183 128583158 )88
=gl B B S -8 BT R -4
B e R ++ | ++
ve fev e fre e foe ey
Sunple reaction | +23 |+ 54| - 58| — 08) +28 | +31] +33] +62
Chowce reacuon | +30 | = 40+ 21]+ 21} w12 ) -09] ~09| 128
uror draving | <08 | ~ 200 = 33}~ 33} ~01 | —24 | ~33 | 37
{urme)
Nurror drawing | +76 | ~ 158 ] ~173] <173 ) <91 | ~83 | +76 | 13
(error)

SigruGeant at the 5 per cent level of confidence

The stats ucal sigruficance of the observed differences was cvaluated by submuting
the mtra par mean differences between vanous conditions fwo at 3 tsme to the ¢ tet

(sce e g Frsueg 1948
Results

The means of the twelve ndividual aserage scores for each of the vanables

under cach

scores wn Table Il Comparsons {1111 sce  Subjects and \ethods

condition are shown n Table I and the per cent changes in the

") In
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7

SIMPLE REACTION

CHOICE REACTION,

PER CENT CHANGE o

Fig 1 Changes in performance induced by m
creasng th ovygen pressure at a constant hugh
nutrogen pressure (39 atm)
Mean values for 12 subjects

GNIFICART (P< 0 0%)

spection of the tables shows that there were only shght or moderate differences
1 performance between the conditions

Effects of wncreased Py Py and gas densty A mise 1n awr pressure from 10 to
20 atm caused only a shight tendency towards mmpaired performance (Com
tanson I Table II) However when a similar rse 1n mspired Py was combined
with a greater nise 1n wnspred Py (Comparusons 1l and 1IT) a more pronounced
and statistically sigmificant impawrment (P < 0 05) was mduced in two of the
Perlormance vanables (simple reaction time and murror drawing error score)

Effects of ancreased Py and gas density As revealed by Comparisons I} and 1 a
Tse m inspired Py, (with no change 1 inspired Py ) produced but very slight
thanges 1n performance Only the error score mn mirror drawing increased
sigmficantly (P <000)

Effcts of ancreased Py at a constant bugh Py At a constant igh level of mtrogen
Pressure (39 atm) the simple and chotce reaction tumes tended to increase with
nereasing oxygen pressure whereas the time score 0 murror drawing showed a
tendency to decrease (Compartsons VI—1 {II) Two of these changes reached 2
statutcally wgnificant level (P < 0 03) when the nse 1 P amounted to 24
am (Fig 1y

In order to examune possible differences 1 intra ndividual vanability be
teen the five experimental conditions coefficients of vanabihity based on the
3 1

3m\:xagc d were puted The coeff d showed
t there were no syst diffe m vanability between the different
conditions

Discussion

nco“l‘ observation that air at 5 0 atm pressure produced only a shght impair
& nan objective performance (2—3 per cent increase i simple and fours
o i
iCe visual reaction times) 1s at varance with those of Sning and

SRRE (1937) and haesstive and Maac (1960) but agrees with



406 MARIANNE FRANKEMHAEUSER €T AL

and Hatos. £ (1941) SHiLrnc and WitLoryex found a sigmificant 10 per cent
mcrement n Light to touch reaction hme at 53 atm pressure, and Raessine
and Masc a fi 21 per cent ment i two chorce visual reacuon
time at 4 0 atm Case and HALDAMe observed only 2 somew hat mtovicating
cffect of arr at 8 6 atm with no reduction of manual dextertty Thescquantitatine
deviations 1 results may pos 1bly be due to pronounced nde idual differences
w suscepubility fo ar narcoss or 1o dufferences mn the general expersmental
procedure The obsenation of Case and Harpwg (1941) that the narcoue
elfect of arr at pressure 15 greatly enhanced by the addson of even minimal
amounts of carbon dioxide to the mspired air indicates that the signs of sub
ective as well as objectn e intoucation in deep sea divers and in subyeets breath
sng aw m a compression chamber may 18 part be due to the carbon dioude
that accumulates an the diers helmet or 1 the chamber In the present
expertments special precautions were taken to prevent amy admixtuse of exprred
carbon dioude to the spired air [see “Subjects and Methods
Ouvr data would then idicate that pure air when administered to restmg
human bewmgs at 5 0 atm ambient pressure has onfy a very shight depressant
effect on objertive psychomotor performance This does not necessanly smply
honever that changes 15 subjeetive vanables are abso very shight
In a previous im estgation of the effects induced by varous dose Jevels of nstrous
oxide 1t was shown that performance wm some tasks mas remamn relatnely un
disturbed when there 15 a pronounced increase 1n subjecine intaxicition
(Frannesnagtssr and Jaree 1962; imlar obsenations were made m ex
penments dealing with effects of other drugs on vanous mental functions
(FRANKENHAEUSER JARPE and Marrpy 1961, Fravxensartser and Poyr 1962
The statement that arr at 20 atm pressure produces onhy shigbt olyeutne
; changes 1n performance 13 therefore not wconsistent with the obseryations of
Beshe of af (1933) chat subjectin € IntoYICION My occur at pressures 9 low
as 30 atm
Since A rise in air pressure inyols s stmultancous tncreases in oxyen pressure
nitrogen pressure and gas densty  Comf snison { cannot be used to Gifferentiate
or evaluate the factors respon ible far the performance changes vhsened at
50 atm The same holds for Comparisons I and 11 The fact that on raning the
ambrent pres ure the mmpatement in performance became mare pron wunced
W owvgen was added 1o the wn preed awr Comparsen 11 indicates howeser that
nitrogen and o¥pgen act 10 a synergistic rather than antagonstic fashrn The
canclusion may then be drawn that compressed air narcoss 1 pot dur U mnter
ference with oudation 1 the ussues by anrogen under high pressure
Support for the view that onmgen excess has a potentiatng effect o com
pressed ai¢ narcoss s provided by (ompanisons § I~ § 411 which demonstrate that
at a comstant ugh Py feved 35 am) the changes in performar e 1 reased
wath ntreaung oXygen prasure In a previous imestigauon 3 wa cor o that
on ramng the nsprred o¥vgen pressure o 30 atm a1 2 low nutrogen | ressuse
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there weas only o shight tend towards poorer perft e (FRANKEN: 2USER
ool 1960) The cHects of ovigen thus scem to be more marked under cord:
tions of high mtrogen pressure Our present data do not allow am defnite
corclugons as to the unmediate cause of the obseryed differences i effects of
ovigen It seems possible howener, that oxigen excess may act sndwectls b
mterfenng with carbon dioxide ehmnanon from the tissues This conclusiont 1
based on the following obsersations LAsBERTSEN ef af (19332 b and c) found
that the wmhalation of 100 per cent oxvgen at 3—3 5 atm caused an ancreased
2ctmiry of the resprratory center due to local accumulation of carbon dioade
3 >—6 mm Hg fall 1n alveolar and arterual P, and 2 3 mm Hg mcrementm
mternal jugular Pe,, wndicating that the CO, tension 1n the respuratory center
had abo mcreased by 2bout 3 mm Hg To induce a sumulir nse m mtemal
Jugular Pey, b €O, breathung at normal P pressure the 1n pired
CO ten.ton had 10 be raused to about 20 sum Hg Case and Hawpaxe (141
found on the other hand that on wcreastg the taspired CO teasion ta 20—~
30 mm Hg the performance changes obsersed at 10 atm a1 pressure were
o3 kedly enhanced whereas at normal atmosphenc pressure the same
pred €O, tension caused no detenaration w manual or anthmencal shill
From these and other results 1o the above menuoned investigations (t M3y
be s ferred that (1) an 1ncrease i wspired Py, to higher than normal lex els
Qusesanen bissue Py (2) hugh N and CO; tissue ten 10ns have aswaergis
tic narcoac action and (3) an rsolated moderate merease m ussue Po has
1o demonstrable narcotic effect These three swtements would <cem to be
ompatible with our findings that ata high Py level the performance changes
mctea ed with increased mspired Py whereas at a low Py level 2 sumiar
terease in inspired Py, had only a small and i ignificant effect on performance
13 to the role of nutragen n compres ¢d awr narcons the prevent data (Corm
b rsons IV and ¥) permut the conclusion that at rest Jutrogen pressures up 1o
39 aun hase but very shht effects on objecnte performance Ewidence for
some ymparrment of jud, and or far coordinaton was ob-
taineq from the esror scores of the mirror-drawing tah which ncrea ed gl
ieantly by 17 per cent when the nitrogen pressurc was raised to 3 9 aun That
nitronen presstres below 4 O atm have hde 1f any narcouc effect on the re
Piratony center has been shown 1 carher expenuments on breath holding
(Hewer 1962) 1n which cvidence was obtaned that the increased breath
balding ability found at rarsed air pressure 1s not due o the increased Py
Bean (1920) and Burstass  1961) maintun the siew that the sole causative
3ctor of compressed air narcosis 15 2 N5C 1A bodv €O tension Increa ed
breathung resistance due to rassed gas density aF pressure w ould resuft accordmn,,
© Buntarass sn hypoventlanon and impared CO chimmanon Peay on the
other hand cantends that smsed gas density leads to a reduction i LO diffu
‘o and mpang 1 the aheol and 1n this way 1© reduced CO  output. Direet
™e3surements on resting human subjects have shown howerer thay after







PERFORMANCE UNDER HYPERBARIC STATES 409

Proxenmaztsie M G Jazee and G Mareet, Effects of mntravenous wfunons of adrenatine
d norad n certam pychological and it § funcuons Atz phyrof sand

an a
1958 §1 173180

b \f and B Post C: excret on duning menial work as affected by
centeally scting drugr 4eta phonel seand 1967 55 7481

Hooex C.AL The role nf mtrogen m breathholding 2t sngreased pressures Yo Afon s D pendene
- 7:!» sizn»l, Htmuspher  edited by B E. Scrarrex The Macmillan €o “cw York 1967

MR © M and B Hotseoney Effects of rarsed barom tn¢ pressures os respiration s man
12 phinel scand 1939 47 2843

Har, L and M Gresswoon The mfluence of ncrewsed baromane pressure on man — \o 1
Pac 1y S B IN6 77 449423

REcone R} apd CLH Mano Performance smpasment as a functior of mirogen nascosis
L $ Amy Experumental De wng Unit Resea ch Report 360 1960 119

Lawneszsey € J R H Rotow D ) Coorew G L Esurr, H H Lorscriexe and G F
SommT Onygen towcty Efects in man of oxvgen wmkalation 3t 1 and 3.5 atmospheres upons
?m‘; transport cerebral © reulat an and cetebrad metabolome F appl Phynod 19333 5

5

Loemrses €7 R H howew D A Coorse G L Baowr, H H Losscuese and € F
Scrumy Compansan of refatianship of sespiratory mute salume to pCO and pH of
Aterial and wnternsd Jugular Hlood sn sorsmal Man dunng hyperventianion produced by low

of CO atl and by O a130 F apft Phys 1 1953

5 80313
Dherarsey € J AL W Srwovp vd R A Govio R H howes ] H Ewncand € F
T Oxygen towicity Respuatory responses of normal men to inhalation of 6 and 100 per
7t ovygen uader 35 atmospheres pressure F appl Fiy ! 193% 5 487494
DG % and W W Vwawewvse Quantitaine study of mental and nexromuscular
Feactiuns & influenced by increased awr pressare oo med Bull (Wath ) 1937 3> 373380

S



Acta physiol scand 1963 59 410—423

From the Department of Physiology harolinska Institutet Stockhotm €0 Sweden

Phasic and Static Excitability of Touch
Receptors 1 Toad Slan
By

U Livpbros
Recened 29 \March 1963

Abstract

Livosroy U Phastc and static excitabality of touch seceptors wn toad shin
Acta physiol scand 1963 59 410—423 — The excitability of the
toad s touch receptors was studied during slowly mcreasing and statc
deformation Graded mechanical stmuli of a linearly nsing and a plh
teau phase were apphed 1o sinele receptors i siu together with br
supenmposed test pulses Action potentials were recorded from the
afferent fiber 1n the dorsal root

In the moving sumulus phase the excitability rose rapidly and then
displayed either a peak or a smooth flatterung (Fig 4) s the plateu
phase of the stimulation set 1o the excitabiity suddenly fefl but a
residuc of raised excitability permsted statically (Fig 5 6; The less
rapidly adapting, receptors even presented a discharge 1n the platean
phase The impulse frequency of this discharge rosc hincarly with the
deformation amplitude (Fig 9) but the maximum frequency was low
as compared 1 ith that in the dynamic disckarge While the static ex
cuability change and the plateau discharge were related to theam
putude of deformanon the dynamic ewnabibiny change e the
dynamic discharge (Lovoniow 19621 depended on the rate of de
formauon

An hyvpothens that there may be two mechamisms — on phasuc
and one static — 10 one and the same receptoris discussed The coure
of the dynamic exctability explams the latency sariations of the dis
charge foltowing sumulation atvarying deformation rates and mav al
30 account for the regular finng 2t constant deformation rate (I tvp-
pros 1962} The charactersuc rapid adaption 15 hest explained av
due to lack of excitation dunng stauc sumulation
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In a tecent serves of papers (Lxosrost 1938 Hooroan and Livvnrov 1961
Lovostow 1962) the excitability and ampulse discharge of the toad s touch
receplors were analyzed by means of mechanscal stmutation of s arable shape
and strength Common for aff receptors were certawn basic quabises suchas thesr
proneness to respond to dyname stimuks and therr rapid adaptaton but farly
large quantitative vanations were observed ¢ g nrateof adaptation Thus
some receptors responded only dunng the mtial ¢ ¢ the maving phase of the
sumulus whereas m others a discharge -~ even though of lirmted duration —
was obtamed also durning the subsequent plateau phase The two receptor
\anants — termed  sery rapidly adapuing and less rapidly adapting —
could however not be classified a3 two separate types of receptors since vanous
mtermediary and transitional forms were observed 1t does not seem unhkely
however that there w2y be two mechanssms 1 one and the same receptor one
of which may account for the tesponse to dynamic and one ta static stuula
ton More direct evidence 1 favour of this concept was obtained as the present
mestigation progressed

The immediately preceding work {Lixosrow 1962) descrabed the charac
tenstics of the dynamuc discharge * In the present investigation w— performed on
the same type of preparatton — the platcau discharge has been studied more
dosely special attention being pad to the selation between smpulse frequency
and amphtude of displacement For a further analys:s of the Teceptor properties
and to be able to nterpres the vanous discharge phenomena observed 1t seemed
hecessary 1o know more about the excitation process m the receptor Unfor
tunately the Preparation §s not surtable for direct recordings from the receptor
Tegon but adeq i could be ob d mdirectly by studymg
the excrtably ty changes accompanying subthreshold dynamuc and state deforma
on and mostof the results deseribed below were derved from s uch experiments

Methods

Decerebrate and curarnzed Swedish toads {Bufs bifo) were used tn all expenments
Shich were performed at room temperature (20~23 ) Only receptors connected
18 coanse afferent fibers (A fibers <f Lisnscow 1938 p 29) and located on the plantar
3urlace of the bundfoot or on the lower leg were studied Results are based on recording
from 15 receptors of which 60 were chassified as besng of the very rapadh adapung and
35 of the loss rapuly adapung type

The performance of the mechamcal stimulator (the same as used wm two previous
Iestigations of Hositnn and Levosios 1961 Lovoeios 1962) was s follows rate
oftise of the mechamcal pulse contimually varable besween 0 08 and 80 mamfsee. max,
um amphitude of displaceraent 300 g« The brief mechameal pulse used for test stmula

B this paper the terms dynamuc and state are employed to der gnate discharges
O tabil 1y changes etc occurring n the s ng phase and the plate phase of stumutar on,
Tpechvely Th terms phawe and  fat  rel to th iwo roechan me \ hich may ac
count for ree pto responses of dynamse nd tareivper pects v {<f Duscuss an page 490

V33015 A taghy of cand Vol 59
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Fig 1 Recordings from very rapudly
adapting  touch receptor (upper
beam; and capacitance meter (Jov er
beam) ilusteat ng impulsc discharge
and effectofm cf anical sumulation
at progressne rate of deformation
u 410 mmfs ¢ (= entical slope)

B13 €23 D3Bmmjsec Latency
of first impulse 1n 1~ 190 85 0
and 25 msee respretnely including
calculated time (5 msec) of impulse
conduction from receptor 10 reer il

g site Plucau ampl wde of de

formation 60 s in all records

Rhecobase value 70—30 4 (fluctuat

ing ef Lisppiosr 1958 p 25) From
teceptor on posterior part of planta
pedis

Fig 2 Sumulanon of very rapxdly
adapting receptor 1 at shightly low
er gradient than critical slope B at
enitical slope (23 mmjsec) | lateau
amplitude of deformation 300 #
Rheobasc value €0 4 From receptor
on planta pedis close by lateral pad

uon 1n condition experiments was produced by means of a square wave of | 5 msec
duration from a grass stimulator connected to the loudspeaker of the mechanical stimuls
tor By shightly modifying the square wate by a condenser coupling oscillatory chsturbe

ances 1n the mechamieal system could be avoided
The mech 1 1 "
so adjusted as to give an inward

as 1 to the toad s skin via a small blunt rod
perpendicular displacement of the skin surface which

was recorded by means of a capacitance meter coupled to the sccond beam of the oscillo-
geaph {for details see Linpst oy 1958) AN thrrhold determnations senving as baws for
exatability cunes were repeated two to four imes the points in the curves representing

the mean values

The 1mpulse discharge from the receptor was led off from the afferent fiber i the
dorsal root which was dissected 1nte filsments thin enough o permt a study of single
umt actnaty Monopolar recordings of the acuon potentials were made from 11; end
of the filament across a small air gap The electronie recording equipment was of n:v\h
ventional type A Tektronix oscilloscope type 502 (AC coupled) was used together wii!

Grass amplifiers sumulators and camera
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Fg 3 Exc tabiity changes i very rap dly adapt ng recepto 09 slowhy increasng defarmaon
fae 13 mmlsee’ yunt belaw crstical slope) @ mpulse yerord ng from afferent £be bt
i & splacement ‘Actian potennal m 6 of cied by test pulsc wheh y seen as downward de

ection superimposed o slow dh placement st mulus (5, —f cours ofthresholda d fHrmaton
Progresses {corresponding dorsal roat recordingy not rep oduced g—A threshald ampl wdr of
% pube alon before (g} and afwr (k) cond vomog expenments 0t rmediary values et
Mated by mterpolat on From receptor on planta pedss

Results

Dynamse eacutabrlity Fig 1 — shown m arder to recall certaim discharge phenom
€na desenbed in eather papers and referred tomn the toflowing — iljustrates what
happens when a touch receptor of the vary rapidiv adapting variani s simu
lated at suprathreshold amphtude and progressive rate of displacement At the
cnucal slope (Aprian Carreer and Hoacrane 1931 Gray and Marcors
1951 Gray and Mazraews 1951) 2 single unpulse 55 elicited i the dynanuc
phase of sumulation after a furly long latency 4} 3 displacement rate 15 en
hanced the latency gradually falls and new smpulses ate vecruied B—D)
Swunuitaneously there 13 an merease of the discharge frequency which was found
to be related to the Joganthm of the displscoment rate Another spscal feature
of the dynamuc discharge ss thar the mmpulse frequency 1s constant during a
hinearly rming soenulation 2 ¢ when the rate of defarmaton is constant tLyvp
BLow 1562)

Tss the first senes of experiments to be desenbed an investigation was made
of the excitability changes occurnng as a dsplacernent gradient Just below the
neal slope (Fig 2%} By wsng 8 subthreshold gradient as conditioning
stunulus 1« was posuible to avard distortion of the curves due 2o the post spike
refractortness which 15 pronounced 1 she tvpe of nenve endings under study
fLispagos 19581 As test stimulus 2 brief mechanical pulse was supenimpo
threshold amplitude of whach was used as a measuse of the excuabihny
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Fig ¢ Curvesaid the two types of fity changes obsersed during stowly increasing

deformation Note peak i § (from same experiment as [ig 3) and smonth flattenung course m
B (fromanother receptor at bate offourth digat critical atope in this case 2 5 mmfsce) Course of
mechamcal sumulation depicted below curyes

Tig 3 allustrates how the simulation was performed Before and after each
conditioning senes the threshold for discharge with the test sumulus afone was
deterrned (g and & recpestively) The action potential in a 1s eficuted by the
test pulse wihielt 1s recorded as a downward deflection supenimposed after 2
msec, on the slow cond lus (8} The chreshold ampittude of the test
pulse 13 shghitly lower than the uncondittoned \2due 1n ¢ As exactly mersured
the threshold fall — 12 snerease in excitabnhity — amounts t0 20 ©,, The conrse
of the threshold as the deformation progressed was followed by successively
delayung, the test pulse as shown by the stimulus recordings ¢ —f (the correspond
ng dorsal root recordings are not reproduced) The threshold attuned 2 mim
mum value about 100 msee fier onset of the slow deformation (¢) and then rose

agan (f)

‘The fizure also illustrates one of the two types of exaitability ehnges obsenved
and the e bility course 1sdep {graphucally in Fig 44 inwhich the thresh
old fall i per cent of the uncondiuoned vlue s plotted aganst ume from on
set of the hinearly nising stimulation \Measurements of the kind shown tn these
figures were performed on fourteen receptors five of which exlubited the type
of excitability enne deprcted in Fig 4A 1 they attuned a mumum within
the first 200 msec In the rematning mine receptors there was an mitial equally
fast anerease 1 exeitability to 1 hugh level but 1 contrast to the former g roup
1he excotability was maintained at this level or even showed a shght further 1n
crease dunng the whole course of linear deformation Fig 18 and 6}

As arule theexaitalility was tested only at a gnen gradient Just below che
enucal slope, but in some expeniments various lawer gradients were fafloned
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A B

At e e p—

m b tm  bm o mpl

30 jooem 100 200 m

g 2 Exenabihity changes 3n fwo touch recentors lustrating rapid decrease of excitabibity as

s tonmg pulse (below curves) shifis fiom dynamse to plateay phase Note res dual threshold

red won ot pe g4 lf]mm very rapudly adapung receptos on Sateral pad (critical slope 8
2

=00/ &} B from omewhat less rapudly adapting seceptor at basc of fourth duig ¢ {eritical stope.
around 1 5 mmsec)

¢
L] .
8L

Fg 6 Excuability changes n1ery apidly dapt ng touch rec pto  how ng flatten ag of 3 ne

0 dymamic phase an tearhed hds of 12 &8 Siabiiy 7 plateau phase rows wnd cate

Y Muesbeteen80a d 100 {ampl fude of est pubse t00 small to perm ¢ xact 8 term nawons)
O rec pror at base of first d git (crs al slope 1 § mmsec)

When starting at a gradient several umes lower than the entical slope and in
ereasing 1t stepwise there was a progressively steeper rise of the exaabihity up
o creasngly higher levels uptl the receptor presented a discharge This
otcusred when the excrtabisty reached the fesel marked  dischaspe level
g 4, pond; 10 100 %, hold red The first smpulse
Mtiated exther in the course of the slope asin Fig T A oratusend as




416 L LINDBLOM

{ Sea Muiva

A A
1T

Fg 7 Effect of increased d formation on static excitabibiy risc 1n sery rapidly adapting recep
tor (same as Fig ) Throl old amphitude of st pulse disunctly reduced even at sublimumal
(4) and shightly supral minat (8) static deformation (theobase value about 707 ) No marked fur

ther threshold fall on increasing deformation (C D a—d threshald amphtude of test pulse alane
after conditining series

2B In the former case the exaitability cunve was of the 1y pe displaying a peak
{F1g 4A) an the latter case it represented the tvpe with a more or less smooth
fattening course (Fig 4B)
Stati excstability As
raprdly adapting receptors (such as all those illustrated in Fig 1—7) when exposed
to stauc deformation even though the displacement amplitude amounted to
several umes the rheobase salue Since some changesin excitability were any how
Iikefy to occur the threshold was followed also duning the plateau phase of the
sumulaton Two typical results from such expeniments appear from Fig 5and 6
In the receptor of Fig 5% the high imtial exaitabihty immediately fell 1n
the plateau phase so that there was a threshold reducuion of about 50 I
excrtability level was then d for the d of the 1 A
stmilar level was obsenved n all receptors studied the reduction in threshold as
a rule amounting to 50—380 °, when the displacement amplitude of
the sumulator 300 s was applied

The exatability level in the plateau phase remained remarkably steady for
some Jength of ume Thus the receptor of Fig 6 extubited a threshald reduc
ton by 80 ¢, as long as after 400 msec of stanc sumulation As a rule asngmi’
1cant threshold reduction persisted even afier scveral munutes constant dis-

d above no discharge was ot d from tery
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Tg 8 Plateau disch; 1 tudes of defc
arge 1n less rap dly adapting touch _eceptor at_arying ampl tudes of defor

maton Amp! tude in A adjusted e th eshald of first dynarmc ympulse that n B to the some

whath gher threshold of the first static impulse C—D increase of duration and impulsc frequency

ol platean discha od used impulses are rc
rge Although too frequ nt to be visible at sweep speed used 1mpu!

ruted 2l un smuial dynam discharg . From receptor on planta pedis Rheobase value 35 1

it cal slope < 0 08 mm/sec

Placement of 100—300 1 a deformation which from a physiologic pont of
View 15 within moderate linuts

The abrupt fall in excitability as soon as the stimulation changed from dyna
mc to static (Fig 5A) was further illustrated 1 experiments using a condi
toning mechanical pulse of virtually rectangular shape (Fig 5B) With this
type of sumulation an 11l peak of dynamuc excitability was obtained which
could howeser not be traced for more than 30 msec at most after the static
phase had set in The time constant for the fall of the dynamic excrtability could
not be exactly determined but was probably less than 10 msec In this latter
type of exp 1 htude was used for the conditioning
stimulation 5o as to avoid mterference from the refractoriness after the action
Potential which would have given the curve a quite different course (virtually
the reverse of the curve in Fag 5 B) The same type of expeniments as :llustrated
n Fig 5 B has previously been done on the corresponding receptor 1n the
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Tig 9 Iuagram of relanm between
bnpuls frequ ncy «f jlacwn dis
chuarge gud 4 placem ntamplien fe
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frop, s skin by Gray and Marcorst (1951) who found 2 constant threshold fifl
from 40 to 360 m cc calculated from onset of the condisoniny, sumulation
With the stimulus amphtude used by them the reduction did not exceed 35 7,
Ihat a [l an threshold occurs even in the first 30 msec was also recently
shown by Catron 11962

In order to study the sipnificance of the sumuluy amplitude for the degree of
the threshold depression dusing, statie deformation expenments of the type
Shownan Tig 7 were done The test pule was defayed bhout 150 msee from
onset of the conditioning, stimulaton so as to avoid nterference from the re
Iractotiness after the mival unpulse evoked by ths stiunulanon at ligher imph
tudes (B—D) Iven during subliminal static deformanon s 10 record A the
threshold was found 10 be signibcantly reduced (cf the uncondioned test
stumufation an a) In B the threshold 13 sufl Jower A further increse of the
deformation imphtude did however hardly canse any furthes threshold (il
{C—D)) This means that the major part of the full 1n thredhold oceurs at fow
deformation amphitudes below and the rheobase vifue

Plotegu duschorge The relanion hetwern smpulse frequency angd sumutaton
amphitude 1n the plateau dischars ¢ obtained in the less rapudly adopting secef tors
was analired as dlustrated 1 11, 8 The stunudus amplitade m A n adgusted
10 the threshold of the first dynamic impulse and that in B to the shghtly fugher
threshold of the first impulse of the platean discharge 1o C 2 low frequency
plateau ducharge 1s ehated of a duration of about wo thirds of a sec (The
sapulse to the mpht 19 probably an off response ) Furthes nerease of the st
ulus amphtude (D—F) seulted in a lonker discharpe and tugher 1npuhe
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frequency Fig 9 shows the relation between the displacement amplitude and
the average impulse frequency of the plateau discharge during the first sec (the
mitial dyname discharge and the off response excluded) Asseen, the rclation 15
lnear A similar mcrease 1n frequency was found 1n other receptors It should be
noted however, that the effect of an sncrease of the amphtude was linated
sofar as the maximum frequency obtanable was remarkably low amounting
to between 10 and 50 impulses per sec 1n most receptors The discharge was
also often farly wregular (Fig 8 D) and easily faugued on repetitsye shmulation
These findings are contrary to the observations made on the dynamtc discharge
which 15 vegular and attains high smpulse frequencies (Livorron 1962)

A certam increase of the impulse frequency and of the duration of the plateau
discharge could be obtamned 1f the skin was statically deformed before the simu
fation set 1n by lowering the stimulator so that the skin surface was deflected
100300 1 Such a preset displacement could sometimes provoke a plateau
discharge 1n receptors primanily responding only to dynamc sumuli The
dynamie discharge per sewas however fairly unaffected by a preset displ:
no sigmificant changes being observed 1n 19 out of 31 ca es Some increase was
observed m 6 and some reduction 1n 6 cases When the preset displacement
execeded 300 40 the result was erther a reduction both of the dynamic and of
the plateau disch ge or 1 damping of the d caused by the under

’)'mg bone structures (mamly on digits) A stationary discharge was never
obtained

Discussion
1

Inthe ts using slowly increasing d the impulse d
i the receptors was found to be preceded by a smooth mcrease m excitability
‘arymg with the velocity of the stimulus m the same manner as has been shown
for the Treceptor potential in the Paunian corpuscle (Gray and Sato 1953) and
In the frog s muscle spindle (karz 19501 The dynamic excitability curves ob
taned in the present expersments are likely to reflect a corresponding depolan
Zation process in the toad s touch receptors

Two different types of dynamic excitability curves were observed one dis
Playing a peak and one with a smooth flattenung course (Fig 4 A and B) As
mentioned abose these two varants of excitability curves explain why the
first impulse may be intiated 1n the course of the deformation phase or only 1o
Wards ats end The red 1n latency foll 1 at grad
abave the cntical slope (Fig 1) 1s an obvious consequence of the pragressively
faster nise 1n excutabulity with mereasng rate deformation since this mmphes
that the excitability attains the di charge Jevel progressively carhier

It seems concevable that the course of the dynamic exetability curve ex
plan also another discharge phenomenon i, that the impulse interval 15
constant throughout the deformation phase when the rate of deformation is
onstant (Livpsros 1962) This 18 actually remarkable since a progressive non
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Imear nise i threshold — with a sharp iminal increase and 2 flatteming off —
s been shown to occur on repetitive firng (LinpsLow 1958 P 40) Asdiscussed
previously (fmmosLow 1962 p 359), 2 prerequsite for 1 constant impulsc ter
val 1s that the increasen threshold 1s countercted Iy an exatrtory effect 1in
creasing in the same manner It was thus particularly snteresting to find that
the increase 1n exatibility did actually pursuc « course of 1 rapid antteal
rise nd a subsequent flattemng, There 1s a striking resemblance between the
exatability cunen, e ¢ tr, B and the cunve of the cumulatine threshold
rise previously published (Impntoy 1908 Iig 20 20)
The increase in excitalnliy during statie sumulation may 2t Jeast part be
a purely mechanieal effect the static simulus producing 1 preset deformition
of the ussucs so that only a minute further deformation 1s necessary to cause dis
charge Tius concept docs however not exclude the possiality thata depolar
17anon state may be attuned even during static smulation thus being 1t least
contributory to the change in excitabihity Merely an merewse of the amphitude
of the stauc stmulus did 1ctually sometimes give nse to 1 platern dicharge
cven though of jumited duraion It 13 also known that 3 strong tangential
stretch of the skin may cause 1 slowly adapting discharge (I o1 wisstrm 1906)
The static exatability nise an the very rapidly adapting recceptors 1s well s
the platean discharge in the less rapidly adapung ones were both dependent on
the deformation amplitude In some cases a transition of the former type of
receptor mnto the latter vanant could be observed after preset displacement of
the shin These obseryations suggest that the static exaitalzlity change and the
plateau discharge may have a common ongin and that there may Le a quanu
. tative rather than quilitative difference between the receptors capable of 1nd
those not capable of a plateau discharge (for further discussion ef Hooruso
and Liznosrow 1961 p 118 and Lisbpros 1962 p 360) There were howeser
'stnkmg differences between the static exaitability change and the plateau dis
charge on the onc hand and the responses obtaned i the dynmuc stunalation
phase on the other hand The dynamic exaitalnlity changes was more dependent
on the rate of risc of the sumulus than on its amphitude ay was also the implse

freq y in the dy drsch (I nopLov 1962) Above a certain gradient
the threshold of the dynamie discharge was low (Hoaruwp and Lisporov 1961)

and the impulse frequency Iugh and regular (Lixoprowt 1962) The platcau
discharge had a higher threshold low maxumum frequency and was often
farrly srregular These differences suggest that two dafferent receptor mechanrams
— onc phasic and one staic —may beinvolved andaclassification on thishaus
of the varous phenomena obserned may actually be more natural thn the sa
far applied correlition solely to the dynamic and static ty pe of sumultion This
appears ¢ g from an analysss of the impulse patterns obtaned 1t extreme
stimulus parameters Thus i the less rapidly adapung receptory avery siow
rate of deformation gave nise 10 a discharge of static type even though the sumu
lation wat dynamic whercasarvery rapid rates the situanton mught be res ersed
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The discharge observed in the less rapidly adapung receptors at low deformation
Tates (Livooroxt 1962 Fig 4 A) was of the same type as the plateau discharge The
mpubie frequency was on average low but was higher at the end ar the beginning of
the delormation phase Thus 15 consistent wath the fact that the 1mpul<c frequency tn the
plateau discharge nises with mereased deformation amphtude The discharge at I de
formation rates may thus be concened as being due to actn ation of the postulated static
mechanism even though 1t occurred 1n the course of a dynamic sumulation Tht con
Cept is supported by the fact that ths discharge does actually correspond to that part of
the slape frequency curve (Livostow 1967 Fig 5) which is below the los er lumt of
the so-called optumal stope range 1 which the tvpical phasic properties of the receptors
Were <pparcat The very rapidly adapting receptors — whose staye mechamsm was
weakey — dud not Ppresent any discharge at all at these low deformation rates nor during
the plateau phase of the sumulation Only at Iy high rates of defc 25 at
2 virtually rectangular pulse an initral bref burst of impulses mught sometimes be ob-
tained 1n the plateay phase also mn the very rapidly adapting receptors This discharge
#as of dynamic type the impulse frequency being hugh and not related to the stunulus
2rplitude and should thus be regarded as being due to a residual phasic Fxaitation
Perhaps facalitated by subthreshold tiom of the static mechanism (cf Fig > B)

Haae p Pp! a double h 1 one and the same receptor 1t 1
tempting to make a companson with slowly adapting mechanoreceptors As 1s
well known especrally as regards the muscle spindles (Matriews 1931 hatz
1930 Janse and Marrirews 1962) there 1s a dynamic and a static component
also 1 their cischarge Apart from possible dissimilarities 1n the accommoda
Uon of the supplying nerve fibers the rapidly and slowly adapting receptors may
differ only wsofar as the statsc mechamsm may be more effectve in the latter
tesulung in a fower threshold and a stauienary discharge Also tactile umits may

display a slowly adapting discharge asshown in exp on nerve skin prep-
arations of frog (LoEwEnsTEN 1926) and on cat (Hu~T and MdsTyre 1960}
butin general the phasic mect 15 pred 1n touch recep this s

450 conustent with therr function being to record small rapid skin surface
displacements For the preparation used in the present experiments the predom
inance of the phasic mechamsm was pronounced and the plateau discharge
when observed was relatively weak The static mechanism may thus be of less
mportance for the speafic function of these receptors even though it may modify
the phasic response

The obsenations above on the relation between amplitude of skin displace
ment and frequency of plateau discharge (Fig 9) may be compared with recent
descniptions of the relation between muscle stretch and the adapted discharge 1n
the crustacean stretch receptor {TERZUOLO and Wasinzu 1962) Although the
type of deformation n the receptive nenve ending may be different the impulse
frequency has anyhow 1n both cases been found to be directly proportional to
the degree of deformation If the sumulus applied to the stretch receptor s
€xpressed 1n terms of loading 1 grams mstead of muscle stretch the result wll
be a loganthmic relation to the impulse frequency just asan the case of the mus-
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cle spindles As far as the amphibian kin s concerned not much 1s so far known
about the relation between loading, and deformation amphtude

LoewesstED (1906) has proposed that the rapid adaptation i a mechanore
ceptor may be duc to the nene endings recovenng mechameally so that they
arc not activated dunng static sumulation This explanation has proved to be
rvald for the Pacinian corpuscle Hueparp (19.8) has shown that on applica
tion of 2 zul h 1 L of the surface of the corpuscle, sts
center contamng the receptne nene ending undergoes enly an mtial defor
mation followed by an almost immediate mechamcal recosery As far as the
touch recepiors in toad and frog kan are concerned, the anatomucal conditions
are different. The nerve endings are located superficially in the skin which 1
2s a whole considerably deformed when displaced as in these cases several
tenths of g {Lrvprroy 1952 Fig 3} Under such conditsons st does not seermn
Lkely that the endings should recoser mechanically 1n the course of the stmula
won uniess thas process man take place at the molecular fevel The charactensuc
rapid adaptauon in these receptors should anyhow in the first place be mter
preted as signalling absence of exaitation This 1s the logical conclusion dersved
from the experimental results presented in the preceding papers as well as in the
present imesugation  demonstratng that the receptors are actnated solch
orat fea t primanly by dynamicsumult whercas stauc deformation 1s compara
tnnely meffectne Some previous results and interpretations /Dus and Fiaeey
1938 \asz and KExsiaro 1958) are in keeping with thus concept It may also
be pointed out that stauc deformation within reasonable Lmuts does not block
the a2bility of the receptors to respond to dyname sumub This alahity 15 masn-
tamed esen after total adaptauen of the discharge as shown by the occurrence
of off responses and of a sccond burst of inpulies on stepws ¢
N\are and hensiato 1908 Fig 6, Nor was anv apprecaable change of the
dynamuc response obsers ed m the present expennments after preset stanc drsplace
wers of the skin and Loswe stet (1936 p 592) bas alo found that tan
genual steetch of the skin may be apphrd without cau ing any marked change of
the tacule response

If the concept outlined above holds true there 1s no need to assume an acine
¢ process such as acc d. in the nene fiber of Graser and
SxocLrsp 1933 Ratz 1920 Gray and Matmiews 1931) as bang essential
for the adaptauon 1 the tvpe of receptors studied Such processes may anyhow

T h modify the dusch cvoked The accomnmodation process may
¢ g cauc the flattening of the dynamic excuabibity cune and a damping of

the plateau dr.charge

Tt 5 wock kas bvm suppert~d by a grart fr o the Foundanon Therowr w §an Androuens

Minne
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Abstract

CarpenteR, D 1 Enceerc H Ieskessten and A. Ltsoperc
Decerebrate control of reflexes to primary afferents Acta physiol scand 1363
59 424—437 — Domal root potentals (DRI ) have been compared
11 decerebrate cats before and after transcetion of the spral cord
The DRPs s oked from group I muscle afferents of flexor and extensor
muscle are euher unchanged or shghtly decreased after transcetion
of the cord In the spinal state the DRP evoked from cutaneous af
ferents has two 1) C I rep primary
aflerent depolanzation (PAD) in cutancous afferents has brief
latency and 1s of equal size 1n the deccrebrate and spinal states
2, Component 11 and the DRPs cvoked from hugh threshold muscle
and joint afferents are ascnibed to the flexor reflex afferents (FRA)
and represent PAD m the FRA This action cannot be evoked n the
decerebrate state The FRA act on the same priman cutantous
afferents tn which component 1 1s evoked It 13 concluded that there
15 a tonuc 1nhubi m the d sate of from the
FRA to the FRA but there 1s nesther inhubation of the short latency
path from cutancous afferents to cutancous aflerents nor of the paths
from group 1 muscle aflerents to Ia, Ib and cutancous afferents
The cord dorsum potentials (CD1 ) have also been compared before
and after transection of the cord The release after bran atem
lesions of the CDPs and DRPs voked from the FRA 1s compared
with the release of acnons {rom the FRA to motonaurones

In decerebrate cats there 15 a tome d d sk of
from the flexor reflex afferents (FRA) to motoneurones and to ascending
pathways (Eccies and Lt ~opera 1929b Hovsgvist and Luwpsrre 1959 1961
Howsgvist Luwoperc and Oscarsson 1960 hino and Pere 1960) In the

3 Prosent address HMarvard Medical School Boston.
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present mvestigation dorsal root potentials (DRF) and cord dorsum poten
tials have been compared 1n the decerebrate and spial state the purpose being
to nvestigate decerebrate control of reflex paths to pnmary afferents There

15 2 marked decercbrated inhibition of transmussion from the FRA to pnmary
afferents

Methods

The expenments with DRP recording werc made on unanaesthetized decerebrate
cats Ether was used during the operation and admimnistered 1n suitable muxture with
arr and oxygen to give a constant depth of anaesthesia Recording v as started 2 hours
after withdrawal of ether In the exp with Tlular ding from pn
mary afferents the anaesthesia was chloralose urethane Dunng the experiments the
ammals were smmobilized with Flaxedil and artificrally respirated The blood pressurc
was always measured and Dextran given if required

For recording DRPs a filament of the dorsal root was sectioned dissected free 10 the
point of entry into the cord and mounted on recording electrodes one close tothe spinal
cord and the other at the cut end The nterelectrode distance was about 1 5 ept. When
effects were compared at different segmental Jevels care v as taken to select filaments
of equal thckness The cord dorsum potentials were recorded wath one electrode placed
on the dorsal root entry zone and the mdifferent electrode m the surrounding muscle
The tne constant of the recording amplifiers was 0 8sec The ventral roots L6—51 were
sectioned In all the effect of volleys in the FRA on mono-
SVD3UC test reflexes was mnvestigated before and after transection of the spinal cord
All results reported were obtamed from preparations in whick before transection of the
cord single volleys 1n the FRA did not cvoke actions 1n motoneurones

Bram stem lesions were made as described by Howugvist and Luvoserc (1961) The
spinabizations were made at the lower thoracic level

Abbreviatons are for muscle nerves posterior biceps-semitendinosus, PBSt gastroc
nemussoleus G- deep peroneal DP For cutaneous nerves superficial peroncal
SP sural Sur For the posterior perve to the knee yomt §

Results

DRPs 1 dectrebrate and spinal cats

Croup I muscle afferents Volleys in group I muscle afferents evoke large DRPs
indecercbrate preparations m which there of
from the FRA to motoneurones and to pnmary afferents (cf below) After tran
section of the spinal cord the group 1 DRP 1s erther unchanged or shghy
decreased as 1n Fig 1 n which a group 1 train wasgiven mn thenene to PBSt
The same finding was made with the DRP evoked by group I volleys from
extensor muscles (G § or AbSm) Eccres Eccres and Magwt (1961) have
shown that Ia and Ib volleys contributed to presynaptic inhibition 1 the Ta
Pathway to motoncurones Likewise these two fibre systems contnbute to the
cord dorsum posttivity evoked by group I ran from flexor muscles (Eccies,
Macrt and Wauss 1962) We have confirmed this finding with respeet to the
DRP eyoked by group I volleys from flexor muscles In the experiment of F
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Fig 1 The upper traces 1o A 2nd B are dorsal oot potentials (DRP} recorded from th e most
caudat dorsal root filament 1n L6 1n a decercbrate eat. The lower traces were rrcorded from the
dor<a) root entry zone 1 L7 Both records show the effect of a tram of 6 group 1 volleys in the
nerve 1o PBSL. Record 4 was obtained before and B after transection of the spinal cord In tle
DRP recording an upward deflection wignals negatnty of the electrode close to the spinal cord
In the Jower traces an upward deflection signals negativity of the electrode i contact with the
cord dorsun, Calibration refers o the DRP

In the upper graph 100 © on the ordinste represents the maximal DRP evoked by the train

of 6 maxirnat 1 volievs u the perve from PBSt. The group I volley from PBSt displaved
cormplete scparauon tn Ja and Ib vollevs. The haight of the DRP s plotted ay a function of the
supulus stength o multiples of threshold strength before (x) and after fo) transection of the
smnal cord The lower graph shaws the sz of the [a (x) and Ib (o) sprke potentual plorted agamnst

timulus strength. Observe that for the la volley 100° of the ord nate represents the heght of
the sp Le at the stmulus strength qust actvating all Ia fibres The mcrease above 100 1 du
10 synchronzanon. Single stimuh were used for the lower curves The scale of the abassa s
sdentical in the upper and lower curves.

1 the group I vollev from PBSt displaved complete separation in Ia and Ib
components The cunes tustrate that more than hall of the DRP can be
atinbuted to 1a afferents There 1s no significant difference between the effect of
Ia and Ib vollevs obtained before and afier transection of the spinat cord
The postine cord dorsum potential (P wave) that 1s associated with the DRP
(Barros and MaTTrews 1938 Eccres Macwiand Wirtss 1902) 1s of the same
size before and afier transection of the cord [Fig 1)

Group I1 ard 1 ruscle gfferents Effects from high threshold muscle afferents
10 pnmary afferens are vers effecucels iubited wn the decercbrate state
The secords ta Fig 2 illustrate effects evoked by single volleys in tugh threshold
muscle afferents before and after spinal transection In the decerebrate state 3
maximal group I volles evoked a small DRP and there was very hittle addional
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Fig * AsuFig 1 butstowmg the effect of s ngl stimulus 10 the nerve to G—S hefore and after
spual transeet on Corresponding records i the upper and lower row were obtamed at the same
sumulus strength which 1s nd cated between the corresponding records and expressed in mul
tple of threshold strength Calibration between record C and D refers to the DRP and cal

bration between D and L to the cord dorsum recording 'The records consist of supentmposed
osallographic traces
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effect when the stimulus strength was raised to 60 times threshold (Fig 2 E)
1 order to activate group 111 muscle afferents In the spinal state however a
DRP and the associated P wave can be evoked from group II and IIT muscle
afferents (cf Bermarp 1953 Eccres hostvuk and Scasupr 1962a) as 1s
shownin G J .

A comparison of corresponding upper and lower records
there 15 :? release of the Segaln% chﬁi dorsum potentials evoked from high
threshold muscle afferents In the spinal state they appear at lower threshiold
2nd are larger than in the decerebrate state In some decerebrate preparations
group I1T volleys evoke only very small negatne cord dorsum potennals (Fig
8 record J)

rgm afferents Hagh threshold ]omlb : .
©f2 5 imes threshald for the nerve belong to
1929a) Vol!cy: m[:::dcsc afferents evoked DRPs and P waves in the spinal sta;e
(Fig 3 B) but are ineffectis ¢ 1n the decercbrate state (A) The easly partl:fl e
negative cord dorsum potential 1 A {(Fig 3) 15 evoked from low threshold yoint
afferents (Skocrusp 1956} This effect of low threshold joint afferentssillus
trated 1n Fag 4 1n which the cord domum‘ potenual (lower u-;'nrc:z) were re

corded at higher amphfi ma prep k ;
knee Joint nerve was lated at S ‘s;'rcng:’l‘ldo: umlatio da(\lnd
volley was recorded from the sciatic nerve A s . =y

28633015 Act phys of scand Vol 59

also reveals that

d at a mmmal strength
he FRA (EccLes and LuNppere




428 D CARPENTER ET AL
A 121 8 155 € 1gs D 22 E 5.0
Y (powr (oG o e
y {
IISO)JV Smsec

Fig 4 The lower traces s ere recorded from the cord dorsum at the L7 ent
i 1l
traces are tnphasic recordings from the sciatic nenve The postenior -Joint nz;u::xa::lmble:ﬂm:
ncreasing strength andicated in multiples of threshold strength 1n each record Observe that the
ne'g:;\; :;ord dlogsu:n pol‘elx]ma‘l‘ alxépeéﬂr; ll)n A and rdocs not increase when the simulus strength
15 rax e imes thresho! ibration refers to thy

e e 0 the cord dorsum recording The records
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Fig 3 \—D Asn Fig 1 bus simulation of the cutancous S nenve befrre (A B) and after
(C, D) transection of the spinal cord The DRPs in A and € were recorded from a dorsal oot
filament 1n mud L7 and those 1n B and C from the most proximal flament in S The sumulus
wrength was 3 | nimes threshold for the nerse In all records the cord dorsum potentials were
recorded from the dorsal root entry zonc m L7 The records cons st of superimponed traces
F—] \s aboe but recording from 3 fitaments at the evels indicated and sumulat on of the
sral nere at 2 sirength of 13 tmes throhold for the nerve The mawmal entry of sural
afferents 110 the cord was through the lower filament sn LT \rronw in record ] ind cates the onset
of the slow wave which 1 scen more clearly m records H and 1 All records consist of super

imposed traces

potential 15 evoked m A at a strength of 1 21 umes threshold and 1t does not
increase when the sumulus strength s raised above 1 85 There has so farbeen
no elear evidence that impulses tn Jow threshold jount afferents give actions
1n motoneurones or 1o ascending spmal puhways (outside the dorsal column)
but the finding that a negatn e cord dorsum potential can be evoked from them
does indicate a synaptic relay 1n the dorl horn

Cutancous afferents A more complex situation pres auls wath respeet to the actions
from cutancous afferents Some effects are dentical 10 the decerchirate and
spinal states but other effects are suppressed in the decerebrate state and appear
only after transection of the cord
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f};xfm E.,f.}.’f IRES \ erc recorded 1n a spinal preparaton from the most proximal dorsal oot

sumulagen o) L0 cord dorsum recording was from the entry zone 1n L) The $P netre » as

ted at increasing strensth snd cated 1n each record 1n multiples of threshold strength
records consist of supenimnosed traces

The records A—_D m Fig 5 were ob on )} of the sup 1
beroncal (SE) nerve A and B were recorded 1n the decerebrate and G and D
in the spinal state The left records were recorded from a dorsal root filament in
md L7 close to the entry zone of the afferents from the SP nerve and therc s
e fferences before and after transcction of the cord Records B and D
Big 5 were recorded from the most rostral dorsal root filament of S1 The
mtial part of the DRP 35 1dentical 1n the two records but in the spinal state a
kte wave has been released The DRP which 1s 1dentical before and after
transection of the cord will be called component I It 1s evoked exclusively by
low threshold i the effect 15 1 at 2—4 umes threshol
or the nene (EccLes Kostvux and ScivipT 1962a) Component I has a
testricted longitudinal distnbution 1n B half a segment from the zone of entry
the $12¢ 15 about one third of the maxmal DRP In filaments more than one
Segment away from the entry zone hardly any component I can be evoked

The slow wave which has a wider distribution along the cord and 1s released
after transection of the cord wall be denoted component I1 InFy, 5 (records A
and C) 1t should be noted that component [T does not appear n the filament of
mud L7 1n which 2 large component I 1s evoked Since component 11 can be
®voked from rather Iow threshold cutaneous afferents (cf below) 1t 1s unitkely
that this absence of comaponent 1I 15 due to primary afferent depolanzauon
€aused by the fast fibres responsible for component I1n the fibres responstble for
tompanent IT A more Iikely explanation s that component I and IT arc evoked
largely yn the same primary afferents If 2 smaller cutancous nerve 1s used for
Sumulayon coraponent 11 may appeat supenimposed on component 1 as 1
shown jn Fig 5 records E—] 1n which the sural nerve was stunulated The
majonty of the sural afferents were 1n the lowest part of L7 and record
Was made from dorsal root filaments at the levels indicated 1n the F.g/"r
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Fig 8 Refeaw of DRIs and cord dossum potentials afier bramn stem lesions Lower traces are
from the cord dorsum an L7 Upper 1racey in A—F and J~N arc from a dmal ront flament
n fower L6 and in F—1 from the 51 ventral root The experiment was made on 2 deceretist
decerebelleciomized cat and the records an each column were taken after the ndicated lmmh
which ace shown 1n the drawang of Fig 9 In A~ the jont nerve was stimulated at 2 streng!
of about 25 imes threshold In J~N the G—$ nerve was sumulated at a streogsh of 19 um;
threshald Record F—1 with véntral root recordings were taken at the faster sweep sperd ¥
should bee noted that aficr lenian £ the neganve card dersum patential 1v ahightly Jasges "l
than an & Record C was taken a few minutes after the Jenon record G 15 mimutes fater st
fore the corresponding curve i f1g 9 \ oltage calibration refers to the DRP M rrcords coa

sust of superimposed traces

Lffect of bran stem lesions

The centres responsible for the tonic control of transmussion from the FRA
to motoncuroncs are located s the medinl bran stem (Howugust and Lo
sere 1959) On mvestigating the selease after lesions at different brain siem
levels 1t way found that mbabntory nd y paths to £y 7C
differenuatly controfled A low pontine levion releases the minbntory path b’“‘
a more caudal medullary lesion 15 required to release the evcutatory patis
(Howmgvist wnd Luapeire 1961 Howguist 1961) We have now caimps .
the release of action to primary afferents from the TRA with the tdeascot
paths 1o motoncurones In g B (records A1) the postenor Joxn(:l‘t:\}
was sumulated and recording was made from 1 dorsal root filamentin e
1nd (at fuster speed) fram the ventral § | roat The fower traces are from e
cord dorsum  The records were obtained Afier the lesions sadicated 1 bl
drawing, of 13, 9 For comparsson the curves wt 1ig 9 show the effect :ntr
these fesions of the same condsttomng, valleys m the joint nene an lhl; l:w o
synapuc test reflex from PHSt and G—5 With lesson 1 there 1 ﬂ'xf W8
mbtbinon to G—8 (Fy, 9) and of a negatne cord dorsum potentsal (’ fﬁg)
and T) Lesson 2 gaves further refease of these actons 1€ and Can th
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Fiz 9 The effect of conditiamng ol h A * nerve on the monosyhaphe test
ey 1 the postenior yont ne
refiexes from the nerve to PBSt (lefi graph) and the nerc 10 Go8 (cight graphy 100 of the
ordinate rep

cents the unconditioned amplitude of the test reflex  Cond toned amplitude
Stweesed a5 pereentage on controlled amplitude 15 plotted as a function of ume wterval be
e cond) an e were obtasned afier the trans erse
medial brain stem les ons indicated 11 the drawing Same expeniment as Fig 8

without any release of excitatory action to PBSt (Fig 8) Following lesion 3
there 15 some release of excitatory action to PBSt but there 15 no DRP (D Fig
8) FO]lnwmg transection of the spinal cord there ss further release of excitatory
aetion to PESt (cf also ventral root records G—1I Fig 8) and pow the volley
1 the Jomt nerve also evokes 2 DRP and the associated P wave 1s recorded
fromm the cord dorsum {E and I) A close inspection of records G—I reseals
Wat the rate of rise and heightof the ord dorsump Is1s1nd 1
in the three records

Smilar fin
threshold my
taneon

dings were made with the corresponding actions from high
scle afferent and with component 11 of the DRP evohed from cu
us afferents In the records J—N of fig 8 from the same expenment the
RETVe was sumulated ata strength of 19 nmes threshold after the lesions
"dicated “The effect of volleys in Iigh threshold muscle afferents on mono-
“yoaptee reflexes from the PBSt and G—S8 nerves were imesugated at the same
e The differential release was very simular to that shown i Fig 9 for the
23 rom hugh threshold jount aferents and 1 mot llustrated. With the release
ol e Inlubitory Path with lesion 1 and 2 negatne cord dorsum appeared (h
241 b hardly any DRP or P wave After leston 3 which gave a partial
€ excutatory path to flexor motoneurones volleysin group I affer

2 DRP and the associated P waie (M) and after spinal section

Telease of g,
qs evoke

there 15 5 further sncrease Ny
™ Discussion
o d;DRPs croked by volleys in group 1 muscle afferents are estheridenticalin

i, rebrate and sptnal states or else there 1s a shight decrease followig tran
% of the spina] gord This holds true for cffects from nerves of extensor



L CARPENTER ET Al

;5 well 25 of flevor muscles and from the latter both for the DRPs evoked
rom group I and Ib afferents Group I volleys are known 1o ey ok,
afferent depolanization m I, Ib and in cutaneous afferents (Lccx_rwl\; primary
WiLus 19622 Eccies, Scivupr and Wius 1963 LecLes ;50 AN and
Scaywot 1962, CARPINTER et 1] 1963) On the basis of the present ﬁST;w wd
suggested that there 15 no tonic decerebrate mhibstion of :;nc rcﬂnn’\ e
res from
group I to these different systems There 15 previovs evidence that the
synaptic anhibstion of Ta pathwav to motoneurones (ef Trask and r:;of::s
1957 Eccirs Eccres and Maont 1961) 1s sdentical the decerebrate and
spinal states (Kuno and PerL 1960, of Hotmgvist and Lusoeera 1961)
There 15 on the other hand clear evidence of tomc inlubstion of the DRPy
evoked from the FRA but before discus ing this effect it 1s necessary to consider
the finding that the DPR esoked from cutaneous afferents has twa comportents
Component 1 15 esohed by low threshold afferents and has a brief Intency {cen
tral defay 2 msec) The distribution of this component of the DRI Along, the
cord ssrestricted An incoming cutaneous volley causes a large component [ only
1n filaments adjacent 1o 1ts entry zonc One segment caudal or rostral to tlus
zone the magnitude of component 115 less than 20 per cent of the maxtmal one
Component II 1s on the other hand evoked by low and Ingh threshold cutane
ous afferents and appears after a central delay of about 10—15 mec Thus
component of the DRP has a wide distrihution along, the cord 1t can be recorded
several segments from the entry zone Those findings conlitm BER\MARD ¢
(1953) results regarding cord dorsum potentials He found that the smoath
positive deflection following the N, wave hasarestricted longitudinat distribution
very simular to that of the N; wave On the other kand for the deep po stvity
which followed the second negative wave (N,) he found 1 much wider longitn
dnal distrabuteon as has now been found for component 11 of the DRP In our
expenments a sumulus strength of at least | 5 umes threshold was required to
evoke comp [Iwhereas Tappears atajust suprafimmafstiength
However Beaxsiagp (1953 Fig 13) found that the deep Pwave above denufied
with component 11 of the cutaneous DRP could be ebtuned at very low
strength of sumulaton although usually at a shghtly higher srengah than that
required to cvoke the N, deflection
Of the DRPs evohed from cutaneous aflerents only component [1 should be
described as an FRA effect Wnh respect to latency and distribution 2fong, the
cord component If resermbics che DREs ecvakad from b shreshald pouscle
and jomt afferents Funhber e dence « provided by the decercbrate controf of
the paths responsible for these actions “There 15 no evidence of decerebrate
snhibhon of component 1 but marked decerehrate inlubition of component i

11 as of the effects from high threshold muscle or joint afferents Ve hine
afferent depolanization which correspands o
3 vollessin cutaneous

DRP

as wel
confirmed that a large primary
component I of the DRP1s evohed 1n cutancous afferents by

nerves (howersy 1936 Ectres and hragvic 1059) The expenments with
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recording suggest that components I and I are evoled largely it same
pnmary afferents and with mntracellular recording this was found to t~son
laree cutaneous afferents It can therefore be concluded that in addmon to
the group [ activated path discussed above there are two other reflex paths to
pnmany cutaneous afferents One of them 1s supplied exclusivels from low
threshold cutaneous afferents of a restricted receptne field and there is prob-
ably onlh two interneurones m thi pathway The other path 1 supplied trom
the FRA (including cutaneous affcrents) from a wider receptive field and to
Judge from the latencies this pathway has a long mternuncial chamn The latter
pathway but not the former1s subject to strong decerebrate nhibition and the
saroe must hold true for the effects from the FRA to high threshold muscle and
jeint afferents (of Eccres Rostves and Scuwinr 1962b) Further expenments
are required to determine whether companent I 15 evoked only 1n cutaneoun
afferents

Component 11 of the cutaneous DRP seems tobe a soctated wath the \, cord
dorsum potential Folfowmg transection of the crrd there 15 a large merease
of this N potenual as well as of the negatne cord dorsum potential from high
threshold muscle and, Jount afferents It s assumed that these negatn e cord dorsum
potentials represent exatatory postsynaptic potentials 1n interneurones  and
cells of ascending pathwavs) but presumably not to anv large extentin second
orderneurones The FRA presumably have connecton withrelatnely few second
order newrones which actate many third order neurones The \, potential on
the other hand presumably represents the mono-y napuc exaitators post vnapuce
potennalin secoudary neurones Previousty LivosLoy ind Orrosson 1953 have
Teported an mcrease of the N\, potential following transection of the cord Gasser
and Granay (1933) found that the N, potential was decreased for the durition
of the posive cord dorsum potential which now has been associated with
f::"s“’y afferent depolanzation and presynaptic mhibition EccLes hostytk
mu!d(i:“m 19622} An increase of the \; potential following cord trin ection
et }';c tndicated removal of a tonic descending pnman afferent depolan
ety owever an our experiments the N, potential was the same m the de

ard spinal state and 1t 13 particularly relevant that the rate of n ¢ of the

Potential was the same

garding the mechanum of decerebrate mnbitors control of tran msien

fi

‘:m the FRA Eccurs and Luspeera (1959 b) postulated an inhibition at an

m:"’mmnal level but there 1 also the possibility of descend:

N“‘iu}h d;P"’anlauon of pnmary afferents ( Eccres 1961) The centres respon
or {

teq € tonc dtsccndmg inlubinon 1 the decerebrate state are locited in
pnmmml Part of the medha) bramn stem Sumulation of this region does evole
oy ;’; sa;)fercm depolanzation 1n the FRA (CarpExTER EAGBERG And Lusp~
The
('d; p::-cnt €xpeniments are only mdicative with regard to the mechani m
Febrate contral It can be coneluded that there 1 1o torue depolanzation,
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m the decerel state of the afferents responsible for ¢ It 1
of the DRP The same holds frue for the fox threshold cutaurous (Terents from
which the N, cord dorsum poteatial 1s evoked 1t 13 probnble that the same
hofds true for the FRA but even +f component 1 15 evoked in fibires, which are
actnated upon by the FRA, the possibility that the low threshold cutansons
afferents of the FRA are other affercnts than those refer ed to 1bove cannot at
present be excluded

Tt 15 2bo necessary 1o consider the finding of a differential controf of actions
from the FRA Alow pontine lesion gives an almost complete referse of the 1n
hibrtory path to extensor mator nuclet from decerehrate control without any
release of the excitatary path o flexor nucler whnch is refeased only after a more
caudal lesion (Horsgsist and Lunossre 1961) The release of achons from
the FRA to pumary afferent parallels the release of the excstatory path to flevor
matoneurones 10 its oceurrence wath a caudal medullary lesion (Fig Band 9)
It 1s ofinterest that the negative cord dorsum potential s released by afow
pontine lesion With the more caudal medullary fesion required for release
of the DRF and the associated P wave there 1s no ancrease of the syl phase
of the negative cord dorsum potential (Fig 8) This suggests that the synaptic
actions exerted by the pnmary afferents 1s not wncre sed by the luer feston
and hence that after a low pontine lesion the control of transmussian (ta prinac
afferents and of excrtation to flexor moter nucles) 15 exerted 4t an internevtronal
fevel Sub 1y 1t has been d d thata of the medullr,
bramn stem that does not evoke primary afferent depolanization can gue masked
mhibitton of reflex paths to pnmary afferents (Lusnsenc and V visscr s 1963)

Tis snvestigation was supported by grants from the Swedish Medical Rexcarch Louncl)
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The Effect of Cold Exposure on the Catecholamune
Excretion of Adrenalectomized Rats Treated
with Reserpine
By
G E Jousson!

Recenved 30 March 1963

Abstract

Joussox G B T%e gffect of colid expore an the cate hlamine excrrtion
of adrenalectomr.ed rats tr at d with veserprne ey physiol seand 1964
9 43 ~ Adrenalectomized rats subiected to moderate

cold exposure showed 3 signuificant increase in noradrenaline excretion
n unne Adrenalctomized rats teeated with reserpine however
Tailed to respond with an merease m the noradrenaline cxeretion
during cold stress A fall in the noradrenahine excrenion of Whe seser

pruzed ammals was usualls followed by death These resulty suggest
that rescrpine treatment inhibuts the syathesis of noradrenaline i vino
and that the sunnal of muderately coll stressed adrenalectomized
anumals s related to the secretion of noradrenalme

The ability of reserpine to depress the catecholamine content of varous
organs has been demonsirated by seseral investigatars «Cartwos and HirLare
1956 Horzsaier and Voor 1936 Wen \Maruerer and Bose 1999 Sfusonort
1959, and others) In high concentrations reserpine directly depleies the adsen
ergic nene transmutter granules of their stores of noradrenaline Luctr and
Lisstagho 19607 Bervies, Hictare and Roseacmes (1901, and Rimsiser
(1962) obsenved that reserpne blocked the uptake of dopamine by the adreant
medullary ¢y topl: granules and postufated that the synthests of ac radrena
line mught be prevented through tins mechanism The followiny, experinents
were designed 1 order to abtam mlormanon on the effect e f reserpancon the
synthesss of noradrenaline 1n adrenergic nerves in vino They were based on
the assumption that of rescrpine does nhubn the synthesns of noragrenifine
m o o then a reserpinized adrenalectomized rat subjected to 1 eold strew should
show no mncrease in noradrenaline excreuon

Afedical Rewarch Fellow of the Med cal Resracch &aun  flanada Proe tadiem Dept

of Pharmacol Uns¢ of Totonto Toronto L ads
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1t has previously been demonstrated that exposure of rats to 2 C produces
2 sharp rise i noradrenaline excretion (Lepte 1961) Previous workers have
also shown that rats exposed to 2 depend to a large extent on the calongenic
properties of noradrenaline to maintam normothermia (Hsienr  Carrsos and
Grav 1927 Lepue 1961) However the role of noradrenaline 1n the survnial
of rats subjected to moderate cold 15 not known It was hoped that the expen

ments deseribed below would help to eluadate the part played by this cate
cholamne

Materials and methods

All experiments were carned out on male rats of the Sprague Dawley stramn pur
chased from Antiimex Stockholm. Rats were kept at least one week at room tempera
ture 20 C) before being used for expenimentation The weights of the rats ranged from
;Z:dg 19230 g The amumals were grven a well balanced commereial brand of laboratory

They were allowed food and water ad libitum

Rats were bilaterally adrenalectonuzed and divided mnto two groups Both groups
‘t“h"e given desoxycorticosterone acetate and cortisone acetate daily from the time of
uc Opcation Seven days after adrenalectomy the rats were placed 1 metabolism
uﬁ:t 20 £1 At this point daily reserpine treatment was imitiated m one group of
. s The other group of rats recened no reserpine and thus served as control

mmals After 4 daysin the metabolism cages at 20 both groups of rats were transferred

:10 13 205 Reserp was d for the one group throughout the
uration of the cold exposure

m]kprrxments were arranged to start at 10 o clock 1n the morning and the urine was
<

b ted for the next 24 hours Urine was obtamned from indwidual rats in wire metab-
ulhe ¢ages coated with plastic paint to present oudation of the catecholamincs by me
lmrn:lm The cages were mounted on polycthylene funnels with a plug of glass wool
ctlome lnd!.hc neck This allowed the filtration of unne but retained feces N hydro-
Pl 2:(1 was added to the urine to mamntan a pH of approximately 3 At the end of
g hour period care was taken to secure uniform collection of urine by applying
vy Pmslur‘c on the abdomen of the ammals 1 order to produce reflex urination
e n cage was th rimsed with dilute acid 2nd the washings added to
nne samples

<h urine

accord;

specimen was filtered and assayed for free adrenaline and noradrenaline
g to the method of Evizr and Listiajko (1961 a) Catecholamine values were
Pressed as pig of adrenaline or noradrenaline excreted mn the unine per hlogram of
o eight per 24 hours For organs rats were killed by a blow on the head and the
(;%:\-“mmtdmtdy removed weighed and extracted with trichloracetic acid The organ
- tS were then assayed for adrenaline and noradrenaline mn the same manner as the
"¢ samples The organs of four rats were pooled for extraction
rectay, TUPETAtUre was measured by nserting a thermocouple 3—# cm wnside the
\Rz!u were mjected subcutancously wath 2 mg of desoxycorticosterone acetate daily
z(:l';‘uv.mn of desoxycorticosterone acetate in o1l 10 mg/ml was employed Cortisone
et ;e 11 an aqueous suspension of 25 mg/m! + as mjected mtramuscularly 1n a dose
- mgfrat Reserpine (Serpanl Ciba) v as prepared 1n a solution of 0 25 mgfml and
sureted subcutaneously 1n 2 dose of 025 day Ph (Dibenzyl
With Kline and French) 10 mgfkg +-as admmstered intrapenitoneally in a solution
ontaning 10 meg/ml
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Table I Catecholamun content o1 organs ji, of calecholoms fg of sy

E"L__‘N____M Reserpine
Noradrenal " —
Heart

0574010 { 60 £ 0015 f 000 %000 { 0015 4 0000

Spleen
0494006 | 00££0030 | eols oo | o yoo

Liver
003000 | 0003530000 | poo3y o002 | otorLoom

Results

Adrenalectomy eliested an abrupt fall in body weightn all rats The average
Joss was 30 g However one week after the operation all apimals were able to
mantain their weight The mitianon of reserpme treatment at this pont
caused thiese rats to agamn lose weight with an average loss of 10 £ per week
Forty eight houss before death the reserpmne treated anumals usually showed 1
rapid drop 1 weight of 15 to 20 g Although the reserpine treated rats became
sedated they could easily be aroused by handling

The admmsstration of reserpine for 4 consecutive days at 20 produced a

P

marked depression or complete depl of the adrenaline and 4
normally found i the heart spleen and hver These values accompatued by

control values are given 1n Table I
The unnary levels of adrenaline and noradrenaline for control and reser

prmzed rats placed first at 20 and then at 13 are shown in Tig 1 The control
rats significantly (P~ 0 02) increased their noradrenaline exeseuan witlun the
first 24 hours at 13 and mamntamed this for the duration of the experiment
The adrenaline yalues in the urine showed a gradualincrense Al of the control
animals survived the expenment and appeared 1n good health after 10 days
of cold exposure Reserpine treated rats at 20 showed depresced uninry
alues of nor line and line Lpon exy 1013 these rats fuled
to show a significant mcrease n the usmnary exereton of noradrenaline and

adrenaline
A fall 1n the excretion rate of noradrenaline was usually followed by the death

of the ammal Only 5 of the 12 rererpinuzed rats remaincd normothermic and

Iived following 10 days of cold exposure Alhough as shownan Fig 1 7 rats
1d 2 of these subscquently died with

were recorded as Ining on day 10 n the £o
sn 2 hours of taking the samples One rescrpimized rat showed 1 dramatic in
crease (n unnary noradrenaline. augmenting from 3 5 jrg kg2 hours at 20
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ﬁ"a‘ Unnazy exerction of catech from i rats exposed to 70 G and
13 & Nwnbers un parantheses nd cate the number of ammals 1 cach group 2120 Gand
bt ol vas sarvivng at 13 C Siandard ervors are plo tcd on day #a1 20 C and days

T\ﬂ Amount of noradrenaline excreted. — — ~ Ao mt of adrenabine excreted. @ Con
735 O Reserpine treated rats

910n day 4 at 13° Ths nse 1n noradrenahne wassubsequently followed by 2
£l and death of the ammal on day 10 All reserpinized rats remaimned normo-
thermtc to within 24 hours of death

Four of the surviving normothermic reserpine rats were given phenoxybenz
amine and left at 13 C Three of the ammals became hypothermic and died
wiin 24 hours Four additional rats were adrenalectomuzed and left at 20
Seven davs later Teserpine treatment was wmatiated  After £ days of reserpine
reatment they were placed at13 Twenty four hours fater all  rats appeared
healthy and were normotherme These ammals were then guen phenoty
Benzamine and wathun 24 hours 3 of them became hypothermuc and died The
fourth rat appeared unaflected by the phenaxvt

Discussion

Euier and Hirare demonstrated m 1956 that noradrenaline 15 largely
stored 1 diserete cyroplasmic granules found within the nene axon The
discovery that these granules could be sep d from ad: gic nerves by
homogenization and hgh speed centnfugauon has allowed some of their prop-
triies to be descnbed (Furem 1938 Scurfmaxy 1958 Evizr and Lisuapho
1961 b ¢) In addition to acting as stOTage sites these parucles presumably play
avolen the synthesss of noradrenaline Whale the decarboxylation of dihydrox
phenylalamine {(dopa) to dihydroxypheny lethylamine 1dopamine) occurs in the
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cytoplas
’«;551)’ lh}::”zusbasp of adcenal chiomatlin celt (BLascuxo, Hisor and Werek
cquent conversion of dopamne to noradrenal
presence of cytoplasmue granules {hirsiver 1962) Follow s (e
adrenergic nerve the noradrenaline released 15 agsumed . {)ncdsumulnnon ofan
poof which 15 subsequently replensshed from the jobe drann from a fice
N granules i tespan ¢ to a Gl
1 the cytop c of this catechol (Futes and Lisrre
1962 of Hituane 1960) It has been suggested thar reserpine prevents g
synthes:s of noradrenaline (Bertien Hitrare and Rosengr 1901, R <
1962) by blocking the uptake of dopamme by the adrenal r:c\dull:r,) g;RaSy::x\Ist
:fhc rCf!ﬂ:f (;It'_ f‘):: w:ork ?rcscntcd here suggest that reserpine aho nfubuts the
Y m nene
el v e of b it o oty teresedor co
e 1 enaiine and noradeenaline content This ss
able us any significant weredse in noradrenaline excrenion
mduced by cold exposure mwst be a result of an mcreased brosynthews The
reverse ss also true A farfure of the cold stress (o increrse noradrenaline ex
cretion most Iikely miplies a luosynthetic bloch Fig 1 shows that m she reser
pimzed rats when placed at 13 no sigmticant merease occurred 1 the wor
adrenalme excretion These results therefore suggest chat reserptac snlibuts the
sncrease i the biwosynthess of noradrenaline normalhy sndured by cold expo-
sure These conclusions are in agrecment with Crepes and Sawrer (1960) who
suggested that reserpine smpars the synathests of poradrenaline i+t brun
_tissue In contrast to the results obtained with the reserpine anmmals the adrenat
ectommzed control rats sigmificanth 3 their line excretion
within the first 24 houss a¢ I3 and mamtamed thus level throughout the durt
tion of the experiment
Several of the reserpuuzed rats showed an wittial teudency to mncrerse thesr
uninary nosadrenabine excreton This mital temporary nerease mipht result
from 71) an wuttal increase w biosyathests which fuls withon a fess duss 2)
the release of remasming tissue bound noradrenaline and or 3/ the summlation
of extra adrenal chromaffin tssue contatning noradrenshme The presence of
nosadrenaline 1 the extra adrenal chromaffin tssue of younz animals has been
shown (Wast Sugenerp and Huvrer 1935 SUEPNERD and Wrst 1432y Lo
ssible that the reserpune treated rats used m 1 study still posses edd sanying
amounts of noradrenaline m ewra adreaal chromaffin ussue An unusuilly
large amount of noradrenaline stored i such ussue y¢ the most probadde soueee
of the b noradrenaline excretion values obtatmed 1a anc nf the reserpunzed

rats
Lepee (1961) demonstrated that both satact and adrenalectomszed rate

placed at 2 showed an immediate increase . Roradrenabiie excretion The
hat even saaderate cald stress {33 518

sesults presented 1n ths paper indseare 1k ;
sufficient to elicst a sigmificant inerease it noradrenahne exsrenon The control
ansmals also showed 3 shght incsease s the unnary excrenon of adrenzune

po!
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follawing cold exposure This was not surprising and probably resulted from
the sumulation of extra medullary chromaffin tissue It was expected that the
adrenalectomized control rats would maintam homeotherma and Iise at 13

Levte (1901} howed that ad \! i rats d on the same dose
of carticoids as employed 1n this study were able to inve for long penods at 2
Previous s have d d that both normal and cold ac

cbmated rats depend upon an ncreased secretion of noradrenaline andfor
adrenaline to sustam bfe at 2° (Hsiea ot af 1957 Leoic 1961) The results of
the present study show that adrenalectormzed rats depend upon the secretion
of noradeenalime to % hermia at 13 As was stated 1n Results 1
fall n noradrenaline excretion of the reserpine treated rats was accompamed
by hypothermia and death In add 6of the 8 herme reserpumzed
rats treated with phenoxybenzamine became hypothermic and died watlun
2 hours at 13 The abibity of phenoxyb to sigmificantly d hthe
effect of noradrenaline has p 1y been demonstrated (Jor
0N and Sevrers 1961) It must therefore be concluded that the sunnval of
adrenalectomuyed rats placed 1n a mod Iy ool d
upon the secretion and action of noradrenatine

15 dep
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Exatation of Flexor Fusimotor Neurones by Flectrical
Stimulation 1n the Red Nucleus
By
B ArreiperG and I 7 Rosama?
Recened 4 Apnl 1963

Abstract

ArretperG B and 1 Z hosary Exatation of flexor fusimotor neu-
rones by electrucal strmlation tn the ved nucleus Acta physio!  cand 1963
59 445-—453 ~— The effect of elecincal stimulation at vanous depths
m the region of the red nucleus upon the acuvity in fusimaotor efferents
or muscle spindle afferents from extensor and flexor muscles of the
hund Limb was studied 1n cats hightly anesthetized with Nembutal
Stunulaton 1 the dorsal part of and dorsally to the nucleus caused
whibition of the actimity in most fusimotor fibres and decreased the
statie discharge of extensor as well as flexor spindles From the ventral
part of the nucleus the actvaty in mny fusimotor Abres was facilitated
Fusumotor fibres recenang facilitavon from the red nucleus evt
dently pass to flexor muscle spindles because the discharge of
these was markedly wncreased irom stimulating points in the ventral
part of the red nucleus [he discharge of extensor spindles was de
creased also from ths part of the nucleus The findings are dis-
cussed mamnly 1 relation to previous observations of motor effects
ehicited from the red nucleus

In a previous mvestigation (APPELBERG 1962) 1t was shown that the red
nucleus exerts an mhibitory mfluence upon the activity i fusimotar ncurones
and thcrcby causes a decrease inn the afferent discharge of extensor as well as
flecor muscle spindles In 1957 1t was reported by Poureiane (ated by Dow
and Mowruzzr 1928) that electnical sumulation 1n the red nucleus in the de
cerehirate cat cau es contralateral fore and hind hmb flemon The finding of
cxcitatory action on flexor and nhib of exten or
from the red nucleus (Sasant Namnana and Hasmravoro 1960) confirmed
PoMpEia. 0 s expenments Furthermore Pomtetano (1957) and also Marrex
and Poxreiano (1962) demonstrated that there exists within the red nucleus
A somatotopical organization with regard to fievor effects exerted on fore and
fnd limbs This was m complete concordance with a histological demonstration

L Present addsess Dept of \eurological Su g ry  Beilinsan Medical Center  Petah Tikva
sracl
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FUSIMOTOR EXCITATION 1ROM THE RED NUCLELS H7

=lbmc Right  Stimulanng sit mark d by
Slectrocoagulation in ventral part of the ed
nucleus (arrow) Time 20 msec

twitch. Usually the effect of electrical stumulation in the region of the red nucleus upon
the actity 1n the flaments recorded from was testea t ntersals of 025 mm along the
simulaung tracks Histologrcal scetions feellodin embedded 50 g thick and stained
with toluidin blue) v ere used for making magmfied tracings of the region of the stimu
lating track through the red nucleus n each expertment Effectne stimulating pornts
were indicated on the tracings using an el ctrocoagutation wade at the end of each ex
Penment as a reference point The shrnkage of the brains duning the histological
Procedure was est mated by using the Horsle Clarke zero hne through the aqueduct as
a sccond referenc

Results
U Recordun,, from tentral raat fibres
The first observation made in expenzments of this type was that on stmu
fation of a single point within the red nucleus different effects were obtained on
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Fig 2 D Presentation of facil, and mhubitory effects on ! 3wty
fusimotar fibres by electnical sumulation e the red nuedeus In th prﬁmmmcmgm, by nd cated
the borderlines of the nucleus except dorsally whese 1t 1t difficult to d fin In th dagram ¢,
thic mght s wlustrated the percentage mumber of fibres intnbated or factated at different § 1115
Ihe ordinate gies th depths in Horslev Clatke cosrdinat s Te thel i three commen fit e
types black bars indrcaung ibhstition lined part of eolumns facilitats n, AH revanos € €
Gnscum centrale HG Horsley Clarke NK Nocleus ruber

the actmaty of different fusimotor fibres e some fibres were inhibated and
others farlitated  An example of this 15 given 1 Fig 1 which shows recorduigs
from two different fibres which were situated 1n the same ventral root ilment
The Dig spike had pracucallv no spontancous acusity (mean of § smp soc
measured over a pertod of 3 sec) but became activated by the rubiral stmaluon
(to a mean of 20 1mp sec; The smatler spike on the other hand had a rather
hugh spontaneous finng 4o imp sec which however was strongly nfubited
upon sumulation 1 the red nucleus tdown to 11 1mp sec) The focalizauon of
the stmulaung point 1s shown in the photomicro,raph of a hsta'os peal section
The electrode tip was placed 1 the ventril part of the red nucleus

The next interestng obseration was that from certan Tocahzations of the
sumulating clectrode the actisaty 3a some fusimotar neuroncs were minhxled};\(
a low sumulating strength but facthtated at a fugher strengih By maving e
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Fg 3 Recording from mu.cle spindle afferent from the tibials anterior muscle A Band Care
consecut € parts of the same record The thick hne 1n cach record indicates the period of sum
ulaton 1 the red nueleus The myograph beam {above the spikes) shows contract on of the

le d pertod Time cal 1 scc Myograph ealibration 20 g Imitial

tension approvimately 42 g

electrode up and down 1 the track 1t was then possible to find nearby regtons
yielding pure intib or facil to any tensity

In Fig 2 are summanzed the results obtained by recording from fortyfour
fferent fusimotor fibres 1n seven expeniments The photomicrograph shows 4
frontal section through the red nucleus at the level of the stimulating track in
one expennment In the diagram to the right 1s indicated the percentage of the
number of fibres investigated which were mhibited (solid curve) or facilitated
{dashed curve) at different sumulating depths (gven along the ordinate
Horsley Clarke honzontal coordimates and corresponding to the sectton) It
1sevident from the diagram that from the dorsal part of and also dorsally to the
ted nucleus the majonty of the fibres were inhibited From stmulating points
m the ventral part of the nucleus on the other hand the mamn effect was
facilitation although some fibres were mhibtted A dorsally placed region (at
the level of the aqueduct) from which some fusimotor fibres were facibitated
should also be noted The columns to the left in Fig 2 represent three common
types of fusimotor fibres met with m the present expeniments The solid black
Parts of the columns imdicates inhibiuon the hined parts facilitation

Inhibutory as well as facilitatory actions on the actnty in fusimotor fibres
may thus be ehicated from the red nucleus in the Iightly anaestheuzed cat There
15 a clear tendency for the facihtatory effects to be obtamed from electrode
Posittons ventrally 1n the nucleus Inhibitory effects are mainly eliaited from 2
Fegion in the dorsal part of and dorsally to the red nucleus The observation
that some fibres were inhibited only while others were facilitated as well in
dicates a different function of these two groups of fibres The experiments to
be descnibed below were designed as an attempt to find the destnation of the
different types of fusimotor fibres With regard to the obsenation mentioned
above to the effect that clectnical stmulation in the red nucleus causes flexon
of contralateral mbs 2 study of flexor spindles appeared to be of spresil
interest.
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Fig 4 Dugrammane representatiog
of smubtancous effects upon the ac
aty i one extensar (Jeft graph)
and one flevor {rght graph! spimdle
evoked by electrical sumulation iy
the red nucleus Alseisa inbalatory
=) and faclatory (~} cffects
expressed a3 the percentage chang
of the discharge Jrequ nev Ords
nate corresponds 1o the tracing of

the red pucleus to the Ieft Seale
1 mm

{
A
/

2 Recordimg from muscle spindle afferents from extensor and flexor mu cles
Exp m which r ding was made from thin dorsal root filaments
contasmng single afferents from muscle spindles demonstrated that fexor
spdles could be facilitated from the red nucleus Such an effect 15 iHustrated 1n
Fig 3 where A, B and C are consecutine paris of the sume recording The
thick Iine above the recording ndtcates the period duning which stymulyion
was applied in the red nucleus The sumulus 1s seen to rause 3 considerable
tacrease 10 the frequency of discharge of the spindie The myograph tricing,
above the spikes reveals a contraction of the tbualts anterior muscle In en
pertments of thus type it was regularly observed that while a fon sumalanny
steength chioited sprodle activation only  a stronger stmulus cawsed also o
nuscle The « could be so viorows s to
wause unloding of the spindle and a decrement mn ats discharge The chula;x]nn
h
of the cantraction was independent of the dorsal roots being mtact or nmd s
was ventfied 1 expenments 1 which the dorsal roats L 5 t0 $ 1 on the sule re
corded from were cut
The area s sthin the red nucleus yielding these facihitatory effects np;;;und
TLLY
1o agree well with the area cau ing falttauon of l'u;_lr;mtor lacm;:\ n,l“,n
s
ere the approximate border hines of the red nue
shu“’fll n P Wh. - e of 3 us effects of rubral sumulstion
o e o ——
on the activity in one extensor left graph) and one Dexor right ;,Xr:‘;:r:‘ (f{ o
Mustrated  Afong the alstissa in each dagram are p
alferent x? facalstas, effects at different depths along the track
hibstory (—; or facistatory e were
? he nueleus s apparent from the dragrams thnt both spind! o
through the b d also from a reston shightly
nhsbsted fram the dorsal part of the red aucleus an : e hand
dorsally to the nucleus From the ventral past of the nuc! t:,v im O heenced
dlr was facilinated while the extensor spindie .
the flevor spin Khing, factiation of the actnny
he Jevel of the agueduct yiekding
The region at the J¢ corresponds well 1o the ene
both filaments should also be noted This ,cg;o; .
! ¥
causing factheation of some fuymotor tibres ‘ef g
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Fg 5 A Swmuttancous record
cors ng from extensor {mddle beam) and flexor (Jawer beawm)
x:ﬁc afferent Note wdibit on of extansor sp nd!{e and facil tasion of Aexor spindles during
. Sa(umm the red nucleus (broad line above;
ame as A but recording made approvimately 15 mun later after mjecnan of addiional
2 mg Nembutal Note Lack of faeshtation of flexos sp odle Tame eanbranion 1 e

pr]nx:i Imhcr expeniments of this type st was ohserved that fachtation of flexor
ko 25 was regularly obtamed by stmulation in the ventral part of the red
ucleus Extensor spindles were on the other hand only mnhibited The n
hubstion was elicated esther from the dorsal part enly o from the entire track
trongh the nucleus

In experiments wath recording from muscle spindle afferents the mfluence of
diffexent Jevels of anacsthesia on the effects caused by central stmulation wis
also ahserved In such expersments it appeared that upon deepening the anars
thessa the spontaneous firing of both extensor and flexer spindles way markedly
depressed The effect of central sumulation changed m such a way that i
deep anaesthesia facihtatory effects on fexor spmdle activity could no fonger
be obtamed Thus 5 Wustrated sn Fig 5 winch shows mhibition of an extensor
(muddle bears 1n A) and fachtation of a flexor (fower hevm an A) spindle 1n
Yight anaesthesia In B which was obtaned 15 munutes fater after an adeisonal
25 mg of Nembutal had been jected intravenously factlwatsan of the flexor
spindie could po fonger be obtamed white the inbubstory effect on the extenmor
spindle was even more marked The incrensed bauc frrquency of the fexar
*Pindle 1n B 15 due to a shght merease of the ond on the muscle

Discussion

The results described above reveal that clecirieal stannbuon m the dosval
Part of the red nucleus exerts an inhibitory mfluence upon huimotor neurenes
10 extensor as well as flexor muscle spradies i lind hmbs muscles s revalus
ma Xc\senng of the static dischiarge of the e spradiec On the other hand the
same 1y pe of sumulation 1w the sented parg of the mucden exerts o reciproe o
ffect with inhsbrion of extensor spidles but Hestsate n of Sevor o wsclies Thie
facihitaton, path 1o the spandies 15 more senstive {0 e theary i gg‘)
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Inbitory one This ma

1ng. the, ansestiens, tg:;fc i ;:‘iizﬂn;::on of the obseration that upon deepen
Rectproeal effects on evtemsor. an g ents from muscle spindies 1s deprested
described by Sunrazt. Hoseo and hv:;or muscle spindles were previousy
Ppallidus the internal capsule and th o {1967 uhi sumated the glon
the reeroroce! he caudate nucleus These authurs obtamed

procal response tn deeply anaestheuzed pre;
under Light anaesthesia only facilitation of af} s Pd]pamlmns while o nimals
reciproeal effects were thus sepsibive t e was ehted Diffuse and
that seca wh 0 anaesthesia in a manner different from
en sumulating the red nucleus The fact, how h
reaiprocal effects may be elicsted both from ioneer that simiae
from the red mucleus seems ta add m the abose mentwned regions and
sa - @ B &« ;am;‘;"? Pmtzf to the theory that the red nucleus
'i‘hch observation that the dorsal barder of the u:l)xlslt::rg'dr'c;\:zzzjillgtl: Grzr)c
with the dorsal border of the nucle :
stshould be noted that the dorsal b::dﬁirl:;: :f;“:;‘:; " d‘lﬂﬁml s T
difficult, not to say umpossible to define in the ype urhf;::,]xo.::-r?o” oo \"g
(ef photormcrograph in Fig 2) The nucleus may therefore i;zf:c‘la?:r‘:;ir
dorsally than can easily be recognized in the sections Secondhy a certan
spread of the stmulus may account for some of the discrepancy between
effectine I area and al strutyre It cannot however be ex
cluded that the functionally nlubitory regron does not comcide exaetly wuth
the area anatomically known as the red nucleus
The expertments by Sasanr, Nawinawa and Hasmrauoro (1960 previoush

nentoned seem to prove that the red nucleus mfluences the aipha moto-
rcurones Thes fact alone could serve as a satisfactory explananon of the ob-
ervations made by PoyrEraso and coworhers 1e flevon effects ehosted from
he nucleus It 1s howeser now evident that sumulauon 1n the red nucleus
xerts a combined effect on alpha and fusimator systems  Sumulanion of the
entral part of the red npucleus thus seems to exaie alpha motoneurones o
und himb flexor muscles and 4 1y ta ehen ac of the intry
1sal muscle fibres m flevor spindles Intubntion of alpha as well as fusimotor

leutones to extensor muscles will also result from such a sumulus The olser

ation that week sumulation may cause pradieacusaton afone whtde stronger

amulation causes also contraction mught ndicare that the alpha acusation s
e spindles -~ 1e the alpha acusauon

he gamma lnop Such an assumption
that the contraction my sl be
d fusimotor effects chasted
[<:F]

zcondary to the mnereased discharge of th
ught be duc to reflex effects exerted via
however contradicted by the abservation
Lested mn de afferented preparanons Alpha as
‘om the red nucleus thus scem o be independent phenom
The fact that ihibion of extensor as well as exor spndies 11 abtaned from
wucleus 15 wotthy of nate with respeet ta Posit£1nN0s
lews as a fore humb center The obsesttoan secms 10

he dorsal part of the red »
rocal controt of fore and Tund Iimls

Jew of this part of the puc!
adicate some kind of symulianeous ceatp
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The area at the level of the aqueduct which upon stimulation yielded acu
vaton of flexor aswell as extensor. spindles seems to agree with: a regon described
by Mavrer and Poseriano (1962) They reported the so called tegmental
respon.e to be elicted from this region Tt seerms possible that the contralateral
leg extension seen 1w this Fesponse may be the result of an increased fustmotor
= and possibly also alpha — actmity to extensor as well as to flexor muscles
In this connection tt1s of snterest akso to consider the experiments by Graxrr

from 2 region 1 the phalic t which to ther
descrption was situated dorsally and laterally to the red nucleus Graxr and
Bowerey d the ruby 1 or lospinal tracts to convey these

P
effects Tt now seems likely that the latter afternanse 15 the correct one smnce
extensar spandle activation could never be obtained mn the present experiments
with robral stimulanon

The red nucleus 15 no doubt an important relay for central control of
€U a5 well as smrafusal muscle tone From the expenments with sumulation
i the ventra} part of the red nucleus st 15 evadent that the cells controling

alpha and & are not dufferently localzed withwa tns part of
the nucleus From 5 smulatig site here both effects can always be ehorted
On the other hand the effects have diff hresholds extrafusat

being obtasned at a tugher sumutaung strength than the fusumotar activation
may be of smportance for future attempts to separately studv the one
System or the other

References
ATPELSEAG B The effeet of <t ctrieat sumulaton of aucle ruber oa the gamma motor
TH Adta plys ol seond 1957 55 150159
Baw R § and G Morezzr The phys ology and patholagy of the cervhellum Th Lt ersity
o Mineston Press, \f mncapolss 1953 pp 670
AT R 214 B R Koanpa Tnflusace of ¢ st on of cemral m rvous tructures on sousel
SPidles s car taa phy wl scand 195 % 130150
RANTT R and B Houwsonrs Twa path a s from bran st m to gamma entrat born ¢ Il
Maphol a7 1933 2 93108
’;‘E;“ R Recepto s and sensory percepson New Ha en Yale Lo ers ty Prews 183 Pp
MAT L 4ad O Powrero B cr of t mulat on of the mesencephat ¢ tegmenturs follon 1ng
M orup o of the subrotp naf tact fek tal B 1 1962 100 16— 75
POWPEND O and \ Bre L Expernm utal d monstraton of & samatowp cal o g of
NPl fibres nah a1 F omp A 1937 208 23-n
AR 4 Nawmwaand S Hassmoasoro Th fleer of mdbra st mulat on upon alpha
otoneurones i lumba wp nat cord Fap J Phy of 1960 10 305316
SUAZL M T Hascoand h hosora, Namr of central egulaton of mustls sp adlc act yary
InB akex D Ed10 S mpos wman Masct Resceprors Hang Rong aad Ocford Ln ersay
Pes 1907 pp 49,
SHMAZL BT Howeo and k. hawota Fec npes £ owal s news o4 gumma
Slem J A g £ 530033



Acta physiof scand 1963 59 454-461

Trom the Department of Physiology, Rarolinska Institutet Stockholm, Sweden

Effect of Ademne Nucleotides on Catecholanune
Release and Uptake 1 Isolated Adrenergic
Nerve Granules
By
U 5 vov Eveer and T Lisntagxo
Recerved 10 Aprd 1963

Abstract

Evizr U S « and F Lisitagke Effect of adenine nucleotides o safe
cholomine release ond uptoke 1 isolated advenergie nerce gramles e
phystol suand 1963 59 454—46] ~— On additon of 1~ r‘n\l

d hosphate { ATT) the sp loss of norad:
from a suspension of adrenergic nerve granules 1s retarded or pre
tented Adenosme diphosphate (ADP) exerts a similar cffect whue
adenosine monophosphate (AMI ) has hide action ADP and \TI
also enhance the uptake of catecholamines Gom the mcubaton 811
Fhus effect 15 observed even with low amun- concenteations ta the 1o
cubation flwid 1 contrast to the uptake without addition of ATP
The ATP-dependent uptake ss inhibited by reserpine

Parually depleted noradrenaline storage granules P"‘I’J"db,[m::(:::l:;
splens. nerves according to Fuier and Lisiagno (1963 a) are a cﬁcmcur’-‘
noradrenaltne and other catechalamnes when the e are added ,omlbc Yarner
tion fluid in concentratians above ! sg m! This uptake ’PP(‘:‘F sasng pH
in ssotonie sucrose than i phosphate bufler and ncreasts We 1:’ s
values from 6 to 83 Fcrer and Lisuapno 1903 b) Under op"f;la the argmal
the granules after parual depletion may be r ”pk"’s"tdﬂﬂ;:;ﬁnal medultan
content An uptake ol sumular kind has been desenbied for

les by Cares os and HuLare (1961 edultary
gr?,:l:rcascii uptake of amunes has been seported when ; :,l;l;l:xlh:" presence
granules have been ncubated with poradrenaline ar ﬂ""":g 1952 Cans.od
of adenosme 5 tnphosphate (ATP) and Mg? (hansity
p and W\ ALDECA 19621
HXKL:\A :;IC present report some effects of \TP mdr:’fi":z;m
release rate and amine uptake in adrenergic nene g

on noradeenalor
1 be descnibed

404
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Fig | Noradrenatne content m " 3mn
adrenergic nerve grapules incubated f 215m4
for vanous timesn otomc potasss 50
um phospbat at pH 70 and 20 G
n eontrols and with addwion of ATP
i concentrations of 1~5mM Or 4 e TR
dinate  noradrenalin 10 sediment \
aftec wmeubation 1a per cent of onigy
malamount Absesia timewnman gl ®

S 30 G} W, 2

Methods

Adrenerpic nerve granules were obtaned tn a suspension by squeezing bovine splenie
nerves with 03 M sucrose or 0 13 M potassium phosphate at pH 7 or 75 as diluing,
flad (Fuies and Lisnagko 1961 2) The press yuice from 1 g nerve was ddutedy sth
€~ 10 ml sncubation flud Larger particles when present were removed by centnfu
gaven at about 1 000 ¥ g for 10 mm The supernatant which is free from microscopieally
vistble cell particles contams about 1 g free noradrenaline per mlan addition to the
granule bound amne

The effect of ATP ADP and AMP on the sp release of from
granules ncubated at 20 and 37 € was studied by adding the nucleotsdes in concentra
tons of 0 35 M to the meubation fluid exther n single or repeated addions Alsa
the effect of ATT and MgCl; on the uptake of noradrenaine and adrenaline was
measured after partial depl of the TIine content by mncuba
ton at 20 or 37 for 60 and 10 mmn respectively which caused a depletion of about
50 of the anginal amount After this period the amines were added to the suspension

@ concentrations of 03—20 prg/ml and the suspension meubated agaw usually for
30 myn at 20

After the incubation penod the sranules were sedimented by centnfugating for 30 min
2t 50000 X g resuspended 1 fresh sotontc K phosphate at pH 7 and r:cennlfugaledr
The noradrenaliae 1n the sediment was extracted with 1 ml 0 1 N HCl and 0 tml ud
5% metaphosphoric acd and esmmated fluonmetneally according to ELisR an
Lisiagso (1961 1)

Results

T Effect of adenysine phosphate and V(g on the spontancous telease of
noradrenaline from nerce granules

‘When bovine splensc nerve granules are incubated at 20 1n 1sotonic potas
sium phosphate pH 70 the noradrenaline content falls along an approximately
exponential course to about 20 %, of the ongimal amount in Z hours On ad
dition of ATP i concentratons 1—5 mM the noradrenaline content of the
granules falls off much more slowly during incubation at 20 (Fig 1) From the
figure 1t emerges that no loss of noradrenaline occurs during meubation up to
30 min when ATI 15 present mn concentrations of 1553 m\ Alter this ume
the noradrenaline content falls off more rapdly for 13 oM than for 3 and §
m\{ ATP With 1 concentration of 1 m\ the effect 13 only observed up to



436
U $ VONEULER axD £ usHafro

15T e gsew e
4 4

10 e
= - . Fig 2 Noradrenaline contert in
- ?dlmrrgu: nene granulrs ipcubated
OF Various Lmes i sobnsc potas
) ; £m phosphate at pH 7 Dand 20 Can
ot mw conlrol and with additing of ATP
} 2P 12\ at zero time and each half
hour  Ordinate noradrenaline in
” s o seciment after imeubation Pper cent
! ©  of original amount. Abscis tume

o 30 € [ & 1 i
4
+ +

ATP
ADP  Fig 3 Noradremalin content afrenergic
nenve granuies wreubated for varous umes 1
o Aup  Botonicpotassum phosphateatpH 7 0and 0 G
in_control and with add von of ATP ADI and
oL AMP 15 m cach half hour Ordinate por
adrenahing in sed ment afier meubstion 1 per
cent of onginal amount Absessa tme in mn

e e sy VU Sour B Rr)
30 B0 iy 90

©

30mn After this penod the release rate 3s the same as m the control No effect
was obsenved with the addion of 03 m\f of ATP

Since the disappearance of the effect may be due to rapid breakdown of VTP
the mfluence of further addions of ATP each half hour was studied s seen
m Fig 2 each add of ATP to a canc of 1 5 m\I retarded the net
loss of noradrenaline suggeshing that the ATP-concentration has to be main
taned at this lesel wn order to preventaloss of noradrenaline from the granules

Addition of 5 m\f Mg Cl, to the su.penston of granules belore tncubauon at
20 causes a shght inhibition of the release rate or no effect at all When ATP
and Mg? were added together i concentrations of 5 m\ 1o the onginalsuspen
sion of nerve granules the “protecung  effect was the same aswith AT Palane

or veny shghtly mcreased

Since the prevention of loss of noradrenakine from the nenve grannles when
rncubated with ATP might depend cuher on a blocking of the spontantons
release or on an uptake of noradrenaline concomstant with the aarmal sponta
neous release 3 appeared of interest o study the effect of meubatn with VIR
1 the presence of adrenahine 1f a block had occurred as with reserpine tfen

drenabine would not be d 10 be taken up Howeter st way found that
adrenshine was taken up and noradrenaline released mn about egussilent
amounts Ths suzzests that the “protecung effect of TP on tl e erdogenass
noradsenaline 1 the abence of adrenaline 1 due fo an uptske of this amine

balanang the selease (ef Discussion,
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Fig 4 “oradrenaline content

m adrenerzic nerve granules
meubated for 30 mun 1n ssotontc
Polassium phosphatc at pH 70 5
and 20 G after 60 mun prein
cubatonat 20 Control (C) ad F
diton of noradrenaline (NA}

20 pgiml and of adenosine tr
phosphate (ATP) 03—3 m\M

afier partial depletion for 60 mu
drcxnlﬁn:mmu) Ordinate nor
adrenaline 1 sediment 1 per

cent of ong nal amount ¢ T T C M M

o 60 +30 MIN INCUB 20 C

8
T

In other experiments the effect of ATP was compared with that of ADP and
AMP Asseen 1n Fig 3 addition of ADP has an effect which 1s similar to that
of ATP while AMP had httle effect

1 Efict of ATP and Vg™ on the uptae of catecholamines in
adrenergic nerve granules

It was observed that the uptake of noradrenaline added to a nerve granule

P was d \; d by add of ATP in of
1—5m\M No eficct was observed with 03 mM ATP Ths effect was not n
creased by additton of Mg?* when mcubation was made m the ongmnal sus
Pension of granules

Fig 4 shows the cffect of vartous concentrations of ATP on the noradrenaline
uptake 1n a partially depleted granule suspension (2 exp) As seen n the
figure addition of NA alone or ATP alone causes some uptake However this
15 larger when 1 and 3 m\{ ATP 1s gnen together with NA In 3 exp when
ATP was added alone the noradrenaline uptahe was 13 16 and 16 per cent of
the onginal amount This uptake of NA probably depends on the presence of
the free noradrenaline which occurs 1n a concentration of about ! zg/ml 1n the
onginal suspension

In gl':lnulpes which have been d and p 1n fresh phosph
buffer solution an increased uptake of noradrenaline was also noted after ad
dition of ATP together with the noradrenahine but it was always less than in
the ongmal suspension  Addwon of Mg? 1n these experiments increased the
uptake considerably Table I shows an experiment an which the threshold of

drenal d for a ble uptake m pended and partally

depleted granules was determuned An uptake was noted even with 0 3 usfml
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Zable § Uptake of noradrenaling
i risuspended
sneubated 30 men at 20 € with 477 7, Alg';inﬂfd :Ziﬁf:ﬂi pld sl ee o

Pre meubation [ Incubation A
TP 3 mM N
o foradrenaline |
? min 3lui 30 tn 20 MEFSEM el an oradrenaling
ospended [t sddns st o ot of
gramatn ongmnal in
granules afier
" : ; - 100
+ + - - 5
I + + - 50
T + + 03 63
+ + 1 67
+ - + 3 3
+ + + 10 7
_—t b
drenall
n the b flud added after sedimentaton and rests

pension in isotonic potassium phosphate pH 70 As scen n the table prein
cubation of the granules for 10 mm at 37 caused a depletion of 42 ¢, 1n
creasmg to 53 9, after additianal mcubation for 30 min 2t 20 Addition of
ATP and Mg** alone caused no defintte uptake 1 cantrast to the expersments
wn which ATP was added to the onginal suspension contaming about 1 gy, ml
noradrenaline In this expersment the noradrenabine concentration was max
mally about 0 1 sg/ml m the incubation fluid, which presumably was 1o law
fo permut an uptake

No defimte difference 15 observed mn the uptake with 3 and 10 pg/m} of nor
adrenaline in the mcubation flud suggesting that the uptake mechamsm s
working at near maximal capacity even at 3 prgf/ml (about 2 103\,

A comparison of the uptake of noradrenaline and adsenaline i vamous
concentrations is sren 1 Fig 5 In the figure the uptake 13 measured from the
level reached by previous depletion represented by the base fine An apprearibie
a0radrenaline uptake is noted when ATE 13 added alone (2} and of. adrenaline
vhen this amine 1s added alone {3} No 4—6 show the effect of the amine
‘oncentration on the uptake The greatest uptake 15 secn for ardrenaline i 6o 4

\ad for naradrenaline wn no 6 VWhen adrenalme and noradrenaline are both
\dded to the incubation fud the uptake s lawer than for each one of the amines
aven alone It 1s also seen that in the presence of ATP the uptake 18 entianced
;xo 3 and 4) While there 1s an uptake of notadrenaline when ATP ;\}rmc it
\dded (2) hardly any uptake of ths amne i noticed when adrenaline i

eher con
high concentrauon (10 pg/m) (4) Apparently the bt
caton :l:f . 1 (Ihc uptake of noradrenaline whien thy
A “ Tr

amune 15 present only 1 about 1 pg/ml
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SPL N GRANULES K PHOSPH 75 20 C BOMIN

A Na
®r 1, vetaxe  [lma
1 1718
'
08 44 )
)
]
08F 12 1
]
1
04 19| |
'
02! 3
0 T v
ADDED 4 t
15mM — ate — TP ATB ) AR
V?{ml -— — — 5NA WNA
pgiml — — 104 oA 5a t -
KR 1 2 3 & s 6
gg 5 Horzontal line lesel reached by partial depletion during incubation 60 mun at 20 €
Prgmal amount and uptake of amines indicated by ordinates for noradrenaline and adrenalioc
\aheém part al depletion 2—5 uptake from depletion level m the presence of ATP 1 5mM

uptake of noradrenaline i the presence of ATP 3 mM Ordinates ;g aruncs per 1t
cubation sample

The ATP Mg dependent uptake 15 strongly mhibited by reserpine i
Concentrations of 1—10 pig{m! as noticed also for adrenal medullary granules
by Carrssox ef af {1962) and by Kirsuner (1962)

Discussion

The presence of relatnely large of ATP 1n hol. storage
granules 1 the adrenal medulla (Hictare Hoceere and Nizson 1955
Brascixo et al 1956) and 1n adrenergic nerves (Scruvas~ 1998) has sumulated
speculation as to 1ts possible role It has been pointed out as especally note
worthy that the concentration of ATP (and ADP + AMP) normally appears
10 be such that the number of negative charges corresponds to the positine
charges of the amines present Under certain condations such as after reserpine
(Burauk WEINER and HAGEW 1960) and in granules from chromaffin tumour
cells (Senuvany 1960 Hitrare Lixoguist and VExDsary 1961) these pro
Portions do not obtain

In the present report 1t 1s shown that ATP and ADP enhance the amme up
take also 1n nerve granules In addition it has been shown that the uptaken
the presence of ATP and Mg? also occurs with lower concentrations of nor
adrenaline than without ATP

No data scem to have been p d earlier refe to the mil of
ATP on the rate of loss of catecholamnes from granules This 1s slow 1n adrenal
medullary granules (Hitrarp and Nitsos 1924) but occurs at a more rapid
Tate in suspenstons of adrenergic nerve granules (EuLer and Lisitajeo 1961 a)

Qur present results show that if the of ATP 18 d in
the mcubaton medium at 1 mM or ligher the spontancous loss of nor
adrenahne s greatly retarded In a concentration of about 15 mM{ ATP
30--633015 4cta physiol seand 1ol 59
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comple:
o gr ;;:,); l}]);cj::;:i;l:e :s:s for atleast 30 min whereafier it started at a slow
g mle Repeuted tdditions of ATP aft
man effectn ely prevented the loss for er periods of 50
peniods up to 2 hours, su
tvely rapid mactwation of ATP > suggesting & rela
Thus finding might be compared vtk
cubation medum as dcscnbc; prm'lousl‘)"?EQI;L[E:t'lzfianS‘::’ rrnﬂ;gt;n e
As to the mechanism underly g the ‘protecting  effe ey
e ect of ATP on the nor
ne content of the granules ineubited under conditians th;
otherwise lead to a considerable loss of the amine no definnte mlﬂ: o
be made as yet Two possibilities present themselves, w, blockin “";;. f"’“
spontancous releass, or release and uptakeat equal rat’cs Inview of !flc n-::d‘e
uptake of noradrenalne even 1 low ¢ Irom the meub Ruxd .
the presence of ATP the of the drenthine content i the ;::n
ules may be explained by g an uptake bak thesy rc?:nc
Ths as umption 18 supported by the observanon that, on addsuon of 1dren
alne 10 pg/ml and ATP to undepleted granules the noradrenaline content
Lalls 2nd an apprevumately equu dlent amount of adrenaline 1s taken ap This
suggests that noradrenaline 13 contnuously and spontancously released 1nd that
the avadshle budug sites become occupred by adrenafine which 1s present in
hugher concentration In the presence of reserpme 10 g, ml po adrenaline 1
taken ap ducing tncubatian of undepleted granules while such < upt ke s ol
sersed 1 the absence of reserpme when adrenaline 13 1dded i concentrinons
of 5—20 pg/ml (Curkw and Lisit\yro 1963 ¢) Thus s mterpreted 1s 1 resuft of
“lack of bindmg sites swce reserpine effectinely retards the spontineous refease

+# of noradreniiine
As regards the protecting  offect of exogenous noradrenahine on the wmme

content 10 the granules during wcubation esen without ATP Mg this mighe
also be due to either a blochig of the release or a continuous bifanced ex

change (Lurer and Lisuagso 19633) We hace observed that the nordrenine
content of granules akter mevbation with adrenabine 1 shightly but signsficantly
smaller than tn the controls This eould mean that adrenaline h1s 2 refeasmg
effect on the neradrenaline i the grinules However the effect mught abin be
explatned by assuming that normaih some of the released naradrenthine s
taken up, whereas adrenabne of present in a Ingher concentratan M t1hen up
preferentially owing to 2 more Favourable concentration gridient We are there
fore inchned 1o bebieve that the  protectng ellect of added nordrenaline as
well as that of ATP 15 due to 1n uptake balancmg the spontaneots release

Thus 15 also supported by the observa
ton on the nor

sather thau ta a blocking of the rckase
won (Table 1) that ATP N, has only 1 smafl protecting  ac p
adrenaline n resuspended granules 1 @ medwm contamng at most 01 s
posadeenalme per ml

pported by grant 4 8443701 from ol ¢ Leyred Statey TFuthie ¥ abih

Thas work has been su
Service and by the Swed & \Ledical Resrarch Councd
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Effects from the § Cortex on A 3
Spinal Pathways
By
A Luwperre, U NorrsELL ang P Voosuoesx
T ecewved 22 Apni 1963

Abstract

Lisorzee A U Nomrsete and P Y oortiors & Fffects from the
SERSENIOL0r tortex on micending spinal path.aays Acta physiol scand 1992
39 462-473 — Thr eflect of stmulavion of the sensorsmotor costex
on ascendmg spinal pathwass was 1oy estigated m cats with recording
of mass dischasges with wteacellular recording from th o celf bodies
and with vnit recording from the axens Apart fram effects cansed by
primary afferenc depolarization there are marked effects trom the
sensonmotor cortex only on pathways mfluenced from the flexar
teflex afferents (FRA) Thus holds teue far the sentral spinoceschelias
tract which 1 mhibited from the FRA and from cortex and for the
ventral spusabalbac teact whick ss excited from the FhA and from
cortex The same parallrlsm berween actions from cortex and the
FR A was found for the dorsal spocerebeliar tract but not for the
spiyocervical tract which have TR A activated neurones that are not
exrned from the sensorimator ¢ oriex

Several ascending spinal pathways are miluenced by the flexar reflex atler
ents (FRA; and 1t has been sugpested that they carry taformago y res,arching
flexor reflex patterns Detaed vestigations hase reveafed 2 purallelnm o
snhebitory supraspunal control of transmussion from the FR\ o motaneurones
and 1o the ascendimg spoal patheans Lootes and Lusosrae 190 Hows
quist and Luvpoere 1939 Horwosy v Lisppero and Ohcarssos 1960 a)
“The TRA saterneurones of spinal refles arcs are effecavely cxested from the
sen.orunotor cortex (Luo8ere and VOaRNGELE 1962 Lumrnr' :aumzn
and Vooruoer£ 1962 (ArpeNTER 1U\OBERG and NORrsFLL 12 ar:’d it
was therefore of interess to imvestrgate the effecy {rom cortex xxfsc:l m; a;:zi" ‘;‘: .
pinal pathways influenced from the TRV Welime cunhrrmc cI 1cl ::("a:: " lgfmm
yventeal spinat pathways ace mfluenced in the same way Cdmrrrrx r-lorm o
the FRA {Magyt and OsLarssos 1963, and also exammed eficcts

spmoccrcbcllar tract (DSCT) and the spmocesyical tract

462
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A c D
cortex
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H1s 50 W: L/f 25
L [ [

20msec

Fig 1 Ascending spmal discharge v oked from the sensonimotor cortex The recording was made
from the night spinal half (cxecpt dorsal column) The right sensonmotor cortex was smulated
n A—Dwith | 2 st muly respect vely Record E—H shows the effect of sumulaton
of the left hamstring nerve (1) The strength of sumautation 1s gnven 1n cach record 1n multtples
of threshold strength for the \ SCT discharge All records consist of supersmposed traces

ph.

Methods

The expenments were made on cats under light anaesthesta from pentobarbital so-
dum The discharges i ascending pathways were usually recorded from dissccted
faseicult or spinal halves as described by Larorte Luxpserc and Oscarsson (1956 a)
but steel microelectrodes 1nsulated except at the up were also used For techmque of
intra axonal recording see LarorTe LuwpBeRe and Oscarsson (1926 b) intracellular
tecording from the cell bodies of the spinocervical tract v ere made as described by

cores Eccres and Luwpserc (1960) The technique of cartical stimulation has been
desenibed by Luvpsera and 'V corHoes £ (1962)

Abbreviations DSCT  dorsal spinocerebellar tract ¥ SCT  ventral spinocerebellar
tract. bVFRT bilateral ventral flexor reflex tract FRA flexor reflex afferents ABSm
anterior biceps semimembranosus nenve PBSt postenor biceps-semmtendinosus nerve,
G—$ gastrocnemuus soleus nerve FDL flexor digutorum longus nerve SP superficial
peroneal nerve (deprned of muscle branches DP  decp peroneal nene (deprived of
Cutaneous branches)

Results
Bilateral ¥ entral Flevor Reflex Tract 16V FRT
Fig 1.1 that on of the cortex there 15 a

discharge in the dissected spinal half tstmulaung and recording arrangements
shown in the diagram of Fig 1) In record \ a single cortical sumulus evokes
a small discharge B C and D show the effects of 2 4 and 5 sumuli respectively

In record F—H the contralateral hamstnng nerve was sumulated in T at the
miimal strength gvang a maxamal VSCT discharge mn F—H at the stronger
strength indicated 1n each record With separate recording from the ventral
and the dorsal quadrant of the spinal half 1t was found that the discharge from
cortex as evoked 1n pathways ascending in the ventral quadrant Unit recording
from axons rescaled cxatation from cortex of the bVFRT (inlateral ventea
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Fig 2 Cortecal effect on 5 bV FRT
umt Lower ¢ aces ar wntr ¢ rdipg £y
pge taces ar e mam discharges ecorded ram 1 divecrc | et spiel ol teaien
) Record -~ b th <l of b in 1 indcasd i 305 i e e g
st scumulated 1n Geof at wereas og strength T1e ot
Lur Iefsutal o n =5 oS Vel gastrorn va sl e 1Y e et e "y
right quadniceps nene o3 pght hamstriay nerve of eght pereneatn iy <

Texor seffex tract) Thus 15 a spisobulbar tract actisated Uy vollevs mabe FRA
~drom o bolateral reveptne Skt 10 wrsson M98 Lo vorers and Chaarsoy
1962) 12 unus of thys 15 pe wese found and J3 of them were elfecin eh actnared
‘)'! corucal sumulatin Fiy, 2
fm.’m{ Spirocerebrllor Ira { 1S T
Lffects on the venrdf sprocerebetiar tract $9C way myestigned by
emplovin,  the monosinapuc wst durarge evsked by 1h aollevs from he
contralateral hamsiting nerve O carson 1957 38 Loctes Hune st and
Osears o~ 1961} Fig 3 record A shows the test ducharge and 1 e inhabitory
effect by aalles 11 the s ontealateral sural nerve Recard C shows that cortieat
stimulation also shibits the 3 SCT Maostand (sesrs on 19 In 13 eorex
was stimufated at the same stren th as i € but the 1esun,, W Aoy from the
harnstring nene was nereased to bring om the test § SCT ducharge o a height
shghth abore that i & Recard F shows that when the coadwonn., solley
1 the sural aerse now 1s added n gres a moarc effective inhibitio thanm B
Since there 15 spiial fanlitanon tm the infibitors paths from the FAS ad

fram cortex st can b pa tulated that there 1 cancet,cace torthesam bl

story wterneuranes from the o sources Lmt recordin, was mide from 11
p reeedin

YSLT wants Teo o shem were wtnbited from cortex wathout 2
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A H 8 Sur+H
T

s sl e e
c corfex+H

D i corfextH Ecorlex'Sur H
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S0msec Tomeee

b cortical sumutation (C) In D axd E the test was 1icreased snd E shovs the eff ot of com
bired sumulation of cories and the sural nerve The abb ev atonsdenote H hamstring neiye
ur sural nerve

cwitation The remaiung upit was facilitated from cortex desprte the fiey
that the same unit recened mhibitory action from the FRA The cxplag styon,
for the facthitatron 15 probably activation of the mare frontal eyriic i apey
from which VSCT can be factlitated (Macwt and Oscarssoy 1961

Dorsal Spinocerebellar Tract (DSCT)

Effects on the DSUT were myvesugated exclustely by unit recordun from
the tract DSCT axons were not sdentified by antdromic aeqy aguen fu:n the
cerebellar cortes Howener 1t ts known (hat units Tecenng magay oy oe
tsation from group 1 muscle afferent belons, 0 the DSCT (1 101 15 and
Oscarssov 1960) The effect of cortical sumlation was te tof o (e pestine
discharge or on transmusion of grouP ¥ volleys 2t threholy 4, aetivation of
the cells Twenty two umsts actnated exclusnely by BOUp 1 yferents wert
tested None of them could be exciied from the attralatera] gensonmot ©
cortex. Slight sninbition of transmasson WA found iy opy - LE
on was found 1n 3 and the remaiming 5 were noy nfluenced
In sharp contrast to these neurones “”\“m}ler 570up of [y
Tecening excitation from grouP 1 my ele affereny

but whyel, a0
nlluenced by the FRA Looeere 3nd Ocumssoy e Fo0 W0 2ca=

from <7
1 n(ura”: p
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groups of this tipe those recenving exataton and thowe recenn., mnlbat
from the FRA both these groups are strongh safluenced from cortex the
- {ormer group exated and the latter inbubnted Three group 1 actnated uns s
recened erataten from the FRA and could alss be exated from the wermsaon
Frap or cortex as 1 Mustrated ; Fig 40 F—11 Ths vnit had a monosnapre
cunnection from group § afictents of the G—5 nene secord 1Y Exatanm
from the superficial peroneal nerse ard from the tural nenve s seen 1n A and
respectinely and from the muixed tbna) nene 19 B Three group 1 arunated
DSCT ncurones were found to recene inbsts ton from the FR 1 and they ¢ u'd
211 be inlubsted from cortex Ths 1s ghu trared 12 Fig 0 for a neurvne my >
svnapticalhy actisated from the DP nene The reting discharze 10 super
imposed trzces s shown in G and H A strong conditioning 1ofles 4a the nene
16 Q gnes the mhinvon 10 L and a voley in the sural nenve tf e mbubiuon 1o
B Records D— F show dhuat the cffect from G5 was eliasted from hiehs throh
old afferents Inbibrton of the resting discharge duning 3 oular prood was
2 d on ! of the cortex record €

Another group of DSCT neurones 1 kn swn 10 Ie(en £ €X01AI0% am;:n fam

1f ¢ FRS wathout having any monom napisc connecuss fror goup § 87crentt

In order to identsfs these units as belongng 1o DSCT 1t v deurable (o erp!
he cesebellar contex because thesp 2 wepanaltract
1.0 acuszted by the FPA Teno

anudromic samalation from ¥
(. next secuony has a subdnion which s 2l
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g 2nd stumulation atrangements are the same asin F g 4 Record I at fast speed shows
the mpnosvaaptic attss At o from group 3 afferents of the DP nerve The unit hal a restug ac
! ity #5 12 shown an G and H and volleys in the FRA inhibie the rests 1g duscharge /4 Band F)
In D—F the G~S rierre 1s sumwlated at the strength tndicated which 1 1 mult ples of thresbold
strength for the \ SCT discharge recprdung 1 the contralateral dissected spual halt Tre smbabs
40n 13 G was ohraned by a tramn of 6 ymult 1o the nght sensonmowr corter A—H copsist of
10 superimpo ed traces The abbreviations denote the following left fundhimb neres Q. quadn
Pz nerve Sur sural pene G—$ gas rocnemus soleus nenve DP deep peroncal néne

A s B eor © oF

N | IVUSU | IR | Sy

cortex R4

€ 3
l ADT VT o
I o N

v 6 H
20msec AD B2
e A
.——\A..__—— 0

Fi2 6 Eff ¢ om cortex on FRA art vated netron as umed te belong o DSCT Recording
and shmulation arrangements are the same as 1 F g 4 The ree pu ¢ tv 1 of this newrone i
1ps lateral and A—C. sho  the ducharges rvoked from the prriph ral ne es ind cated The
sensonm tor co tex was st mulated at neressng 3t ngth m D—F G show the anudromic
Tesponse and 1y H st mulation of the laters} fun culus i LS dovx no excie e
¥ e33 synapreally tranm tied discharge The abbrevanons den (¢ SP superferd prroneal

nere FDJ flexor d g forum longus nern PP deep peroneal aenve (€ mved of cutarrous
bran Fes  AD ant drom ¢ stimulauon
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Fig 7 Intracellular recording fupper traces’ from a spim
g envacal tract nrurone Recor tngway

gmf{: from the dorsal horn in L7 witha mncrorlccxr)di filted with 3M KU The fower !nt:x are
L pl a.;nc secords from the L7 dorsal root entry zon  E hov s th antidromic ¢ peonse evoked
’Ir‘:m the mtact dor oluerat fumele 105 em rostral 10 the nite of the m crncl ctrod record ng
J veurone recerves effectne £xatatory action f om the SPacrve [ =D and J at slower speedd)
gnP weaker effect from the sural nerve (F There 1s no effcct on sumulion { the G—% and
nenes (E and J; and corucal stmulanan i al neffect ve (1) L ecard B —( were b
wmned after « shdrawal of the microclectrode o a just extracellnls pontr 1+ P ¢ rds \-—F
~zre tahen at the lov and records F—O at the high ampl ficat on ind cat & Frrrec ds A—T
* Fand G below record G and § r1 Ol wreeer}

he ume calibration 1 skown below \ fr
ns denote SP superficial per acaln tve(deprned {rmuscle Lranclesd Sur

e abbres iatio
vral nene (8 gaszocnermiussolew nerve DP d ep perancal nenve depro 1 fevtanrou

sranches,

corfex

£re and Oscarson 1961 were able 1o distinguish units of ths tract from
he DSCT subdivision discu ed above becau » the cetls of anigin were Jocated
welow the caudat level of { LaRKE s column and hence the 1xons could be ac
nated by a stmulus apphed to the lateral funtcutus i 15 Dunng the present
myestigitton we found 6 units acinated exclusively by the FRA with axans
that could not be sumulated 1 Ly Fue of these units were effectnely actated
from cortex as 1s Mustrated i Tig 6 1t 15 Jikehs that they belong to the DSCT
and not to the spincervical tract because ssmiar ity adentified as belongin

to the spiaocernical trace did not recetse the correspoiding effc tive eveition

acton from cortex cf below
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Fig B Sxim Fig 7 butmtracellular record ng frem a spisoceny ical tract neurone act_ ated from
the FRA Record Fshows ked from the d fumcle 10 5
m yostral o the sute ef mucroelectrode record ng A~D show e effect of wofleysin the indicat &
Ber pheral netves There 1 no effect on st nulat on of cortex (record L) Records A—E were
ken at the hugher amplification and F at the Jower The abbrey at ons denote SP superfical
Derneal nerve (deprived of muscle branthes) PBSt postero b cepssemutendinosys pene
AlSw anterior icepesermembranonis nere DP deeh prroneal Rerve {deprved of muscle
banche) AD mntid om ¢ sumulation

The gpinacervical fract

The spinocervical teact already discussed tn the preceding section s located
i the most dorsomedial part of the lareral funicle (Linozere and Oscarssow
191) The cell bodues are Jocated 1n the dorsal horn close to the entry zone of
the pumary aflerents (Eecres Eccres and Lispserc 1960) and the axons
efmunate in the upper cervical segments (LUnppErs and NoxrRseLL unpub
hshed) 1t has two subdnivons 1) Newrones activated exclusively by low
threshold entanewus affecents and adeqguately by light shmuh from very small
Teceptive fields 2) Neuranes actnated by volteys in the FRA and adequately
not only by light stimult trom 2 relateve small skin field but also by stronger
sumult from a larger receptne field Twenty six units of the tormer type were
mvesugated In 23 of them thete was no excrtanion on corticat sumulaton nor
could the discharge be factlitated from cottex In the rematmung 3 units strong
“ortical semulatvon evoked one spike  Intracellular recording from the cell
bodues was made from 4 neurones of (s tvpe and gave simalar results as ts 31
hstrated 1 Fig 7 This neurone was most effectively actnated fram the supes
fial peronral nerve « 1~ 1 at increasing strength of stmulavian and G at
slower sweep speed) hut recened excitation abso frem the sural nerve (record
F) Record 11~] shows that smulagon of corwex { —S and DI has ao elfect

it car 1 Hutar record m L~

Smmlac tndings were made with the sprmocersical tract neuroncs which
recene excitauan from the FRA Twelve unmits of this type were ound and none
of them recerved effetinve actinauon from cortex Se en f these unit could ny L
be acinated from cortes and 5 recrined weat exeitatory action at !mm(,g
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Fig 9 Inlubstory effect from coriex on transmussion fo the spinocenvieal tract Rer
g
made n LI from the most dorsomedial part of the tateral fanile adh 8 teet st ots
. sulated except at the tip Record 4 shows the discharge (at two sweep speetds) evoked Ev a nlley
n the superficial peroneal nerve and m B the sensopmotor cortex wavst mulsted asw I T1e
Jme course of the infibiuon is shown i the graph Time mtenal 1 between {3t ccrtical
tamulus and the incommng SP vofley Records A and B consin of superimposed iraces

1} In addit flul: ding was made from the cell

ical
podies of 2 neurones of this type and corteai stmulanon had no effect i ny

of them as 15 lustrated 1 Fig 8 This cell was veny effectively actnated from
the supesficial peroneal nerve and akso recenned exoitanon from hugh threshold
afferents in the renves to PBSt, ABSm and DP /B € and D) but cortical stm
ufatwn dif noc esote 11 LESP navont Ly T dnferamas s corteerd effoee on
FRA actnated neurones of the DSCT and the spinot enacal tracs coudd be dur
1o the dfferent segmental fevels from which these tracts take or,in and not be
sndicative of 2 functtonal difference tn the supraspinal control of the tvo tracts
Thus passibality cannot be excluded but therewas at least ex idence n the present
expenments of effective actisation from cortex of FRA nterncurones adjacent
1o the cells of the spinocersical tract wmn the dorsal horn of L7 as has been
reported separately by LUNDBERG NORRSELL and VoornoLyvF {962,

1t was occastonalhs found that cornical stimulation cauld gue 2 shobt anhib
won of trapsmssion from cutaneous afferents to sproccriical tract nenrones
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This s sllustrated m Fig 9 1n which the discharge 1n the spimocervical tract
wasrecorded with a needle el de 1n the most d dal part of the lateral
funicle Cortical sumulation mnhibats this discharge shightly (record B) and the
fme course of the mhibation 15 shown 1n the graph The long duration of the
miubition suggests presynaptic mhibttion and such an action would be ex
pected since pnmary afferent depolanzation of cutancous afferents can be
cwoked from the sensorumotor cortex (A~persEn Eccres and Sears 1962
Carrexter  Lunpserc and NoRRseLL 1962)

Discussion

It has been postulated that ascending spmal pathways nfluenced by the
FRA may carry information regarding flexor reflex patterns (EccLEs and Luvp
BERG 1929 Luwperre 1959, Hormgvist Lunoeerc and Oscarssov 1960a
Macwt and Oscarsson 1961) This could be achieved if the mterneurones
transmutting effects from the FRA to and to ding pathway
were influenced 1n a simular way not only from the peniphery but also from
higher centres Since the FRA interneurones of reflex arcs can be effectively
actvated from the sensorimotor cortex (LuxpzErG and VOORHOEVE 1962
Luvosere NomrserL and VOORHOEVE 1962) 1t has now been possible to test
this hypothesss further by 1. effects from cortex on different ascending
spinal pathways activated from the FRA

Apart from effects due to primary afferent depolarization there are marked
effects from cortex only on ascending pathways influenced from the FRA
These effects are evoked from cortical areas at a strength of sumulation that
§ives action to reflex arcs via the pyramudal tract It s assumed that also the
};;:sslc)nt effects are mediated by the pyramdal tract (cf Mac1 and OscarssoN

We have confirmed the finding of Mace~t and Oscarsson (1961) that the
VSCT 15 mhibited and the bBVFRT exated from cortex and agree with therr
interpretation that the effects are exerted through interneurones transmtung
actions from the FRA HacparTu and KErr (1924) reported that cortical
stimulation nhibited from fferents to a ventral path
way This may be occlusion or else it conld be due to pimary afferent depo
lanzanon of the FRA (cf Eccres hostvus and Scmmpr 1962)

The similanty between action from cortex and from the FRA on the DSCT
18 also stnling The neurones which do not recetne monosynaptic excitation
from group I muscle afferents but which are strongly actnated from the FRA
are very effectively exated from the sensorimotor cortex Of the group I ac
tuvated DSCT neurones only those recene actton which 1in addition are n
fluenced by the FRA and there 1s inlibiton from cortex 1f the FRA inhibuts
and excitation if the FRA exates It s postulated that also the effects on the
DSCT are exerted through excitation from cortex of interneurones transmmtt
actions from the FRA
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By conteast the spinoe
cortex Theshghtk p’ e:“;;l‘b‘;“:;’:: e mﬂtlcn::cd from the sensorumotor
Tapue
35 all bkelbood presvnapie and would be ;ch:led . Jmlh;;lmn
depolanzation i cutaveous afferents can be esoked from o B atterent
tex (Anpersen Foeizs and Skars 1962 Carrevres Li e mater vor
1UBERG nd NORR
srLr 1962) However there 1s no wctpation fi
are C‘(Cl‘cd CXCI\XS"C’ from 3 ) 7 rom cortey of the neurands which
weak excitrtory 1cuoz on I'zc-‘:;}x::r)r:; l:d o a o erents and o o oy
5 zctrated frome the FRA 1 group of neurones which 1 additon
(55 i 10 sty o e i s
soeve 1962 Anpemssov 1962 ?s\? corebral Goctex (Nomkszit and Vaoe
RRSELL and Wourow uapublnbied) and
15 of interest that there 15 na posttve feed back from cortex Frevious mestiga
tions hasve shown that the direct spmocerebellar tracts are never actis ated from
the cerebellar cortex although other ascending spiaal pathw ays may be strongly
activated (LU 08ERG and Oscarmas 1960 1961 1962 Hatxguast Losooerd
and Oscarsson 1966b) Howeser absence of posttine feed back to ascending
spnat tracts from the terminal centre may not be a genera) rule of Janber
and Towe 1961 Gorpov and Juxes 1962)

In the monkey huarens (1960 has disunguished between the sensors and
mator projections of the pyramdal tract There s endence of projechion Yo
the spmal cord from the sensory cortes but the parallel actisation of miry
neurenes transmuttng effects from the FRA to axcending pathvayy and o
matoneucones makes 1t frkefy that the nov described eflects on ascending wrcts
15 a function of the motor cortex The difference in cortical effrcts on the FR A
activated neurones of DSCT and the spinocervecal tract n of special inerent
The FRA formation of the DSCT may ltke that of the VSCT and bATRT
signal mgerneuronal actvation of reflex ascs The FRA wformiton of the
spinocervical tract on the other hand may be more divectly censory However
wath many of these DSTT and spimocervical tract neurones the FR 4 3ctisanon
may be subnidiary to the strong monosvpaptic effect from cutaneous afferents
Swedih \U L cal Researeh Canmend

“This imvest ganon was supported by a grant from e
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Tume Correlation Between the Effects of Reserpine
on Behaviour and Storage Mechamsm for
Arylalkylamines
By

A Cantsson J Josasso and L Rosesores
Received 23 Aprdd 1963

Abstract

Cartssoy 3 ] Josassos and & Rosencrevy Fime esrelatuon be
teeon the effects of reserpine on behaviour an 1 storage mecharusm Jor aplalhyt
amines  Acta phaswol scand 1963 59 474—477 — The ume course
of the cffcct of reserpine on the abibty of the adrenal medullary
geanules to take up arydalkslamines o tuo bas been studied ft was
observed that there was a closer corselation in pme between the effects
of the drug on the uptake of the amtaes by the granules and behas iour
than between the lateer and the tsue amne content e 6 whing
1¢ 10 accordance waith a hypothesis that new formed andaf fammrs
are ot fisst teanslecred o sites in the granules where they are canly
ayailable for physrological release

Some years ago the effect of reserpine was proposed to be due to ats abily
to deplete 5 hydroxytryptanune and catecholamines from body tssues fanene,
Siver and Bropig 1933 Berrier Carwsson and Rosescaes 1956 The
effect of the drug on the umnes was determuned by meawnng the tomf tne
Jevels It has howeser been observed by Hutare (1960; thit the tiuee
catecholamunes are stored in dsfferent pools -~ on fabufe and one much lacger
wnert fraction These different pools should be trken info account in attempts (o
rugs fef Camis os 1963) Io thus work the in it o0 effect

aly<e the effects of &
e fractions has been studied and compred to 1he effect

of reserpine on the two
on the tehaviour of the animals

4
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Methods

Male adult rabbits werghing about 2 kg were used throughout the experiments In
wrder 1o esumate the efficiency of the adrenal medultary granules to take up amunes a
method previously describied was emploved (Brrrier Hitiane and Rosewwrzy 1960}
The animals were given 2 mg by of reserpime Mer 1anious intenals the ammals re
tened 73 myfkg of DL 5 hvd P (3 HTP! mtrasenowsly  One kaur after
the wmyection of 5 HTP the antmal were hilled by asr embehism The adrenal medulla
was freed from the cortes on an sce chilled glass dk The graniles were prepared as
descrthed by Bermirk et of 19G0 Ihe > h Growtnptamine contents of the granules
and the ¢ytoplasmic sap were determ ned after purtf cation on 2 column contam ng
Vmberhte \E 64 (Berrres and Rosexcrss 1959) The results are gven an Fig
Yot nother serses of experiments the catecholamines of the adrenals were detersmned at
Yarious tme snterval after admun stration of res 1p ne to the ammals (2 g kg) The
results are found m F g 1

Results

As will appear from Iig | reserpne interfered with the uptake of § iy droxy
tryptamine into the storage granules The effect was obsen ed to oceur already
3 hours after the reserpne npection and rerched its maximum within 16 hon
The abhity of the granules to 11ke up the rune was restored 10 two third
the normal salue on the sceond day after reserpme wdmmstration an
fose rnore slowls on the followans, davs

31 633045 A taphy | cand 3ol 59 ,
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The catecholamune cont
ent of the
first few hours alter the reserpime ui;c "xd‘:"t)";if gm;i:;Hy oinsed duurg e
Lt reached uts mummum vty

or two days Then 1t began to rise onk o b
orimod g e onfy slowly Tt was fully restored after about

The pharmacological actions of reserpine appeared $15—~20 muin alter the
migecton They were almost completely s ansshed fter 36 hours At thisintenal
the alalty of the adrenal medullary granues to take up the monoimne was
largelv restored whereas therr eatecholanune content w 15 sull at musmum

Discnssian

1t 15 now generally accepted that the pharmcotogic wetons of resespine are
mastly mediated throu,b its nterference with the storaye mechanism for tissue
catecholamines and 5 bydrox) tryptamine  There are howmer same obsenya
tons which seem to argue agasmst such a uew Thus sfier 1 single myection
of a farge dose of reserpine the pharmacologic effects disappear witlun the
first two days whereas the concentratons of trsue catecholunmes and 5
hydroxytryptamne st} remarmn at therr lowest points 115 3 see akho Caressov
et af 1957} Arother objection has been that repeted dmunseration of sayall
doses of rescrpine may reduce the catecholagune contents of the ussurs 1o unly
a few per cent of the normal values {HAGGENDAL 1nd Lispovist 1963) but
sprte of ths the animals may exhubit no obvious acuaus of the drus,

The last mentoned obsenations indscate that the actual content of amnes
of the tissyes s of only munor importance for the functon Asshown by Hieeare
{1960) the amunes are stored in different fractions 1t 15 hikety that in the myor
fraction of the store uptake and release occur slowls 1t may he that thas paet
mamly erves as a store from which supplies of amine mav he driwvn when
needed The anunes of the smaller Jalule fraction may be more easthy avulabie
for phvaological release by nenve actssty 11 furcher support of the exntrme
of tho pools 1t may be quoted that followiny, repeated admanssiration of 3HIP
(or DOPA) amines accumulate but slowly as compred with the eypid ac
cumuttuon foflowins, chic first injection suggestn, rapid satur tton of the
smaller labile poo! unpublished expeaiments
The present expenments are wn a,reemeat with this view  The ume course

of the abrits of the granules o ke up amnes from the cvtoplasmic sip after
elied o the pharmacok e effects

reserpine administration 15 more cipseds 1
(han the actusl level of adrenalne The reasan wht we have studied the up-

ke of 3 hedraxvr ptamne insiesd of ¢31echo'mmines 1 purehy 1echaieal the
former anunt 1 Rot ransformed nto other ammes n the adeenal medutlary

eell
fr Caamt™ W
seseard red @ pace ta be Lauted S Ar Force
E(’)n;; 6%)4”3;;?%::41 o Loenpean Oflce OT - f Serospace Rewart® and the
Swedssh Medical Researth Connedd
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The Serum Cholesterol Level and Mucosal Mast Cell
Count 1n the Gastromntestinal Tract of Rats 1n
Dexamethasone-shock
by
Marrt Hanoses and Torar Rasanea
Recened @ tpnt 1903

Abstract

Hamoneny M and T Rasavey  The sewm cholesterol le of and
wuicas 2l mast cell count wn the g ! tract of rals 1n de h
shock Acta physiol scand 1963 59 478—483 — Rawss ere injeetrd
with large daly doses of dexamethasone for » and 8 days dunn,
which they and the control rars which were not grven dexameshasone
were kept on a fat nch and fat poor diet The serum cholesterot
was determuned and the mast cells m the mucoss of the storach
duodenum and colod were counted at the end ol the test periond
The serum cholesterol level rose disuncth n the rats given fat and
11 was rased sigmficandy further v dexamethasone admrmnistration
The clevtuon of the scrum cholesterol fevet war small ip e s
Lept on a {31 poor diet despute the dexamcthasone admimistered
The mast cells 1 the mucosa of the glandalar stoma b duodenum
and colon were degranulated duning dexamethasone trextment
most rapidly 1a the mucosa of the glandular stomach Thr diet had ny
effect on the mucosal mast cells [t s suggested that a factor acthaung
the cleanng factor 1s mobtlised into the organnm from the mucoal
mast cells in the gastromstestsnal trace and that thrs acuvatng fartor
15 absent after mast cell degranulation  resuling - ahmentary

chalesterolemia

The serum cholestere! fevel of rats seems to be 1972 m, per 100 mi
Frieosias 1960 Sereter of af 1999, s devel n the 2 yum w

Brers and
{ uenced by the bncuc of cholesternl metabolem which causes

abviousty 10
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changes Cholesterol am the diet causes elevation of the serum chole ¢ 1ot con
centrationof the food contains m addition to cholesterol fat which dissohves st
More profuse dusolution of cholesterol 1 the dietary fat caused 4 greater
elevation of the serum cholesterol level since absorption obrioushy increased
(W1xzns pE Wit and Brovre Srewarr 1962} A 2 per cent cholesterol con
tent in the dret cawsed a distinet elesason of the serum cholesterol lnel s
was however inhibsted by fat free food with the same cholesterol content m
she food {\Witness and pE Wi 1962}

The surface area of the mtesting used for resorption also affects the resorp
ton of dietary cholesteral Jejuno-colonic shunt caused a drop n serum
cholesterol and beta Lipids 1 human blood {Lews Tuirssuii and Prox
1862} Cholesterot 15 refeased from the orgamsm a0 bile i which the level s
hereased by the cholesterol resorbed from the food Thas resorption rased
the chol i fevel of the only when 1t exceeded the amount of
cholesterol used n bife acsd synthesis {MWi1sos 1962) \fore cholesterol seemed
10 be consumed 1 the synthesis of bile acids m man than was absorbed mto
the organism from food (Berostrom 1939)

Endog holesterol was synth t m bver cells but cholesterol svn
thews also m fibrot pecatly 1 the lungs (Dovcnerty and
BsRLER 1930) Moze cholesteral was synthetised 1o the adrenal cortex than
ued 1 the production of stermd hormnnes {HecnTer 1998) The cholesteral
Synthesis of the endothehat cells of the blood vesscls was accelerated when the
bood pressure fell (Werraesses 1959) but this was possibly accompanied by
tnereased secretion of adrenalin and noradrenalin The last mentuoned sub
tances acted hike a stress in prosoking hpolvsis of the nssuesand perria (LErres
1962) The serum cholesterol lesel of rats was also rassed by Traton WR 1339
Which slows down the movement of hipds from the bload into the tissues
{BvErs and Frizpsan 1960)

Serum cholesterol and beta hyds are lowered by polisacchande wolated
from duodenal marosa \Biancming 1958 b) It 1s related chemscalhy to hepann
{Buarcrng 1958 a) and it actnates the plasma cleanng factor 1n the manner
of hepann

The poh sacchandes present i the mucosa of the gastrointestinal tract are
probably bound m mast cell granules These are degranulated 1 the gasinic
mucosa of 1at under the snfluence of ACTH and glucocorucods «Rasasen
19u0) \fast cells are d fated fairly completely th t the rat gas
t i twact by de 1 m a short tume (RASANES 1962)  As stress
ACTH and glucocortcods mactivate the serum cleartng fictor and at the
same time rasse the plasma cholestere! level (SErrrex et of 19593 and on the
ather hand deplete the heparnod stores of the gastromtesunal tract we
decided to ascertam the extent to which dictany cholesterol affects the serum
cholesterol Jevel i rats dunng dexamethasone therapy
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Method

Afal,
- ;: :{ :a‘i;:cgcfa ;:dq‘ ;‘):;}‘1;: pgrfm!;) }S,)mguc stram were used for the iy estioano »
vring the experiment and
;w)arcr ad hg:mum The indisiduat consumphion of food a:d :: :::rg\l‘\:snnl:?:lna:sd ur
L ;xaﬂmsn %nc] (ll.Jcmdrm Merdd) was anjected sntrymuscululy  (he d;c u;')t;’
2 mg daily for o davs for a part of the rars 1 « 08 my was inyeeted dagdy for

was contintied throughout the wreatment
The fat rich diet copsisted of 500 g of
& of salted butier 100 g of eges and 300 f
theese  The fat poor diet consisted of dreed Tinmish rye bread contumng salt 151’ 0: d
positon of the diet was as follows s “ om

Fat rich diet Fatpoerdoet
per cent per e nt
Fat 4, 2
Cholesterol 03 0
Tro &1 1 ne
Carbohydrates e 74
Water 4 10
The I groups were distnbuted 11 the following way

Fat rich diet and dexamethasone for 5 days were given
125215 g when saomfieed 3 given to 13 rats which v exghed

Tat rich diet and dexamethasone for 8 davs were gien to b rar v aighs Ho— 110,

Fat nich duet alans was given for 1) dass 1o 12 rats werghe 10— {0 g
30.‘;“ poo dict and dexamethasone for § days were given to 19 rats wegt 10

g

Fat poor diet and dexamethasone for 8 davs 3 ere gnen 10 b ra werhe 90~100 g
Fat poor diet for {1 days was gien o 39 rars + eht 125163 ¢

The blood was collected from the amamaals by opening the thoracic aorta under hght
sther narcosis The rats given dexamethasone were Jolied 14—16 bours after ¢ Jant
ingrction The blood collected w.s centrifuged withim 1 hour of taking the sample
and the plasma f no signs of hemolysis were present was stored ir a refngesator o0
walyus The serum cholestertd Imel was determimed by a modibanon of Blocrs
nethad based on the Licbermann Burchard rexction

From the stomach duodenum and colon samples were Lsken smyneciateh afier the
sacnfice The samples were fived in fresh 4 per cent basic lead aeetate The mast cells
were counted fram 10 & mucosal sccuonts siamed « 1th tofudiee by Lhewr cut surfice
ywas at nght angles to the surface of the murosa Mast welly were tounted from th
ueosa a1 the height of greatest density and from 20 visaal ficlds yn the diecuon of
the mucosa. In the stomach mast cells were most numeraus 1 the superaal part of
the mucosa 0 the 1ntestinal mucosa ;s mean harkt Aagnficytion > 913 and

ol immersion were used
Results

in the rais sectving dexamethasone rpeelly an those
died an the 5 dav serses before the end of the
¢ of the rats gunen a fat nch diet and
diet and detamethytone 1t

Dratrhea occurred
on a fat neh deet of which 2 rats
In the 8-day sencs hall

expertment
ne dsed OF the rats gnen afat poor

dexamethase
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Toble F The serwm cholesterol el mg per 168 ml of blood and the numbrr of wuce ¢ mast
& e per 20 rosunl fields 1 rats aft r dexam thasore treatment and o controls durng @
Jat rich and fatpaor diet

Fat nch duet | Fac poor d ¢
Time days
5 1B fn |5 )8 ju
Treatment
Desamechasone Controlr | Decamethasane Conssots
o s s
Cholesteral | 8§ wazis =2 § a3sf s} ox
7 2i 14 49
Mast eclfs
Somach {4 d2zedz le lultweiy {nojef o o] ma
13 21 o6 1534
Ducdenum. 484 o 103 364 0 1H
m i3 i 21
Caton 162 LES e 16 [ 8%
a3 M 1a 89

died 10 the 5-day and 3 rats 10 the S-day sesies At the end of the experiment
the rats recen mg dexamethasone were ured had Jost weight and ther baw
was yellowsh and tangled Their blood coagulated ramdhy on sampimg and
the anmals kept on a fat ich dies had mansfest Bipemia The hner of the
™8 gnen dexamethasoue was sellow

The serum cholester | & els axe shown 1 Table I The fevel rose disunctly
{P <001 mn the course of 7 dans m rats gnen dexamethasone and kept on
afat nch dset 1t was tugher P~ 401 than n the rats gnen dexamethasone
and a fat poor dier The highest serum cholesterol vajues were recorded n
2 rats sun ing 1o the end of the expeniment  hich were kepron afat nich dier
and seen edd devamethasone for § dayvs o wgruficant wcreases wese obsenved
I fats pnen dexamethasone and a fat poor dret althaugh thetr cholestero}
Jaels were hiher than those of the control rats 3 21 rich dier alone scemed

te elevate the serum chol 1 con The diffe e from the
cholesterol values of rats kept on a fat poor diec was significant P2 0 01)
The mucosal mast £ of the t tract were d 1 1Table I}

during glucocorncord thesapy  The process was more rapd m the gastne
mucosa than in the mtestinal mucosa but within 8 davs was almest total
theoughout the gastramtecunal ract mucosa The nature of the diet did 5
appear to have a dutnct effect on the mucosal mast cetls
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f’]‘hc number of cholesterol and mast celly analyses is smaller than the number
of rats ;mh which the expeniment was started The reason for this was that
is)(lamg,- of the rats died dunag the dexamethasone treatment the amount of
ood obtamned was too small for analysis or hemolysis was present Histologcal
specimens were not taken from all the test animal:
s or fixation f:
RSN ton failed m same of

Discussion

Considerable estenfication oceurs 1 the intestinal mucosa when cholesterol
1s resorbed (HELLMav and Rosererr 1959) Almentary cholesterol rases the
serum cholesterol level 1 about 2 days but 1t is elimmated from the organism
slowly chiefly through the bowels Dietary fats appear to be necessry for the
resorption of cholesterol Alimentary cholesterol may ruse the serum cholesterol
of rats 40 per cent in the course of 12 days (WiLarss and pe Wit 1962)

Duning dexamethasone treatment  the serum cholestero] level seents to rise
raprdly and higher than the values of the control anumals on a fat rich diet
the elevanon an 5 days was about 120 per cent and 1n 8 days was even Ingher
Serum hpemia obviously increased concurrently slthough no analyus was
performed

The cholesterolema of rats grnen dexamethasone and kept on a fat nch

_diet may be partly caused by an increase i the absorption capacity of the
intestine  hike that established in Addison s discase under the combmed effect

“‘/n[ glucocorticord and deoxycorticosterone (GUARIN Macartso and Pap

dpaLarDO 1962) Morcover the molbnlisauon of hpds dunng, glucocorticord
mfluence (LEerres 1962) may wncrease the blood cholesterol  Furtherimore
plucocorticoids destroy the cells of the retrculoendothelial system from which
especaally from the fibroblasts (DoveurrTy and BrrLintr 1909) cholesterol
max be released or 1ts di 1 the fibroblasts be tah ¢ However the
effect that the endogenous cholesterol svnthetssed in the adrenals and refewsed
from clsewhiere exerts on serum cholesterol appeared to be smafl in the present
work as the serum cholesteral level rose only shghtly in the rarsgnen afat poor
diet and dexamethasone

Polysacchandes 1solated from gastne mucowa (Ross and Rat1y [98 Cas
qosg Rurer and Rosst 1928) and duodenal mucosa 1Brancinst [958) hue 1
reduaing effect on the scrum cholesterol and betr hpads  destroy plusm

microchyls and actnate the cleanng fctor i the same w3y as hepinn
eparaung the hipid from the protein component Brnas Recoeg

car 1962) Mucosal polysacchndes are probably tocated in
ranulated in the pasine

960 foury and Cre
AsanrA 1902)

apparently by «

Bacora and Bu
the mast cells of the gastromtesunal wrat which are deg

mucosa during the glucocorucord actton (Rasases 1
1962) and though more stowly m the mtestinal mucesa (R,

+
‘The same phenomenon was established 10 the present study and she ancreaung
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effect of ahmentary fat on serum cholesterol seemed to be dustinctls nt nsified
i connection with mucosal mast cell degranulation Ths mtens ~cation 1s
generally difficult to ehiart 1in rats (WiLson 1962)

The cleaning factor seems to become it during de
treatment The probable reason 1s that there 1s msufficient mobihsable hepanin
after the degranulation of the mucosal mast cells It i1s possibly because of
this that the plasma of these rats was markedly Lipemuc after a fat rich dret
Heparnoid of the duodenal mucosa has been found to whibst alimentary
cholesterolerma 1n rats (Nicrosm ef of 1961)

Beta Lipoprotemns decrease 1 human blood under the influence of com
pound 48/80 a hstamune liberator while heparinemma mcreases (SicUTERT
et al 1961) Liperma and cholesterolemia increase in rats duning acute siress
(SEIFTER et al 1959) when the mobilsed glucocorticoids possibly use the

1 harides of the org: for therr After adrenal
dunng stress the elevation of the lipoid and cholesterol levels 1n rat blood 15
inhibited (SerFTEr ef al 1959) and the degranulation of gastnic mucosal mast
cells also disappears under the mfluence of ACTH (Rasanen 1961)

Cortisone adminstered to rabbits for 35 days caused a drop mn the plasma
cholesterol although they were on a high cholesterol diet But when the rabbits
were given labelled cholesterol in food after cortisone therapy the serum labelled
cholesterol level rapidly rose above the precortisone value (Dury and SweLL
1960)

The anticoagulative effect of gastrnic secretion increases dunng histamine
and msulin stimulation (Bobr Wirts and Tocantiv 1956) Achlorhydrc
gastric Juice contans fewer polysacchanides than normal or hyperacid gastric
Juce (GarLerTr InEst and Lopr 1958) Lowered excretion of hydrochloric
acid 15 established 1 human subjects with cardiac artenosclerotic symptoms
(Marxs ez of 1962) Margs and his co workers sought a partial correlation
between the clearmg reaction and gastric acidity and lipase activity A high
mast cell count in human gastric mucosa (Rasanen 1958) which corresponds
to 2 3000 fold blood heparin concentration may however be of significance
n the cleaning reaction

A fat tich diet increases the excretion of bile acids 1n the synthesis of which
cholesterol 15 consumed (Witson 1962) Durng devamethasone treatment
cholesterol absorption may be decreased by severe diarrhea but the con
centration of cholesterol in the serum sull nses

Mucosal pof of the g estnal (ract prodably enter the
blood during the absorpnon process As the polysacchandes are possibly
located m the mucosal mast cells from which they are obviously consumed
during glucocorticosd anfluence the clearng factor effect 15 inhibited and

alimentary liperma follows
Duodenal hep: d 1 biliary and counters the inhibn

effect of cholesterol on cell metabolism The actnaty of many enzymes de;

39531015 Acta phy ol scand Vol 59
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m

J r.::bbxl' t:ssucs und,c: vxahsc xr:ﬂucncc ul" choylc.stcrol but returned or rose when

Guodena] hepartnos s adr ‘(I\:mnosm ¢l af §961) The slowim,

a editry i the absence of hepann or
epannord of gut s rats gnen dexamethasone may also be a reson for th

deposttion of cholesterol tn the blood on e e

Sponsored by the Sigrid Jusehus Foundaton
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From the Departments of Surgery and Clinical Chemisiry Uniersity of Lund Malms
General Hospital Sweden

Laver Catalase Activity during Complete Extra-Hepatic
Biliary Stasis an Rabbits and Dogs
Bv

KaRrL FREDRIK ARONSEN and BiRGrrTa Hagcrr Arosses
Recerved 2 Mas 1963

Abstract

Aronses K F and B HAEGER ARONSEN Liter catalase actunty during
complete extra hepatic bihary stasis an rabbits and dogs Acta physiol
scand 1963 59 486—492 — The Iiver catalase actnaty has been
studied sn rabbis and dogs durng and afier different penods of
complete cxtra hepaue biliary obstruction In both amimals biliary
stasis caused a decrease sn enzyme actiiny This decrease was most
pronounced in the rabbrts After release of the bihany obstruction 1n
the dogs the reduced acusaty of the linver cataluse returned to normal
Ievel nd a reverible ph The species difference and
the cause of the decrease of the catalase actnaty in asocsation with
biliary stasis has been discussed

Biliary 1asis affects several functions of the Iner The seventy of the cffect
depends on the degree and duration of the stasis

The hem protead catalase a peroudanc enzyme with 1 I'e eyele of about
10 days in gwnea pigs (THEORELL ¢f al 1921) occursin relatively lary,c amounts
wn the Iner 1t was therefore thought that alss the activsty of thus enzvme mght
be nfluenced by tilan stass The purpose of this iy estigation 1n rabbses ard
dogs was to check ths possibiliry and o ascertain whether the alterauon sf ans

was reserable,

486
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Material and methods

Thurteen rabbuts (4 males 9 fernales) weighing between 3 0—3 6 kg and 13 mongrel
dogs (3 males 8 females) werghmg between 7 0—16 0 hg were used for the experiments

Rabbits

The catalase activity 1n the liver was studied after 1 day s complete biliary stasis 1n 5
gtl;lzh (no 1--5) after 2 days stasisin 2 (no 6—7) and alter 3 days stasis in 6 {no
3)

Immediately after removal of the hvers of no 8 9 12 and 13 tiopsy specimens were
taken for histologrcal examination

Dogs

‘The normal catalase activ 1ty mn the hver was determined 1n all 13 dogs In 2 {no 12—
13) of them the activity was re exammed after 3 days complete stasss 1n 5 ammals (no
1-—5) after 7 days stasis andn 5 (no 6—10) after 14 days of stasis At the end of the
penods of stasts Iner specimens were taken from dogs no 3 4 7 and B for histologreal
examination 4 ammals {(no 3 5 8 and 9) were re examined for catalase actvity m the
Iver 58 30 83 and 50 days respectively after release of the biliary obstruction

In all ammals 1n which biliary stasis was produced, the glutamme pyruvic acid trams
amnase (GPT) actinity tn the serum was deterruned before stans and at the end of
stasis (after 7 days m no 1—S5 and after 14 days 10 no 6—10)

Anesthesta

Rabluts and dogs deprned of food for about 12 hours were anesthetized with \em
butal (Abbott) 1 doses of 20—25 mg per kg of bodyweight

Operatice technique

In the rabbuts the common bile duct was approached by a mudline ncssion higated
2nd divided The operative techmque applied for the occlusion of the common bile duct
and subsequent release of the biliary obstruction in dogs has been descnbed elsewhere
(A\Ro\sEN 1961) Tn order to obtam representative hiver samples pieces of 15—20 g were
Temoved

Determination of catalase actizity

Immeduately after removal the hver shees for determunation of the catalase actmity
Wwere kept in the dark at about — 20 C unul they were analyzed which was always
withm 1 week. After the hver samples had been thawed for 1 hour at room temperature
they werc washed and homogenzed according to Dovnce and Smaxewise (1950) The
mran wet weight per millilitre of the homogenates from rabbits and dogs was 099 g
(094—101) and the corresponding mean weight after drymg at + 105 C dunng 12
hours was 0071 g (0 043—0 099) For determmung the catalase actiity each hamo-
genate of rabbut liver was difuted 1 25 (3} 1 50(2 ) 1 100(1° )and 250
(04° )and of doglver 1 100(1 ) 1 200(05 /) and1l 300 (02 ,) with des-
ulled water

The catalas actvity 1 the varous dilutions was determuned by the method of
Fervstery (149) As for the controls each dilution was analyzed twice and the mean
was caleulated The activity was ed as of sodsum perb (\aBO )
d by 05 ml of dilution under the conditions of the method
used The calculations were made after correcting the + et weights of the onginal homo-
genates to 1 00 g per
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Fig I NaBO, decomposttion
related 1o concentration of Jer
homogrnate 1 rabbuts vy
complete biliary obstruction,

A Brabbis after L day s bilaary
stass

B 2 rabbuts alter 2 days bilary
stass

C. & rabibsts afier 3 days biliary
stasis
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Fig 2 N\aBO decamposttion
related to concrntration of fwer 8¢
homogenate i normal dogs and f
3 dogs with complete blrary
¢ batruction e
A. 13 normal dogs / /

B’ 5dogeafier 7 days buhiany

stass fe

G5 dogs afier 14 days taliary | H :
s

~sta

‘o m aton of GPT
The GPT was determined by the method of Rermux and Frasker (19345 and the

rosults are ghen i harmen units (h sz etal 15

Hustologseal roethod

Imsediatehy afier remora) the biopn specimens were fixed 10 formalin de
hydrated 1 aleohal and embedded 10 paraffin The speamens were cut in sections abr ut
3 gt tuck, which were then stained with hematoss ha-con

Results

Rethts
The catalase acusvsty found in the Iner from rabbats after | 2 and 3 davs

sawsaregvenin Fig 1 A Band ( respectnely The 3 groups comprised 5 2
and 6 ammals The number of millimoles of Nab(), decomposed by 05 ml of
4 9, homogenates ranzed between 0 57 and 027 1 group A 03¢ wd 03310
group Band 049 and 01910 group { The amount of \aL O, decompased in
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Table { Luer catalase and GPT actizsty n 5 doys b fore ( olumns I) and smmeduately after
{cofumns IT) 7 days  total buliary obstruction  The diference between pre and pos operati ¢
2alues gre gieen wn columns II

raMoles NaBO, decomposed by 05 md

of homogenate dilution 1 100 GPT (Karmen umts)
Dog no 1 u m 1 4 1
1 o041 045 +004 41 810 4 769
2 059 029 —030 154 750 + 29
3 038 021 —017 13 159 + 1577
4 038 033 —00> 41 205 + 164
5 043 033 —010 58 62 + +
Mean value —o12 + 62

Table I L1 er cotalase and GPT actirvty in 5 dogs before (colemns I) and mmmediately after
(columns 11} 14 days total baliary obstruction The difference betcen pre and postoperatie
talues arz guen 1 columns I

mfoles NaBO; decomposed by 0 5 ml

of homogenate dilution I 100 GPT (karmen unts)
Dog no 1 it 1 I u biis
[ 048 016 —032 29 735 + 706
7 04t 022 ~022 27 39 + 1
8 057 037 ~015 69 1,230 + 1161
9 061 040 — o021 37 1560 + 1523
10 053 93 —-018 93 970 + 817
Mean value —022 + 8%

Iner tissue from normal rabbits under corresponding conditions 15 between
071—0 48 (Harcer Aronsex 1962) It 1s thus clear that the catalase activity
felt below normal 1n 4 of 5 ammals after 1 day s stass 1 2 of 2 animals alter
2 days stasis and 1n 5 of 6 animals after 3 days stasis

Mucroscopical appearance of the Lirer The pathological changes i the liver specimens
examined were rather pronounced Thus afier 3 days bihiary stasis Iner cell necrosis
with absence of nucler and hyalinization swere almost always constant findings in different
Parts of the sp In addition, leukocy fil was observed 1n a few arcas
Otherwise the hyver parenchyma was well preserved No bile cylinders but bile Iakes
aere occasionally seen Further proliferaton of bife ductules was more or less mark
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Fig 1 NaBO, decomposition
related to coneentrauon of Iner
homogenate in rabbuts with
complete biliary obstruction.

A 5 rabbuts after 1 day s biliary
stasis
B 2 rabbits afier 2 days biliary

stasss
C 6 rabbits after 3 days bihary
stasis

Fig 2 “aBO decompontion
related to concentration of hiver
homogenate 1n normal dogs and
1n dogs with complete bman,
obstruction

A 13 pormal

B 5dogs aflcr7d.1)1 bilsary

&5 doge afier 14 days Iabary

stasis

Determnation of GPT

The GPT was determuned by the method of Rermwax and FRANKEL {
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pigments were seen 1 the kupffer cells Atrophy of the Inver cells bile duct and canahc
uli dilatation proliferation of ile ducts vascular obstruction or fibross were never
seen

Comments

The catalase activity 1n the hver fell below normal value 1n 11 of 13 rabbits
after a 1-—3 day period of complete extra hepatic bilary obstruction The
frequency of decreased activity was equally large m the group of animals 1n
which biliary flow was obstructed for 1 day as in the group in which 1t was
obstructed for 3 days The hver catalase activity was also found to be markedly
decreased 1n 9 of 12 dogs studied A decrease was found 1n the groups of dogs
1n which bihary stasis had been induced for 7 and 14 days respectively but not
after 3 days complete obstruction The decrease was most marked after 14 days
of stasts The catalase actvity n dogs which 15 normally higher per unit of
weight of Liver tissue than in rabbits decreases slower 1n the presence of bihary
stasis than 1n rabbits This mught possibly be explamed by the relatively lugher
flow rate of bile 1 rabbits than 1n dogs (CaMerow and Oakrey 1932)

The decrease of catalase activity mn the hiver during biliary stasis may be due
t0 1) increased release (breakdown) of hver catalase 2) mhibition of the enzyme
synthesis 3} inhibited catalytic effect of the enzyme or 4) decreased amount of
metabolic mass per unit of weight of hver tissue Since the werghts per urut of
volume of Iiver homogenate were the same before and after biliary stasis no
substantial change can ha\e occurred mn the amount of flwd in the hver paren

chyma The lustol of the hver p from dogs with
biliary stagis showed no parenchymal changes of such an extent as to suggest
that the 4th possibility was of any for thedecreasein catalascactvity

This posstbility must however be considered for the rabbits 1n which these
histological changes were more pronounced Liver cell damage had probably
occurred 1n both the rabbits and the dogs This was indicated by the wncrease
1n GPT duning biliary stasis i the dogs This damage had probably affected the
hiver catalase activity by 1 of the first 3 posstbilities above

The return of the catalase activity to normal in dogs after release of 7 and
14 days stasis 1s 1n agreement with the results of liver function tests reported by
Aronsex (1961)

We thank Associat Professo G Nordén Depa tm nt of Pathology General Hospual of
Malmo fo downg the histological exammation and Mrs Maruaw~ Nisson fo techn cal as-
Sstance The 1mvest gat on was supported by grants from Stenska It f* sakrin bola,s namnd for
m dic nsk fo skring
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Dogs

The catalase actiaty found i preces of the Iner m the dogs before and 7 and
14 days after complete extra hepatic biary stasis arc gnenmFi, 24 Band
C respectinely The groups consisted of 13 5 and 5 dogs The number of

Hhioles of NaBO; decomposed by 05 mt of 1 2, homogenates ranged be
tween 0 61 and 0 38 before stasis and between 045 and 0 28 and 0 40 and 6 16
an the last 2 groups The 2 dogs (no 12 and 13) 1 which the common duct was
occluded for 3 days showed no decrease of catalase activity tn the lner [he
differences between pre and postoperatine Inver catalase acinty n nimls

\no 1—1Q are guen n Table I and II After 7 days Laliary stasis (Table 1)

-he number of millimoles of NaBO, d posed by O miof § ° homogenates
décreased an the average by 012 while the corresponding value after 14 days
stasis was 0 22 (Table 11)

On contral of 4 ammals (no 3 5 8 and 9) 4—12 wecks after releasc of the
bihary obstruction the catalase actnity 10 the iner agam ncreased in all of
the ammals (Fig 3) lnno 3 and 8 1t had exceeded the preoperatne salue in
no 51t was normal while the Iner catalase actvity 1n ammal no 9 was sull

substantially below normal 50 days after release of stasss
The GEFT mtresed mradhedly afier 7days aswellas 14 daye stane Table 1

and I1)

Sfurascopreal af pearance of the liver The pathological changes were rather frw and vaned
[ dcgrrcp:nd cx!tpc:n wuhjxhe duration of bibiary stass Thus the number and the nze
of bile thrombs tn dilferent parts of the aum progressivels sucrcasnd with the vm of
“bihiary obstrucuon Almost all the hver cells had abundant cvtoplasm mn,dd;nnu
granules, but occasionally swollen paje-staiming hiver cells were abxrr\;d ml ]h m':\:
parts of the specimeny ndicating occurrence of frathrry degen raton mal] e ;)’ :
mfiftrations sad bile pigments 1n partsof the speeimens with sparse I er tasue ﬁ“md o
Iy sren afier 14 davy bilian stasss mughtindieate necrosis of singl 1 eer oo ,1 a;: -
oceurrence of ble lakes. Further 1n sperimens with brle 1Frombs 3 ¢he canahicu!
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From the Department of Chemustry and the Deparunent of Phssiologs
harolnska Institutet Stockholm 60 Sweden

The Biological Activaty of Prostaglandin E,, E. and E;
By

S BercstroMand U § v Ecier

The smooth muscle shmulating activity present in human seminal plasma and
sheep vesicular glands, discovered by Euler and by Goldblatt in 1933—3%
{¢f Euler 1936) has recently been shown to be due to a <erres of related com
pounds prostaglandin E, E E, F,, F_and F;, with structures shown in Fig
1 (for earlier literature see Bergstrom ef al 1962 a and b Abrahamsson ef af
1962 Samuelsson 1963)

The biological activty of the first isolated compounds PGE, and PGF,, has
been reported earher by Bergstrom «f af (1929 a) and the effect 1n human has
also been studied (Bergstrom et ol 1929 b)

We now wish to repart a studv of the relatve biological activty of the three
E-compounds that was done m with therr 1s0l. 1961 (B
¢lal 19622 b) The compounds which contain 2 ¢y clopentanone structure and
Possess one two and three double bonds respecusely have been tested on the
solated rabbit jejunum, the gumea prg ileum and on the rabbut s blood pressure
The results are presented in Table I and Fig 2

When tested on the rabbit jejunum the relatine activaty was highest for PGE,
and lowest for PGE, (Fig 2) On the rabbit blood pressure however PGE,
was more active than PGE  The actrary ratio PGE, PGE, was appromately
the same for these two test preparanons while 1t differed by a factor of 4—10
for PGE, PGE on the two tests This difference may be utilized for estunanng
the approumate proportion of PGE 1n a muxture of the three compounds

The same compounds have also been supplied to Dr E W Horton for 2
recently reported sirrular study (Horton and \Main 1963)

When compared with the bk 1 unut used ly 1t was found that
1 pg PGE, was equvalent to 0 2—0 25 unuts of 2 total extract of prostaglandin
from human semnal flmd (HSF—PG) when tested on the rabbit jeyunum and
to 0 3—0 5 umts on the rabbit s blood pressure (Bygdeman and Ehasson 1963)
while 1t corresponded to ! 6 umits on the gunea pig deum

This stud  was supported by a grant from lhz Suedish Medical Resrarch Counal
W wish to thank mrs. I Pettersson for kilful asustance
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From the Dx of Physiology harolinska I Stockholm Sweden
Catecholamunes and Ad Triphosphate
Isolated Adrenergic Nerve Granules
By

U 8 v Euzr, F Lisuajxo and L. STjaryE

The intraaxonal structures stonng the sympathetic neurotransmutter (Euler
and Hillarp 1956) have been shown to contan adenosine tnphosphate (ATP}
m an amount giving a molar catecholamine (CA) to ATP ratio sumular to
that found i isolated adrenal medullary granules (Schumann 1928)

The present inveshgation was intended to study the quanntate relationship
between the CA and ATP m nerve granules durin,, spontaneous release of
amines on mcubation at 37 C i oitre

The granules from bovine splenic nerves were wsolated according to the metkod of
Euler (1928) and suspended 1n 1ce-cold neutral 1sotonic potassium phosphate 5—10 ml
Per g nerse Coarser tissue particles were removed by ccmnl'ug-auon at600-—1000 » g
for 10 mun a¢ 0° C and the granule d for 530 mn
at 37 C. After the meub peniod the d at 20 000 x g for
30 mun at 0° C. The supernatant was decanted the s:du:ncn( extracted with perchlonc
acd and the tubes were agawn centrifuged 2t 50 000 x g for 10 rmn The supernatant
‘was decanted and brought to pH H wn.h potassium tarbouatc An ahquot of the ex
tract was used for The rest w duately tested for
ATP using a modification of the lucll'msc tnethod (Strehler ;md Totter 193¢ p 341y

The resting content mn the nerve granules of CA and ATP were found to be
130 413 and 29 24 03 mumoles per g nerve fwet weight) respectivel
The molar ratto CA/ATP was 45 £ 03

On incubation at 37 C the C.A content of the granules rapidly decreased
whercas the ATP level was reduced much more slowly leading to 2 stnking
fall 1n the molar rato CA ATP (Table ¥ and Fig 1)

The present results demonstrate a relative constancy of the resting amount
of CA and ATP in the nene storage granules Although our values were
considerably hugher than those reported by Schumann (1908 the resung
ratio CA ATP 15 of the same order of magmtude as that found by tum and
sumilar to that found for adrenal medullary granules (Falch Hillarp and
Hogberg 1956 Blaschko et al 1926) However whereas adrenal granules
reported to lose CA and ATP at the <ame rate at 37 C m rtro
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an essennally unchanged rato (Hitarp 1998} our results show that the nene
upon p fose catechol, at a more rapid rate than the

B

ATP leading to a stnking reduction of the CAJATP sano This dufference
15 another example of what may be regarded as 2 function} differesitistion
between the two 1y pes of granules
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