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e x c re tio n  92

p r im id o n e  131, 133, 135, 137 
p ro g e s te ro n e  120
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v aso co n stric to r tone  85 
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IN MEMÓRIÁM

D r . J á n o s  P órszász  

1923— 1974

Dr. János P órszász  w as born in B udapest in 1923 where he graduated  
M. D . in 1949. As a m edical stu d en t he joined the In stitu te  of P h arm acology  
lead h y  Professor B. Issek u tz sen. and was w orking there till 1955. H is first 
scien tific  work dealt w ith  th e  m ode o f action o f analgesic drugs. L ater, in  col­
laboration  w ith Dr. K . N ádor, he investigated  th e  relationship b etw een  chem ­
ical structure and pharm acological activ ity  o f am inoketones. T h ese studies 
lead to  the discovery o f th e  analeptic action o f several am inoketones w ith  
nicotine-like activity. One o f  these com pounds was 1-piperid inom ethyl-cyclo- 
h exen  -2-on (K arion®). H e dem onstrated th a t several am inoketones w ith  an- 
tin icotin ic  activ ity  depressed th e  polysynaptic reflexes and in h ib ited  th e  fa- 
cilita tory  function of the reticular form ation; an exam ple o f th ese  is the  
w idely-used preparation m ethyl-p-tolylp iperid ine propanone (M ydocalm ® ).

In 1955 he joined the In stitu te  of P hysiology, U niversity M edical School, 
Szeged, first as assistant lecturer and later as senior lecturer. In th is  new  scope 
of a c tiv ity  he created a firm  physiological basis for his pharm acological re­
search work. In the course o f  his studies of th e  organization of th e  vasom otor  
centre he dem onstrated th e  decisive role of the dilator centre in re flex  vaso- 
depression, as the excita tion  o f this centre inh ib its vasoconstrictory  tone. 
This work was the subject o f  his D . Sc. thesis in  1968.

In  1967 he was in v ited  to  the In stitu te  o f E xperim ental Surgery in 
Szeged. Here, he continued his own research work and in collaboration  with  
Professor G. Petri participated  in  investigations in to  drug treatm en t o f  in tes­
tin a l paralysis. They discovered th at an increased sym pathetic to n e  played  
a decisive role in the developm ent of paralytic ileus, and th a t th e  abolition  
o f th e  increased sym pathetic tone had a beneficial effect.

In 1970 he was appoin ted  professor o f  Pharm acology at th e  U n iversity  
M edical School, Pécs. There he continued his research on the p h y sio lo g y  of
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b u lb ar vasom otor and sym p ath etic  centres. H is early death, how ever, pre­
v e n te d  him to accom plish th ese  studies.

H e was an exp erim en ter to the core. H e developed  several new  m ethods 
in  drug research. H e did n o t accept unfounded prejudices and had a flair for 
distingu ish ing im portant fa c ts . His papers, rem arks and contributions gave 
sp ec ia l colour to the M eetings o f the Hungarian Physiological Society. H e spent 
m u ch  o f his tim e on g u id in g  and educating yo u n g  scientists. H is academ ic 
lec tu res  were popular and h igh ly  esteemed b y  th e  students.

H e accepted his d isease  w ith a clear and q u iet m ind and endured his 
su fferin gs with patience and self-control. H e is survived  by four children and 
his w ife , also a doctor, w h o  shared not only his life , but as a constant collab­
orator, also his work.

F . V arga
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Physiologia

PULSATILE CEREBRAL IMPEDANCE:
A METHOD FOR MONITORING CHANGES 

IN CEREBRAL CIRCULATION
By

Z. SzELÉNYI and M. SZÉKELY

INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 
(R ece iv ed  F e b ru a ry  11, 1974)

A m ethod  of m easu rin g  p u lsa tile  cereb ra l im p ed an ce  is desc rib ed . E ffec ts  of
h y p e rca p n ia  and  h y p o x ia  on  th e  a m p litu d e  of pu lsa tile  cereb ra l im p ed an ce  a re  d em ­
o n s tra te d .

Since the introduction o f th e  nitrous oxide m ethod b y  K e t y  and 
S c h m id t  (1948), a num ber o f m ethods have been developed for m easuring  
cerebral blood flow (CBF). An ideal m ethod should

1) g ive  values for to ta l  CBF or CBF in  ml • 1 0 0 g -1  • m i n - 1 ;
2) be suited for m easuring CBF in unanaesthetized , unrestrained anim als;
3) perm it continuous m easurem ent o f  CBF;
4) be applicable to  circum scribed areas of the brain.
N o m ethod available so far fulfils all the criteria listed; a t m ost, three 

o f th e  requirem ents could b e com plied w ith  b y  any of th e  m ethods.
M easurement o f  electrical im pedance pulsations in  th e  brain, th e  so- 

called pulsatile cerebral im pedance (PCI), has proved sen sitive to  changes in 
cerebral circulation. The m ethod yielded new inform ation on brain haem ody­
nam ics, such as selective vasodilation  in the hypothalam us during arousal 
in  th e  cat ( B irzis et al. 1968).

A m odif ica tion  o f  th e  m e th o d  o f  B irzis and  T a c h i b a n a  (1962) is de­
scribed  below.

Methods

T he schem atic d iag ram  of th e  im p ed an ce  c ircu it is show n by  F ig . 1. T h e  au d io -o scilla to r 
w as se t a t  20 kc and th e  o u tp u t  w as a d ju s te d  to  give 100 mV across th e  e lec tro d es. T h e  in i­
tia lly  b a lan ced  im pedance b rid g e  w as su b seq u en tly  im ba lan ced  b y  d ecreas in g  o r increasing  
th e  v a ria b le  resistance, w hile c ap a c itan c e  w as a lw ays se t a t  a  v a lu e  req u ired  fo r th e  bridge 
to  be ba lan ced  for cap ac itan ce .

T he electrodes w ere m ad e  o f p la tin u m  wire 0.3 m m  in d iam e te r in su la te d  w ith  A ra ld ite  
e x c e p t a t  th e  sharp  0.5 m m  long  t ip . In  som e cases along th e  e lectrode  a p o ly e th y len e  cannu la  
w as a tta c h e d , in to  w hich a  fin e  c o p p e r-c o n s ta n ta n  th erm ocoup le  w as in se rte d  u p  to  th e  level 
o f th e  e lectrode tip  ju s t  before  th e  e x p erim en t (F ig . 2).
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F ig. 1. S c h e m a tic  d iagram  of th e  im p e d a n ce  c ircu it

0.5 mm

0.9 mm

Fig. 2. S c h e m a tic  d iag ram  of th e  p la t in u m  e lectrodes

A lb ino  ra ts  of b o th  sexes f ro m  th e  In s t i tu te ’s co lo n y  w eigh ing  200 — 300 g w ere used . 
U n d e r  h e x o b arb ita l a n ae s th es ia  in  th e  skull two holes w ere d rilled  2 to  4 m m  a p a r t  on one side 
o f  th e  m idline. A fter th e  d u ra  w as  incised a t b o th  s ites , th e  tw o  p la tin u m  electrodes were 
in tro d u c e d  in to  th e  b ra in  to  e q u a l  d e p th s , 3, 3.5, 4 .5 , 5, 6, 7 , 8 or 8.5 m m  from  th e  surface  
o f  th e  sku ll. D en tal c em en t a n d  a c ry la te  were used  to  f ix  th e  e lectrodes to  th e  skull. One or 
tw o  screw s served to  secu re  th e  e lec tro d e  assem bly in  p lace.

O n  th e  day of th e  e x p e r im e n t th e  ra ts  w ere su p e rfic ia lly  a n ae sth e tize d  w ith  a  sm all 
in tr a v e n o u s  dose of h e x o b a rb ita l .  I n  some cases 30 — 40 m g u re th a n e  p e r 100 g bod y  w eigh t 
w a s  g iv e n  in tra p e rito n ea lly  to  re d u c e  activ ity . F in e  co p per-w ire  e lectrodes w ere in se rted  
su b c u ta n e o u s ly  in to  one fo re leg  a n d  one hindleg to  re c o rd  th e  ECG. In  ex p erim en ts  in  w hich  
no E C G  w as recorded, no  a n a e s th e tic s  were used.

A fte r  th e  effect o f h e x o b a rb i ta l  had  w orn off, th e  r a t  w as p laced  in to  th e  m etabo lic  
c h a m b e r ,  w hich , in  tu rn ,  w as p la c e d  in to  a th e rm o sta tica lly  co n tro lled  w a te r  b a th .

T h e  responsiveness o f  p u ls a ti le  im pedance to  chan g es in  C B F w as te s te d  b y  in tro d u c in g  
in to  th e  m etabolic  c h am b er gas m ix tu re s  con tain ing  3, 6 a n d  9 %  C 0 2 in  a ir, or 8 an d  12%  
0 2 in  N 2, a t  an  a m b ien t t e m p e ra tu r e  of 30°C.

P C I  and  ECG w ere re c o rd e d  b y  a Schw arzer e lec tro en cep h a lo g rap h , e ith e r con tin u o u sly  
o r  fo r  pe rio d s of 15 — 20 sec e v e ry  m in u te . The a m p litu d e  of P C I w as c a lcu la ted  by  averag ing  
10 co n secu tiv e  w aves a t  th e  e n d  o f  ev ery  m inute . V a lu es fo r P C I a m p litu d es  w ere expressed  
in  m illim e te r , since th e  a m p lif ic a t io n  of o u tp u t from  th e  im p ed an ce  b rid g e  v a ried  in  d iffe ren t 
e x p e r im e n ts . E x p erim en ts , in  w h ic h  P C I am plitude  co u ld  n o t  be am plified  h igher th a n  2 — 3 
m m  o n  th e  original reco rd  u n d e r  c o n tro l conditions, w ere  d iscarded .

E a c h  anim al was u sed  a t  le a s t  on  tw o occasions, th e  in te rv a l  b e tw een  tw o ex p erim en ts  
b e in g  a t  lea s t 4 days.

Results

Interelectrode im p ed an ce was com posed o f 7 to  19 к f i  resistance and 
270— 460 pF capacitance, respectively , depending on the distance and the  
p o sitio n  o f the electrodes. In  every experim ent th e  change in  interelectrode  
resistan ce  was in the range o f  0 to  200 ohm in either direction during inhalation  
o f hypercapnic or h yp ox ic  gas mixtures.
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F ig . 3. E ffec t o f th e  degree of im b alance  o f th e  im p ed an ce  bridge  on th e  a m p litu d e  o f P C I.
U n an aesth e tized  r a t .  In te re lec tro d e  d is tan ce  2 m m , d e p th  6 m m

ECG ||ЩД[|Ц||Ц|Ц||Ш11111111111ЦШ11111Ш11111111Ш11111111111111111П111Ш

pci \j^ v h A tv ,a/'i4/4 /V 4H A 4^^ 10 mm
ECG .imiuiuuuum ummim in in iimuiiUiiiiiinniiiniunmiHMi I___ ,

1 sec

PCI

ECG UlIuliaULLuIuIlllKlillll II И1111111 llll il I il И III I li II I Hl 11,1 ни ......... .

Fig. 4. R ecords o f ECG a n d  PC I in  th re e  d iffe ren t experim ents

The effect o f the degree o f im balance w ith  respect to resistance in the  
im pedance bridge is shown by F ig. 3. W hen b oth  resistance and capacitance  
were balanced, no pulsations were obtained in th e  im pedance record. On increas­
ing th e  degree of im balance of the resistive com ponent, a sudden rise in  am pli­
tude could be seen reaching a peak value at about 200 ohm im balance. B e­
tw een 400 and 800 ohm im balance, practically  no further change in  am plitude  
could be observed. This m eans th at w ith in  a range o f about 400 ohm , PCI 
was independent o f the degree o f im balance. Thus the standard procedure  
has been to  apply an im balance o f 500— 600 ohm  from the actual va lu e  of 
interelectrode resistance. Considering th at th e  m axim um  change did not 
exceed 200 ohm in the course of an experim ent, we worked w ithin a range of 
im balance in which a slow shift in interelectrode resistance per se did not 
in fluence th e  pulsatile com ponent of im pedance.

F ig. 4 shows the PCI and ECG records from  three different experim ents. 
The m ost prom inent com ponent of im pedance pulsation was synchronous  
w ith  the cardiac cycle. An additional but slow  oscillation in im pedance was 
related to  respiration and varied from anim al to  anim al.
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I t  has long been know n th at C 0 2 inh a la tion  causes in m am m als, including  
th e  ra t, an increase in CBF. A continuous record of PCI can be seen in F ig. 5. 
P u re CO 2 gas was introduced for 10 seconds into the persplex b o x , which  
accom m odated  an unanaesthetized  rat. This strong but rather short stim ulus 
cau sed  an alm ost im m ediate and m arked rise in PCI. S im ultaneously, im ped­
ance changes associated w ith  respiratory m ovem ents appeared. A t th e  height 
o f  th e  response, PCI stab ilized  at a considerably higher level for som e 30 sec 
and th a n  dim inished gradually towards th e  in itia l level.

T h e effect of inhalation  of 3, 6 and 9%  C 0 2 in air can be seen in  Fig. 6. 
3%  C 0 2 had practically no effect on PCI, w hile 6% as well as 9%  C 0 2 caused  
a considerable rise in PC I, the effect o f  th e  la tter gas m ixture being more 
p rom in en t. This effect o f C 0 2 on PCI could generally be reproduced in the  
sam e experim ent and on som e occasions in th e  same animal in experim ents  
carried  out several days apart (Fig. 7).

inhalation of CO2 

10 sec

F ig . 5. C o n tin u o u s reco rd  of P C I 6 d ay s a fte r  o p e ra tio n . 40 m g u re th a n e  pe r 100 g b o d y  
w e ig h t in tra p e rito n e a lly . In te re le c tro d e  d istance, 2 m m ; d e p th , 6 m m . A rrow s in d ic a te  b u rs ts

o f gross m o v em en ts  o f  th e  r a t

F ig . 6. E f fe c t  on  PC I of b re a th in g  C 0 2, 20 days a f te r  o p e ra tio n . 40 m g u re th a n e  p e r 100 g 
b o d y  w e ig h t. In te re lec tro d e  d is tan c e , 4 m m ; d e p th , 4 m m . Periods o f 2 sec a t  th e  en d  of

every  m in u te
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H yp oxic  gas m ixtures containing 12%  0 2 in N 2 did not cause any  
change in  PCI, but 8%  0 2 increased PCI v ery  m arkedly (Fig. 8).

In  m ost experim ents the sen sitiv ity  o f  PCI to  indicate changes in CBF  
was, therefore, tested  by supplying to the rat 6%  C 0 2 and 8% 0 2. A s show n  
in F ig. 9, both 6%  C 0 2 and 8% 0 2 elicited a m arked increase in am p litu d e of 
approxim ately sim ilar m agnitude.

Fig. 7. E ffec t on P C I of b re a th in g  6%  C 0 2; A: 5 d a y s  a f te r  o p eratio n ; B: 15 d a y s  a f te r  o p e ra ­
tio n . 50 m g u re th a n e  p e r 100 g bo d y  w eigh t in  b o th  experim en ts . In te re le c tro d e  d is tan ce , 

3 m m ; d e p th , 8 m m . Periods o f  2 sec a t  th e  en d  of every  m in u te

10mm
2 sec

F ig . 8. E ffec t on PC I of b re a th in g  12%  an d  8 %  0 2 reco rd ed  a t  th e  sam e e x p e r im e n ta l  ses­
sion as F ig . 6. Periods o f 2 sec a t  th e  en d  of every  m inu te

F ig . 9. E ffec t on  PC I of b re a th in g  6%  C 0 2 a n d  8 %  0 2. H orizon tal h a tc h e d  b a r  in d ica tes  
exposure  to  h y p e rca p n ia  and  to  h y p o x ia . V e rtica l bars: ±  S .E .
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Discussion

T he m ethods in use for assessing C BF w ere dealt w ith in d eta il in  a 
review  b y  B etz (1972), but on ly  few  words w ere devoted  to the m easurem ent 
of P C I.

S u g a n o  and I n a n a g a  (1961) were th e  first to  apply intracerebral im p ed ­
ance m easurem ents for observing changes in  cerebral haem odynam ics in 
th e  ca t. D eta iled  studies utiliz ing  similar tech n iq u es furnished in d irect ev i­
dence th a t  th is m ethod indicates the pulsatile com ponent of CBF in th e  area 
b etw een  th e  m easuring electrodes ( B irzis and T a c h i b a n a  1962, 1964; B irzis  
et al. 1968). I t  was also show n th at the am plitude o f pulsatile im pedance is 
a m easure o f flow  velocity  o f salt solutions in v itro  (B irzis 1966). A nother  
group o f  investigators u tilized  th is m ethod in  m an for recording differences 
b etw een  norm al brain tissue and glioma (L a i t i n e n  et al. 1966; L a i t i n e n  and  
J o h a n s s o n  1968).

Our platinum  electrodes m ay have been  rela tively  large for th e  sm all 
size o f  th e  ra t’s brain, but th e  interelectrode d istance sufficed to leave enough  
brain t issu e  w ith  in tact circulation betw een th e  electrodes. As a safeguard  
only  th o se  observations were evaluated in w hich  th e  amplitude of PCI w aves  
exced eed  3 mm.

A s for the reliability o f  PCI to  m onitor C B F , B irzis et al. (1968) found  
parallel changes in CBF m easured w ith th e  electrom agnetic m ethod  and  
by P C I. T he sam e authors dem onstrated th a t PC I w as not sensitive to  arterial 
pressure per se, since an increase in PCI fo llow ed  the stim uli irrespective of 
the d irection  o f the blood pressure change.

In  th e  present in vestigation , m easurem ent o f  PCI was also found useful 
for o b ta in in g  inform ation about CBF. B reathing o f  hypercapnic and h yp ox ic  
gas m ix tu res elicited increases in PCI similar to  th e  rise in CBF m easured by  
other m ethods.

N o  a ttem p t has been m ade to  express PCI m easurem ents in  term s of 
CBF, sin ce  th e  m ethod is not suitable for m easuring CBF in absolute term s  
(B ir z is  e t al. 1968). For the sam e reason, resu lts obtained w ith electrodes at 
different depths have not been  com pared d irectly . The m ethod perm its, 
how ever, to  study cerebral haem odynam ics in  p ractica lly  awake, un restra in ­
ed an im als; continuous records o f PCI allow  observation  of transient and  
sudden changes in CBF. The relative ease o f  construction  of the im pedance  
bridge and o f m aking the electrodes is a further advantage. In addition , the  
exp erim en t can be repeated several tim es in th e  sam e animal over a prolonged  
period, ex ten d in g  in m any instances to 2 to  3 m onths.

A  further advantage o f  PCI is that it  is n o t influenced b y  unequal 
changes in  heat production, and/or in  heat loss at th e  sites of the two electrodes.
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THE INFLUENCE OF BODY MASS 
ON THERMOREGULATORY RESPONSES 

OF NEWLY BORN AND ADULT GUINEA PIGS 
TO CHANGES IN AMBIENT TEMPERATURE, 

TO HYPOXIA, AND TO HYPERCAPNIA

By

Mária F a r k a s  and  Sz. D o n h o f f e rк

INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R ece iv ed  D ecem ber 14, 1973)

T he re la tio n sh ip  b e tw ee n  b o d y  w eigh t (B W ) a n d  th e  changes in  co lon ic  te m p e r­
a tu re  (zlTc) w as an a ly zed  in  gu in ea  pigs aged less th a n  2 d ay s, 3 to  6 d a y s , 7 to  9 
d ays, an d  10 to  20 d ay s , as well as in  a d u lt an im als, in  response  to  tra n s fe r  fro m  a th e r ­
m o n eu tra l en v iro n m en t to  a m o d era te ly  cold one (new ly  b o rn : 20°C; a d u lts :  20° an d  
10°C). S u b seq u en tly , th e  a n im a ls  were exposed a t  th ese  a m b ie n t te m p e ra tu re s  (Ta) 
to  8%  0 2 and to  6%  C 0 2. N o co rre la tio n  could be  d e m o n s tra ted  b e tw een  B W  an d  
z)Tc in  response to  tra n s fe r  to  th e  colder e n v iro n m en t in  a n y  age-group  w ith  th e  excep­
tio n  of th e  group aged  10 to  20 d ays. In  none of th e  g ro u p s w as s ig n ifican t c o rre la tio n  
observed  be tw een  B W  a n d  th e  increase  in  h e a t p ro d u c tio n  (z l0 2) in  resp o n se  to  t r a n s ­
fer to  th e  cold. I n  th e  n ew ly  b o rn , no re la tio n sh ip  w as fo u n d  be tw een  B W  a n d  zlTc 
in  hyp o x ia , w hereas in  a d u lt  an im als exposed to  h y p o x ia  a t  T a 20°C, th e  coefficien t 
o f corre lation  p ro v ed  to  be  s ig n ifican t s ta tis tic a lly , b u t  in d ic a te d  t h a t  th e  re d u c tio n  
in  T c ten d ed  to  increase  w ith  increasing  BW . In  h y p e rca p n ia , a s ta tis t ic a lly  s ig n ifican t 
co rre la tio n  was o bserved  b e tw een  B W  an d  T c in  th e  g ro u p  aged 7 to  9 d ay s , a n d  coeffi­
c ien ts o f sim ilar m a g n itu d e  w ere o b ta in ed  w ith  a d u lt  an im als  b o th  a t  T a 20°C a n d  a t 
T a 10°C, show ing th a t  th e  fa ll in  T c ten d ed  to  be g re a te r  in  th e  sm aller a n im a l. I t  was 
concluded  th a t  u n d e r  c o n d itio n s  n o t lead ing  to  p rogressive  h y p o th e rm ia , B W , i.e. 
th e  m ass-su rface  ra tio  is, a t  m o st, a m inor d e te rm in a n t o f  th e  changes in  T c.

The newly born o f  m an y  mam m alian species fail to  m ain ta in  core 
tem perature within the range considered normal for the adult an im al when  
exposed to  a m oderately cold environm ent. These observations are usually  
explained by the unfavourable body mass—body surface ratio. In  a short 
com m unication based on observations made in the period 1963 to  1967, it 
has been shown th a t b ody w eight (BW ) was not an im portant determ inant 
of the fall in core tem perature in response to transfer from a therm oneutral 
environm ent to a m oderately cool one, neither in the new-born rabb it, nor 
in the new-born guinea p ig ( F a r k a s  et al. 1972). Since these observations  
w ere confined to the response elicited by changes in am bient tem perature  
(T J , the relationship betw een  body mass and core tem perature w as in vesti­
gated  under the effect o f hypoxia  and hypercapnia, i.e. under cond itions not 
in volv ing  changes in  th e  therm al environm ent.
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Methods

N ew ly  bo rn  an d  a d u lt  g u in e a  p igs of b o th  sexes, b re d  an d  re a re d  in  th e  In s t i tu te ’s 
a n im a l  house and fed a s ta n d a r d  d ie t, were used. T h e  o b se rv a tio n s  on  new -b o rn  gu inea pigs 
w e re  m a d e  th ro u g h o u t 1971 a n d  1972, those  on a d u lt  a n im a ls  in  1973. F o r  th e  sake o f co m p ar­
iso n , o b se rv a tio n s on  n e w -b o rn  g u in ea  pigs from  th e  y e a rs  1963 to  1967 h a v e  b een  included. 
B e tw e e n  1967 and 1970 th e  g u in e a  p ig  colony of th e  I n s t i tu te  h a d  b een  red u ced  in  num bers , 
a n d  m o v in g  of th e  an im als in to  th e  new  anim al ho u se  in  1970 chan g ed  b reed in g  an d  rearing  
c o n d it io n s  very  m ark ed ly . T h e re fo re , th e  older o b se rv a tio n s  do n o t re fe r to  a  p o p u la tio n  
id e n t ic a l  w ith  th e  p re sen t one .

O x ygen  co n sum ption  ( V 0 2) w as m easured  b y  a  m o d ified  N oyons — K ip p  ty p e  diafero- 
m e te r ,  u sin g  an  airflow  o f 0.7 to  1.4 lite r/m in  for th e  n ew -b o rn , an d  2.0 lite r /m in  fo r th e  a d u lt 
a n im a ls .  Colonic te m p e ra tu re  w a s  reco rd ed  by  co p p er—C o n stan tán  th erm o co u p le s  in tro d u ced  
to  a  d e p th  of 5 to  10 cm  a cc o rd in g  to  th e  size of th e  a n im a l. T h e  s tr ic tly  s ta n d a rd ize d  th e rm al 
c o n d it io n s  and o th er d e ta ils  o f  th e  ex p erim en ta l se tu p  h av e  been  d escribed  earlie r (D on- 
h o f f e r  e t  al. 1958; Vá r n a i e t  a l. 1970; F arkas a n d  D o n h o f f e r  1973a). A fte r  in tro d u c in g  
th e  g u in e a  pigs in to  a  m e ta b o lic  c h am b er of a p p ro p ria te  size, th is  w as su b m erg ed  in to  a 
w a te r - b a th  p roviding an  a m b ie n t  te m p e ra tu re  (Ta) o f 35°C fo r th e  tw o  y o u n g e st age-groups, 
a n d  e i th e r  T a 35°C or 30°C fo r  th e  tw o  older new -born  g ro u p s; a d u lt  an im als w ere  p laced  in to  
th e  w a te r -b a th  p rov id ing  T a 30°C . M easurem en ts w ere  s ta r te d  30 to  45 m in  a f te r  subm erg ing  
th e  m e ta b o lic  cham ber in to  th e  w a te r -b a th . T h ir ty  m in  th e re a f te r  th e  c h am b er w as tra n s ­
f e r r e d  fro m  T a 35°C to  T a 30°C, a n d  a f te r  an o th e r 30 m in  to  T a 20°C, as w ere th o se  o f th e  older 
a n im a ls  in  w hich exposure  to  T a 35°C  h a d  been o m itte d . M ost o f th e  a d u lt  an im als  were u l t i ­
m a te ly  exposed  to  T a 10°C a sw e ll. T h e  effect of h y p o x ia  (8 %  0 2 in  N 2) a n d  h y p e rca p n ia  (6%  
CO 2 in  a ir )  was observed  fo r 30 m in  w ith o u t ch an g in g  th e  T a.

F ig u re s  for V 0 2 re p re s e n t  av erag es of read in g s ta k e n  every  m in u te  d u rin g  th e  las t 
1 0 — 15 m in  of each 30 m in  p e r io d . F ig u re sfo r T cre p re se n t v a lu es a tta in e d  a t  th e  en d  of each 
p e r io d . T h e  recording g a lv a n o m e te rs  hav e  been re a d , ho w ev er, ev ery  m in u te  th ro u g h o u t 
th e  e x p e rim e n t. P ea rso n ’s p ro d u c t-m o m e n t  co rre la tio n  coefficien t r  w as u sed  fo r s ta tis tica l 
e v a lu a t io n .  B ody surface w as c a lc u la te d  according to  th e  fo rm u la  10 • k g 0-67.

Results

T able I dem onstrates th a t , w ith the excep tion  of the group aged 10 to  
20 d a y s , no significant relationsh ip  could be established betw een  BW  and 
A T C subsequent to transfer to  Ta 20°C both  in  the new-born and th e  adult 
a n im als, nor in the la tter  w h en  transferred to  Ta 10°C.

S ince the correlation w as significant in  one age-group only, th e  question  
arose w hether this m ight h a v e  been due to  chance, how ever, im probable this 
e v e n t  appeared to be. T herefore, the results o f th e  observations from  the years 
1963 to  1967 were ca lcu la ted  for the same age-group, anim als aged 7 to  20 
d a y s h av in g  been lum ped in to  one group earlier. A s shown by Part В o f Table I, 
th e  relationship  betw een B W  and d T c was sign ificant sta tistica lly  in th e  age- 
group  o f  10 to 20 days in  th e  older series also, w hereas no relationship betw een  
th e  sa m e variables could b e established in the younger anim als. The number 
o f observations on new -borns aged 7 to 9 days was too sm all in  the older 
series for statistical ev a lu ation , and from those years data for adult guinea 
pigs w ere  not available.

T h e possibility could n o t be excluded th a t the lack o f correlation b e ­
tw e e n  B  W  an d d T c m ight b a v e  been due to a greater increase in heat production  
in  th e  sm aller animals. T herefore, the relationship betw een b od y m ass and
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Tabic I

Relationship  between body weight ( B W )  a n d  the changes in colonic temperature (A T C)  in  response 
to transfer from  T a 30°C to T a 20°C. In  brackets, number o f  observations, range o f  B W  and A T C. 
P art A :  observations dating fro m  1971 and  1972; Part B :  observations dating fro m  1963 to 1967. 

E xperim ents on adult an im a ls  were performed fro m  1970 to 1973

P a r t A  (1971 and 1972)

Age

Variables BW. g 
(M ±  S.E.)

^  T C(3 0 — 2 8 °)
(M ±  S.E.)

r t P

<  2 days 
(46)

91 ± 3  
(5 5 -1 3 1 )

— 0 .5 1 ± 0 .0 9  
( + 0 .5 4  to  - 2 .6 4 )

+  0.168 1.132 > 0 .2

3 to  6 days 
(24)

88 +  4 
(5 7 -1 3 6 )

— 1.12 +  0.14 
( + 0 .3 4  to  - 2 .5 2 )

+ 0 .0 8 7 0.410 > 0 .6

7 to  9 days 
(21)

104 +  5 
(6 7 -1 5 5 )

—  1.22 +  0.13 
( — 0.20 to  - 3 .0 9 )

+ 0 .2 2 8 1.019 > 0 .3

10 to  20 days 
(29)

130 +  7 
(8 5 -2 2 9 )

— 1.37 +  0.12 
( - 0 . 2 2  to  - 2 .6 2 )

+ 0 .4 9 1 2.926 < 0 .0 1

A d u lt
(48)

662 +  15 
(5 2 5 -8 5 0 )

—  0.66 +  0.08 
( + 0 .4 4  to  - 2 .6 1 )

+ 0 .0 2 4 0.164 > 0 .8

A d u lt
(44)

6 6 3 ± 1 5
(5 2 5 -8 5 0 )

—  0.98 +  0.13* 
( + 0 .5 5  to  - 2 .9 4 )

+ 0 .1 8 0 1.188 > 0 .2

P a r t  В (1963 to  1967)

<  2 days 
(49)

89 +  2 
(5 8 -1 1 5 )

— 0.50 +  0.08 
( + 0 .2 2  to  - 2 .3 9 )

+ 0 .0 3 8 0.258 > 0 .7

3 to  6 days 
(21)

94 +  4 
(7 0 -1 3 2 )

— 1.08 +  0.14 
( —0.14 to  - 2 .3 5 )

- 0 .0 4 2 0.183 > 0 .8

10 to  20 days 
(22)

143 +  6 
(1 0 5 -2 0 0 )

— 1.21 +  0.13 
( —0.06 to  - 2 .1 1 )

+ 0 .4 4 2 2.200 < 0 .0 5

* A T C in response to  transfer from  T a 30°C to  Ta 10°C

th e  change in h eat production (zJ 0 2) in  response to  cold exposure w as also 
analyzed. Table II  shows that no sign ifican t correlation could be dem onstrated  
betw een  these variables. The sm all correlation coefficient obtained w ith  adult 
anim als between B W  and z l0 2 su b seq u en t to  transfer from Ta 30°C to  T a 10°C 
approached sta tistica l significance, and m ight indicate that under certain  
conditions the increase in heat production  in response to cold w as sligh tly  
correlated to BW , the smaller an im als tending to  increase heat production  
m ore than the larger ones.

Tables III  and IV contain th e  data on the relationship betw een B W  and  
Л Т С in  response to  hypoxia and to  hypercapnia. A t Ta 20°C, no correlation was 
found  between BW  and A T C during exposure to 8%  0 2 in the new ly born, nor 
could  one be dem onstrated at Ta 10°C in the adult anim als. A t Ta 20°C, how ­
ever, a significant correlation w as established in adults betw een th e  sam e
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Table II

R ela tio n sh ip  between body w eight ( B W )  and the changes in  oxygen consumption (  AO 2)  in  response 
to transfer to T a 20° fro m  T a o f  m in im u m  heat production. I n  brackets, number o f  observations, and

ranges o f  B  W  and  A 0 2

Variables

Age BW, g 
(M ±  S.E.)

AO 2(30—20®) 
ml/dm2 • min 
(M ±  S.E.)

Г t P

<  2 d a y s  
(43)

92 +  3 
( 5 5 - 1 3 1 )

+  1.04+0.04* 
(+ 0 .2 9  to + 1 .5 9 )

+ 0 .1 5 1 0.976 > 0 .3

3 to  6 days 
(24)

88 ± 4  
( 5 7 - 1 3 6 )

+  0.66 +  0.05* 
(+ 0 .2 2  to  + 1 .1 0 )

+  0.228 1.379 > 0 .1

7 to  9 days 
(21)

104 +  5 
( 6 7 - 1 5 5 )

+ 0 .7 6  +  0.05 
(+ 0 .5 7  to  + 1 .1 4 )

+ 0 .0 1 2 0.053 > 0 .9

10 to  20 days 
(28)

129 +  7 
( 8 5 - 2 2 9 )

+ 0 .7 8  +  0.05 
(+ 0 .2 0  to + 1 .2 0 )

—0.150 0.774 > 0 .4

A d u lt
(42)

666 +  16 
( 5 2 5 -8 5 0 )

+ 0 .3 2  +  0.05 
( - 0 .4 0  to + 1 .1 3 )

+  0.147 0.965 > 0 .3

A d u lt
(42)

6 6 6 ± 1 6
(5 2 5 -8 5 0 )

+  1.12 +  0.04** 
(+ 0 .5 6  to  + 1 .7 5 )

- 0 .2 7 9 1.879 0.1 > p  > 0 .0 5

* /10 „ based on  o x y g en  consum ption  a t  T a 35°C o r T a 30°C, w hichever w as th e  lower 
** /1 0 J in response to  t ra n s fe r  from  Ta 30°C to  T a 10°C

Table III

R ela tio n sh ip  between body w eight ( B W )  and the changes in  colonic temperature ( A T c)  in  response 
to exposure to 8 %  0 2at T a 20°C  in  the newly born, and a tT a 20°C  and T a 10°C in the adult animals. 

I n  brackets, num ber o f  observations and the range o f  B  W  and A T C

Variables

Age BW, g 
(M ±  S.E.)

А Т ф о1о о )
(M ±  S.E. )

r t P

2 d a y s  
(32)

91 +  3
( 5 5 - 1 2 6 )

- 2 .2 9  +  0.12 
( - 0 .8 6  to  —3.56)

- 0 .1 1 6 0.642 > 0 .5

3 to  6 days 
(22)

89 +  4 
( 5 7 - 1 3 6 )

- 1 .6 4  +  0.11 
( - 0 .7 8  to  —2.65)

- 0 .0 9 4 0.422 > 0 .6

7 to  9 d ay s 
(21)

99 +  5 
( 6 7 - 1 5 5 )

- 2 .0 1  +  0.11 
( - 1 .3 6  to  - 3 .0 6 )

- 0 .2 1 7 0.970 > 0 .3

10 to  20 days 
(26)

133 +  7 
( 8 5 - 2 2 9 )

- 2 .2 6  +  0.12 
( - 0 .2 4  to  —3.64)

- 0 .2 9 8 1.529 > 0 .1

A d u lt
(22)

633 +  19 
(530 850)

- 1 .1 6  +  0.08 
( —0.63 to  — 1.86)

- 0 .5 6 3 2.841 < 0 .0 2

A d u lt
(10)

6 9 4 + 3 5
( 5 4 0 - 8 4 0 )

- 2 .1 8 + 0 .1 0 *  
( - 1 .7 5  to  - 2 .6 9 )

- 0 .2 7 0 0.794 > 0 .4

* E xposed  to h y p o x ia  a t  T a 10°C
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Table IV

R elationship  between body weight ( B W )  and the changes in  colonic temperature ( Л ТС)  in  response 
to exposure to 6 %  C 0 2 at T n 20°C in  the newly born, and at T a 20°C  and T a 10°C in  the adult an im als. 

I n  brackets, number o f  observations and the range o f  B  W  and A T C

Variables

Age BW, g
(M ±  S.E.)

fiVS/oCO,) 
(M ± S.E.)

Г t P

<  2 days 
(30)

89 +  3 
(5 5 -1 3 1 )

— 1 .2 4 ± 0 .1 0  
( + 0 .0 2  to  - 2 .8 0 )

+ 0 .0 5 2 0.273 > 0 .7

3 to  6 days 
(22)

89 +  4 
(5 7 -1 3 6 )

- 1 .3 1  +  0.13 
( - 0 .3 0  to  - 2 .5 0 )

+ 0 .2 5 1 1.160 > 0 .2

7 to  9 days 
(21)

99 +  5 
(6 7 -1 5 5 )

— 1 .4 0 + 0 .1 1  
( - 0 .3 8  to  - 2 .3 1 )

+  0.459 2.251 < 0 .0 5

10 to  20 days 
(24)

136 +  7 
(8 5 -2 2 9 )

- 1 .5 3 + 0 .1 5  
( - 0 .1 8  to  - 3 .0 0 )

+ 0 .0 2 7 0.125 > 0 .9

A dult
(14)

606 ± 2 1  
(5 2 5 -8 2 0 )

- 0 .9 2  +  0.04 
( - 0 .4 6  to  - 1 .2 3 )

+ 0 .4 6 3 1.807 0.1 >  p  >  0.05

A dult
(14)

68 5 ± 3 1
(5 4 0 -8 4 0 )

— 1.19 +  0.11* 
( - 0 .5 8  to  - 2 .0 9 )

+  0.420 1.601 > 0  1

* E x posed  to  hypercapnia  a t  T a 10°C

variables. T he negative sign o f  the coeffic ien t ind icates, however, th a t th e  
smaller the b od y mass, the sm aller tended to  be the reduction in core tem p era­
ture.

In hypercapnia, the correlation betw een th e  sam e variables (B W  and T c) 
was found to  be significant sta tistica lly  in  th e  group aged 7 to 9 days, and  
correlation coefficients o f sim ilar m agnitude were obtained with ad u lt an i­
m als, although the latter fa iled  to  reach sta tistica l significance, th e  num ber  
of observations being com paratively  sm all. T he p ositive coefficients in d icated  
that in  hypercapnia the fall in  Tc tended to  be sm aller in the larger an im als, 
as would be expected  on th e  basis o f  the m ass—surface ratio.

D iscussion

The results have confirm ed and exten d ed  the earlier ob servation s  
showing th a t body mass is n o t an im portant determ inant o f the change in  
core tem perature subsequent to  transfer from  a therm oneutral, or near th er­
m oneutral, environm ent to  a m oderately cold  one. The fact th a t in  gu inea  
pigs aged 10 to  20 days sta tistica lly  sign ificant coefficients of correlation  o f  
similar m agnitude were obtained  in tw o series o f  observations separated  b y  
an interval o f  a few years, and m ade on anim als bred and reared under very  
different conditions, lends w eight to  the conclusion th a t in th is age-group  
the relationship between B W  and ZlTc, although not a dom inant one, is never-
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th eless real, a lthough  no corresponding relationship  was revealed b y  th e  other 
age-groups o f th e  n ew ly  born or b y  the adult animals.

N o sign ifican t relationship could be dem onstrated in any age-group  
betw een  BW  and z l 0 2 subsequent to transfer from a therm oneutral environ­
m ent to  a m oderately  cold one (Table II). The increase in heat production  
w as sign ificantly  h igh ly  greater in  the you n gest age-group th an  in  any of 
th e  others, w hile m ean BW  and the range o f  BW  were practically  identical 
in  th e  groups aged less than  2 days and 3 to  6 days, the difference in  A O  2 
being reflected in th e  greater reduction o f T c in  animals aged 3 to  6 days 
(Table I). E v id en tly , age and not b od y m ass w as the m ain determ inant of 
therm oregulatory h ea t production in response to  the lower Ta.

In  the new -born, the fall in colonic tem perature during exposure to  
8%  0 2 showed no correlation w ith BW . In  adult guinea pigs exposed to  8%  0 2 
at T a 20°C, a sign ifican t correlation w as, how ever, established betw een  the  
sam e variables. T he n egative sign o f the coeffic ien t r indicates th a t th e  greater 
th e  body w eight, th e  more the core tem perature tended to  fa ll in  hypoxia  
(Table III). On th e  basis o f the body m ass—b od y surface ratio th e  opposite  
w ould be expected .

A ttention  has to  be paid to  the difference in  the relationship betw een  
th e  sam e variables in  hypoxia and in  hypercapnia. In hypercapnia (Table IV), 
a sign ificant correlation betw een BW  and ZlTc was observed in  th e  group 
aged 7 to 9 days, and coefficients of sim ilar m egnitude were obtained  w ith  
adult anim als. T he coefficients were, how ever, positive and indicate therefore  
th a t in hypercapnia a greater BW  ten d ed  to  be associated w ith  a sm aller 
reduction  in  Tc. T he difference betw een h yp ox ia  and hypercapnia is rather 
im pressive: in th e  adu lt anim al a tT a 20°C, for instance, r =  — 0.563 in hypoxia , 
and r =  -j-0.463 in  hypercapnia. These resu lts are in com plete agreem ent 
w ith  earlier ones obta ined  on new-born rats (Vá r n a i  et al. 1970), new -born  
rabbits (Vá r n a i  et al. 1971), and adult guinea pigs (F a r k a s  1973; F a r k a s  
and D o n h o f f e r  1973a, b), which show ed th a t the m echanism s o f th e  ther­
m oregulatory effects o f hypoxia and hypercapnia are not identical and th at  
th e  ratio in  w hich m echanism s o f heat loss and of heat production participate  
in th e  response w as greater in hypercapnia than  in  hypoxia.

On the w hole, th e  relationship betw een  b ody mass and core tem perature  
w as rem arkably feeb le  whether changes in am bient tem perature, hyp oxia , 
or hypercapnia w ere applied as stim uli, and w hen statistica lly  sign ificant 
correlation was observed, th is w as confined  to  one or the other age-group. 
B o d y  m ass is, therefore, at m ost a m inor determ inant of the change in  deep 
b o d y  tem perature. This naturally refers n ot to  environm ents lead ing  to 
progressive hypotherm ia, under w hich cond itions body mass is ev id en tly  an 
im portant determ inant of the rate o f fall o f  core tem perature, as it  is in the  
rate o f  cooling o f th e  dead animal.
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THERMOREGULATORY HEAT PRODUCTION 
AND THE REGULATION OF RODY TEMPERATURE 

IN THE NEW-BORN AND THE ADULT 
GUINEA PIG
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Mária F a r k a s , Ilona V á r n a i  and Sz. D o n h o f f e r

INSTITUTE OF PATHOPHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R ece iv ed  J a n u a ry  14, 1974)

T he responses o f co lon ic  te m p e ra tu re  (Tc) an d  h e a t  p ro d u c tio n  ( V 0 2) to  changes 
in  a m b ie n t te m p e ra tu re  (T a) w ere s tu d ied  in  n ew -b o rn  g u in ea  pigs aged  less th a n  2 
d ay s, 3 to  6 days, 7 to  9 d a y s , a n d  10 to  20 days, as w ell as in  a d u lt  an im als. I n  th e  new ly 
b o rn , V 0 2 expressed  p e r u n i t  b o d y  w eigh t (B W ) d ecreased  w ith  age a t  T a 35°, 30°, 
a n d  20°C. U sing  in s tea d  o f u n i t  B W , u n it  b o d y  su rface  (10 • k g 0'67) as th e  fram e  of 
reference , V 0 2 was id en tica l in  th e  fo u r new -born  g ro u p s a t  T a 35° an d  T a 30°C, w hereas 
a t  T a 20°C a  h ighly  s ig n if ic a n t re d u c tio n  in  V 0 2 w as o b se rv ed  be tw een  th e  g ro u p  aged 
less th a n  2 d ay s and  th a t  ag ed  3 to  6 days. T h is re d u c tio n  w as follow ed b y  a p ro g res­
sive, sig n ifican t increase  in  th e rm o reg u la to ry  h e a t  p ro d u c tio n  w ith  age. T c d ecreased  
w ith  age sig n ifican tly  a t  a ll th re e  T a-s, an d  w ith in  th e  sam e age-group T c d ecreased  
w ith  decreasing  T a. T he decrease  in  T c in  response to  tra n s fe r  from  T a 35° to  T a 30°C 
w as o f a  sim ilar m ag n itu d e  in  a ll age-groups, w h ereas th e  decrease  in  resp o n se  to  
tra n s fe r  fro m  T a 30° to  T a 20°C w as h igh ly  sig n ifican tly  sm alle r in  th e  y o u n g e st age- 
g roup  th a n  in  any  o th e r  o f  th e  n ew -born  groups, an d  ev en  sm alle r, a lth o u g h  n o t signif­
ic a n tly  so, th a n  th a t  o b se rv ed  in  a d u lt  an im als. D is tr ib u tio n  of th e  ch an g es in  T c 
in  response  to  tran s fe r  f ro m  T a 30° to  T a 20°C ra n g ed  o v er a  fa ir ly  w ide d o m ain  even  
in  th e  a d u lt  gu inea pig. T a k in g  as th e  d iv id ing  line  ch an g es in  T c n o t exceed ing  — 0.5°C, 
o r — 1.0°C, th e  y ” te s t  re v ea le d  h ig h ly  s ign ifican t d ifferences be tw een  th e  g ro u p  aged 
less th a n  48 hours an d  th e  o ld er new -born  groups. N o s ig n ifican t d ifference w as fo u n d  
b e tw een  th e  you n g est n e w -b o rn  group  an d  th e  a d u lt  a n im a ls , w hereas th e  d ifferences 
b e tw een  th e  o lder n e w -b o rn  g ro u p s an d  th e  a d u lt  a n im a ls  w ere s ig n ifican t. I t  has 
b een  concluded  th a t  th e  v a r ia b il i ty  in  th e  responses o f T c to  a  re d u c tio n  of T a w as 
due  n e ith e r  to  “ im m a tu r i ty ”  o r “ in ab ility ”  to  in crease  h e a t  p ro d u c tio n , no r to  an  
u n fa v o u ra b le  m ass-su rface  ra tio , b u t  to  a fu n c tio n a l v a r ia n t  o f  th e  c y b e rn e tic  sy s tem  
co n tro llin g  bo d y  te m p e ra tu re  a n d  th e rm o reg u la to ry  h e a t  p ro d u c tio n .

A fter studying the regulation  of body tem perature and therm oregula­
tory heat production in  response to  changes in am bient tem perature in  the  
new-born rat (Vá r n a i  1961; V á r n a i  and D o n h o f f e r  1970), and in  the new ­
born rabbit (Vá r n a i  et al. 1970), similar observations on new-born guinea  
pigs were o f special in terest, since guinea pigs are born, in  contrast to  the rat 
and rabbit, at an advanced stage o f  m aturity, and are generally held to  m ain­
ta in  deep body tem perature w hen exposed to  m oderate cold. The observations 
of B r ü c k  and W ü n n e n b e r g  (1965, 1966) dem onstrating a profound change  
during th e  first weeks o f life in  th e  source of therm oregulatory heat production,
i.e. in  th e  ratio o f non-shivering and shivering therm ogenesis, added to  the  
interest o f the problem.
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Methods

N ew ly  bo rn  an d  a d u lt  g u in ea  pigs o f b o th  sexes, b re d  an d  re a re d  in  th e  In s t i tu te ’s 
a n im a l  house and  fed a  s ta n d a r d  d ie t ,  w ere used . T h e  o b se rv a tio n s on  n ew -b o rn  gu inea  pigs 
w e re  m a d e  th ro u g h o u t 1971 a n d  1972, th o se  on a d u lt  an im a ls  from  1970 to  1973. F o r  th e  sake 
o f  c o m p ariso n , obse rv a tio n s o n  n ew -b o rn  gu inea  p igs fro m  th e  p eriod  1963 to  1967 h av e  been  
in c lu d e d  (Tables I I I  to  V II ) .  B e tw ee n  1967 an d  1970 th e  gu inea  p ig  co lony  o f  th e  In s t i tu te  
h a d  b e e n  reduced  in  n u m b er, a n d  m o v in g  th e  an im als in to  a  new  an im al ho u se  ch an g ed  housing 
a n d  re a r in g  conditions p ro fo u n d ly . T herefore, th e  o lder o b se rv a tio n s c a n n o t be  h e ld  to  orig­
in a te  f ro m  a p o p u la tio n  id e n tic a l w ith  th e  p re sen t one.

O xygen  co n su m p tio n  ( V 0 2) w as m easu red  b y  a  m od ified  N o y o n s-K ip p  d iaferom eter 
u s in g  a n  a ir  flow of 0.7 to  1.4 l itre /m in  fo r th e  new ly  b o rn , a n d  of 2.0 l itre /m in  fo r th e  a d u lt 
a n im a ls . Colonic te m p e ra tu re  (T c) w as reco rded  b y  c o p p e r-c o n s ta n ta n  th e rm o co u p le s  in tro ­
d u c e d  to  a d ep th  of 5 to  10 cm , acco rd in g  to  th e  size o f th e  an im al. T h e  s tr ic t ly  stan d ard ized  
th e r m a l  conditions an d  o th e r  d e ta ils  of th e  ex p e rim e n ta l se tu p  h av e  b een  desc rib ed  earlier 
(D o n h o f f e r  e t al. 1958; V á r n a i e t  al. 1970). A fte r in tro d u c in g  th e  gu inea  p igs in to  a m e ta b o l­
ic  c h a m b e r  of ap p ro p ria te  size, th is  w as subm erged  in to  a w a te r -b a th  e n su rin g  a n  am b ien t 

te m p e ra tu r e  (Ta) of 35°C fo r  th e  tw o  y o u n g est g roups, a n d  of e ith e r 35° o r 30°C fo r th e  tw o 
o ld e r  n ew -born  groups. A d u lt  an im a ls  w ere a lw ays p laced  in to  th e  w a te r -b a th  p ro v id in g  T a 
30°C . M easurem ents w ere s ta r te d  30 to  45 m in  a f te r  th e  m etab o lic  c h am b er h a d  been  sub­
m e rg e d  in to  th e  w a te r-b a th . T h ir ty  m in  th e re a f te r  th e  c h am b er w as tra n s fe r re d  fro m  T a 35° 
to  T a 30°C, and from  th e re , a f te r  a n o th e r  30 m in , to  T a 20°C, as w ere th o se  o f th e  o lder an i­
m a ls  n o t  exposed in itia lly  to  T a 35°C. M ost of th e  a d u lt  an im als  w ere exp o sed  u ltim a te ly  also 
to  T a 10°C.

F ig u res for oxy g en  c o n su m p tio n  re p re se n t av erages o f read in g s ta k e n  ev ery  m inu te  
d u r in g  th e  la s t 10—15 m in  o f e ac h  30 m in  period . D a ta  on  T c re p re se n t th e  v a lu es a tta in ed  
a t  t h e  en d  of each p e rio d . T h e  re co rd in g  g a lv an o m eters  w ere, how ever, re a d  ev ery  m inu te  
th r o u g h o u t  th e  ex p erim en t. S tu d e n t ’s tw o -ta iled  t te s t  a n d  th e  y2 te s t  w ith  Y a te s ’ m odifica­
t io n  fo r sm all num bers w ere  u se d  fo r s ta tis t ic a l  ev a lu a tio n . B ody  su rface  w as calcu la ted  
a c c o rd in g  to  th e  fo rm ula  10 • k g u'67.

Results

Table I, Part A show s th a t at Ta 35° and Ta 30°C, V O , per unit body  
su rface did not change w ith  age. A t Ta 20°C, V 0 2 was, how ever, significantly  
low er in  the groups aged 3 to  6 and 7 to 9 days than  in anim als aged less than  
48 hours. The progressive increase in  m ean V 0 2 at Ta 20°C betw een  the groups 
aged  3 to 6 and 10 to  20 days approached, but failed  to reach, sta tistica l sig­
n ifican ce , as did the d ifference betw een m ean V 0 2 of the you n gest and the 
o ld e st  group.

In  Part В o f T able I , V O , was expressed per unit b ody w eight (BW ) 
in stea d  of per unit b o d y  surface. Per unit B W , V O , decreased progressively  
w ith  age from the y o u n g est to  the oldest age-group at Ta 35° and Ta 20°C, 
and a statistically  sign ifican t decrease w as observed also at T a 30°C between  
th e  group aged 3 to  6 days and the tw o older age-groups.

Part C of Table I is based on the m eans o f the changes in individual 
observations. The changes in  V 0 2 subsequent to  transfer from  Ta 35° to  Ta 
30°C were practically id en tica l in the three younger age-groups, and the differ­
en ce  between the y o u n g est and th e  oldest group only approached statistical 
sign ificance. The change in  V O , (zlVO,) subsequent to transfer from  Ta 30° 
to  T a 20°C was, how ever, sign ificantly  greater in  the you n gest group than  
in  an y  other age-group. In  contrast to  th e  differences betw een  m ean V O ,
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Table I

Oxygen consum ption  ( V 0 2) at T a at 35°, 30°, and  20° C in  m l/dm 2 ,m in  (P a r t A ) ,  a n d  in  
m l/k g 'm in  (P a rt B ) 4 and the change in  heat production  (â V O o ) in  response to transfer 
fro m  T a 35° to T a 30°, and  fr o m  T a 30° to T ^  20° C (P a rt C ). I n  brackets, num b er o f  ob­

servations

A
V 0 2 ml/drri2 • min

(M ± S.E.)

Age Ta 35°C Ta 30°C Ta 20°C

< 2 1 .1 4 ± 0 .0 3  (40) 1 .1 3 ± 0 .0 3  (42) 2 .0 5 ± 0 .0 5  (44)
days 1

p >  0.1 p <  0.001
t t p <  0.01

3 to 6 1 .0 7 ± 0 .0 4  (12) 1 .1 5 ± 0 .0 2  (23) 1 .76± 0 .05  (24)
days I

T
0.1 >  p >  0.05 p >  0.2 о

Ж t Ö
Л

7 to  9 1 .0 5 ± 0 .0 7  (8) 1 .0 8 ± 0 .0 3  (21) 1 .84± 0 .04  (21) J
days 1 1 Л

p >  0.2 p >  0.1
t r Ö

10 to  20 1 .1 7 ± 0 .0 7  (11) 1 .1 6 ± 0 .0 4  (27) 1 .91±0 .05  (31)
days

Y oungest p  >  0.6 p >  0.5 0.1 >  p >  0.05
vs. o ldest

В
V 0 2 ml/kg • min 

(M ±  S.E.)

<  2 2 5 .3 ± 0 .6  (40) 2 5 .3 ± 0 .8  (42) 4 4 .9 ± 1 .1  (44)
days

0 .1 > p > 0 .0 5 p <  0.01
t t p <  0.001

3 to  6 23.1 ± 1 .0  (12) < 0 .0 5 2 6 .2 ± 0 .7  (231 3 9 .9 ± 1 .4  (24)
days 1

p <  0.01

7 to  9 22.3 ± 1 .2  (8) J 2 3 .4 ± 0 .7  (21) < 0 .0 5 3 9 .4 ± 1 .1  (21) J >  0.3
days

p >  0.4

10 to  20 2 1 .7 ± 1 .3  (11) 2 3 .5 ± 0 .9  (27)J 38.1 ± 1 .2  (31)
d ay s

Y oungest p  <  0.02 p  >  0.1 p <  0.001
vs. o ld es t
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Table I (continued)

C
JV 02 ml/dm2 • min 

(M ±  S.E.)

Age Ta 35°—30°C Ta 30°—20°C

<  2 days + 0 .0 7 ± 0 .0 4  (34) + 0 .9 4 + 0 .0 4  (46)
l

p <  0.001

3 to  6 days + 0 .0 4 ± 0 .0 6  (11)
t

+ 0 .6 1  +  0.05 (23) 

p  <  0.05
t

< 0.02

<  0.05
7 to  9 days +  0 .07±0 .12  (8) + 0 .7 6  +  0.05 (21)J
10 to  20 days - 0 .0 5  +  0.05 (10) + 0 .7 7  +  0.04 (27)
Y o u n g est vs. oldest 0.1 >  p > 0 .0 5 p <  0.01

(T able I, Part A), th e  difference between th e  m eans of A Y 0 2 was sta tistica lly  
sign ificant also b etw een  th e  3 to 6-day-old and th e  7 to 9-day-old and betw een  
th e  former and th e  10 to  20-day-old group.

Table II , P art A  contains the mean Tc-s m easured at Ta 35°, 30°, and  
20°C; Part В the m eans o f  the changes in core tem perature (ATC) subsequent 
to  transfer from Ta 35° to  T a 30°C, and from  T a 30° to Ta 20°C. Tc declined  
h ig h ly  significantly w ith  T a in all age-groups. The only exception  was the  
difference betw een T a 35° and Ta 30°C in  th e  o ldest group, w hich was not 
sign ificant. Calculated on  the basis of A T C (P art В of Table II), th e  fall in  
core tem perature w as, how ever, highly sig n ifica n t (p <  0.001) in  th is age- 
group also.

Comparison o f d ifferen t age-groups show ed  a t Ta 35° and Ta 30°C th a t  
T c w as significantly low er in  the 10 to 20-d ay-o ld  anim als than in the younger  
ones. A t Ta 20°C, T c w as sign ificantly lower in  all three older age-groups than  
in  anim als aged less th a n  48 hours. The d ifferences between Tc o f either o f  
th e  tw o youngest groups and that of the o ld est group were h ighly sign ificant 
at all three Ta-s.

Part В of T ab le I I  shows that, a lthough T c was sign ificantly lower in  
th e  oldest age-group th a n  in the youngest a t b oth  Ta 35° and Ta 30°C, no  
sign ificant difference cou ld  be established b etw een  A T C observed subsequent 
to  transfer from Ta 35° to  Ta 30°C (ZlTc 35°— 30°). zlTc subsequent to  transfer 
from  Ta 30° to  Ta 20°C (ATC30°— 20°) w as, how ever, highly sign ificantly  
greater in the three o lder age-groups than  th a t  in the youngest one.

In adult anim als, zlTc following transfer from  Ta 30° to Ta 20°C (Table II , 
P art C) did not differ sign ificantly  from th a t in  th e  animals aged less than  
48 hours, and w as sig n ifica n tly  smaller th an  th a t  in  the other age-groups o f  
th e  new ly born. T he fa ll o f  Tc in the adult an im als after transfer to  Ta 10°C
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Table II

Colonic temperature ( T c)  o f  new-born guinea pigs at T a 35°, 30°, and  20°C ( Part A )  and  the change 
in  colonic temperature (A T C)  follow ing transfer fro m  T a 35° to T„ 30°C ( A T C 35°— 3 0 °), and  fro m  
T a 30° to T a 20°C  (P a rt B ) .  Part C contains fo r  the sake o f  com parison A T C o f  adult anim als follow ing  
transfer fro m  T a 30° to T a 20°, and fro m  T a 30° to T a 10°C. ( M ± S . E . ) .  I n  brackets, num ber o f

observations

A

Age

<  2 days

3 to  6 days

7 to  9 days

10 to  20 days

Y oungest vs. 
o ldest p

T0 at T . 35° T0 at Ta 30° T0 at Ta 20°

3 9 .8 3 ± 0 .1 0  <  0.001 -  3 9 .2 4 ± 0 .0 6  -  <  0.001 *- 3 8 .7 3 ± 0 .0 9
(46)1 

> 0.2
t

4 0 .0 1 ± 0 .1 1  -  <  0.01 
( 12)1 

> 0.1
t

3 9 .7 8 ± 0 .1 3  -  <  0.01 
( 10)1 

< 0.02
t

3 9 .2 3 ± 0 .1 8  -  <  0.1 
(13)

< 0.01

(46)1 (48)1
> 0 .3  < 0 .0 1

t  t
3 9 .3 5 ± 0 .1 2  -  <  0.001 -  3 8 .1 9 ± 0 .1 3  
(24)1 (24)1

> 0 .3  > 0 .2
t  t

3 9 .1 9 ± 0 .1 1  -  <  0.001 -  37 .9 7 ± 0 .1 4  
(21)1 ( 21)1
0.1 >  p  >  0.05 < 0 .0 5

t  t
3 8 .9 2 ± 0 .1 0  -  <  0.001 -  3 7 .5 7 ± 0 .1 3  
(29) (29)

< 0.01 < 0.001

в

A ge JT0 35°-30°
p VS.

y o u n g est JTC 30°-20° p  VS. 
y o u n g e s t

<  2 days —0 .4 5 ± 0 .6  
(46)

- —0 .5 1 ± 0 .0 9  
(46)

—

3 to  6 days - 0 .6 0 ± 0 .1 4
(12)

>  0.3 - 1 .1 2 ± 0 .1 4
(24)

<  0.001

7 to  9 days - 0 .5 3 ± 0 .0 6
(10)

>  0.3 - 1 .2 2 ± 0 .1 3
(21)

<  0.001

10 to  20 days - 0 .5 0 ± 0 .1 0
(13)

>  0.6 - 1 .3 7 ± 0 .1 2
(29)

<  0.001

c

p VS. 
2 d a y s

p  VS.
3 to  6 

d a y s

p  VS.
7 to 9

d ay s

P vs. 
10 to  20 

d a y s

A d u lt ÆTC (30° - 2 0 ° )  - 0 .6 6  ± 0 .0 8
(48)

>  0.2 <  0.01 <  0.001 <  0.001

A d u lt zlTc (3 0 ° -1 0 ° )  —0 .9 8 ± 0 .1 3
(44)

<  0.001 >  0.4 >  0.1 <  0.05
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w a s, however, sign ifican tly  greater than  th a t o f the youngest group at Ta 
20°C , but significantly sm aller than th a t in the oldest new-born group at 
T a 20°C.

Table III d em onstrates the corresponding data on body tem perature  
orig inating  from th e years 1963 to 1967. Core tem peratures o f  th e  younger  
age-groups agreed w ith  th o se  of the newer series (Table II) a t all three Ta-s: 
th ere  w as no significant difference betw een the Tc-s of the tw o younger groups 
a t T a 35° and Ta 30°C, w hereas at T a 20°C, Tc was sign ificantly  low er in the 
group aged 3 to 6 days th an  in the group aged less than 48 hours. The 10 to 
2 0-d ay-o ld  group of th e  older series resem bles th e  recent one in th a t T c declin­
ed progressively w ith  Ta. In  contrast, th e  tw o series differ sign ificantly  at 
all th ree  Ta-s in their relationship to th e  T c-s o f the younger age-groups. 
W hereas in the recent observations (Table I I , Part A) Tc at the age o f 10 to 
20 d ays was sign ificantly  low er than the Tc o f the tw o you n gest groups, in  
th e  older series (Table I I I , P art A) it  w as sign ificantly  higher than  th at of 
th e  youngest group at Ta 35° and Ta 30°C, and alm ost sign ifican tly  higher 
th a n  th a t of the 3 to  6-d ay-o ld  at Ta 20°C.

P art В of Table I I I  show s that zlTc betw een  Ta 35° and Ta 30°C was 
p ra ctica lly  identical in  th e  three age-groups, and even more so th an  in the  
recen t series (Table I I , P art B). The differences betw een the tw o series were, 
h ow ever, not significant. Follow ing transfer from  Ta 30° to Ta 20°C, A T C was 
a lm o st identical in th e  tw o  series. It should be noted that despite th e  highly  
sig n ifica n t difference b etw een  the Tc-s o f th e  10 to  20-day-okl groups of the  
tw o  series, <dTc-s were p ractica lly  identical in  th is  age-group also.

Since averages ten d  to  obscure the v a r ie ty  o f individual observations, 
th e  distribution of Tc around the m ean at T a 30° and Ta 20°C, as w ell as the  
d istrib u tion  of dTc su b seq u en t to transfer from  Ta 30° to Ta 20°C have also 
b een  analyzed. Table IV  and V  show th at b oth  at Ta 30° and at T a 20°C, core 
tem p eratu re varied w ith in  fa irly  wide lim its in  all age-groups o f th e  new ly  
born, and even in the adu lt anim als. A p proxim ately  70% deviated , how ever, 
on ly  w ith in  +  0.5°C o f th e  m ean at Ta 30°C and —  excepting the adult ani­
m als —  between 55 and 62%  varied w ithin  th e  sam e lim its also at Ta 20°C. 
N o essen tia l difference em erged betw een th e  older and the more recent series, 
e x c e p t th a t in the older series the deviation  from  the mean exceeded +  1-0°C 
in  n o n e  o f  the anim als aged 10 to 20 days.

T able VI dem onstrates th e  distribution o f zlTc in response to  transfer 
from  T a 30° to Ta 20°C. In  th e  new ly born, ZlTc increased w ith  age, a t least 
during th e  first three w eeks o f life. A ccordingly, A T C o f the group aged less 
th a n  48 hours resem bled m uch more closely th a t of the adult anim als than  
th a t  o f  any of the older groups of the new ly born. Another feature deserving  
a tte n tio n  was the concordant distribution o f ZÍTC in the older and in the recent 
series o f  observations.
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Colonic temperature ( T c)  o f  new-born guinea pigs at A T a 35°, 30°, and 20° (P art A ) ,  and A T C in 
response to transfer fro m  T a 35° to T a 30°C, and from  T a 30° to T a 20°C ( Part B ) ,  based on obser­

vations made fro m  1963 to 1967. In  brackets, number o f  observation ( M  rfc S .E .J

Table III

A
Age Tc at Ta 35° Tc at T8 30° To at Ta 20c

<  2 days (49) 3 9 .4 0 ± 0 .0 5 < 0.01 3 9 .0 7 ± 0 .0 7 -  >  0.001 38.60rfc0 .il
; 4- 4

> 0 .4 > 0 .2 < 0 .0 5
t t t

3 to  6 days (21) 3 9 .4 9 ± 0 .1 0 -  0. > p >  0.05 3 9 .1 9 ± 0 .1 0 -*  <  0.001 -C- 38.11rfc0.19IY 4 4
<  0.001 < 0 .0 1 0.1 > p > 0 .0 5

t t t
10 to  20 days (22) 40.02;fc0.09 — < 0.05 -  3 9 .6 8 ± 0 .1 0 -  <  0.001 -  38 .47rfc0.09

Y oungest vs.
o ldest p <  0.001 <  0.001 >  0.3

В

Age JTc(35°-30°)
p  V8.

youngest JTC (30° 20°)
p  V8.

youngest

<  2 d ay s (49) - 0 .3 3 ± 0 .0 5 - - 0 .5 0 ± 0 .0 8 —

3 to  6 
days (21)

- 0 .3 0 ± 0 .1 8 > 0 .8 —1 .0 8 ± 0 .1 4 <  0 . 0 0 1

10 to  20
days (22)

- 0 .3 0 ± 0 .0 6 > 0 .7 - 1 .2 1 ± 0 .1 3 < 0 .0 0 1

Table IV

D istribution o f  colonic temperature around the mean at T a 30°C. I n  brackets, number o f  observations

n rc. °C

Age Tc, °c
M ± S.E.

-1.0
to

-1 .5

-0 .5
to
-1.0

±0.5
±0.5

to
±1.0

+  1.0 
to

±1.5

%

<  2 1 9 7 1 -7 2  (46) 39.24 rfcO.06 2.2 6.5 76.1 15.2 _
days 1 9 6 3 -6 7  (49) 39 .0 9 ± 0 .0 8 4.1 12.2 65.3 16.3 2.1

3 to  6 1 9 7 1 -7 2  (24) 39.28rfc0.09 12.5 70.9 8.3 8.3
days 1 9 6 3 -  67 (21) 39 .2 0 ± 0 .1 2 9.5 9.5 66.7 14.3 —

7 to  9 
days

1 9 7 1 -7 2  (21) 39 .19±0 .11 4.8 14.3 61.8 14.3 4.8

10 to  20 1 9 7 1 -7 2  (31) 38 .9 2 ± 0 .1 0 - 9.7 70.9 9.7 9.7
days 1 9 6 3 -6 7  (22) 39.69 ± 0 .1 0 4.5 9.1 72.8 13.6 —

A dult 1 9 7 0 -7 3  (48) 39 .1 9 ± 0 .0 7 — 12.5 72.9 12.5 2.1
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Table V

D istr ib u tio n  o f  colonie temperature around  the mean at T a 20°C. I n  brackets, number o f  observations

Age Tc, °c 
M ±  S.E.

ATC, °C

- 2 .0
-1.5

to
- 2 .0

-1 .0
to

-1.5

-0.5
to

-1.0
±0.5

+0.5
to

+  1.0

+  1.0 
to

+ 1.5

%

<  2 1 9 7 1 -7 2  (50) 3 8 .6 7 ± 0 .0 9 2.0 4.0 2.0 8.0 62.0 20.0 2.0
d a y s 1 9 6 3 -6 7  (49) 3 8 .6 0 ± 0 .1 1 4.1 - 2.0 16.3 53.1 20.4 4.1

3 to  6 1 9 7 1 -7 2  (24) 3 8 .1 9 ± 0 .1 3 — — 8.3 12.5 58.4 12.5 8.3
d a y s 1 9 6 3 -6 7  (21) 38.11 ± 0 .1 9 — 9.5 9.5 9.5 42.9 14.3 14.3

7 to  9 1 9 7 1 -7 2  (21) 37.97 ± 0 .1 4 — — 9.5 9.5 57.2 19.0 4.8
d a y s

10 to  20 1 9 7 1 -7 2  (29) 3 7 .5 7 ± 0 .1 3 — — 6.9 17.2 55.3 17.2 3.4
d a y s 1 9 6 3 -6 7  (22) 3 8 .4 7 ± 0 .0 9 - - — 9.1 81.8 9.1 -

A d u lt 1 9 7 0 -7 3  (47) 3 8 .5 1 ± 0 .0 8 — — 6.4 8.5 74.5 6.4 4.2

Table VI

C hanges in  colonic temperature ( Л Т С)  in  response to transfer fro m  T a 30CC to T a 20°C. I n  brackets,
num ber o f  observations

'̂c(S0°—20t>)»

Age
+  0.5 to 

+  1.0 ±0.5 — 0.5 to 
— 1.0

— 1.0 to
— 1.5

-1.5 to 
-2 .0

— 2.0 to 
—3.0

<  2 1 9 7 1 -7 2  (46) 2.2 (1) 56.5 (26) 23.9 (11) 13.0 (6) 2.2 (1) 2.2 (1)
d a y s 1 9 6 3 -6 7  (49) — 61.3 (30) 16.3 (8) 14.3 (7) 6.1 (3) 2.0 (1)

3 to  6 1 9 7 1 -7 2  (24) — ‘ 25.0 (6) 16.7 (4) 20.8 (5) 33.3 (8) 4.2 (1)
d a y s 1 9 6 3 -6 7  (21) - 28.6 (6) 14.3 (3) 33.3 (7) 14.3 (3) 9.5 (2)

7 to  9 1 9 7 1 -7 2  (21) — 4.8 (1) 28.6 (6) 42.8 (9) 19.0 (4) 4.8 (1)
d a y s

10 to  20 1 9 7 1 -7 2  (30) — 16.7 (5) 20.0 (6) 13.3 (4) 30.0 (9) 20.0 (6)
d a y s 1 9 6 3 -6 7  (22) — 13.6 (3) 27.3 (6) 22.7 (5) 31.9 (7) 4.5 (1)

A d u lt 1 9 7 0 -7 3  (48) — 43.7 (21) 35.4 (17) 12.5 (6) 4.2 (2) 4.2 (2)
A d u lt 1 9 7 0 -7 3  (44)* 2Л  (1) 31.9 (14) 18.2 (8) 15.9 (7) 15.9 (7) 15.9 (7)

zlTc in  response to  tra n s fe r  from  T a 30°C to T a 10°C

T ab le  V II contains th e  sta tistica l analysis (%2) o f  the data presented in 
T able V I. Taking as the d iv id in g  line A T C — 0.5°C and of — 1.0°C, respectively , 
th e  differences between th e  you n gest age-group and the older new-born  
groups w ere significant in  b o th  series, whereas no significant difference was 
fou n d  betw een  the new ly born aged less than 48 hours and the adult anim als.

Acta Physiologien Academiae Scientiarum Hungaricae 45, 1974



Acta Physiologica Academ
iae Scientiarum

 H
ungaricae 45,1974

Table VII

Differences between the group aged less than 48 hours and the older groups in  distribution o f  A T C in  response to transfer fro m  T a 30° to T a 20°C , according 
to whether A T C did, or did not exceed —0.5°C (A T C<  — 0.5° vs. A T C >  — 0.5°), and whether A T C did or did not exceed — 1.0°C (A T C<  1 .0 —° vs. 

A T C >  — 1 .0°). In  brackets, distribution and number o f  observations. Y a t e s ’s  correction fo r  small numbers was used fo r  calculating x~

1970-1973

•4T» < -0.5° vs. /TTC>  -0.5° ЛГс < -1.0° vs. ATC >  -1.0°

X1 P X' P

<  2 days 
(27 : 19; 46)

VS. 3 to  6 days 
(6 : 18; 24)

5.863 < 0 .0 2 <  2 days 
(38 : 8; 46)

VS. 3 to  6 days 
(10 : 14; 24)

10.452 < 0 .0 1

<  2 days 
(27 : 19; 46)

vs. 7 to  9 days 
(1 : 20; 21)

15.639 < 0 .0 0 1 <  2 days 
(38 : 8; 46)

vs. 7 to  9 days 
(7 : 14; 21)

13.697 <  0.001

<  2 days
(27 : 19; 46)

vs. 10 to  20 days 
(5 : 25; 30)

11.485 <  0.001 <  2 days 
(38 : 8; 46)

vs. 10 to  20 days 
(11 : 19; 30)

14.778 < 0 .0 0 1

<  2 days 
(27 : 19; 46)

vs. A d u lt 3 0 ° -2 0 °  
(21 : 27; 48)

1.543 > 0 .2 <  2 days 
(38 : 8; 46)

vs. A d u lt 3 0 ° -2 0 °  
(38 : 10; 48)

0.026 > 0 .8

3 to  6 days 
(6 : 18; 24)

vs. A du lt 3 0 ° -2 0 °  
(21 : 27; 48)

1.667 > 0 .1 3 to  6 days 
(10 : 14; 24)

vs. A d u lt 3 0 ° -2 0 °  
(38 : 10; 48)

8.508 < 0 .0 1

7 to  9 days 
(1 : 20; 21)

vs. A du lt 3 0 ° -2 0 °  
(21 : 27; 48)

5.559 < 0 .0 2 7 to  9 days 
(7 : 14; 21)

vs. A d u lt 30° - 2 0 °  
(38 : 10; 48)

11.601 <  0.001

10 to  20 days
(5 : 25; 30)

vs. A d u lt 30° - 2 0 °  
(21 : 27; 48)

4.936 < 0 .0 5 10 to  20 days 
(11 : 19; 30)

vs. A d u lt 3 0 ° -2 0 °  
(38 : 10; 48)

12.351 < 0 .0 0 1

<  2 days 
(27 : 19; 46)

vs. A d u lt 3 0 ° -1 0 °  
(15 : 29; 44)

4.320 < 0 .0 5 <  2 days 
(38 : 8; 46)

vs. A du lt 3 0 ° -1 0 °  
(23 : 21; 44)

8.132 < 0 .0 1

3 to  6 days 
(6 : 18; 24)

vs. A d u lt 3 0 ° -1 0 °  
(15 : 29; 44)

0.250 > 0 .5 3 to  6 days 
(10 : 14; 24)

vs. A d u lt 3 0 ° -1 0 °  
(23 : 21; 44)

0.341 > 0 .5

7 to  9 days 
(1 : 20; 21)

vs. A d u lt 3 0 ° -1 0 °  
(15 : 29; 44)

5.106 < 0 .0 5 7 to  9 days 
(7 : 14; 21)

vs. A d u lt 3 0 ° -1 0 °  
(23 : 21; 44)

1.357 > 0 .2

10 to  20 days 
(5 : 25; 30)

vs. A d u lt 3 0 ° -1 0 °  
(15 : 29; 44)

1.936 > 0 .1 10 to  20 days 
(11 : 19; 30)

vs. A d u lt 3 0 ° -1 0 °  
(23 : 21; 44)

1.173 > 0 .2

1963-1967

<  2 days 
(30 :1 9 ; 49)

vs. 3 to  6 days 
(6 : 15; 21)

5.035 < 0 .0 5 <  2 days 
(38 : 11; 49)

vs. 3 to  6 days 
(9 : 12; 21)

6.530 < 0 .0 1

<  2 days 
(30 : 19; 49)

vs. 10 to  20 days 
(3 : 19; 22)

11.991 < 0 .0 0 1 <  2 days 
(38 : 11; 49)

vs. 10 to  20 days 
(9 : 13; 22)

7.535 < 0 .0 1

3 to  6 days 
(6 : 15; 21)

vs. 10 to  20 days 
(3 : 19; 22)

0.680 > 0 .3 3 to  6 days 
(9 : 12; 21)

vs. 10 to  20 days 
(9 : 13; 22)

< 0 .0 0 1 > 0 .9 8
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T h e  distribution o f A T C o f  the older new -born groups differed sign ificantly  
from  th a t of the adu lts, as they  did from  th a t  of the youngest group. The 
d istrib u tion  of zlTc o f  ad u lt animals in response to transfer from  T a 30° to  
T a 10°C differed, how ever, significantly from  the distribution o f zlTc o f the 
y o u n g e st group in  response to transfer from  Ta 30° to Ta 20°C, and when  
— 0.5°C served as th e  d iv id ing  line also from  th e distribution o f ZlTc follow ing  
tran sfer  to  Ta 20°C o f th e  group aged 7 to  9 days, however, in  th e  opposite  
d irection  as it  did from  th e  youngest group.

D iscussion

H e a t  p r o d u c t i o n .  The sam e basic data , i.e . m easurem ents o f V 0 2 o f the 
w h o le  new-born guinea p ig , as those o f  other new ly born m am m als, lend  
th em se lv es  to different interpretations w h en  th e  results are expressed per 
u n it  B W  and when expressed per unit b o d y  surface. H owever, even  w ithin  
th e  sam e frame o f reference, contradictory results have been obtained . For 
in sta n ce , A d a m so n s  et al. (1969) found per u n it BW  a progressive increase 
w ith  age in heat production  in a therm oneutral environm ent: during the  
f ir s t  5 hours after b irth  16.4 +  0.22 m l 0 2/k g  • m in, 8 to 24 hours after birth  
18.8  +  0.17 m l/kg • m in, and at the age o f  7 days 20.1 +  0.31 m l/kg • min. 
B r ü c k  and W ü n n e n b e r g  (1965) observed a rather steep increase betw een  
th e  d a y  of birth and th e  follow ing three d ays from  15.1 +  1.0 m l/kg • min to  
20 .4  +  1.2 m l/kg • m in, follow ed, how ever, b y  a progressive decline to  
15.7 m l/kg • min b y  th e  age of three w eeks. Our observations show ed per 
u n it  B W , a progressive fa ll in  V 0 2 w ith  age at all three Ta-s, w hereas using  
u n it  b od y  surface, i.e . 10 • k g 0'67, as the fram e o f reference, no change w ith  
age w as observed in  V 0 2 a t T a 35° and Ta 30°C. E ven  when the anim als aged  
less th a n  48 hours w ere d ivided  according to  age into two groups, V 0 2 failed  
to  sh ow  an increase b etw een  the first and th e  second 24 hours o f life.

B r ü c k  and W ü n n e n b e r g  (1965) exp la in ed  the progressive fa ll w ith  
age o f  V 0 2 per kg B W , w ith  the rapid increase in BW  and the consequent 
red u ction  in heat loss per u n it BW , sta tin g , how ever, th at during th e  first 
th ree  w eeks of life th e  reduction  in heat production  in response to  cold was 
greater than the reduction  in  heat loss per u n it BW . Our observations dem ­
o n stra ted  that, at T a 20°C, the increase in  B W  is not an im portant deter­
m in a n t o f the reduction in V 0 2, since V 0 2 w as significantly lower at th e  age 
o f  3 to  6 days than  in  anim als aged less th a n  2 days, whereas B W -s were 
p ra ctica lly  identical ( F a r k a s  and D o n h o f f e r  1974).

A t Ta 20°C, VO 2 per unit BW  declined  progressively w ith  age, the  
grea test reduction occurring between the tw o  youngest groups. Per u n it body  
surface, however, th e  h igh ly  significant fa ll in  V 0 2 between the tw o you n gest 
groups was followed b y  a gradual increase w ith  age, approaching sta tistica l
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significance when m ean V 0 2 values were com pared (Table I, Part A ), and  
reaching sta tistica l significance when the m eans o f ZlV02 were com pared  
(Table I, P art C).

D ifferences in the responses of h ighly com plicated  system s, like the  
regulation o f heat production and o f body tem perature are due often, b u t not 
necessarily alw ays, to  differences in the experim ental procedure. In our older 
series from  1963 to  1967, for instance, the experim ental setup w as ex a ctly  
the sam e as th at used in  the recent observations, and so were all the details  
of the experim ental procedure. H ousing and rearing conditions differed, 
how ever, considerably, and genetical differences betw een the two populations 
could neither be excluded. In  contrast to  th e  recent observations, V 0 2 was 
not on ly  lower at T a 35° and T a 30°C in the tw o  younger age-groups o f  the  
older series, but at Ta 35°C a progressive increase w ith  age was observed, 
whereas at T a 30°C there w as no difference betw een  the tw o younger age- 
groups. V 0 2 at the age o f 10 to  20 days was sim ilar to  th at in the recent series 
at Ta 35°C and at Ta 30°C. A t Ta 20°C, no change w ith  age in V 0 2 (in 
m l/dm 2 • m in) was noted; V 0 2 w as, however, sign ifican tly  lower than  in the  
recent series in every age-group ( F ark as  et al. 1972).

C o r e  t e m p e r a t u r e .  A t Ta 35°C, mean Tc va lu es for the two younger age- 
groups w ere sign ificantly higher in the recent series than  in the older obser­
vations (p <  0.001, and p <C 0.01, respectively), whereas at Ta 30° and at 
Ta 20°C, no significant difference was found betw een  the two series. The m ost 
im pressive difference betw een the two series w as observed at the age o f 10 
to 20 days. In the recent series (Table II , P art A ), m ean Tc was at all three  
Ta-s sign ifican tly  lower than in the groups aged less than 2 days and 3 to  
6 days, whereas in the older series mean Tc of th e  10 to 20-day-old w as higher 
than  th a t o f the younger groups (Table I I I , P art A), and at all three T a-s 
higher than  Tc in the sam e age-group of the recent series (p <  0.001).

In  v iew  of these very m arked differences in Tc betw een the tw o series, 
ZlTc-s fo llow ing changes in T a were rem arkably sim ilar in the two series (T a­
bles II  and III , Part B). Subsequent to transfer from Ta 35° to Ta 30°, ZlTc was 
of sim ilar m agnitude in  all age-groups in b oth  series, the small differences 
not being significant. ZlTc-s subsequent to transfer from Ta 30° to  T a 20°C 
were practically  identical in the tw o series, and dem onstrated convincingly  
th at, on th e  average, guinea pigs aged less than  48 hours respond to  a change  
from Ta 30° to Ta 20°C w ith  a h ighly sign ificantly  sm aller decrease in T c than  
any o f th e  other new-born groups, and even w ith  a sm aller decrease th an  the  
adult anim als, the difference, however, not being significant. In  contrast, 
A d a m s o n s  et al. (1969) found that the fall in T c subsequent to transfer from  
a therm oneutral environm ent to  T a 21— 22°C decreased w ith age in  th e  new ­
born guinea pig. Previous observations of B r ü c k  and W ü n n e n b e r g  (1965) 
agree w ith  our recent series as far as in the course o f m uch more severe cold
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exp osu re  (8°C), Tc decreased w ith  age up to  21 days, and w ith  our older series 
as far as in the course o f  more m oderate cold exposure (16° and 26°C) Tc 
w as higher at the age o f 21 days than at th e  age of 4 to 8 days. D a ta  for Tc 
prior to  exposure to cold w ere not given, so th a t no comparison was possible  
w ith  our observation th a t, notw ithstanding the differences in Tc prior to , 
and after 30 min of cold exposure, ZlTc-s w ere similar in the tw o series.

T ables IV and V show  th a t both at T a 30° and at Ta 20°C, Tc w as distrib­
u te d  around the m ean w ith in  wider lim its as appears to be generally  assum ­
ed . T h e distribution o f /1TC follow ing transfer from Ta 30° to  Ta 20°C (Table 
V I), dem onstrated th a t sw eeping sta tem en ts about the “ sta b ility ” o f Tc 
in  th e  new-born, and even  in  the adult guinea pig, are hardly ju stified . The 
sh ift w ith  age towards a greater decrease in core tem perature in  th e  new ly  
born  strikes the eye at th e  first glance and, as dem onstrated b y  T able V II. 
is h ig h ly  significant sta tistica lly : the d istribution  of zlTc in both  th e  older 
and th e  recent series of th e  group aged less th an  48 hours differs m uch more 
from  all the other age-groups o f the new ly born than from the distribution  
o f  ZlTc in  the adult anim als.

In  some aspects, zJTc subsequent to  transfer from a therm oneutral, 
or near therm oneutral, environm ent to a m oderately colder one, resem bled  
in  th e  new-born guinea p ig th a t observed under similar conditions in  new ­
born  rabbits (Vá r n a i  et al. 1970). Som e o f th e  new ly born o f b oth  species 
m a in ta in ed  core tem perature w ithin  narrow lim its, while others responded  
u n d er th e  same conditions w ith  a marked fall in Tc. The range o f zJTc and the  
freq u en cy  distribution o f ZlTc differed, how ever, in the tw o species.

T h e m ost striking difference is th at guinea pigs aged less th an  48 hours 
resp on d ed  not only w ith  a h igh ly  sign ifican tly  smaller fall in T c th an  any  
o th er  o f  the older new -born groups, but resem bled in their responses those  
o f a d u lt guinea pigs closely. The increases in  h eat production in  response to  
exp osu re  to  Ta 20°C having  been sign ificantly  greater in the group aged less 
th a n  48  hours than in the older ones, the im pression  m ight arise th a t th e  greater 
red u ctio n  in Tc beyond the age o f 2 days could be due to the decreasing role 
o f  non-sh ivering (brown fa t) therm ogenesis ( B r ü c k  and W ü n n e n b e r g  1965, 
1966). T he greater reduction in  Tc is, how ever, not due to a decrease in the  
c a p a c ity  for heat production , since oxygen  consum ption increased also in 
th e  o lder new-born guinea p igs to  considerably higher levels w hen exposed  
to  m ore severe cold. The difference in th e  response between the group aged 
less th a n  48 hours and th o se  beyond th a t age, although highly  significant, 
w as nevertheless a sta tistica l one, and anim als m aintaining T c w ith in  a few  
te n th s  o f  a centigrade and others responding w ith  a very m arked fa ll in  Tc 
w h en  transferred from T a 30° to  Ta 20°C, w ere found in every age-group.

T h e fact that in  response to  exposure to  T a 20°C, a fall in  T c o f  more 
th a n  2.0°C has been observed even in som e adult guinea pigs, con stitu tes
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additional evidence th a t th e  greater decrease in  T c in  response to m oderate  
cold is neither the consequence o f “ im m atu rity”  nor of an “ in a b ility ”  to  
increase heat production to  a higher level, b u t has to  be regarded rather as 
the m anifestation  o f a functional variant o f  th e  cybernetic system , in  w h ich  
changes in core tem perature are only part o f th e  h igh ly  com plex in p u t d riv ­
ing the central regulating m echanism , or m od ify in g  its function. In  other  
words, it  has to  he kept in m ind when in terp retin g  changes in core te m ­
perature th a t these depend, on the one hand, on th e  output of the regu latory  
system , one branch o f w hich governs therm oregulatory heat production and, 
on the other hand, th a t th ey  are sim ultaneously  an im portant part o f  th e  
input o f the system .
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PLASMA RENIN-LIKE ACTIVITY 
IN THE SPLANCHNIC AREA OF THE RAT

B y

S . SONKODI and P .  BO KAY

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZECED 

(R ece iv ed  F e b ru a ry  1, 1974)

P lasm a  re n in  a c tiv ity  w as fo u n d  to  be h ig h er in  p o rta l  th a n  in  a o r tic  b lo o d  of 
b o th  sh am -o p era ted  and  b ila te ra lly  nep h rec to m ized  m ale  ra ts . T h is seem s to  p o in t 
to  th e  p resence o f a s tru c tu re  p ro d u c in g  ren in -like  enzym e in th e  r a t ’s sp lan ch n ic  a rea .

The kidneys had long been considered th e  exclusive site o f renin pro­
duction  (T ig e r s t e d t  and B e r g m a n  1898), but recent research has d em onstrat­
ed a num ber of extrarenal renin or renin-like enzym e sources ( D e n g l e r  
1956; S t a k e m a n  1960; W e r l e  et al. 1962; F e r r is  et al. 1967).Renin or renin-like  
en zym e activ ity  was found to  be higher in the portal vein than in system ic  
blood in both  man ( B a r n a r d o  et al. 1969) and the dog (Ga n t e n  et al. 
1970).

The purpose o f this work w as to  investigate the plasm a renin a c tiv ity  
(P R A ) o f blood taken from the aorta and the portal vein  of rats.

Methods

M ale W is ta r  ra ts  o f 220 — 240 g b o d y  w e igh t w ere used  in th e  ex p erim en ts . A ll w ere  
k e p t  on  s ta n d a rd  la b o ra to ry  d ie t. U n d e r l ig h t e th e r an aesth es ia  b ila te ra l n e p h rec to m y  w as 
p e rfo rm ed  th ro u g h  a dorsal incision  in  12 an im als  (G roup  1) an d  sham  o p e ra tio n  in  10 a n i­
m als  (G roup  2). M ethodological p ro b lem s w ere solved in  p re lim in a ry  e x p e rim e n ts  o n  34 
an im a ls .

T w en ty -fo u r hours a fte r  o p e ra tio n , u n d e r  lig h t e th e r  an aesth es ia  from  th e  a n im a ls  o f 
b o th  groups blood sam ples for P R A  d e te rm in a tio n  w ere o b ta in ed  th ro u g h  a v e n tra l  incision , 
s im u lta n eo u s ly  from  th e  p o rta l v e in  a t  th e  h e ig h t of th e ’g astro d u o d en a l ve in , an d  th e  a b d o m ­
in a l a o r ta  a t  its  div ision  in to  th e  iliac  a rte rie s . In  th e  co n tro l group  th e  ren a l b lo o d  vessels 
w ere  c lam p ed  im m ed ia te ly  before th e  b lood  sam ples w ere tak en .

T h e  sam ples w ere p rep ared  fo r P R A  d e te rm in a tio n  b y  th e  m eth o d  of K a n e k o  e t al. 
(1967). P R A  d e te rm in a tio n  an d  b io assay  w ere done as described  earlier ( S o n k o d i  e t a l. 1970); 
th e  v a lu e s  w ere expressed  in  ng a n g io ten sin  pe r m l p lasm a (ng A /m l/24 h r); s ta tis t ic a l  an a ly sis  
o f  th e  re su lts  w as perform ed w ith  S tu d e n t’s t- te s t  on coupled  values.

Results

Mean PR A  in aortic blood o f the control anim als (Group 2) w as 8.21 +  
+  1.30 ng А /m l, while in the portal vein , 15.23 ! 1.81 ng А/m l. The differ­
ence was significant sta tistica lly  (p <  0.01).

Acta Physiologica Academiae Scienliarum Hungaricae 45,1974



3 8 S. SONKODI, P. BOKAY

In  the b ilaterally  nephrectom ized anim als (Group 1), w ith  the exception  
o f  three cases, m easurable PR A  values were found. The m ean in  aortic blood  
w as 1.76 +  0.44 ng А /m l, while in th e  p orta l vein , 9.06 +  2.03 ng A/m l, 
sign ifican tly  higher (p <  0.002) than in aortic blood. The pressor substance  
w as heat stable, d ia lyzab le and destroyed b y  trypsin and chym otrypsin. 
I ts  pressor effect in  th e  rat was identical w ith  th a t  o f synthetic angiotensin II.

- ■AЛA>ДЛAAAЛ̂ Â ДAШШAAAAAAAШЛAДJДÄДЛAШЛШЛAUJUULJUdLШMMAJÜLШЖЛAAШ

min

F ig . 1. P R A  in  p o rta l  a n d  ao rtic  b lood of tw o b ila te ra lly  nep h rec to m ized  ra ts . “ A”  show s th e  
s ta n d a rd  ang io tensin  I I  doses. 1: p lasm a from  th e  p o r ta l  v e in  o f an im al 1; 2: p lasm a  from  

a o r ta  o f an im al 1; 3 a n d  4: p la sm a  o f an im al 2 f ro m  p o r ta l  v e in  an d  a o rta , re sp ec tiv e ly

F ig  1 shows the P R A  o f portal venous and aortic blood of the nephrec­
tom ized  rats as com pared w ith  dilutions o f  standard angiotensin I I  (H yper- 
ten sin , Ciha). A ll plasm a sam ples and angiotensin  dilutions were in jected  in a 
v o lu m e of 0.1 ml.

D iscussion

The fact th a t in th e  control group P R A  was sign ificantly higher in  
portal blood than in  aortic blood makes it  probable th a t a renin-like enzym e  
is produced in the splanchnic area of the rat.

In  our experim ents th e  renal and other know n extrarenal renin sources 
w ere excluded as far as possible. Male rats w ere used because th is excluded  
th e  uterus as a possib le extrarenal renin source. D ilaterai nephrectom y abol­
ish ed  th e  possib ility  o f  renal origin.

The low P R A  va lu e m easured in th e  aortic blood o f nephrectom ized  
rats, sim ilarly as in th e  observations o f W o r c e l  et al. (1969), is an indirect 
ev id en ce o f extrarenal renin-like enzym e production . The high P R A  value
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in the portal vein  seem s to  prove that a ren in-like enzym e is produced in  
the splanchnic area o f the rat, and that th is renin-like enzym e source is fa irly  
significant.
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THE EFFECT OF CHRONIC PHYSICAL 
OVERLOAD ON SKELETAL MUSCLE METABOLISM 

AND ADRENOCORTICAL ACTIVITY

By

P. KÔRGE, A. VlRU and S. ROOSSON

RESEARCH LABORATORY OF MUSCULAR ACTIVITY OF TARTU STATE UNIVERSITY,
TARTU, USSR

(R ece iv ed  D ecem ber 12, 1973)

The effect of ch ron ic  p h y sica l overload  of v arious d u ra tio n  on  w h ite  a n d  red 
sk e le ta l m uscle w ater an d  e le c tro ly te  m etabo lism , N a+ K + -A T Pase a c t iv i ty  an d  
p lasm a  corticosterone c o n te n t w as in v es tig a te d . T he m ost reg u la r ch an g e  w as th e  
sod ium  u p tak e  and p o tass iu m  loss b y  b o th  red  and w hite  fib res . T issu e  w a te r 
c o n te n t and  its  d is tr ib u tio n  b e tw ee n  e x trace llu la r  and  in tra ce llu la r  c o m p a r tm e n ts  
w ere essen tia lly  u n a lte red . T he ab ove  m en tio n ed  d is tu rb an ces in th e  tis su e  e le c tro ly te  
c o n te n t  were accom panied  by  th e  decrease  in red  m uscle N a + K + -A T P ase  a c t iv ity  
a n d  fa ll of blood p lasm a c o rtico s te ro n e  co n ten t. W hen  o v e rtra in ed  an im a ls  w ere e x e r­
cised u n til ex h au stio n , a slig h t increase  in  th e  ske le ta l m uscle p o tassiu m  a n d  decrease  
in  sod ium  c o n ten t were o b served . In  red  m uscles th e  ionic sh ifts  c o rre la te d  w ith  th e  
in crease  of N a + K + -A T Pase a c tiv ity . T he a d d itio n a l ex ertio n  also in creased  th e  a d ren o ­
c o rtica l a c tiv ity . T hus, th e  ch an g es in  red  ske le ta l m uscle e lec tro ly te  m etab o lism  w ere 
reversib le . T he o b ta in ed  re su lts  suggest th a t  th e  m echanism  of a c tiv e  tr a n s p o r t  of 
ions in  red  skeletal m uscle h a s  a g re a t ad ap tiv e  cap ac ity  and  c a n n o t co m p le te ly  be 
d is tu rb e d  by a sh o rt period  o f “ o v e rtra in in g ” . T he possible role o f th e  a d re n a l co rtex  
in  th e  reg u la tio n  of t h a t  m ech an ism  is discussed.

A large scale of b iochem ical and horm onal indices, characteristic o f  a 
w ell-trained organism or o f the sta te  o f over-training was estab lished  b y  the  
fundam ental studies of Y a k o v l e v  (1955, 1970), H olloszy  (1967) and several 
other investigators (D e h e v e n c o  et al. 1967; F r e n k l  and Cs a l a y  1962; 
H u l t m a n  et al. 1967; K e u l  et al. 1969; V eivdsalu  1960; V i r u  1971). The in ­
vestigation s allowed to  form ulate a theory about the specific character of 
biochem ical adaptation to various training regimes (Y a k o v l e v  1955, 1970) 
and undoubtedly  im proved the practical m anagem ent of the train ing process. 
H ow ever, in spite of the great success in the biochem ical estim ation  o f the  
sta te  o f fitness and exhaustion , the investigations presented in  th e  literature  
are far from  offering an integral picture of the biochem ical m echanism s respon­
sible for the increase or decrease in physiological capabilities o f th e  organism .

The present study was undertaken to assess the effect o f chronic m us­
cular overload of various duration on the transm em brane shifts o f  w ater and 
electro lyte , and on Na + K +-A T Pase activ ity  in red and w hite skeletal m uscles.

I t  h as been dem onstrated th a t corticosteroids participate in th e  regula­
tion  o f w ater and electrolyte distribution between intracellular and extra­
cellular com partm ents ( K o l p a k o v  1967). Furtherm ore, determ ination  of
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N a  + K +-ATPase a c tiv ity  in  the renal m icrosom al fraction  o f adrenalectom ized  
ra ts and of rats treated  subsequently  w ith  gluco- and m ineralocorticoids have  
revealed  the relationship betw een  adrenocorticosteroids and enzym e activ ity  
( J o r g e n s e n  1968, 1969; S u z u k i  and Og a w a  1969). During extrem e exertion, 
th e  decrease in adrenocortical activ ity  is accom panied b y  a characteristic 
an d  pronounced decrease o f  the Na/К  ratio in th e  blood plasm a, w ater and 
sod iu m  shifts into th e  h eart cells, and a decrease in  m yocardial Na + K +-AT- 
P a se  activ ity  (K ôrg e  et al. 1973a). In order to  eva lu ate  the role of the adrenal 
co r tex  in the genesis o f w ater  and electrolyte d isturbances, the plasm a corti­
costerone content w as determ ined.

M a ter ia l
Methods

A  to ta l  of 59 m ale  W is ta r  r a ts  w ith  an  in it ia l  b o d y  w e ig h t o f 190 — 250 g w as used  in  
th e  experim en ts . T he a n im a ls  w e re  m ain ta in ed  a n d  fed  u n d e r  c o n s ta n t conditions. E ig h teen  
h o u rs  before th e  e x p e rim e n ts , fo o d  was rem oved fro m  th e  cages, w hile free access to  w a te r 
w a s  a llow ed. “ O v e rtra in in g ”  w a s  accom plished b y  p ro lo n g ed  sw im m ing  daily . T h e  in itia l 
lo a d  w as gradually  in c reased  u p  to  10 hours. T he c h a ra c te r iz a t io n  o f “ o v e rtra in in g ”  regim es 
a re  p re sen te d  in  T ab le  I.

Table I

Characterization o f experim ental groups

Group Subgroup n*
Duration of 
overtraining 

(week)

Total swim­
ming time 

(hour)
Duration of final 

swim-test

A. sedentary  con tro ls 4
B . exhausted** con tro ls 6 l 43 —

1 st C. ' ‘overtra ined  a n im a ls”
im m ediately  a f te r
sw im m ing 6 l 43 u n til exhaustion

A. sed en tary  c o n tro ls 4
B. E xhausted**  c o n tro ls 5 l 53 —

2 n d C. “ overtra ined  an im a ls”
im m ediately  a f te r
swimming 4 l 53 u n til exhaustion

A. seden tary  co n tro ls 5
B. exhausted** co n tro ls 5 l 53
C. “ ovedrtra ine  a n im a ls”

3 rd im m ediately  a f te r
swimming 4 l 53 u n til exhaustion

D. “ o v ertra ined  a n im a ls”
im m ediately  a f te r
swimming 4 l 53 10 hours

A. seden tary  con tro ls 4
B. exhausted** co n tro ls 4 2 123 —

4 th C. “ overtrained a n im a ls”
im m ediately a f te r
swimming 4 2 123 u n til exhaustion

* num ber of an im als u se d  in  biochem ical stud ies
** investigated  20 h r  a f te r  th e  la s t exertion
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T he an im als w ere d iv id ed  in to  four groups a n d  each  g ro u p , ex cep t fo r th e  3 rd , was 
fu r th e r  d iv ided  in to  th re e  su b g ro u p s as show n in  T ab le  I. E a c h  group  consisted  o f 4 — 5 sed­
e n ta ry  con tro ls (su b g ro u p  A) a n d  “ o v e rtra in e d ” an im als . A t th e  end  of th e  “ o v e rtra in in g ”  
period , h a lf  o f th e  r a ts  w ere sacrificed  20 hours a f te r  th e  la s t  exercise an d  used  “ ex h au s ted  
co n tro ls”  (su b g ro u p  B). T h e  o th e r  “ o v e rtra in e d ”  an im als  w ere su b jec ted  to  a d d itio n a l sw im ­
m ing u n til  e x h au s tio n  a n d  tis su e  sam ples were ta k e n  im m e d ia te ly  a f te r  th e  e x e rtio n  (su b ­
group  C). In  th e  3 rd  g ro u p , p a r t  o f th e  an im als w as k illed  im m ed ia te ly  a f te r  th e  10-hour 
sw im  (subgroup  D).

T h e  an im als w ere sacrificed  u n d e r lig h t e th e r a n ae s th es ia  by  b leeding fro m  th e  ab d o m i­
nal a o r ta  in to  a h ep arin ized  syringe. S kele ta l m uscle sam ples w ere excised fro m  th e  h in d  leg 
im m ed ia te ly  a f te r  th e  b lo o d  sam pling . In  view  o f th e  d iffe re n t e lec tro ly te  co m p o sitio n  of 
w h ite  an d  red  f ib res  (S r e t e r  a n d  W oo 1963),th e  m uscle sam ple  w as d iv id ed  in to  p re d o m in an tly  
w h ite  (m . sa rto riu s ) a n d  red  (m . q u ad ricep s fem oris) fib res . S ta in in g  w ith  S u d a n  b lack  В 
rev ea led  th a t  a d m ix tu re  o f f ib res  o f o th e r  ty p e  w ere 20 — 3 0% .

W ater and electrolyte estim ation

T h e  m uscle tis su e  w as p re p are d , th e  e lec tro ly tes  w ere e x tra c te d  an d  H 20 ,  N a  an d  К  
d is tr ib u tio n s  b e tw een  tis su e  c o m p a rtm e n ts  ca lcu la ted  as described  prev iously  (KÔRGE and  
V ir u  1971). N a , К  a n d  Ca in  p lasm a  an d  tissue e x tra c ts  w ere d e te rm in ed  w ith  a Zeiss I I I  
ty p e  f lam e-p h o to m ete r; Cl b y  p o ten tio m e tric  t i t r a tio n ;  M g, Z n a n d  Cu w ith  U n icam  a to m ic  
a b so rp tio n  sp e c tro p h o to m e try .

M g2+-and N a 1 K + -A T P a se  activ ity  determ ination

T he tissue  w as hom ogen ized  in  a glass hom ogenizer w ith  9 vo l of 0.32 M sucrose  c o n ta in ­
ing  5 mM  N a 2 E D T A , a d ju s te d  to  p H  7.4 w ith  tr is  b u ffer. H om o g en izatio n  tim e  w as ap p ro x i­
m a te ly  8 m in  a n d  d u rin g  th is  p e rio d  th e  hom ogenizer w as im m ersed  in  ice. T h e  hom ogenate  
w as cen trifu g ed  in  a re fr ig e ra te d  cen trifu g e  a t  0°C fo r 15 m in  (700 g). T he s u p e rn a ta n t  was 
cen trifu g ed  a t  12,000 g fo r 30 m in  an d  th e  su p e rn a ta n t  from  th e  second c e n tr ifu g a tio n  a t 
30,000 g fo r 1 h o u r  to  o b ta in  a m icrosom al frac tio n . T h e  30,000 g pe lle t w as s to re d  a t  —5°C 
o v e rn ig h t an d  th e n  su sp en d ed  in  0.32 M sucrose c o n ta in in g  0 .1%  sodium  d eo x y ch o la te , using  
a glass hom ogenizer. T h e  m icrosom al suspensions w ere s to red  a t  —5°C fo r ap p ro x im ate ly  
2 ho u rs  and  th e n  u sed  fo r enzym e assay.

E n zy m e a c t iv ity  w as d e te rm in ed  in a re ac tio n  m ix tu re  co n ta in in g  3 mM M gCl2, 100 mM 
N aC l, 10 mM KC1, 3 m M  A T P*, 40 mM tris , and  m icrosom al p ro te in  0.1 —0.2 m g. T he final 
p H  w as 7.4 a n d  th e  to ta l  v o lu m e, 1.5 m l. T he re a c tio n  w as s ta r te d  by  th e  a d d itio n  o f th e  
m icrosom al p ro te in  a n d  te rm in a te d  by  th e  ad d itio n  o f 0.5 m l percholoric  acid  a f te r  30 m in  
in cu b a tio n  a t  37°C. P ro te in  w as d e te rm in ed  by th e  m e th o d  o f L o w ry  e t al. (1951) an d  in o r­
ganic p h o sp h a te  b y  th e  m e th o d  of F is k e  and  Su b b a R ow  (1925), u sing  th io u re a  as th e  reducing  
agen t.

N a + K + -A T P ase  a c t iv ity  w as defined  as th e  d ifference  be tw een  v a lues o b ta in e d  w ith o u t 
N a  an d  К  (Mg2+-A T P ase) a n d  those  o b ta in ed  in  th e  p resence  o f N a an d  K . R esu lts  were 
expressed  as m icrom oles o f P ^ lib e ra te d  pe r m g o f p ro te in  d u rin g  30 m in.

Corticosterone estim ation

1.5 m l o f p lasm a  w ash ed  w ith  15 m l p e tro leu m  e th e r  w as d ilu ted  w ith  3.5 m l o f bis- 
d istilled  w a te r a n d  e x tra c te d  w ith  15 m l o f m e th y l ch lo ride  b y  sh ak in g  g en tly  fo r 3 m inu tes. 
A fte r w ash ing  th e  m e th y l ch lo ride  e x tra c ts  w ith  1.5 m l o f 0.1 n  N aO H , 12 m l o f  e x tra c t  was 
ev ap o ra te d  to  d ry n ess  u n d e r  vacu u m . T he d ry  resid u e  w as c o n ce n tra ted  a t  th e  b o tto m  of 
th e  te s t  tu b e , d isso lved  in  a  m in im u m  volum e of e th a n o l a n d  sp o tte d  in to  p la te s  a b o u t 2 cm 
from  th e  end u n d e r  w arm  a ir  s tream . F o r th in - la y e r  ch ro m a to g ra p h y , “ Silufol”  U V 251 p la tes 
(K a v a lie r , C zechoslovakia) w ere used . On b o th  sides o f  th e  p la te s  1 fig  o f co rtico s tero n e  
(M erck) was d ro p p e d  fo r th e  d e tec tio n  of sam ples. T he so lv en t sy s tem s used  w ere (1) h e x an e -  
ch loroform  (1 : 3), (2) ch lo ro fo rm -e th a n o l (85 : 15). T h e  R f o f th e  co rtico s te ro n e  w as 0.50. 
T he p osition  o f th e  s ta n d a rd s  w as m ark ed  u n d e r a n  UV lam p  a n d  th e  a p p ro p ria te  a reas and 
th e  b lan k  sam ple  w ere sc rap ed  off in to  glass cen trifu g e  tu b es . A fte r  sh ak ing  th e  sam ples w ith  
2 m l o f m eth an o l, th e  aq u eo u s phase  w as rem oved  an d  e v a p o ra te d  to  d ry n ess u n d e r  v acuum . 
T he co rtico s tero n e  c o n te n t  w as de te rm in ed  on th e  basis o f  th e  fluorescence reco rd ed  30 m in 
a f te r  th e  ad d itio n  o f th e  e th a n o l-su lp h u ric  acid  re a g e n t (1 : 3) to  th e  d ry  residue.

* A T P (R e an a l)  w as m ad e  N a-free by  passing  i t  th ro u g h  a D ow ex 50 X 8 colum n.
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Results

The effect of “ overtra in ing” and additional acute exertion on skeletal 
m uscle  water content is presented in Fig. 1. “ O vertraining” altered the tissue  
w ater  content and d istribution  neither in w hite nor in red m uscle excep t for 
a sligh t decrease in to ta l and intracellular w ater content in red m uscle after 
th e  one-w eek “ overtrain ing” (1st group). A cute extrem e exertion  increased  
w ater  content in both red and w hite m uscle due to  w ater accum ulation in  the  
cells in  all investigated  groups. A t the same tim e, w ater content decreased  
in  th e  extracellular com partm ent.

The effect o f “ overtra in in g” on sodium  con ten t and d istribution  in 
w h ite  skeletal muscle is presented in Fig. 2 and th a t in red m uscle in F ig. 3. 
“ O vertraining” increased th e  skeletal m uscle sodium  content sign ificantly  
in  th e  1st, 3rd and 4 th  groups. The increase was apparently due to  N a accu­
m ulation  in the cells. H ow ever, no changes were observed either in N a content 
or d istribution  in rats o f  th e  2nd group, treated  and investigated  sim ilarly to  
th o se  o f  the 3rd group. In  th e  2nd group “ exhausted  controls” had also som e 
m inor peculiarities in sk eleta l m uscle К  content and N a + K +-A TPase a c tiv ­
ity . W h y the one-w eek “ overtraining” failed to  alter the skeletal m uscle 
sod ium  content in the 2nd group, is a m atter o f speculation. N evertheless, 
th e  unidirectional changes in  the other groups clearly dem onstrate th a t the  
general effect of “ overtra in ing” on the electrolyte content of b oth  tissues  
w as to  increase Na and to  decrease K.

A cu te exertion regularly decreased the tissue sodium  content caused  
b y  th e  decrease of sodium  in the extracellular com partm ent (Figs 2 and 3).

T he effect o f “ overtra in ing” on skeletal m uscle potassium  con ten t and  
N a + K +-ATPase activ ity  w as the greatest in red m uscle where enzym e activ ­
ity  and cellular К  con ten t had significantly decreased in all in vestigated  
groups (F ig. 4). Na + K +-A T Pase activ ity  and cellular К content tended to  
decrease also in w hite m uscle but the changes were not sign ificant s ta tis t i­
ca lly , excep t for the 1st group, where К values had decrease d.

A cu te  extreme exertion  increased Na + K + -A TPase activ ity  and cellular  
p otassiu m  content in red sk eleta l m uscle as com pared w ith  the values obtained  
in th e  “ exhausted controls” . T he increase in cellular К  content was sign ificant 
in  th e  1st and 4th groups and th at in N a + K +-A TPase activ ity  in  the 1st 
and 2nd  groups. E nzym e a c tiv ity  was increased in  the 4th  group. H ow ever, 
as com pared to the unexercised  controls, the potassium  and N a + K  + -ATPase  
va lu es had either sligh tly  decreased or rem ained unchanged after exertion  
(F ig . 4).

In  general, during p h ysica l exertion, the changes in N a + K +-A TPase  
a c tiv ity  and cellular К  con ten t had the same direction in red but not in  w hite  
sk eleta l muscle.
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Fig. 1. E ffec t o f “ o v e rtra in in g ”  a n d  acu te  exertio n  on  sk e le ta l m uscle w a te r c o n te n t an d  
d is tr ib u tio n  (in  g ram s per 100 g fa t-free  solids, F F S ). In  F ig u res 1, 4 an d  5, sub g ro u p s are 
m ark ed  as in d ic a te d  in  T ab le  I. A: S ed en ta ry  co n tro ls; B: “ e x h au s te d  con tro ls” ; C: “ o v e r­
tra in e d ”  an im als im m ed ia te ly  a f te r  ex trem e  exertio n ; D: “ o v e rtra in e d ”  an im als im m ed ia te ly  
a fte r  10 ho u rs  ex ertio n . A sterisk  (*) ind ica tes a s ig n ifican t d ifference from  sed en ta ry  con tro ls 
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F ig. 2. E ffec t o f “ o v e rtra in in g ”  a n d  acu te  exertio n  on  w h ite  m uscle sodium  c o n te n t and  
d is tr ib u tio n . 1: to ta l;  2: ex tra ce llu la r; 3: in trace llu la r. A ste risk  (*) in d ica tes a s ign ifican t d iffe r­

ence from  sed en ta ry  co n tro ls
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F ig . 3. E ffe c t  of “ o v e rtra in in g ”  a n d  a cu te  e x ertio n  on  red  m uscle sodium  c o n te n t  a n d  d is tr i­
b u tio n . F o r  e x p la n a tio n  of sym bols, see F ig . 2

G R O U P S G R O U P S

1st 2nd  Ath 1st 2nd Ath

<3

F ig . 4. E f fe c t  of “ o v e rtra in in g ”  a n d  a cu te  ex e rtio n  on  sk e le ta l m uscle N a + K + -A T P ase  a c tiv ­
i ty  a n d  in tra ce llu la r  К  c o n te n t. □ :  К  c o n te n t;  Щ N a + K + -A T Pase a c tiv ity . N a + K + -A T Pase 
a c t iv i ty  in  /(m oles of Pj/m g p ro te in /3 0  m in . К  c o n te n t in  m E q  per 100 g F F S . F o r ex p la n a tio n

o f o th e r  sym bols, see F ig . 1

M g2+-ATPase revealed  no characteristic alterations on “ overtraining” , 
w h ile  th e  extrem e exertion  increased the enzym e a ctiv ity  in  red skeletal 
m u scle .

In  m ost cases, the “ overtrain ing” sligh tly  increased the Ca, Zn and Cu 
c o n te n t  o f  skeletal m uscles and  acute exertion  decreased the Ca and Zn values.

In  th e  group o f exh au sted  controls, the plasm a corticosterone content  
had sign ifican tly  decreased. B oth  additional 10 hours exertion and extrem e
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Fig. 5. E ffec t o f “ o v e rtra in in g ”  a n d  acu te  exertion  on  b lo o d  p lasm a  co rtico s tero n e  co n te n t 
(3 rd  g ro u p ). F o r  ex p lan atio n  of sy m b o ls, see F ig . 1

exertion increased th e  blood corticosterone con ten t as compared w ith  the  
value for the “ exhausted  controls” (Fig. 5).

A fter one-w eek “ overtraining” (3rd group) the body w eight reduction  
was 28.6 +  4.27 g. The severity  o f “ overtraining” was also characterized by  
a m ortality  o f approxim ately  50% in all “ ovetra ined” groups.

Discussion

The results revealed  a good accordance betw een  the changes o f N a + K +- 
A T Pase activ ity  and potassium  content in red fibres, on the one hand, and  
adrenocortical a c tiv ity , on the other. The concom itant decrease in  all indices 
was the m ost pronounced and regular effect o f “ overtraining” . W hen anim als 
“ overtrained” for one w eek  were subjected to  acute extrem e exertion, a 
sign ificant increase in  enzym e activ ity , intracellular potassium  and corti­
costerone content occurred. A cute exertion after more prolonged overtraining  
induced a less pronounced increase in enzym e a c tiv ity  and cellular potassium  
content. On the other hand, N a + K +-A TPase a c tiv ity  in w hite m uscle was 
not affected either b y  overtraining or b y  additional acute exertion. I t  w as 
rem arkable th at adrenalectom y decreases m yosin  ATPase a c tiv ity  only in  
red skeletal m uscle and th e  m yocardium , w hile a c tiv ity  in w hite m uscle re­
m ains unchanged ( R o v e t t o  et al. 1971). T hus, th e  contractile properties of 
red m uscle are under a more close control o f th e  adrenal cortex than  those of 
w hite m uscles. The close relationship betw een red m uscle (cardiac) m yosin  
A TPase activ ity  and adrenocortical function  is dem onstrated also b y  the  
fact th a t glucocorticoid adm inistration to  adrenalectom ized anim als com plete­
ly  prevented the decrease in m yosin A TPase a ctiv ity  ( R ovetto  et al. 1970). 
In our studies, the decrease in blood corticosterone content correlated w ith
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th e  fa ll of m yocardial N a + K +-ATPase activ ity  during extrem e exertion  
( K Ô R G E  et al. 1973a).

T he effect of adrenocortical horm ones on N a + K +-A TPase has ex ten ­
s iv e ly  been investigated  using, k idney  as the target organ.

A drenalectom y decreased renal N a + K +-ATPase activ ity , w hile com bined  
trea tm en t w ith gluco- and m ineralocorticosteroids prevented th e  decrease 
in  enzym e activ ity  ( J o r g e n s e n  1969; S u z u k i  and O gaw a  1969). H ow ever, 
according to J o r g e n s e n  (1968), N a + K + activated  ATPase is n o t prim arily  
under th e  control of the adrenal cortex as the corticosteroids are regulating  
en zym e activ ity  by changing the ionic environm ent. In addition, experim ents 
w ith  purified plasma m em brane preparations suggested that the increase in 
N a + K +-ATPase a ctiv ity  induced by glucocorticoids was due to  an increase 
in  th e  am ount of plasm a m em brane per cell rather than to the increase in 
en zym e activ ity  per u n it o f plasm a m em brane (Ma n it u s  et al. 1968). The 
p ossib le  effect of corticosteroids on sarcoplasm ic N a + K +-A TPase has also 
been  assum ed by the said authors as probable explanation o f th e  results. 
T he electronm icroscopic evidence o f the con tinu ity  o f the transverse tubules 
w ith  th e  plasma mem brane allows to  suggest the participation of sarcoplasm ic  
reticu lu m  in the cation exchange betw een cell and extracellular space ( F o r s s - 
m a n n  and Gv ia r d i e r  1970). On the other hand, several studies o f th e  m em ­
brane fragm ents of sarcoplasm ic reticulum  and plasm a membrane dem onstrated  
th a t  N a  + K +-ATPase w as associated  w ith  the plasm a mem brane ( B o eg m an  
et al. 1970). These studies therefore do not allow to  assum e the ex isten ce  of 
a d irect relationship betw een  adrenocortical a ctiv ity  and skeletal m uscle 
m icrosom al Na + K +-A TPase.

R ed and white fibres differ in ultrastructure ( B e n n e t  1960), enzym e  
a c t iv ity  ( B ass et al. 1971), m yosin  properties ( K atz 1970) and in biochem ical 
ad a p ta tio n  to  training (Y a k o v l e v  and Y a k o v l e v a  1971). A ccording to  
Y a k o v l e v  and Y a k o v l e v a  (1971), the biochem ical adaptation o f b oth  w hite  
and red m uscles to regular exercise depends on the character of train ing re­
g im es, although the ex ten t o f  biochem ical changes in  the studied m uscles was 
different.

W hen comparing our results obtained in the groups of sedentary controls 
w ith  th ose  obtained 20 hours after the term ination of “ overtrain ing” , it 
becam e evident that the b iochem ical changes caused by “ overtrain ing” had 
the sam e direction in both  w h ite  and red fibres. Therefore, our results concern­
ing th e  electrolyte shifts and changes in N a + K +-ATPase a c tiv ity  confirm  
th e  fin d in gs of the above-m entioned authors also in  the case of overtraining.

Ca-ATPase activ ity  o f th e  sarcoplasm ic reticulum  sedim ented at 30.000 g 
w as fou n d  to  be higher in red than  in w hite m uscles (S r e t e r  1968). A ccording  
to  our results, the same is true for Mg2+A TPase which is suggested to  control 
th e  p a ssiv e  perm eability of excitab le  cells ( B o w l e r  and D u n c a n  1967).

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



EF F E C T  OF CHRONIC PHYSICAL O VERLOAD 49

H ow ever, th e  difference betw een N a + K +-A T Pase and Mg2+-ATPase activ ity  
was clearly more in w hite m uscle. W hite m uscles were also found to  contain  
more potassium  and less sodium  than red ones. T he difference is due to  the  
different m inute am ounts o f acetylcholine (S r e t e r  and W oo 1963).

Our present and earlier studies ( K ôrge  et al. 1973b, 1974) revealed a 
decrease o f the biochem ical response to acute exertion  of exhausted  anim als 
as com pared w ith previously  unexercised anim als. Sim ilarly to  the effect of 
“ overtraining” , training decreased the ex ten t o f alterations of various hom e­
ostatic indices during physical exertion (Y a k o v l e v  1955, 1970; K ôrge  et al. 
1974).

In contrast to  the effect of training w hich was found to  increase the  
potassium  content o f the cells of skeletal m uscle ( N öcker  1959) and m yocar­
dium ( K ôrge  et al. 1974), “ overtraining” decreased the transm em brane  
gradient of potassium  by causing a loss of intracellular potassium . In view  of 
the im portant role o f potassium  in the regulation o f cell m etabolism , potassium  
deficiency obviously  leads to  various m etablic disturbances. There is experi­
m ental evidence th a t a restriction of potassium  intake is follow ed b y  a de­
crease in m uscle strength  (S t a r l in g e r  and B e r g h o f f  1965) and the dystrophic  
m uscle is characterized b y  a decreased cellular potassium  content and resting  
mem brane potentia l ( H azl ew o o d  and Gi n s k i  1968). In our study the decrease 
of potassium  in the m uscle cells of “ overtrained” anim als was not connected  
w ith  the term inal exhaustion  of the active ion  or body potassium  transport. 
This was proved b y  the increase in N a + K + -A TPase activ ity  and cellular  
potassium  content in red skeletal m uscle during the additional exertion. 
For a better evaluation  o f the effect o f “ overtraining” on ion flu xes and  
adrenocortical a c tiv ity , it  is im portant to  note th a t we have studied  only the  
surviving anim als. These, obviously, had a higher working capacity  than  those  
w hich had died from the “ overtraining” .
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FUNCTIONAL INTERRELATIONSHIP 
BETWEEN CERVICAL SUPERIOR GANGLIA, 

PINEAL GLAND AND HYPOTHALAMO-PITUITARY- 
ADRENAL SYSTEM IN RATS

By

I. V e r m e s , D .  M o l n á r , G. D ull  and G. T e l e g d y

IN STITU TE O F PH Y SIO LO G Y , U N IV ERSITY  M ED ICAL SCHOOL, PÉCS 

(R ece iv ed  N ovem ber 1, 1973)

In  norm al an im als , h y p o th a lam ic  se ro to n in  a n d  p lasm a c o rtico s te ro n e  levels 
show ed  a  reversed  d iu rn a l rh y th m . In  th e  m orn ing , th e  p lasm a  co rtico s tero n e  w as low 
a n d  th e  h y p o th a lam ic  se ro to n in  level was h igh . A t th e  beg inn ing  of th e  d a rk  period , 
th e  h ig h  p lasm a co rtico s te ro n e  w as assoc iated  w ith  a  low  h y p o th a la m ic  se ro to n in  
c o n te n t.

P inealectom y h a d  no effect on d iu rn a l co rtico s tero n e  an d  se ro to n in  rh y th m , 
n e ith e r  on  stress-in d u ced  a d ren a l a c tiv a tio n .

R em oval o f th e  su p e rio r cervical ganglia  d im in ish ed  th e  c ircad ian  rh y th m  of 
th e  p inea l sero ton in  leve l, b u t  d id  n o t affec t th e  h y p o th a la m ic  se ro to n in  a n d  p lasm a  
co rtico s tero n e  rh y th m . T h e  response to  stress in d u ced  b y  e th e r or e lectric  sh o ck , was 
fa c ilita te d . I t  w as still e le v a te d  58 days a fte r  gang lionectom y.

T he d a ta  in d ic a te d  t h a t  th e  p ineal g land  has no  d irec t effect e ith e r  o n  h y p o th a ­
lam ic  sero ton in  c o n te n t o r  on  th e  h y p o th a lam o —p itu ita ry -a d re n a l  sy s tem . T h e  a b ­
sence of th e  cervical su p e rio r ganglia  fac ilita ted  th e  s tre ss  response of th e  h y p o th a la m o — 
p itu i ta ry -a d re n a l  sy s te m  w ith o u t influencing th e  h y p o th a lam ic  se ro to n in  co n te n t.

The effect of the p ineal gland on the h yp oth a lam o-p itu itary—adrenal 
system  is som ewhat contradictory. Some authors found th at p inealectom y  
increased adrenal w eight ( W ur t m a n  et al. 1959; F r a sch ini  et al. 1968; 
R e l k i n  1972; V a u g h a n  et al. 1972), while others observed no differences 
(D il l  1961; Girod  et al. 1963; K in s o n  et al. 1968). In  p inealectom ized ani­
m als, corticosterone production  increased (K i n s o n  et al. 1967, 1968), b u t the  
plasm a corticosterone leve l w as not affected (D il l  1961). The increased corti­
costerone production returned to  normal 30 days after p inealectom y ( K in s o n  
et al. 1968). M elatonin given intravenously had no effect ( B a r c h a s  et al.
1969) but when adm inistered intravcntricularly, i t  inhibited the stress-induced  
adrenal activation  (Мо тт а  et al. 1971; V e rm es  et al. 1972a). Since th e  pineal 
gland produces serotonin, and the hypothalam ic serotonin level is capable  
of m odifying pituitary—adrenal function (Te l e g d y  and V ermes  1973; V e rm e s  
and T e l e g d y  1972; V e r m e s  et al. 1972b), th e  question arose w hether the  
hypothalam ic serotonin level was influenced b y  the pineal gland, w hich, in 
turn, w ould affect the h yp oth alam o-p itu itary—adrenal system . I t  has been  
show n th a t the superior cervical ganglion controls the pineal serotonin  level

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



5 4 I . VERMES e t al.

(e .g . W u r t m a n  et al. 1968) b u t it is n ot k n ow n  w hether the hypothalam ic  
sero ton in  content is in flu en ced  b y  the superior cervical ganglion. In  th e  present 
p ap er, some observations w ill be presented concerning these questions.

Methods

T h e  experim ents w ere  c a r r ie d  o u t on 642 a d u lt  m a le  R -A m ste rd am  r a ts  w eighing 
185 — 245 g. The an im als w ere  k e p t  on  a n  artific ia l l ig h t  sch ed u le  o f 12 hours l ig h t  a n d  12 hours 
d a r k  p e rio d . The lig h t p e rio d  s ta r te d  a t  06.00 a.m . T h e  an im a ls  w ere fed a  s y n th e tic  food and 
w a te r  w as g iven ad  lib itu m .

T h e  superior cerv ica l g a n g lio n  w as rem oved  b ila te ra lly  u n d e r  p e n to b a rb ita l  an aesth es ia  
(5  m g /1 0 0  g b.w .), a cco rd in g  to  F e n d l e r  an d  L is s á k  (1965). P in ea lec to m y  w as c a rried  ou t 
a c c o rd in g  to  D e Vr ie s  a n d  K a p p e r s  (1971). T he a n im a ls  w ere te s te d  2 w eeks a f te r  p in ea l­
e c to m y  a n d  1, 2, 4, 8 w eeks fo llo w in g  ganglionectom y. A s co n tro ls , sh a m -o p e ra te d  an im als 
w e re  u sed .

T h e  p lasm a co rtico s te ro n e  c o n te n t  was e s tim a te d  b y  th e  m eth o d  of P u r v e s  an d  S ir e t t  
(1 9 6 5 ), h y p o th a lam ic  a n d  p in e a l  se ro to n in  c o n te n t b y  t h a t  o f Sn y d e r  e t  a l. (1965, 1967).

R em o v a l of th e  su p e rio r  cerv ica l ganglia  a n d  o f  th e  p in ea l g land  w as co n tro lled  b y  
h is to lo g y  on random ly  se lec te d  an im als .

S ta tis tic a l analysis w as  d o n e  b y  S tu d e n t’s t- te s t .
T h e  anim als w ere g ro u p e d  as follows.
1. E ffec t of p in ea lec to m y  o n  c ircad ian  rh y th m  o f  p la sm a  co rtico s tero n e  a n d  h y p o th a ­

la m ic  se ro to n in  level (146 a n im a ls ) . T he anim als w ere  te s te d  a t  4.00, 8 .00, 12.00, 16.00, 
2 0 .0 0 , a n d  24.00 o’clock.

2. E ffec t of p in e a le c to m y  o n  stress-induced  p la s m a  co rtico s tero n e  a n d  h y p o th a la m ic  
s e ro to n in  level (74 an im als). F o r  stressing , th e  a n im a ls  w ere  p laced  fo r 2 m in u te s  in  e th e r 
v a p o u r  a n d  tes ted  30 a n d  90 m in u te s  la te r.

3. E ffec t o f cerv ica l su p e r io r  ganglionectom y o n  c irc ad ia n  rh y th m  o f  p la sm a  co rti­
c o s te ro n e , hypo th a lam ic  a n d  p in e a l  sero ton in  leve l (241 an im als). T he an im als  w ere te s te d  
as g ro u p  N o. 1, a t  d iffe re n t t im e  in te rv a ls .

4. T h e  effect o f su p e rio r  cerv ica l gang lio n ecto m y  o n  stress-in d u ced  p la sm a  co rtico ­
s te ro n e , h y p o th a lam ic  a n d  p in e a l  se ro to n in  level (125 an im a ls ).

T h e  anim als w ere s t re s se d  b y  e th e r as in  G roup  N o . 2, a n d  te s te d  30 a n d  90 m in u te s
la te r .

F o r  electric  shock th e  a n im a ls  w ere p laced in  a  b o x  w ith  a g rid  floor th ro u g h  w hich  
1.5 m A  a lte rn a tiv e  c u rre n t w a s  d e liv e re d  for 5 sec in  e v e ry  15 sec du ring  2 m in . T h e  an im als 
w e re  te s te d  30 m in  la te r .

5. T h e  effect o f su p e rio r  c e rv ica l g ang lionectom y o n  stress-in d u ced  p la sm a  co rtico ­
s te ro n e , hypo th a lam ic  a n d  p in e a l  sero ton in  levels a t  d iffe re n t tim es a f te r  gan g lio n ec to m y  
(56  an im a ls ). The an im als w e re  e x p o se d  to  e th e r 1, 2, 4 o r  8 w eeks a f te r  g an g lio n ec to m y , and  
k ille d  30 m in u tes  a fte r  e th e r  e x p o su re .

Results

T he effect of p in ea lecto m y  on the circadian rhythm  o f plasm a cortico­
stero n e  and hypothalam ic serotonin content is show n in Fig. 1. In  control 
(sham -operated) anim als, p lasm a corticosterone showed a ty p ica l diurnal 
v a r ia tio n  w ith the m in im u m  at 8.00 a.m ., and th e  m axim um  at 8.00 p.m. 
T h e hypothalam ic seroton in  content showed an opposite behaviour, w ith  
th e  m axim um  at 8.00 a .m ., and the m inim um  a t 8.00 p.m . There was no 
d ifferen ce between th e  in ta c t  control and sham -operated control animals 
and  therefore their va lues are expressed as one group. Follow ing pinealectom y, 
no difference was found v s . th e  controls either in  corticosterone or in serotonin  
d iu rn al fluctuation.
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Fig. 1. E ffec t o f p in ea lec to m y  o n  c ircad ian  rh y th m  o f p lasm a  corticosterone a n d  h y p o th a la m ic  
se ro to n in  level. Solid line , c o n tro l; d o tte d  line , p in ea lec tom ized . E ach  p o in t re p re se n ts  th e  

m ean  an d  s ta n d a rd  e rro r o f th e  m ean  fo r  8 — 22 anim als

Ether s tress Ether stress

Fig. 2. E ffec t o f p in ea lec to m y  on  stress-induced  p la sm a  corticosterone  a n d  h y p o th a la m ic  
se ro to n in  level. Solid line , c o n tro l; d o tte d  line , p inea lec tom ized . E ach  p o in t re p re se n ts  th e  

m ean  a n d  s ta n d a rd  e rro r o f th e  m ea n  fo r 16—23 anim als
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F ig . 3 . E ffe c t of superior c e rv ica l ganglionectom y on c irc a d ia n  rh y th m  of p lasm a  co rtico ­
s te ro n e , h y p o thalam ic  a n d  p in e a l  se ro to n in  levels. Solid  l in e , con tro l; d o tte d  lin e , ganglion- 
e c to m iz ed . E ach  point re p re se n ts  th e  m ean  and s ta n d a rd  e r ro r  o f th e  m ean  for 8 — 46 an im als

T he stress response a fter  pinealectom y w as sim ilar to th at in  th e  sham- 
op erated  group (Fig. 2). A fter  30 min, the p lasm a corticosterone level was 
h igh  and the hypothalam ic serotonin  content low . A t 90 min, both th e  plasm a  
corticosteron e and the hypothalam ic serotonin leve l returned to  norm al.

A fter removal o f  th e  superior cervical ganglia , the pineal serotonin  
le v e l w as constantly low , w h ile  in  the sham -operated animals the m axim um  
w as reached at 12.00 a .m . and  the minimum at 24 .00  (Fig. 3).

B etw een  normal and ganglionectom ized an im als, there was no difference 
in  h ypothalam ic serotonin and  plasma corticosterone rhythm .

In  superior cervical ganglionectom ized anim als following stress caused  
b y  eth er  or electric shock, th e  plasma corticosterone level was sign ificantly  
higher th an  in the controls, a lthough  there was no difference in the h yp oth a la ­
m ic and  pineal serotonin le v e ls  (Table I).

T h e facilitatory effect o f  superior cervical ganglionectom y on th e  ether
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Table I

Effect o f  cervical superior ganglionectomy on stress-induced plasm a corticosterone, hypothalamic and pineal serotonin levels

Time
(min) Group N

Plasma corticosterone Hypothalamic serotonin Pineal serotonin

f ig /100 ml significance
(P) “els

significance
(P> ng/pineal

significance
(P)

0
1. Sham -operated 33 9 .0 ± 0 .9 3 * 2 .0 3 ± 0 .0 6 4 6 .8 ± 1 .5 2

2. G anglionectom ized 36 8 .6 ± 0 .9 7 NS vs. 1. 2 .0 5 ± 0 .1 7 NS vs. 1. 30.8 ±  1.91 < 0 .0 0 1  vs. 1.

E th e r  stress

30

3. S ham -operated 40 4 5 .1 ± 2 .1 5 <  0.001 vs. 1. 0 .7 8 ± 0 .0 5 < 0 .0 0 1  vs. 1. 4 7 .9 ± 2 .0 5 NS vs. 1.

4. Ganglionectom ized 22 6 4 .2 ± 4 .1 0 <  0.001 vs. 2.
<  0.001 vs. 3.

0 .8 6 ± 0 .1 6 < 0 .0 0 1  vs. 2. 
NS vs. 3.

28.2 ±  2.31 NS vs. 2. 
< 0 .0 0 1  vs. 3.

90

5. S ham -operated 21 1 1 .5 ± 1 .2 4 NS vs. 1. 
<  0.001 vs. 3.

2 .1 6 ± 0 .1 2 NS vs. 1. 
< 0 .0 0 1  vs. 3.

4 4 .1 ± 2 .5 0 NS vs. 1. 
NS vs. 3.

6. Ganglionectom ized 20 10 .9± 1 .05
NS vs. 2. 

<  0.001 vs. 4. 
NS vs. 5.

2 .1 3 ± 0 .U
NS vs. 2. 

< 0 .0 0 1  vs. 4. 
< N S  vs. 5.

26 .0 ± 3 .3 2
NS vs. 2. 
NS vs. 4. 

< 0 .0 0 1  vs. 5.

E lectric  shock

30
7. S ham -operated 13 39 .4 ± 2 .1 5 <  0.001 vs. 1. 0 .6 3 ± 0 .1 6 < 0 .0 0 1  vs. 1. 47.1 ± 3 .3 1 NS vs. 1.

8. Ganglionectom ized 9 59 .9 ± 4 .1 5 <  0.001 vs. 2.
<  0.001 vs. 7.

0 .7 4 ± 0 .0 5 < 0 .0 0 1  vs. 2. 
NS vs. 7.

25 .3 ± 3 .0 5 NS vs. 2. 
< 0 .0 0 1  vs. 7.

♦ M ean  ±  S.E.
N: N um ber of ra ts  
NS: N o t significant
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Table П

E ffect o f  cervical superior ganglionectomy on ether stress-induced plasm a corticosterone, hypothalamic and p inea l serotonin levels at d ifferent limes
after ganglionectomy

Time
(days) Group N

Plasma corticosterone Hypothalamic serotonin Pineal serotonin

jUg/100 ml
significance

(P) K le
significance

(P)
ng/pineal

significance

7
1. S ham -operated 40 45 .1± 2 .15* 0 .7 8 ± 0 .0 5 47.9 ± 2 .0 5

< 0 .0 0 1  vs. 1.
2. G anglionectom ized 22 6 4 .2 ± 4 .1 0 <  0.001 vs. 1. 0 .8 6 ± 0 .1 6 N S vs. 1. 28 .2 ± 2 .3 1

14
3. Sham -opera ted 8 4 7 .9 ± 2 .2 5 NS vs. 1. 0 .9 5 ± 0 .0 9 NS vs. 1. 4 4 .1 ± 2 .1 2 N S vs. 1.

4. G anglionectom ized 10 62 .5 ± 3 .8 1 NS vs. 2. 
<  0.01 vs. 3.

0 .9 8 ± 0 .1 2 NS vs. 2. 
NS vs. 3.

2 6 .3 ± 2 .2 6 NS vs. 2. 
< 0 .0 0 1  vs. 3.

28

5. S ham -operated 8 44.1 ± 2 .8 3 NS vs. 1. 0 .8 6 ± 0 .1 2 NS vs. 1. 4 3 .1 ± 3 .1 1 N S vs. 1.

6. G anglionectom ized 8 58.3 ± 2 .5 5 NS vs. 2. 
<  0.001 vs. 5.

0 .8 0 ± 0 .0 7 N S vs. 2. 
N S vs. 5.

2 8 .0 ± 2 .2 6 N S vs. 2. 
< 0 .0 0 1  vs. 5.

56

7. S ham -operated 8 45 .4 ± 2 .4 1 NS vs. 1. 0 .8 6 ± 0 .1 7 NS vs. 1. 4 6 .8 ± 3 .8 5 NS vs. 1.

8. G anglionectom ized 10 6 2 .3 ± 2 .8 5 NS vs. 2. 
<  0.001 vs. 7.

0 .8 5 ± 0 .0 5 NS vs. 2. 
NS vs. 7.

2 6 .2 ± 2 .5 3 NS vs. 2. 
< 0 .0 0 1  vs. 7.

* M ean ±  S .b .
N : N um ber o f ra ts  
NS: N o t significant
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HYPOTHALAM O—PITU ITA R Y -A D R EN A L SYSTEM [5 9

stress-induced plasm a corticosterone level persisted for more than  8 weeks. 
The hypothalam ic and pineal serotonin levels were always th e  sam e as in  
the control group (Table II).

D iscussion

The effect o f the p ineal gland on the h yp oth a lam o-p itu itary—adrenal 
system  has always been a m atter o f controversies. Follow ing p inealectom y, 
th e  adrenal gland as w ell as th e  gonads show hypertrophy (KiTAY 1954; 
K i t a y  and A l t s c h u l e  1954) and so did the adrenal ( W u r t m a n  e t al. 1959; 
F r a s c h in i  et al. 1968; H o u s s a y  and P azo 1968). H ow ever, adrenal hyper­
trophy failed to  occur in  castrated  anim als ( F r a s c h in i  et al. 1968). The in ­
h ib itory role of the p ineal gland on gonadal function  has been w ell docum ented  
(e.g . F r asch ini  et al. 1971; Me ss  et al. 1971; Mo sz k o w sk a  et al. 1971). 
Increased gonadal w eight follow ing p inealectom y w ould indicate an increase 
in gonadal function liberated  from pineal inh ib ition . I t  has also been shown  
th a t the oestrogens cause adrenal hypertrophy (T e l e g d y  et al. 1962; K it a y  
1963). The increase in  adrenal w eight after p inealectom y and the absence of 
th is increase in gonadectom ized anim als w ould support the conclusion that 
th e  adrenal hypertrophy m ight be secondary, and be due to  gonadal hyper­
function . Other authors could not, however, find  differences in  adrenal weight 
follow ing pinealectom y ( D il l  1961; G iro d  et al. 1963; K in s o n  et al. 1968).

Corticosterone production  in vitro increases after p inealectom y but this 
increase disappers in  30 days ( K in s o n  et al. 1967, 1968). On th e  other hand, 
no difference in plasm a corticosterone level w as found in rats after pinealec­
to m y  (D ill  1961). K eeping the p inealectom ized anim als in  dark, elevated  
th e  plasm a corticosterone level in 10 days and th is increase disappeared by  
th e  30th day after p inealectom y ( N i r  et al. 1971).

System ic adm inistration  o f m elatonin had no effect on adrenal function  
( B archas  et al. 1969); b u t when im planted in to  the m edian em inence, the  
com pound caused a decrease in adrenal w eight ( F r a s c h in i  et al. 1968) or, 
w hen injected in to  th e  lateral ventricle, it dim inished the adrenal response to  
stress (Мотта et al. 1971; V e r m e s  et al. 1972a). The inh ib itory  action of 
intraventricularly adm inistered m elatonin w as blocked b y  p-chlorophenyl- 
alanine treatm ent (V e r m e s  et al. 1972a), indicating th at the action  o f  m elatonin  
was m ediated by serotonin.

The role o f h ypothalam ic serotonin in  th e  regulation o f h yp oth a lam o- 
pitu itary-adrenal function  has been proved (V e r m e s  and T e l e g d y  1972; 
V e rm e s  et al. 1972b). I t  w as suggested th a t the hypothalam ic serotoninergic 
transm ission inhib ited  the p itu itary—adrenal system  (Te l e g d y  and V ermes  
1973) and the present find ings also supported th is concept. The diurnal fluc­
tuation  of the hypothalam ic serotonin con ten t showed a pattern  opposite
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to  th a t  of the plasm a corticosterone. A high plasm a corticosterone level was 
a ssocia ted  with low h yp oth a lam ic  serotonin con ten ts. P inealectom y had no 
e ffec t on the h ypothalam ic serotonin level, in  agreem ent w ith  the data of 
G r e e n  et al. (1973) and in  contrast to those o f M o szk o w sk a  et al. (1971) 
w ho found a decrease in castrated  pinealectom ized anim als. I t  has been shown  
th a t  in  female anim als, ovariectom y by itse lf  decreased the hypothalam ic  
seroton in  level (R ó z s a h e g y i  et al. 1973).

T he role of the superior cervical ganglia in  pineal function is w ell docu­
m en ted  (e.g. W ur t m a n  et al. 1968). The p ineal serotonin rhythm  (Q u a y  
1963) dim inished follow ing rem oval of the cervical superior ganglia (S n y d e r  
et al. 1965), and this has been  confirmed by th e  present findings. H ow ever, 
rem ova l of the said ganglion fa iled  to affect the hypothalam ic serotonin rhythm . 
T he effect on neuroendocrine processes of th e  superior cervical ganglia is 
unclear; their rem oval has been  shown to dim inish the com pensatory hyper­
secretion  w ithout affecting  com pensatory adrenal hypertrophy ( F e n d l e r  
and E ndrőczi  1965), and, also, to prevent developm ent of the “ m iniature 
neurohypophysis” fo llow ing transection o f th e  p itu itary  stalk ( F e n d l e r  
et al. 1970). It had no action  on pituitary blood flow  (G o ld m an  1968) but was 
able to  change the cerebral b lood flow  ( E d v i n s s o n  et al. 1971) and pineal 
gland  flo w  (Goldman  1967).

In  our experim ents o n ly  the stress response w as facilitated  w ithout 
a ffectin g  the basal corticosterone level and the diurnal rhythm  of th e  h ypo­
th a la m ic  serotonin content. T h is action cannot he explained by a denervation  
h yp ersen sitiv ity  since the effect could be observed even  58 days after ganglion- 
ec to m y  and up to then  th ere w as no difference in  the in ten sity  o f th e  re­
sp on se. W hether the action is  due to  a change in th e  blood supply o f the brain 
or o f  th e  hypothalam us or som e other endocrine glands such as the thyroid, 
is unclear.
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CONCENTRATION AND IN VITRO RELEASE 
OF PLACENTAL HUMAN CHORIONIC 

SOMATOMAMMOTROPIN (HCS) IN THE CASE 
OF FOETUSES OF NORMAL WEIGHT AND WITH  

INTRAUTERINE WEIGHT RETARDATION
B y
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DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, AND DEPARTMENT OF SOCIAL HYGIENE, 
UNIVERSITY MEDICAL SCHOOL, PÉCS

(R ece iv ed  M ay 8, 1974)

H u m an  chorionic so m a to m a m m o tro p in  (H C S) co n cen tra tio n  o f th e  p la c e n ta  
w as d e te rm in ed  in  th e  course  o f  p a r tu r i t io n  o f 100 no rm al-w eigh t fo e tu se s  b o rn  a t  
te rm  a n d  in  100 d y sm a tu re  fo e tu ses s im ilarly  b o rn  a t  te rm . In  a d d itio n , th e  r a te  of 
H C S  re lease  from  th e  p la c e n ta  d u rin g  8 h o u rs  in cu b a tio n  has been  s tu d ie d . T h e  p la ­
c en tae  belonging to  d y sm a tu re  fo e tu ses c o n ta in ed  n early  tw ice as m u c h  H C S p e r  g 
tis su e  (1399 fig) th a n  th o se  be longing  to  foe tu ses o f  no rm al w eigh t (684 fig). F ro m  no r­
m a l p lacen tae , 81.2%  o f  th e  h o rm o n e  c o n te n t w as released  du rin g  th e  8 -h o u r  in c u b a ­
t io n  w hile from  th e  d y sm a tu re  p lac en ta e  on ly  24 .6%  o f th e  o rig ina lly  low  ho rm o n e  
c o n te n t. One g of n o rm al p la c e n ta l  tis su e  re leased , even  in  ab so lu te  te rm s , m o re  HCS 
(525 fig) th a n  d id  d y sm a tu re  p lac en ta e  (308 fig). I t  is assum ed t h a t  th e  lo w  m a te rn a l 
se ru m  HCS level in  th e  case o f in tra u te r in e  re ta rd a tio n  accom panying  c h ro n ic  p lac en ta l 
insufficiency  m ay  be due  to  in h ib ited  HCS release  from  th e  p lacen ta  in to  th e  m a te rn a l 
c ircu la tio n .

HCS (H um an Chorionic Som atom am m otropin) is a proteohorm one  
produced b y  the placenta. S cia r r a  (1964) and G rum rach  and K a p l a n  (1964) 
show ed th a t it  was produced b y  the syncitiotrophohlast and, after entering  
th e  m aternal circulation, it  took  part in  the regulation of the m etab olic  proc­
esses responsible for the intrauterine developm ent o f the foetus (G r u m b a c h  
et al. 1968). Therefore, th e  horm one is also called the growth horm one of 
pregnancy (K a p l a n  and G r u m b a c h  1964). In  th e  case of foetuses w ith  in trau­
terine w eight retardation, the m aternal serum  HCS level is considerably  
low er than  in the case o f foetuses o f  norm al w eight (B e l l m a n n  and L a n g  
1973; B e r l e  1973; D oszpod  and Gá t i  1974; S a x e n a  et al. 1969; Z u c k e r m a n  
et al. 1970). Therefore, determ ination o f th e  serum HCS level is an im portant 
endocrine parameter o f intrauterine retardation accom panying chronic p la­
cental insufficiency.

HCS in maternal circulation is sensitive indicator of p lacen ta l function , 
since w ith  its short half-life it  im m ediately  calls attention  to  a ch an ge in the  
fu nction  o f the p lacenta. In  norm al pregnancy, the horm one in  m aternal 
serum  can be detected w ith  radioim m une m ethods after the 8 th  w eek; from  
th is tim e on, it exhibits a steady augm entation  w ithout diurnal alterations  
up to  the 36th -38th  week.
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Few data are ava ilab le  on the H C S co n ten t o f placental tissue. S u w a  
and F r ie se n  (1969) fou n d  a value of 308 +  w et weight in six  sponta­
n eou sly  delivered p lacen tae . According to  G r u m b a c h  and K a p l a n  (1964), 
th e  hormone concentration  in  one g of p lacental tissu e  is nearly the sam e through­
o u t the pregnancy. Ma c M il l e n  (1970) found  a low  maternal serum  level 
w ith  low placental H C S  con ten t in the case o f  newborns retarded in  w eight, 
and a low m aternal serum  level with norm al p lacenta l concentration in the  
case of newborns retarded  in length. Gá t i  et al. (1970), using a biological 
m ethod , found the prolactin-like activ ity  o f  th e  p lacenta to be considerably  
dim inished in cases o f  severe toxaem ia.

The present in vestiga tion s had the aim  to  stu d y  the p lacental HCS 
concentration in th e  case o f  infants born at term  w ith  normal w eight and of  
in fan ts with w eight retardation , and to determ ine the amount of HCS per g 
o f  placental tissue, as w ell as the rate o f its  release during 8-hour incubation. 
In  addition, we m easured th e  HCS concentration  o f specim ens obtained from  
various parts o f th e  sam e placenta and determ ined the difference in HCS 
concentration  of m acroscopically  intact and infarcted  regions.

Method

T he HCS c o n te n t o f  one  g o f p lacen ta  w as e s t im a te d  in  th e  course o f th e  de liv e ry  of 
100 norm al-w eigh t fo e tu ses b o rn  spontaneously  a t  te rm  (3 8 th —41st week of p reg n an cy ) and  
o f  100 low -w eight foe tu ses w ith  in tra u te r in e  re ta rd a t io n , b o rn  a t  te rm  (3 8 th -4 1 st w eek of 
p re g n an c y ). One g o f tis su e , i n ta c t  a t  gross ex am in atio n , w as excised  from  th e  c en tra l p a r t  of 
th e  p la c e n ta  in  each case, w a sh e d  in  K rebs—R in g er b ic a rb o n a te  buffer and  k e p t a t  —20°C. 
T h ese  sam ples served fo r d e te rm in a tio n  of th e  p re - in c u b a tio n  HCS co n cen tra tio n . H o rm one 
c o n c e n tra tio n  of th e  w ash in g  f lu id  could be n eg lected , fo r  f iv e  m l o f i t  con ta in ed  less HCS 
th a n  th e  lower lim it o f s e n s i t iv i ty  o f th e  m ethod.

A sim ilar one g sp ec im en , ta k e n  from  th e  reg io n  n e ig h b o u rin g  th e  a rea  o f th e  p rev ious 
e x c is io n , was w ashed a n d  in c u b a te d  in  5 ml of K reb s—R in g e r  b ica rb o n a te  buffer p H  7.4 for 
8 h o u rs . T he in cu b a tio n  m e d iu m  w as changed every  h o u r  a n d  s to re d  a t  —20°C. A fte r in cu b a ­
t io n , th e  p lacen ta l spec im en  w as s im ilarly  k ep t a t  — 20°C; i t  se rv ed  for d e te rm in a tio n  of th e  
p o s t- in c u b a tio n  HCS level.

I n  add ition , 10 X 1 g o f  in ta c t  p lacen ta l tis su e  w as excised  from  d iffe ren t p a r ts  of 
f iv e  n o rm al p lacen tae , in  o rd e r  to  s tu d y  if th ere  w as a n y  d ifference  in HCS c o n ce n tra tio n  
b e tw e e n  th e  d ifferen t p a r ts  o f th e  p lacen ta .

F o r ty  o u t of th e  100 p la c e n ta e  belonging to  d y sm a tu re  foe tuses were stu d ied . I n  each  
case , one g pieces were excised  fro m  th e  in ta c t an d  in fa rc te d  reg io n  a n d  th e ir  horm one c o n te n t 
w as de te rm in ed .

T h e  d y sm atu re  fo e tu ses  w e re  u n d e r five p e rcen tile  acco rd in g  to  L u bch en co ’s s ta n d a rd  
(L u b c h e n c o  e t al. 1963), a n d  th e  d y sm a tu rity  w as p ro v e d  also  clinically .

Hom ogenization o f  p la cen ta l tissue. One g (w et w e ig h t)  o f p lacen ta l tissue  w as w ashed  
in  K re b s—R inger b ic a rb o n a te  b u f fe r ,  k e p t a t  —20°C fo r 24 h o u rs  an d  hom ogenized in  5 m l 
o f a  m ix tu re  of 0.1 M N H 4O H  a n d  0.1 M N H 4H C 0 3 (p H  9.2) in  a glass hom ogenizer. T he 
h o m o g en a te  was k e p t a t  -f“4°C o v e rn ig h t and th e n  c en tr ifu g e d  a t  3000 g. The s u p e rn a ta n t  
w as s to re d  a t — 20°C, th e  re s id u e  w as discarded (Su w a  a n d  F r ie s e n  1969).

E stim a tion  o f  H C S  w as p e rfo rm e d  by m eans o f th e  “ P h a d e b a s”  rad io im m u n e  k i t  of 
P h a rm a c ia ,  Sweden. T he v a lu e s  g iv e n  refer to  one g o f w e t p la c e n ta l  tissue. S en sitiv ity  o f th e  
m e th o d : 100 ng/m l (L in d b e r g  e t  al. 1972). E v a lu a tio n  o f H C S release of p lacen ta l tissue  
w as do n e  by  regression a n a ly s is  o f  th e  pre- and p o s t- in c u b a tio n  HCS co n cen tra tio n s o f p la ­
c e n ta e  belonging to  n o rm al a n d  d y sm a tu re  foetuses, b y  S tu d e n t ’s i-te st.
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R esults

Table I shows the average w eight of the foetuses and placentae, as well 
as the p lacental HCS concentrations. The w eight o f 100 dysm ature foetuses  
averaged 2265 +  267 g; th a t o f  the p lacentae, 468 +  98 g. HCS concentration  
o f  DP* w as 1339.29 +  24.62 /xg/g w et w eight; and, for the w hole p lacenta , 
654.70 +  86.12 mg. The w eig h t o f 100 foetuses born w ith  norm al w eight 
averaged 3464 +  351 g, th a t  o f  the p lacentae 605 +  135 g. HCS concentration  
o f N P was 684.40 +  15.47 /xg/g w et w eight, and, for the w hole p lacenta  
413.80 ±  73.66 mg.

Table I

N orm al and dysmature newborns, weight and H C S concentration o f  the placentae

n = 100 Dysmature Normal

W eigh t o f  foetus (g) 2265 ± 2 6 7 346 4 ± 3 5 1

W eigh t o f placenta (g) 468 ± 9 6 6 0 5 ± 1 3 5

HCS concen tra tion  of p lac en ta
(/xg/g) 1399 .29±  23.62 684 .4 0 ± 1 5 .4 7

C alcu lated  HCS conten t o f  p lacen ta  
(m g) 654 .70±86 .12 413 .8 0 ± 7 3 .6 6

One g o f  D P released 308.58 f i g  HCS into the incubating m edium  during  
an 8-hour incubation. The corresponding value for N P  was 525.32 /xg/g. The 
am ount o f HCS released a t one-hour intervals is shown in Fig. 1.

HCS content of one g o f  D P  w as 1399.3 f i g  before incubation and 1055.7/xg 
after incubation. The corresponding values for DM were 684.4 f i g  and 129.2 f i g ,  

respectively . The difference betw een  the pre- and post-incubation va lu es was 
343.6 f i g  for D P and 555.2 f i g  for N P . The am ount of HCS d etected  in the  
m edium  after an 8-hour in cu b ation  was 308.6 f i g  for D P and 525.3 f i g  for 
N P . Thus, the difference betw een  the calculated and detected  va lu es was 
35.0 f i g  for D P  and 29.9 f i g  for N P  (Table II).

In the case of D P, on ly  24.6%  of the HCS originally present in  th e  tissue  
was released into the m edium  during the 8-hour incubation; the corresponding  
value for N P  was 81.2% .

The pre- and post-incubation  difference in HCS content o f  one g of 
D P  and N P  was highly sign ifican t statistica lly  for both D P  (t =  6.781, 
p <  0.001) and NP (t =  9 .253 , p <  0.001).

T able I I I  shows the HCS content of ten  one g specim ens excised  from  
various parts o f five norm al placentae. The differences in HCS co n ten t were 
negligible.

* D P  m ean s a p lacen ta  b e lo n g in g  to  a d y sm a tu re  fo e tus, an d  N P  one b e lo n g in g  to  a 
n o rm al-w e ig h t te rm  foetus.
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Incubation time, hrs

Fig. 1. H C S re le a se  from  one g o f  p la c e n ta  d u rin g  8 hours 

Table II

H C S  concentration o f  placenta  before and after 8-hour incubation  and H C S release fro m  placenta
during 8-hour incubation

n =  100
Dysmature

placental HCS concen­
tration,
A*g/g

Normal
placental HCS concen­

tration,
A*g/g

B efore incubation 1399.3 684.4

A fte r incubation 1055.7 129.2

H C S released du rin g  in c u b a tio n  
(calculated value) 343.6 555.2

H C S detected  in in c u b a tio n  m edium  
(m easured value) 308.6 525.3

Table III

H C S concentration o f  one g  specimens fro m  d ifferen t parts o f  the placenta

Placenta, No. HCS, t ig ls  
n =  10

Standard deviation
± Extreme values

l 451.93 12.63 4 3 0 -4 7 1

2 871.95 22.51 8 4 5 -9 1 5

3 823.50 16.29 7 9 6 -8 4 9

4 654.70 12.58 6 3 9 .5 -6 8 3

5 476.65 19.61 4 4 6 -5 1 0
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H orm one concentration  in  40 D P was 1345.7 +  285.2 /xg/g in  macro- 
scop ica lly  in tact parts and 176.6 +  64.2 /xg/g in  infarcted parts.

Discussion

V a rm a  et al. (1971) found a close relationship  between m aternal serum  
HCS level and the w eight o f  the placenta. G á t i  et al. (1973) show ed a close 
relationship betw een the m aternal serum HCS level and the w eight o f  the  
newborn.

On th is basis it  w as thought at the beginning o f the present in v estig a ­
tions th a t, in the case o f  retarded foetuses w here the maternal serum  HCS 
leve l is defin itely  lower than  normal, th e  p lacenta  too  would contain  less 
HCS, i.e. th a t the cause o f  the low  m aternal serum  HCS was an inhib ited  
horm one secretion o f the injured placenta. T he investigations revealed , how ­
ever, th a t placentae belonging to dysm ature foetuses contained nearly  tw ice  
as m uch HCS per g tissu e than those b elonging  to  norm al-weight foetuses. 
The to ta l am ount o f horm one calculated for th e  w hole organ was also consid­
erably higher in th e  sm aller placentae belonging to dysm ature foetuses  
th an  in  the norm al p lacentae of nature foetuses.

As an explanation  o f these findings a com pensatory m echanism  of  
the p lacenta m ay be assum ed, in other w ords, an increased hormone production  
per one g o f the p lacentae o f lower w eight. H ow ever, the high p lacen ta l hor­
m one concentration was always associated w ith  a low  m aternal serum  con­
centration , a fact suggestive of a dim inished horm one release from  th e pla­
centa. This is corroborated by S ciar ra’s (1964) finding, according to  which  
th e  syncitiotrophoblast o f the normal p lacenta produces HCS in large am ount 
b u t does not store it . On the other hand, th e  high hormone concentration  of 
placentae belonging to  dysm ature foetuses speaks for a storage of th e  horm one. 
Our incubation studies also indicated an in h ib ited  hormone release in to  m ater­
nal circulation. One g o f  D P  released a considerably lower proportion o f its 
HCS content (24.6% ) than  did one g o f N P  (81.2% ). The difference betw een  
th e  absolute am ounts w as also significant: 308.6  /xg/g in the case o f  D P , and 
525.3 /xg/g in the case o f N P.

The HCS level in m aternal serum seem s to  be an im portant factor in  
in trauterine developm ent of the foetus. The horm one content per g o f  p lacenta, 
or for th e  whole organ, seem s to be o f  considerably less im portance. I t  m ay  
be assum ed th at, in  chronic placental insuffic iency  when theV ascular d isturb­
ance o f the placenta is accom panied b y  a low  m aternal serum HCS leve l and 
intrauterine retardation, the hormone release from  the placenta in to  m aternal 
circulation  is disturbed. According to  G r u m b a c h  et al. (1968), HCS passes
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from  th e  syncitiotrophoblast into m aternal circulation not directly b u t through  
a com p licated  cellular a c tiv ity . Thus, in cases o f  chronic placental insuffic iency , 
one has to  reckon w ith  som e kind of b iochem ical dam age to the p lacen ta l cells.
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(R e c e iv e d  D ecem ber 27 , 1973)

H u m a n  chorion ic  g o n ad o tro p h in  in jec ted  in to  th e  m idline th a la m ic  nuclei or 
in to  th e  la te ra l  v e n tric le  increased  th e  th resh o ld  of ev o k ed  p o ten tia l, len g th en ed  th e  
recovery  period  b e tw een  tw o  consecu tive  evoked p o ten tia ls , and  decreased  th e  th re s h ­
old o f sp indle-like  a fte r-d isch a rg es elicited  by  s tim u la tio n  of th e  re tic u la r  fo rm atio n .

L u te in iz in g  h o rm o n e  g iven  in tra v en tr icu la r ly  caused  sp o n tan eo u s  spindle 
b u rs ts , decreased  th e  th re sh o ld  of s tim u lus-induced  afte r-d isch arg es an d  len g th en ed  
th e  recovery  period  b e tw een  p a ired  evoked p o ten tia ls .

Follicle s tim u la tin g  horm one, p ro lac tin  o r in a c tiv a te d  h u m an  chorion ic  go n a­
d o tro p h in  an d  lu te in iz in g  horm one h ad  no effect.

In the first trim ester o f hum an pregnancy there is an increased frequency  
of psychic and v eg eta tiv e  disturbances. Previous studies have shown th at 
human chorionic gonadotrophin (HCG) facilitates the extinction  o f conditioned  
avoidance reflexes and decreases intertrial and exploratory a ctiv ity  during 
extinction  in anim al experim ents ( T e l e g d y  and R ó z s a h e g y i  1971; T e l e g d y  

et al. 1971).
In the oestrogen- prim ed rabbit, human chorionic gonadotrophin and 

lutein izing horm one induce an EEG “ after-reaction” characterized by sleep  
spindles and 8/sec high am plitude synchronous “ hippocam pal hyp eractiv ity” 
( S a w y e r  and K a w a k a m i  1959). In castrated rats, HCG given intravenously  
( H a r t m a n n  et al. 1971) or adm inistered into  the lateral hypothalam us, 
dorsal hippocam pus or the m esencephalic reticular form ation decreases the  
threshold of spindle-like a ctiv ity  elicited by stim ulation  o f the vagina or 
th e  m esencephalic reticular form ation ( H a r t m a n n  et al. 1972).

In the present stu d y  the effect of hum an chorionic gonadotrophin and 
different p itu itary gonadotrophins has been investigated  on spontaneous 
EEG  activ ity , evoked potentia ls elicited by stim ulation  of the m esencephalic  
reticular form ation, the stim ulus-induced E EG  after-reaction as w ell as on 
the recovery period o f the evoked potential betw een paired stim uli.

M ethods

In  th e  e x p erim en ts , R -A m ste rd am  a d u lt fem ale  r a ts  w ere used . T he an im als w ere 
c a s tra te d  a t  least tw o  m o n th s  p rio r  to  o bservation  a n d  k e p t  u n d e r s ta n d a rd  la b o ra to ry  con­
d ition .
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F o r  th e  e lectrophysio log ica l s tu d y  th e  an im als a n ae s th e tize d  w ith  e th e r  w ere sub jected  
to  t r a c h e a l  can n u latio n  a n d  im p la n ta t io n  of e lectrodes in  d iffe ren t reg ions o f th e  b ra in . 
T h e re a f te r  th e  anim als w ere  im m o b ilized  b y  c u ra riza tio n  (C u ra rin e -A sta , 2 m g/kg) and 
th e i r  re sp ira tio n  was m a in ta in e d  artific ia lly .

T h e  b ipolar su b c o rtic a l re co rd in g  e lectrodes w ere m ad e  of s ta in less s te e l in su la ted  
w i th  en am el except th e ir  0.5 m m  t ip .  F o r  neocortica l reco rd in g s, silver b a ll e lec tro d es were 
u se d . E le c tr ica l a c tiv ity  w as re g is te re d  w ith  a  12-channel H eilige N eu ro sc rip t a p p a ra tu s  and 
d u a l  b e a m  cathode-ray  oscilloscope.

B ip o la r  stainless s tee l e le c tro d e s  w ere used  fo r s tim u la tio n  of th e  m esencephalic  re­
t ic u la r  fo rm atio n  by a D isa  M u ltis tim  re c tan g u la r  im pu lse  g e n e ra to r th ro u g h  a n  iso la tio n  un it.

S p o n tan eo u s E E G  a c t iv i ty ,  th e  th resh o ld  of ev o k ed  p o ten tia ls  in  th e  p e r ie ta l  co rtex  
a n d  v a r io u s  subcortical s t ru c tu re s ,  e lic ited  b y  s tim u la tio n  o f th e  re tic u la r  fo rm a tio n , th e  
th r e s h o ld  of s tim u lus-induced  sp in d le -lik e  a fte r-d isch arg es a n d  th e  d u ra tio n  o f sp ind les have 
b e e n  reco rd ed . In  each a n im a l th e  reco v ery  p e rio d  b e tw een  tw o  evoked  p o te n tia ls  w as also 
m e a s u re d  in  a  double s t im u la tio n  m odel. Two electric  p u lses o f th e  sam e m a g n itu d e  were 
a p p lie d  w ith  a  certa in  la te n c y  b e tw e e n  th em . W h en  th e  am p litu d e  of th e  second  evoked  po ­
t e n t i a l  h a d  reached th e  f ir s t ,  l a te n c y  tim e  w as m easu red  in  m sec as th e  re co v e ry  p e riod .

T h e  gonado troph ins w ere  in je c te d  in  20 /Л vo lu m e in to  th e  m ed ia l th a la m ic  nuclei 
o r  th e  la te ra l  cerebral v e n tr ic le  th ro u g h  a m ic ro can n u la  w ith  a n  A gla m ic ro m ete r All-glass 
sy r in g e  (B urroughs W ellcom e C o., E n g lan d ).

T h e  following h o rm o n es  w ere  used : h u m an  chorion ic  g o n a d o tro p h in  (C horiogonin, 
G. R ic h te r  Co., B u d ap est o r P re g n y l,  N . V. O rganon  Oss, H o llan d ), lu te o tro p h in  (L u te in iz ing  
H o rm o n e , Calbiochem  E q u in e  В  g rad e  L o t 71525 or L u te o tro p in , V e rsu c h s -P rä p a ra t Nr. 
854 A , A rz tn e im itte lw erk  D re sd e n ) , fo llic le -stim u latin g  ho rm o n e  (N IH -F S H -P -1 , Porcine) 
a n d  p ro la c tin  (N IH -P -S -7 , O v in e ).

T h e  con tro l an im als re ce iv e d  vehicle or g o n ad o tro p h in s p rev io u sly  in a c tiv a te d  by 
b o ilin g  fo r  60 m in. L o ca tio n  o f th e  e lectrodes an d  th e  m ic ro can n u la  w ere c o n tro lled  in  brain  
se c tio n s  f ix ed  in  10% form ol.

R esults

1 .  E f f e c t  o f  h u m a n  c h o r i o n i c  g o n a d o t r o p h i n  ( H C G )  o n  e l e c t r i c a l  a c t i v i t y  o f  th e  

a n t e r i o r  h y p o t h a l a m i c  a n d  p r e o p t i c  r e g i o n , d o r s a l  h i p p o c a m p u s  a n d  i p s i l a t e r a l  

p a r i e t a l  c o r t e x

Localization of th e  cannula  and o f the recording and stim ulating  elec­
tro d es is shown in F ig. 1.

a )  E f f e c t  o f  H C G  i n j e c t i o n  i n t o  th e  m e d i a l  t h a l a m i c  n u c l e i  (parafascicular 
and paraventricular nuclei). HCG in a dose o f 150 I .U . injected  in  6 animals 
in  9 cases caused spike a c t iv ity  for 1— 2 m in. In  som e cases th is w as followed  
b y  a seizure activity and “ silen t period” o f a few  m inutes. In  th is period, EEG  
a c t iv ity  was suppressed in  every  investigated  structure. B y  the ten th  min 
th e  threshold  of evoked p oten tia ls  was elevated  w ith  an average o f 30%  of 
th e  pretreatm ent level in 3 cases in the hypothalam ic-preoptic area, 2 cases 
in  th e  dorsal hippocam pus and 1 case in the parietal cortex.

Follow ing paired stim u li, the am plitude o f the second evoked potential 
w as in h ib ited  in the sam e tim e  interval as after HCG treatm ent (F ig. 2b vs. a).

T h e recovery period o f  th e  first stim ulus as com pared to  th e  control 
v a lu e  w as delayed by 20 — 60%  after treatm ent in 6 out o f 9 cases in the  
an terior hypothalam ic-preoptic region, neocortex and in  every case in the  
dorsal hippocam pus (F ig. 2c vs. a).

Acta Physiclo^ica Academiae Scientiarum Hungaricae 45,1974



EFFEC T O F GONADOTROPHINS ON BRA IN  ELECTRICA L ACTIVITY 71

Fig. 1. S ch em atic  lo ca lizatio n  o f cannu lae , reco rd in g  a n d  stim u la tin g  e lectrodes, u se d  in  
e x p erim e n t N os l a  a n d  lb .  T h e  heav y  b lack  v e r tic a l lin es rep re sen t th e  c an n u lae  a n d  th e  
b lack  p o in ts  th e  t ip s  o f e lectrodes. A P  1: c an n u la  in  la te ra l  cerebral v e n tric le , re co rd in g  
e lectrodes in  th e  a n te r io r  h y p o th a lam ic  a rea ; A P  3: reco rd in g  electrodes in  d o rsa l h ip p o c a m ­
pus; A P  3.5: can n u la  in  th e  p a rafasc icu lar o r p a ra v e n tr ic u la r  th a lam ic  nuclei; A P  6: s t im u ­
la tin g  e lectro d es in  m esencephalic  re ticu la r  fo rm a tio n . C oord inates according to  F ifk o v á

and  Marsala  (1967).

AHA

DHPC

a ь

• -,

'  •

C

J 100 y V  

I  100 p  V

»------------ 1
1 s e c

F ig. 2. E ffec t o f h u m an  chorionic g o n ad o tro p h in  (C horiogonin) adm in istered  in to  th e  m edial 
th a la m ic  nuclei on  a m p litu d e  and  recovery  period  o f p a ire d  evoked p o ten tia ls . T h e  evoked 
p o ten tia ls  w ere e lic ited  by  s tim u la tio n  of m esencephalic  re ticu la r  fo rm ation  (3 V , 0.15 m sec 
im pu lse  d u ra tio n ), a: p rio r to  tre a tm e n t;  b  an d  c: 20 m in  a fte r  HCG a d m in is tra tio n . A b b r: 

A H A : a n te rio r  h y p o th a lam ic  a rea ; D H P C : dorsal h ippocam pus

The threshold of spindle-like after-discharges followed by stim ulation  
of th e  reticular form ation decreased by 60%  in 7 out of 9 cases in th e  h y p o th a ­
lam ic-preoptic area and dorsal hippocam pus and in each case in  th e  cortex. 
A fter HCG treatm ent, duration o f the sp indles was prolonged by about 40% . 
Spontaneous spindle bursts were never observed.

The changes of the recovery period and the spindle-like after-discharges 
lasted  from 10 to  60 min.
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a b
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F ig . 3. E ffec t of h u m an  chorion ic  g o n ad o tro p in  (P re g n y l, 200 I.U .) ad m in iste red  in to  th e  
l a te r a l  v en tric le  on  th e  th re sh o ld  of evoked p o te n tia ls . T h e  figure  shows five su p erim posed  
re sp o n se s . T he evoked p o te n tia ls  w ere elicited b y  s tim u la tio n  of th e  m esencephalic  re tic u la r  

fo rm a tio n  (1.6 V, 0.15 m sec), a : before tre a tm e n t;  b : 10 m in  afte r HCG a d m in is tra tio n

F ig . 4 . S ch em a tic  loca lization  o f can n u la , reco rd ing  a n d  s tim u la tin g  electrodes, in  e x p eri­
m e n t  N o  2. A P  1: can n u la  in  la te ra l  cereb ral ven tric le ; A P  1.5: record ing  e lectrodes in  h y p o th a ­
lam ic  v e n tro m e d ia l nucleus; A P  2: reco rd ing  e lectrodes in  b a sa l am ygdala; A P  6: s t im u la tin g  

e lectrodes in  m esen cep h a lic  re ticu la r  fo rm a tio n . F o r  details , see Fig. 1

In activation  o f HCG b y  60 min boiling abolished the above effects  
ex cep t th e  spike activ ity , w hich could also be observed in some cases in control 
anim als.

b )  E f f e c t  o f  H C G  i n j e c t i o n  i n t o  th e  l a t e r a l  c e r e b r a l  v e n t r i c l e .  HCG in  dose 
o f 200 to  500 I.U . was given to  3 animals in 6 cases.

A dm inistration  of th e  horm one elicited no spike or seizure a c tiv ity . 
The threshold  of evoked poten tia ls increased (F ig . 3), and the threshold of
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HVM I  100 A J V

A  M  Y  G  I

C O R T

HVM I

A  M  Y  G  I

CORT J

1 s e c
Fig. 5. E ffec t on sp o n tan eo u s  E E G  a c tiv ity  o f lu te in iz in g  horm one (L u te o tro p in , 2 I .U .)  
a d m in is tra tio n  in to  th e  la te ra l  v en tric le . The f irs t th re e  reco rd ings were o b ta in e d  p rio r  to  
tre a tm e n t,  th e  second th ree , 35 sec a fte r  horm one a d m in is tra tio n . A bbr: HVM : v e n tro m ed ia l 

h y p o th a la m ic  nucleus; AM YG: basal a m y g d a la ; C O R T: p a rie ta l co rtex

stim ulus-induced spindle activ ity  decreased in each case as in the previous 
experim ent. The recovery period was lengthened  in  each structure to  150—  
160%  of its  pre-injection duration in 5 out o f  6 cases. However, th e  onset of 
the described changes appeared 5— 10 min earlier than after intracerebral 
adm inistration.

2 .  E f f e c t  o f  i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  l u t e i n i z i n g  h o r m o n e  ( L H )  o n  

e l e c t r i c a l  a c t i v i t y  o f  th e  v e n t r o m e d i a l  h y p o t h a l a m u s , b a s a l  a m y d a l a  a n d  i p s i l a t -  

e r a l  p a r i e t a l  c o r t e x .

The site o f the cannula, the recording and stim ulating electrodes is 
shown in Fig. 4.

LH  (L uteinizing Horm one, 200 /tg; or Luteotropin, 2— 5 I .U .) was 
applied to  7 anim als in 9 cases. The effects o f the two different preparations 
were identical.

N o spike or seizure a ctiv ity  could be observed following LH  adm inistra­
tion . In contrast to  previous experim ents, the threshold of evoked potentials  
did not change during the observation period.

Follow ing LH  injection , spontaneous spindle bursts appeared with
5 — 10 m in latency (F ig. 5). These changes occurred in 5 out of 9 cases in  the 
subcortex and cortex. Follow ing th is period th e  threshold of th e  stim ulus- 
induced spindle a ctiv ity  decreased in the ventrom edial hypothalam ic nucleus
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F ig . 6. E ffec t on stim u lu s-in d u ced  sp ind le  a c tiv ity  o f 200 /tg  lu te in iz ing  horm one (L u te in iz in g  
H o rm o n e )  adm in istered  in to  la te ra l  v en tric le . T he ev o k ed  p o ten tia ls  w ere e lic ited  b y  s tim u ­
la t io n  o f th e  m esencephalic re tic u la r  fo rm atio n  (10 У , 0.15 m sec). T he f irs t  th re e  reco rd ings 
w ere  o b ta in e d  prior to  t r e a tm e n t,  th e  second th re e  10 m in  a fte r  horm one a d m in is tra tio n .

A b b r: see F ig . 5
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1 sec
F ig . 7. E f fe c t  of in ac tiv a te d  lu te in iz in g  horm one a d m in is te re d  in to  th e  la te ra l v e n tr ic le  on 

s tim u lu s-in d u ced  a fte r-d isch arg es . F o r  d e ta ils , see F ig . 6

and am ygdala  in 7 out of 9 cases and in the parietal cortex in 6 out o f 9 cases 
(F ig . 6 ). The changes w ere in  a range of 50— 60% .

T h e recovery period increased by 25— 35%  in  7 out of 9 cases. 
In activated  LH had no effect (Fig. 7).
F o llic le  stim ulating horm one (100 f i g )  in jected  intraventricularly to  5 

anim als (9 adm inistration) and prolactin (40 f i g )  to  5 animals (8 adm inistra­
tion ) w ere com pletely in effective.

Wyu^y 1 100 JUV

.j I
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Discussion

It has been show n th a t copulation induced specific changes in cerebral 
electrical activ ity  in  th e  rabbit ( S a w y e r  and K a w a k a m i  1959). Further  
experim ents showed th a t these changes were related to  the release o f luteo- 
trophin, prolactin and posterior pituitary horm ones elicited by the coital 
stim ulus ( K a w a k a m i  and S a w y e r  1959). Changes could be detected  in single  
and m ulti-unit a c tiv ity  w hich were associated w ith  the secretion of lu teo-  
trophin or the adm inistration  o f gonadotrophin ( K a w a k a m i  et al. 1970; B l a k e  

and S a w y e r  1972; G a l l o  et al. 1972; D u f y  et al. 1973).
Behavioural studies have shown th at HCG facilitates the extinction  

of conditioned avoidance behaviour and decreases exploratory a ctiv ity  
( T e l e g d y  and K ó z s a h e g y i  1971; T e l e g d y  et al. 1971). In self-stim ulation  
experim ents, after chronic HCG treatm ent th e  num ber of bar pressings de­
creased ( H a r t m a n n  et al. 1971). These behavioural effects are ascribed to  
the enhanced inh ib itory tone of the central nervous processes induced by  
HCG and LH .

The present stu d y  dem onstrated th at the action  of HCG and LH  is a 
general one rather th an  a locus-specific in fluence o f gonadotrophins on the  
brain structures. The nature o f the effect seem s to  be an inhibitory one. This 
was supported b y  tbe elevated  threshold and lengthened recovery period of  
evoked potentials.

I t  has been show n th a t spindles induced b y  single or low  frequency  
stim ulation  o f the caudate nucleus are associated  w ith  an inhibition  of learned  
behavioural responses ( B u c h w a l d  et al. 1961) and a depression o f the firing  
rate of cells in non-specific thalam ic nuclei and the cerebral cortex ( B u c h w a l d  

et al. 1967). A correlation betw een internal inh ib ition  and EE G  synchronizing  
a ctiv ity  o f the non-specific thalam o-cortical system  (recruiting responses, 
spindle bursts) has also been shown ( S k i n n e r  and L i n d s l e y  1967).

In our experim ents, the decrease in threshold  and increase in duration  
of stim ulus-induced after-discharges are interpreted to indicate an increased  
tone of central inh ib itory processes.

D espite the fact th a t HCG and LH  are alm ost identical in biological 
action, p itu itary gonadotrophin had no effect on the threshold of evoked  
potentia ls, while it  w as more potent in inducing spindle-like activ ity . Follow ­
ing LH adm inistration, spontaneous spindle bursts appeared; such bursts 
have not been observed after HCG treatm ent.

Since progrestone has been reported to  exert a similar action ( K o m i ­

s a r u k  et al. 1967; E n d r ő c z i  1969), th e  question  arises w hether the action  
of HCG or LH cannot be brought about b y  increasing adrenal progesterone 
secretion. The data published so far seem to exclude th is possib ility  ( K e s k o  1969).

Other gonadotrophins such as prolactin  and FSH  were ineffective and
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th e  action  of HCG and L H  on the brain is related to  their gonadotrophic  
p o te n c y . H eat abolishes b o th  th e  gonadotrophic and the described “ neuro­
tr o p h ic ” activity.
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BLOOD FLOW AND RELEASE OF FREE  
FATTY ACIDS IN THE OMENTUM, MESENTERY 

AND SUBCUTANEOUS ADIPOSE TISSUE 
OF THE DOG IN HAEMORRHAGIC SHOCK*

By

A. G. B . K o vách , S . R o se l l , P . Sá n d o r , J . H a m a r , K orn élia  I k r é n y i

and  Em m a K ovÁ C H
EXPERIMENTAL RESEARCH DEPARTMENT, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, 

BUDAPEST, HUNGARY, AND DEPARTMENT OF PHARMACOLOGY, KAROLINSKA INSTITUTET, 
STOCKHOLM, SWEDEN, AND JOHNSON RESEARCH FOUNDATION, UNIVERSITY 

OF PENNSYLVANIA, PHILADELPHIA, USA

(R ece iv ed  F eb ru a ry  19, 1974)

B lood flow , re lease  o f free f a t ty  acids (F F A ) a n d  g lycerol w ere m easu red  in 
th e  su b cu tan eo u s, m esen te ric  an d  om ental ad ipose  tis su es  in  ch lo ra lo se-an aesth e tized  
dogs du rin g  a  s ta n d a rd iz e d  haem orrhag ic  shock  p ro ced u re . R estin g  b lood  flow s w ere 
6.3 ±  1.4 m l/m in /100  g (± S E M )  in th e  sub cu tis , 14.8 ±  3.3 m l/m in/100 g in  th e  m es­
e n te ry , an d  5.3 ±  1.2 m l/m in /100  g in  th e  o m en tu m . T h ere  w as a p ro n o u n ced  re d u c tio n  
of b lood flow  d u rin g  b leed in g  to  an  a rte ria l p re ssu re  o f  55 m m  H g  fo r 90 m in  an d  i t  
rem ain ed  low  d u rin g  b leed in g  to  35 m m  Hg fo r a n  a d d itio n a l 90-m inu te  p eriod . B lood 
flow  in  th e  m esen te ry  w as sign ifican tly  h igher th a n  in  th e  o th e r tw o ad ipose  tissues 
in  b o th  th e  co n tro l a n d  th e  b leeding periods. T h ere  w as no increase  o f F F A  release 
fro m  adipose tis su e  b u t  g lycerol release from  th e  m e sen te ry  w as sig n ifican tly  increased . 
T he a rte ria l c o n c e n tra tio n  o f F F A  d id  no t change  b u t  th e re  w as a s ig n ifican t e lev atio n  
o f th e  glycerol c o n c e n tra tio n  from  0.21 ±  0.04 m M  to  0.95 ±  0.22 mM  (p <  0.05). 
A rte ria l p H  d ecreased  fro m  7.28 ±  0.03 to  7.06 ±  0.04, a n d  th e  la c ta te  lev e l rose from  
3.18 ±  0.38 to  10.66 ±  1-61 mM during  b leeding.

I t  is co n clu d ed  th a t  th e  low  blood flow  in  ad ip o se  tissu e  follow ing b leed ing  m ay  
im p a ir  th e  o u tflo w  o f F F A  an d  glycerol. R eg io n a l d ifferences in  th e  in te n s i ty  o f  th e  
b lood  flow re d u c tio n  m a y  be  th e  ex p lan atio n  fo r th e  s ig n ifican t rise  in  th e  ou tflo w  of 
glycerol fro m  th e  m ese n te ry  b u t  n o t from  th e  su b c u tis  o r th e  om en tu m . T h e  re -e s te ri­
f ica tio n  of F F A  in c reased  follow ing bleeding, p re su m a b ly  due to  th e  h ig h  la c ta te  con­
cen tra tio n . As a con seq u en ce  of th e  low  p H , th e  l ip o ly tic  r a te  d im in ished  in  adipose 
tis su e  in  sp ite  o f  a p re su m ab ly  h igh  sy m p a th e tic  n eu ro h u m o ra l a c tiv ity . T h e  rise  in  
th e  rees te rif ic a tio n  r a te  a n d  in h ib ito n  of lipo lysis as w ell as th e  d im in u tio n  in  adipose 
tis su e  blood flow  c o u n te ra c ts  th e  outflow  of F F A .

In  a previous paper (K ovach  et al. 1970) w e have shown th a t in  canine 
subcutaneous adipose tissu e  during haemorrhage, b lood flow  decreased approxi­
m ately  to  10% o f th e  resting level and often ceased com pletely. H ence, this 
decrease was found to  be more pronounced th an  in  other organs including  
skeletal m uscle, m yocardium , kidney, liver, hypothalam us and in testin e  w ith

* T his in v es tig a tio n  w as su p p o rted  by  th e  H u n g a r ia n  M edical R esea rch  C ouncil, 
th e  Sw edish M edical R e se a rc h  C ouncil (B 40-731-06 a n d  К  71-14 R -3425), a n d  th e  Jo h n  A. 
H a r tfo rd  F o u n d a tio n .
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th e  sam e haemorrhagic shock  procedure (K ovach  1970). Furtherm ore, there 
w as no elevated rate o f F F A  release from the subcutaneous adipose tissue 
d esp ite  a presumably high sym p ath etic  neurohum oral activ ity  w hich prom otes 
lip o ly s is . It was suggested th a t a marked restriction of blood flow  impaired  
con sid erab ly  the outflow  o f  F F A . It is not know n, however, w hether this 
h o ld s true also for adipose tissue from other regions. Thus, B a l l a r d  and 
R o s e l l  (1969, 1971) found regional differences in the sym pathetic  neuro- 
h u m oral control of blood flo w  and lipid m etabolism . The adipose tissue in 
th e  m esentery does not seem  to  be controlled b y  the sym pathetic neurohum o- 
ral sy stem  (B allard  and R o se l l  1969). Furtherm ore, in the om entum  during 
p rolonged  sym pathetic n erve stim ulation there was a pronounced escape 
from  th e  initial vasoconstriction , especially at high (9 c/s) stim u lation  fre­
q u en cies (B allard  and R o se l l  1971). These regional differences in  the 
resp on se  to sym pathetic nervous activ ity  ind icate th at the reaction to  bleeding  
in  on e region may not be representative of adipose tissue in other regions. 
T herefore, the present series o f  experim ents was in itiated  in order to  compare 
c ircu la tory  and m etabolic changes in the canine subcutaneous adipose tis­
sue, om entum  and m esentery during standardized haemorrhagic shock. To ob­
ta in  inform ation concerning the degree of lipolysis and reesterification  of 
F F A , th e  release of F F A  as w ell as of glycerol has been determ ined.

M ethods

T h e  experim ents w ere p e rfo rm e d  on  22 fem ale  m o n g rel dogs fa s ted  fo r ap p ro x im a te ly  
18 h o u rs .  T h ey  were an ae sth e tize d  w ith  100 m g/kg a-D (-j-)-g lucoch lo ralose  (M erck, D a rm s ta d t)  
a n d  su b je c te d  to  trach eo to m y . H e p a r in  (R ich te r, B u d a p es t) , 5 m g/kg  w as a d m in is te re d  in tr a ­
v e n o u s ly  a b o u t one hour p rio r to  th e  ex p erim en ta l ru n  w ith  no fu r th e r  ad d itio n s . A fte r th is 
p e r io d  th e  effect of h ep arin  on  c le a rin g  fa c to r lipase  seem s to  be stab ilized  (F r e d h o l m  1970). 
T h e  su b c u tan e o u s  tissue in  th e  r ig h t  in g u in a l reg ion  w as iso la ted  from  th e  m uscle  fascia  and 
th e  s k in  as described earlier ( R o s e l l  1966). The n ervous su p p ly  to  th e  ad ipose  tis su e  a n d  the  
p r in c ip a l  a r te ry  were left in ta c t.  I n  one  series of ex p erim en ts  (10 dogs) a p o rtio n  o f th e  om en tu m  
w as a lso  iso la ted  (B allard  an d  R o s e l l  1971). A b ra n ch  of th e  system ic a r te ry , th e  v e in  a n d  th e  
n e rv e s  acco m pany ing  th e  vessels w ere  d issected  free a t  th e  leve l of th e  g rea te r c u rv a tu re  o f the  
s to m a c h , a n d  a po rtion  of th e  o m e n ta l tissu e  su p p lied  b y  th ese  s tru c tu re s  w as s e p a ra te d  by  
l ig a tu re s  fro m  th e  rem ain d er o f th e  o m en tu m . T he sp leen  w as ex terio rized . I n  a n o th e r  series 
o f e x p e r im e n ts  (12 dogs) th e  su b c u ta n e o u s  adipose tis su e  p re p a ra tio n  w as co m b in ed  w ith  a 
m e s e n te r ic  p rep ara tio n  (B a lla rd  a n d  R o sell  1969). A loop of th e  sm all in te s tin e  w as selected 
a n d  th e  superio r m esenteric  a r te ry ,  v e in  an d  acco m pany ing  nerves w ere iso la ted  fro m  th e  ly m ­
p h a tic  tis su e . B ranches from  th e  a r te r y  an d  vein  o th e r th a n  th o se  supply ing  th e  se lec ted  loop 
w ere  l ig a te d .  The m esen teric  se g m e n t w as iso la ted  from  th e  sm all in te s tin e  b y  lig a tu re s .

T o  reco rd  blood flow, th e  v e in s  fro m  th e  d iffe ren t ad ipose  tissue  p re p a ra tio n s  w ere can- 
n u la te d  a n d  th e  blood d irec ted  b y  p o ly e th y len e  tu b in g  to  d rop  recorders. T h e  v en o u s  blood 
w as th e n  collected in  ice-cooled c e n tr ifu g e  tu b es  for la te r  an a ly sis  o f F F A  an d  g lycerol. A rte ria l 
s a m p le s  w ere  tak en  from  a c an n u la  in  th e  b rach ia l a r te ry  fo r sim ilar analysis. A rte ria l  p ressure  
w as m e a su re d  in  the  o th er b ra c h ia l  a r te ry . C ardiac o u tp u t  a n d  th ree  frac tio n s o f i t  w ere m eas­
u re d  a cc o rd in g  to  th e  th e rm o d ilu tio n  p rin cip le  (F r o n ek  an d  Ganz 1960; K ovách  a n d  M it sá n y i 
1964). S a lin e  a t  room  te m p e ra tu re  w as in jec ted  in to  th e  a o r ta  a t  th ree  d iffe ren t levels: a o rta  
a sc e n d e n s , a t  th e  level of th e  d ia p h ra g m , and  below  th e  re n a l a rte ries. T he th e rm is to r  was 
in s e r te d  ab o v e  th e  b ifu rca tio n  of th e  a o rta . R esp ira to ry  r a te  w as m easu red  w ith  a  th e rm is to r  
in  th e  tr a c h e a l  cannula; E E G  w as re co rd e d  from  th e  fro n to -o cc ip ita l leads an d  E C G  fro m  the
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s ta n d a rd  lead  I I .  T hese  p a ram e te rs  w ere reco rded  c o n tin u o u sly  to  estab lish  cereb ra l a n d  c a r ­
d iac  hyp o x ic  d am age d u rin g  th e  s ta n d a rd ize d  sh ock  p ro ced u re  (W ig g ers  1950; K ovAch 
1961, 1970) F F A  in  p lasm a  w as d e te rm in ed  titr im e tr ic a lly  acco rd in g  to  D ole (1956) as m o d ified  
b y  T ro ut  e t  al. (1960). P la sm a  w as an a ly zed  en zy m atica lly  fo r g lycerol according to  L a u r e l l  
an d  T ib b l in g  (1966). L a c ta te  w as d e te rm in ed  in  p la sm a  acco rd in g  to  H ohohst (1962), u sing  
th e  te s ts  fro m  B o ehringer a n d  S öhne , M annheim , G e rm an y . T h e  n e t release o r n e t  u p ta k e  of 
th e  m etab o lite s  w as c a lcu la ted  from  th e  a rte rio v en o u s c o n c e n tra tio n  differences, b lo o d  flow , 
a n d  h a em ato c rits .

D u rin g  a  co n tro l period  of a p p ro x im a te ly  60 m in u te s  follow ing co m ple tion  o f th e  o p e ra ­
t iv e  p ro ced u res, a r te r ia l  a n d  v enous b lood  sam ples w ere  ta k e n  a t  30, 45 an d  60 m in u te s . T he 
dogs w ere th e n  b led  in to  a  reserv o ir to  a m ean  b lood p re ssu re  o f a b o u t 55 m m  H g  fo r 90 m in  
(B leed ing  I) , follow ed b y  fu r th e r  b leed ing  to  a b o u t 35 m m  H g  fo r 90 m in  (B leeding I I ) .  B lood 
sam ples w ere ta k e n  ev ery  30 m in . T h erea fte r, th e  shed  b lood  w as re in fused  and  all p a ra m e te rs  
w ere re g is te red  fo r 45 m in . B lood sam ples w ere ta k e n  e v e ry  15 m in  d u rin g  th e  re in fu s io n  p eriod .

Statistical analysis was performed according to Duncan’s multiple-comparison t-test 
(H a r t e r  1960).

R esults

A r t e r i a l  c o n c e n t r a t i o n s  o f  p l a s m a  F F A  a n d  g l y c e r o l

Mean arterial plasm a concentration o f F F A  was 0.23 +  0.02 ( +  SEM ) 
mM (Table I). I t  did not change sign ificantly during the tw o bleeding periods 
or after infusion of th e  shed blood. The arterial concentration o f glycerol, 
on the other hand, w as doubled during B leed ing  I and increased further  
during B leeding II (Table I). After reinfusion, th e  glycerol concentration  
tended to  decrease b u t rem ained sign ificantly  above the prebleeding level.

Table I

Effect o f  haemorrhage on arterial plasm a F F A  and  glycerol concentrations
(M ean ±  S .E .)

Control
Bleeding I Bleeding II Reinfusion

60' 90' 60' 90' 30'

F F A
(mM)

0 .2 3 ± 0 .0 2  
(n  =  21)

0 .1 8 ± 0 .0 1  
(n  =  21)

0 .1 9 ± 0 .0 2  
(n  =  10)

0 .2 2 ± 0 .0 4  
(n  =  17)

0 .1 8 ± 0 .0 4  
(n  =  9)

0 .2 0 ± 0 .0 2  
(n  =  12)

Glycerol
(mM)

0 .2 1 ± 0 .0 4  
(n =  21)

0 .3 6 ± 0 .0 5  
(n  =  19)

0 .4 0 ± 0 .1  
(n  =  9)

0 .6 9 ± 0 .1 2 *  
(n  =  16)

0 .95±0 .22*  
(n  =  8)

0 .8 2 ± 0 .1 2 *  
(n  =  9)

* sign ifican t d ifference from  contro l value , p  <  0.05

A r t e r i a l  c o n c e n t r a t i o n s  o f  p l a s m a  la c t a te  a n d  c h a n g e s  i n  a r t e r i a l  p H

The arterial lacta te  concentration was around 3 mM during the prebleed­
ing period and rose sign ificantly  after bleeding. In B leeding II th e  lacta te  
concentration was about 10 mM (Table II). There was a progressive decline  
in  arterial pH  from 7.28 during the prebleeding period to 7.06 at th e  end of 
B leeding II. Follow ing reinfusion there was a further decrease.
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Table U

Effect o f  haemorrhage on arterial p H  and  p la sm a  lactate concentration  
(M ean ±  S .E .)

Control
Bleeding I Bleeding II Reinfusion

60' 90' 60' 90' 30'

L a c ta te
(m M )

3 .1 8 ± 0 .3 8  
(n  =  10)

6 .2 1 ± 0 .5 4 *  
(n  =  10)

6.92 ±1-05* 
(n  =  5)

10 .0 9 ± 0 .6 9 *  
(n  =  8)

10 .66±1 .61*  
(n  =  4)

8 .0 6 ± 0 .6 3 *  
(n  =  6)

p H 7 .2 8 ± 0 .0 3  
(n  =  7)

7 .2 0 ± 0 .0 4  
(n  =  7)

7 .1 6 ± 0 .0 4  
(n  =  5)

7 .0 9 ± 0 .0 4 *  
(n  =  4)

7 .0 6 ± 0 .0 4 *  
(n  =  4)

7 .0 2 ± 0 .0 8 *  
(n  =  3)

* s ign ifican t difference fro m  con tro l value , p  <  0.05

R e l e a s e  o f  F F A  a n d  g l y c e r o l  f r o m  th e  s u b c u t a n e o u s ,  m e s e n te r i c  a n d  o m e n t a l  

a d i p o s e  t i s s u e s

T h e rate of F F A  and glycerol release from  fa t depots was estim ated  in 
th ree  different regions: th e  subcutis, m esentery and om entum . The outflow  
o f  F F A  did not show any sign ificant change follow ing bleeding (T able III). 
D u e to  th e  marked reduction  in  adipose tissu e  blood flow  during haem orrhage, 
in  m a n y  experim ents it  w as not possible to  obtain  blood sam ples sufficient 
for F F A  determ ination. The basal rate o f glycerol release was higher th an  the  
ra te  o f  F F A  release. G lycerol release tended to  decrease during th e  fir st  b leed­
in g  period  and th en  to  rise during B leeding II  and reinfusion. In  th e  case o f  
th e  m esen tery , glycerol release was s ign ifican tly  higher during th e  second  
b leed in g  period than  during the control period.

Table III

Release o f  F F A  and glycerol from  subcutaneous, omental and mesenteric adipose tissue
(M ean ±  S .E .)

Control
45'

Bleeding I 
60'

Bleeding II 
60'

Reinfusion
30'

S u b c u tis  F F A  
(jttM /m in/100 g)

— 0 .1 3 ± 0 .1 9  
(n  =  15)

0 .0 8 ± 0 .0 5  
(n  =  9)

0 .1 4 ± 0 .1 7  
(n =  6)

0 .0 9 ± 0 .1 5  
(n  =  5)

S u b c u tis  glycerol 
(jUM/min/100 g)

0 .2 9 ± 0 .1 1  
(n  =  12)

0 .0 7 ± 0 .1 5  
(n  =  12)

0.11±0.43 
(n =  6)

0 .3 7 ± 0 .4 9  
(n  =  7)

O m e n tu m  F F A  
((UM/min/100 g)

0 .0 8 ± 0 .1 5  
(n  =  7)

0 .2 2 ± 0 .1  
(n  =  7)

—0 .0 3 ± 0 .1 7  
(n  =  4)

0 .1 2 ± 0 .1 2  
(n  =  3)

O m e n tu m  glycerol 
(иМ /m in/lOO g)

0 .2 2 ± 0 .4 2  
(n  =  9)

0 .0 8 ± 0 .1 6  
(n  — 7)

0 .1 3 ± 0 .1 2  
(n =  4)

0 .6 7 ± 1 .0 1
(n  =  6)

M e se n te ry  F F A  
(jííM /m in/100 g)

0 .0 7 ± 0 .4  
(n  =  6)

0 .3 7 ± 0 .0 9  
(n  =  7)

0 .1 4 ± 0 .3 8  
(n  =  4)

0.37±0.09 
(n =  6)

M esem te ry  glycerol 
(/íM /m in/100 g)

0 .3 7 ± 0 .1 3  
(n  =  10)

0 .1 9 ± 0 .1 4  
(n  =  8)

0 .4 8 ± 0 .3 *  
(n  =  4)

0 .6 5 ± 0 .0 7 * *  
(n  =  3)

* significant difference fro m  con tro l value, p  <  0.025 
** significant difference fro m  60 m in  B I v a lu e , p <  0.02 
— ind ica tes u p tak e  in s tea d  o f release
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B l o o d  f l o w  i n  th e  s u b c u t a n e o u s ,  m e s e n te r i c  a n d  o m e n t a l  a d i p o s e  t i s s u e

R esting blood flow  was sign ificantly  higher in  the m esentery than  in 
the subcutaneous and om ental adipose tissue. In all three tissues there w as a 
pronounced decrease in blood flow  after bleeding (Table IY). B lood flow  in 
th e  m esentery rem ained, how ever, significantly higher than in th e  subcuta­
neous tissue.

Discussion

The present results have confirm ed and extended  our previous findings 
in  standardized haem orrhagic shock. In spite o f  a presum ably h igh activ ity  
in the sym pathetic neurohum oral system , no sign ifican t increase in the re­
lease of FFA  from  adipose tissu e or elevation o f th e  arterial concentration  of 
F F A  could be observed (K o vach  et al. 1970). On th e  other hand, th e  present 
results have show n that th e  concentration of g lycerol, another product of 
lipolysis, increased sign ificantly  during the later part o f the b leeding period. 
Concom itantly w ith  this rise, glycerol release from  the m esenteric adipose 
tissue increased.

U sually, arterial blood concentrations o f  g lycerol and FFA  run in  parallel 
(Ca r l so n  and O ro 1963; F r e d h o l m  and R o se l l  1968). H ow ever, th is was 
not the case in th e  present experim ents. The rise in  arterial glycerol concentra­
tion  m ay indicate an augm ented lipolysis, at least in som e parts o f  th e  adipose 
tissue during and after bleeding, e.g. in the m esentery , whereas the divergence 
o f arterial concentrations o f F F A  and glycerol w ith  tim e m ay be due to  an 
increased reesterification  of F F A  (S t e in b e r g  and V a u g h a n  1965).

I t  has been show n that a low  pH  and high la c ta te  concentrations inhibit 
the release o f F F A  from adipose tissue in  v itro  and dim inish their  arterial 
blood concentration in vivo ( I s s e k u t z  and M il l e r  1962; M il l e r  et al. 1964; 
T r in e r  and N a h a s  1965). T hus, intra-arterial in fusions of N a-L (-|-)-lacta te  
resulting in blood concentrations above 5 mM counteract the release o f  F F A  
caused by sym pathetic nerve stim ulation  w ith ou t affecting glycerol release. 
Arterial lactate above 10 mM induces a 70%  blockade o f FF A  release w ithout 
significantly changing glycerol release (F r e d h o l m  1970, 1971). Therefore, 
the inhibition o f  F F A  release under these cond itions seem s to  be due to  an 
increase in the reesterification  o f F F A  rather th an  to  a depression o f lipolysis. 
These experim ents were perform ed on the sam e ty p e  o f canine subcutaneous 
adipose tissue as th a t used in th e  present experim ents. I t  was therefore in terest­
ing to note th a t in the present experim ents th e  inhibition  o f F F A  release 
occurred at arterial lactate concentrations a tta in ed  during the bleeding and 
reinfusion periods. I t  is thus conceivable th a t th e  absence of any rise in FF A  
outflow  to a large exten t was m ain ly  due to  an increased reesterification  rate.
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Table IV

Blood f lo w  (m l/m in /1 0 0  g )  in  subcutaneous, omental and mesenteric adipose tissues
(M ean ±  S .E .)

Control
Bleeding I Bleeding II Reinfusion

60' 90' 60* 90' 30'

# 1 # 2 # 3 # 4 # 5 # 6

Subcutaneous n  =  20 n  =  19 n  =  16 n  =  16 n =  13 n =  11

6 .3 ± 1 .3 7 1 .7 ± 0 .4 1 .3 ± 0 .2 2 0 .8 6 ± 0 .2 2 0 .8 8 ± 0 .2 0 4 .0 ± 1 .0 5

# 7 # 8 # 9 # 1 0 # 1 1 # 1 2
M esenteric n  =  12 n =  12 n  =  12 n  =  10 n  =  9 n  =  9

14 .8 ± 3 .2 8 3 .3 ± 0 .5 2 3 .2 ± 0 .5 2 2.7 ± 0 .4 9 2 .6 ± 0 .5 1 6 .7 ± 1 .7 3

# 1 3 # 1 4 # 1 5 # 1 6 # 1 7 # 1 8
O m ental n  =  10 n  =  9 n =  6 n  =  7 n  =  4 n  =  6

5.3 ±  1.19 1 .9 ± 0 .6 4 2 .0 ± 0 .4 1 1 .6 ± 0 .2 8 1 .3 ± 0 .4 4 3 .4 ± 0 .7 5

Sign ificance
tes t*

1— 7 p <  0.05 

1 - 1 3  p  >  0.05

2 — 8 p  >  0.05 

2 - 1 4  p  >  0.05

3 -  9 p <  0.05 

3 - 1 5  p  >  0.05

4 - 1 0  P <  0.05 

4 — 16 p >  0.05

5 —11 p  <  0.05 

5 - 1 7  p  >  0.05

6 - 1 2  p  >  0.05 

6 - 1 8  p  >  0.05
7 - 1 3  p <  0.05 8 - 1 4  p  >  0.05 9 - 1 5  p  >  0.05 1 0 - 1 6  p >  0.05 1 1 - 1 7  p  >  0.05 1 2 - 1 8  p >  0.05

* V alues fo r m ean  sub cu tan eo u s flow  w ere com pared  to  those  fo r om en ta l a n d  m esen teric  flow  using  D u n can ’s t-te s t  to  d e te c t sign ifican t 
changes a t  va rio u s in te rv a ls  in  th e  p rocedure . Such com parisons w ere also m ade  be tw een  om en ta l an d  m esen teric  flow  a n d  changes a t  th e  5 %  
confidence level a re  show n

I. KOVÁCH et al.
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The marked d im inution of blood flow  m ay be another reason for the  
absence o f an augm ented F F A  release in every adipose tissue preparation. 
The num erical values o f peripheral resistance seem  to  indicate th at th e  decrease 
in blood flow  in the m esentery and om entum  was due to a dim inished blood  
pressure rather than to  an elevated  vasoconstrictor tone. In the subcutaneous 
adipose tissue, however, there w as a rise in the calcu lated  peripheral resistance. 
This m ay be a sign o f regional differences in the vascular reactions o f  adipose  
tissue to  standardized haem orrhagic shock, presum ably as a consequence of 
regional differences in  th e  sym pathetic  neurohum oral control o f the circulation  
in  th e  adipose tissue (B a l l a r d  and R osell  1969, 1971; R o sell  1966).

The primary effect o f  th e  severe blood flow  restriction m ay be tissue  
hypoxia  which, in turn, leads to  anaerobic g lycogenolysis, lactate accum ulation  
and tissue acidification ( F r e d h o lm  and K a r l s so n  1970). As a resu lt, the  
rate o f lipolysis m ay dim inish and the rate o f F F A  reesterification rise. Such  
a developm ent of m etabolic events in adipose tissu e  m ay be the reason w hy  
we did not find F F A  accum ulation  in adipose tissue during haem orrhagic 
shock. Thus, in the subcutaneous adipose tissue the F F A  concentration  was 
3.5 +  0.74 (n =  13) in the control period and 2.7 +  0.76 (n =  6) at 60 min  
during the second bleeding period (unpublished observations). There is am ple 
experim ental evidence of a strong activation o f the sym pathetic neurohum oral 
system  during haemorrhage and one would therefore a priori exp ect a trap­
ping o f  F F A  in adipose tissu e due to  an increased lipolysis com bined w ith  a 
low blood flow  (K ovach  et al. 1970). The present results, how ever, ind icate  
th a t factors like lowered pH  and lactate accum ulation m ay counteract the  
trapping o f FFA.

In traum atic shock due to  hind-limb ischaem ia, there is an elevated  
concentration of plasm a F F A  interpreted as an augm ented lipid ou tflow  from  
adipose tissue (W a d st r o m  1959; S t o n er  1962). The discrepancy betw een  
those findings and th e  resu lts obtained in th e  present study m ay m erely  
indicate th a t changes in  lip id  m etabolism  are m uch dependent upon th e  ty p e  
and degree of the traum a.

In  view  of the fact th a t the adipose tissue is the largest energy source 
of th e  organism, the d ifficu lty  to  mobilize F F A  m ay have adverse effects  
on the energy supply o f th e  organism  during haem orrhagic shock. U nder such  
conditions it m ay be of im portance to keep the delivery o f F F A  at a norm al 
or increased rate. One w ay o f doing so is to adm inister alpha-receptor b locking  
agents (K ovach  et al. 1970) or betam im etic drugs (S t o n e r  1962; K o vach  e ta l.  
1971). The therapeutic va lu e  o f such a treatm ent deserves further stu d y .
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EFFECT OF HYPERCALCAEMIA 
ON RENAL FUNCTION

By

G. T a r k o v á c s , T .  M ó z e s , G. K ö v é r  a n d  H ilda T o s t

IN STITU TE OF PH Y SIO LO G Y , SEM M ELW EIS U N IV ERSITY  M ED ICAL SCHOOL, BU D A PEST 

(R eceived  Ja n u a ry  16, 1973)

A cute  h y p e rca lcaem ia  w as in duced  in  a n ae sth e tize d  dogs b y  in tra v e n o u s  calcium  
chloride a d m in is tra tio n  a n d  th e  effect on re n a l fu n c tio n  h as  b een  o b served .

1. W hen  p la sm a  calcium  level w as ra ised  b y  a lm o st 100% , a r te r ia l  tension  was 
u n affec ted  b u t  u rin e  e x cre tio n  Срдц, Cjm,|jn, sod ium  an d  p o tass iu m  ex cre tio n  defin itely  
decreased. T here  w as no change in  u r in a ry  calcium  ex cre tio n .

2. T he re d u c tio n  o f re n a l fu n c tio n  due to  h y p erca lcaem ia  is a t t r ib u te d  to  an  in te n ­
sive co n stric tio n  of th e  re n a l vessels, p resu m ab ly  of th e  a ffe ren t a rte rio les.

Chronic hypercalcaem ia is known to affect th e  renal parenchym a and 
thus urine excretion. E p s t e in  et al. (1958), G il l  and B a r t t e r  (1961), B a n k  
and A y n e d j ia n  (1965) have dem onstrated in several species th a t in  chronic 
hypercalcaem ia concentrating ability of the k idney was deteriorated. They  
attributed this to th e  lack  o f the hyperosm otic concentration  gradient in the 
m edulla or the effect o f calcium  ions on the perm eability  to  w ater o f  the distal 
and collecting tubules.

S u k i et al. (1969) observed in acute hypercalcaem ia a decrease of the 
free water clearance w hich th ey  ascribed to  blocked sodium  reabsorption in 
the ascending lim b o f H en le’s loop due to the presence o f excess calcium  ion s.

H owever, it  is not sufficiently  known w hether in  hypercalcaem ia the  
calcium  ion excess has a functional influence on renal a c tiv ity , or modifies 
it  on ly  as a result o f m orphological changes.

In order to clarify th is question, renal function  w as investigated  under 
conditions o f acute hypercalcaem ia when m orphological changes could not 
be y e t responsible for the occurring changes.

Methods

T he experim en ts  w ere  c a rried  o u t on m ongrel dogs of b o th  sexes w eigh ing  9 to  11 kg 
a n aesth e tized  w ith  25 m g /k g  p e n to b a rb ita l  in trav en o u s ly .

T he u re te rs  w ere ex p o sed  from  m ed ian  lap a ro to m y  a n d  c a th e re tiz ed  supravesically  
w ith  p o lyethy lene  tu b in g s .

A rte ria l blood p re ssu re  w as m easu red  in  th e  fem ora l a r te ry  b y  a m e rc u ry  m an o m ete r 
an d  reco rded  on soo ted  p a p e r.

To p rev en t c lo ttin g  0.10 m l/kg  of h ep arin  w as g iven  in trav en o u s ly .
A fter th e  o p e ra tio n  P A H  a n d  in u lin  dissolved in  20 m l o f physio log ical sa line  in  q u a n ti­

tie s  to  raise p lasm a c o n c e n tra tio n  to  2 m g and 20 m g per 100 m l, re sp ec tiv e ly , w ere in jec ted  
th ro u g h  a cannu la  t ie d  in to  a fem o ra l vein . M ain tenance  doses w ere g iven  d isso lved  in  ph y sio ­
logical saline in  c o n s ta n t in fu s io n  a t  a ra te  of 1 m l p e r m in u te .
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A fte r  s ta r tin g  th e  in fu s io n , 60 m in u te s  w ere allow ed fo r e q u ilib ra tio n , th e n  u r in e  was 
c o lle c te d  in  th ree  10 m in u te  p e rio d s . A t th e  m iddle o f each  p e rio d  a n  a r te r ia l  b lood  sam ple 
w a s  t a k e n  fo r p lasm a P A H  a n d  in u lin  d e te rm in a tio n .

T h e  th ree  con tro l p e rio d s  w e re  fo llow ed by  th e  in tra v e n o u s  in fu sio n  o f calc ium  chloride 
d is so lv e d  in  20 m l o f p h y sio lo g ica l sa lin e . T he a m o u n t o f C aC l2 in fu sed  in  a b o u t  fiv e  m inu tes 
c o r re sp o n d e d  roughly  to  th e  a m o u n t  o f  calcium  in  th e  e x tra c e llu la r  space.

N e x t, th e  m ain ten an ce  in fu s io n  o f physio logical sa lin e  w as ch an g ed  fo r one co n ta in in g  
in  a d d it io n  to  P A H  and  in u lin , 3 m g /m l o f anh y d ro u s CaCl2.

A fte r  s ta rtin g  th e  in fu s io n  o f  C aC l2, 30 m in u tes  w ere a llow ed  fo r e q u ilib ra tio n  a n d  u rine  
w a s  a g a in  collected in  th re e  te n  m in u te  periods. A t th e  m id d le  o f each  p e rio d , a r te r ia l  blood 
sa m p le s  w ere  tak en .

A f te r  th e  th ird  p e rio d , th e  a n im a ls  w ere killed , th e ir  k id n e y  w ere  rem o v ed  a n d  w eighed. 
O n  g ro ss  in spection  th e y  d isp la y e d  no  m orpholog ical changes w h a tso ev er.

A n o th e r  group of an im a ls  se rv e d  a s  con tro l to  e s tab lish  th e  resp o n sib ility  o f th e  ex p eri­
m e n ta l  m e th o d  for th e  changes in  re n a l  fu n c tio n .

T h ese  anim als w ere g iv en  20 m l o f  physiological sa lin e  free o f calc ium  in trav en o u s ly  
a f te r  th e  th re e  urine co llection  c o n tro l  periods.

T h e  m ain tenance  in fu s io n  o f  physio log ica l saline g iv en  to  th e  co n tro l g roup  co n ta in ed  
n o  C aC l2 e ith e r, while in  ev ery  o th e r  re sp e c t th e  p rocedure  w as th e  sam e as in  th e  p rev io u s series 
o f  e x p e rim e n ts .

P la sm a  and u r in a ry  P A H  c o n c e n tra t io n  was d e te rm in e d  b y  th e  m eth o d  o f Sm ith  e t al. 
(1 9 4 5 ), th e  in u lin  co n cen tra tio n  a c c o rd in g  to  L it t l e  (1949).

P la sm a  and u r in a ry  so d iu m , p o ta s s iu m  an d  calcium  c o n te n t  w as d e te rm in e d  b y  flam e 
p h o to m e try .

C learances were d e te rm in e d  as u su a l  an d  th e  re su lts  c a lcu la te d  fo r 100 g re n a l tissue.

Results

In  Table I the resu lts ob ta in ed  in 10 dogs are sum m arized. Columns 1, 2 
and 3 show  the average v a lu es for the urine collection  periods. Since the differ­
en ce  betw een  the various periods was not sign ificant their averages and 
stan d ard  deviations were ca lcu la ted  together (colum ns 1 to  3).

T h e hypercalcaem ic v a lu es are given for each period in colum ns 4 to  6; 
th e se  show  the averages ca lcu la ted  in the three periods, and their averaged  
resu lts  as well as the standard  deviations.

T h e  average changes from  th e  control values are given in  percentage. 
T he n e x t  column shows th em  and their standard deviations and the last 
co lu m n  their significance.

I t  appears from T able I  th a t  w hen the plasm a to ta l calcium  concentration  
w as ra ised  from 6.2 +  1*9 m Eq/1 to  9.9 +  2.9 mEq/1, there w as no change 
in  arteria l blood pressure (123 +  13 mm H g and 122 +  17 mm  H g, respec­
t iv e ly ) .

H ypercalcaem ia caused  a drop of P A H  clearance (Срдн) from  202 +  112 
m l/m in  to  104 +  81 m l/m in (p <  0.001), while inu lin  clearance ( C j n u ]j n )  de­
creased  from  76 +  29 m l/m in  to  46 +  28 m l/m in. T he reduction o f glomerular 
f iltr a t io n  was accom panied b y  a reduction o f urinary output w hich was 
1.20 +  0.83 ml/min in th e  control periods and 0.47 +  0.36 m l/m in during 
hypercalcaem ia  (p <  0.001).

D uring calcium chloride infusion the excretion  o f sodium  (1 + а • У) 
d ecreased  from 168 +  191 /Æ q /m in  prior to  infusion to  23 +  2 6 /Æ q /m in (p  < /
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Table I

E ffec t o f  hypercalcaemia on renal fu n c tio n

1 2 3 1 -3
X ±  S.D. 4 5 6 4 - 6

X ±  S.D. per cent ± S.D. P

Blood pressure, mm Hg 123 123 123 123±13 123 122 121 122 ± 1 7 - i ± n >0.70

Plasma total Ca level, 
mEq/1 6.5 6.1 6.0 6 .2± 1 .9 9.6 10.4 10.1 9 .9± 2 .9 + 7 3 ± 4 3 <•0001

Срдн ml/min 216 209 182 202±112 100 102 106 104±81 — 48± 30 <0.001

Cinulin, ml/min 83 78 68 76 ± 2 9 50 48 40 46 ± 2 8 — 39± 28 < 0 .01
Urine, excretion, ml/min 1.29 1.18 1.11 1.20±0.83 0.59 0.45 0.36 0.47 ±0.36 — 58± 54 < 0 .0 1

U Na • V> jtiEq/min 193 166 149 168 ± 191 43 28 17 23 ± 2 6 — 59± 54 < 0 .0 1

UK • V, (iiEq/min 63 62 63 63 ± 2 9 35 25 20 27 ±  14 - 5 4 ± 2 4 <  0.001

U Ca • У, /iEq/min 5.1 4.0 3.9 4 .3± 3 .2 3.4 2.5 2.1 2.7±2.0 — 19 ± 68 >0.40

Table II

Control experim ents 
( n =  6)

1 2 3 1 -3
X ±  S.D. 4 5 6 4 -6

X ±  S.D. per cent ±  S.D. P

Blood pressure, mm Hg 140 139 134 137±9 128 125 125 126±16 — 8 ±  9 >0.05
Plasma total Ca level, 

mEq/1 6.2 5.9 5.6 5 .9± 1 .5 5.6 6.3 5.6 5.9±1 .2 0 ±  7 > 0 .8 0
CpAH9 ml/min 208 208 208 208±74 272 217 209 232±103 -f  8± 15 >0.20

Cinulim ml/min 79 89 85 84 ± 3 6 93 94 82 89± 39 +  10± 14 >0.10

Urine excretion, ml/min 0.93 1.09 1.01 1.01±0.98 1.43 1.20 0.97 1.20±1.35 + 9 ± 1 9 >0.30

U Na • V, |UEq/min 157 179 160 165 ± 174 181 194 132 169±187 — 11±21 > 0  30

U^ • V, /tEq/min 58 62 62 61 ±  27 75 68 50 68± 44 +  12±42 >0.50
Uca • V, /tEq/min 3.2

1
4.3 3.9 3 .9± 2 .3 4.4 3.8 3.0 3.7±3 .8 —9± 2 2 >0.30
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<  0 .01). Potassium  ex cretion  (U^ - Y) decreased from  63 +  29 ^E q/m in to  
27 +  14 juEq/min, w hile calcium  excretion w a s unaltered, being 4.3 +  3.2 
juEq/min in the control periods and 2.7 +  2 .0  /Æ q/m in in hypercalcaem ia  
(p <  0.40).

In  the Table I I  th e  results obtained in s ix  dogs are sum m arized. These 
experim ents were destined  to  decide the resp on sib ility  of the operation tech ­
n iq u e for the changes observed  in the first series o f experim ents.

Table II  w hich w as com piled in the sam e w a y  as Table I, shows clearly, 
th a t  no significant change took  place in an y  o f  th e  investigated param eters 
during the experim ent.

Comparison o f th e  tw o  tables shows a good  agreement betw een the  
va lu es o f the control periods o f the two series o f  experim ents.

The data in T able I I  support the assu m p tion  th at alterations observed  
w ere due to  the hypercalcaem ia.

Discussion

The results have confirm ed that the urine excreting  ability of th e  k idney  
is  low er in  acute hypercalcaem ia.

Since no m orphological changes could d evelop  in  these acute experim ents, 
th e  resu lts seem to  p o in t to  the direct effect o f  th e  plasma calcium  level on  
renal function.

From  the reduced P A H  clearance and glom erular filtration in hyper­
calcaem ia it  seems ev id en t th a t  high plasma calcium  ion levels cause constric­
tio n  o f  th e  renal vessels. T h is would give a sa tisfa cto ry  explanation o f all the  
observed changes.

In  these experim ents th e  total plasm a calcium  concentration and not 
th e  am ount of ionized ca lcium  was determ ined. I t  m ight, however, be assum ed  
th a t a rise in plasma to ta l calcium  involves a rise in  th e  level of ionized calcium .

Z so t é r  and S zabó  (1 9 5 8 ) found an e n h a n c e d  catech olam ine s e n s it iv ­
i t y  o f  th e  sm ooth  m u sc le  e lem en ts  in  chron ic h yp erca lcaem ia .

H urw itz  et al. (1960) w ere able to in flu en ce th e  contractility o f  sm ooth  
m uscles by altering th e  calcium  level. H a d d y  (1960) and Ov e r b e c k  and 
H a d d y  (1960) induced vasoconstriction  in  th e  forelim bs of dogs b y  m eans 
o f concentrated  calcium  so lu tions. K osche et al. (1972) blocked th e  effect 
of coronary vasodilators b y  raising the calcium  lev e l in the perfused blood. 
F r ö h l ic h  et al. (1962) cau sed  a rise in renal vascu lar  resistance w ith hyperos­
m otic  solutions of high ca lcium  content.

T hese data prove th a t a higher than norm al plasm a calcium leve l causes 
a constriction  of the arterioles o f various organs.

In  acute hypercalcaem ia, no reduction o f  glomerular filtration  was 
observed  by S u k i et al. (1969). Though in their  experim ents the plasm a cal­
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cium  level was alm ost the same as in our experim ents, they  failed to register 
the vasoconstricting effect o f hypercalcaem ia. The difference betw een  the  
tw o series o f experim ents m ight perhaps be ascribed to  a difference in  the  
adm inistered substances, since we induced hypercalcaem ia w ith calcium  
chloride, while S u k i  et al. (1969) used calcium  lactate.

On the basis o f  earlier experim ents, a system ic vasoconstriction  and 
c o n se q u e n tly  a higher arterial blood pressure ought to have occurred in 
hypercalcaem ia, provided th at cardiac ou tput did not decrease ow ing to  the  
positive inotropic effect o f calcium  ions on th e  isolated heart, in  hypercal­
caem ia a higher 'cardiac output should have rather been found.

I t  is seen from  Table I that in our experim ents arterial blood pressure 
did not rise, perhaps because the various vascular sections in the organism  
are not equally sen sitive to  the high plasm a calcium  level. Our experim ents  
suggest a vasoconstriction  in the kidney, w hen  there is no constriction  of 
the other vessels, m oreover a vasodilatation  m ight occur in some section  of 
the vascular system . This is the only exp lanation  for the finding th a t th e  in ­
creased vascular resistance in the kidney w as not accom panied b y  a rise in 
arterial tension.

The experim ents failed  to find an answer to  the question w hether vaso ­
constriction in the k idney is caused directly or indirectly by the higher level 
of ionized calcium . B y  indirect cause we m ean th a t vasoconstriction is brought 
about not d irectly b y  the calcium  ions, b u t b y  som e physiologically occurring  
vasoconstrictor substance and that the calcium  ions enhance the sen sitiv ity  
o f the sm ooth m uscle elem ents in the vascular w all to  that particular vasocon ­
strictive agent.

I t  m ight be possible that som ewhere in  th e  organism hypercalcaem ia  
enhances the production o f some vasoconstrictive substance or substances, 
causing thereby a secondary constriction o f th e  renal vessels.

In our experim ents we have alm ost doubled the plasma calcium  level 
and th is calcium  concentration will already functionally  reduce th e  urine 
secreting ab ility  o f the kidney. Our results do n ot perm it the assum ption o f a 
close correlation betw een plasm a calcium  concentration  and renal blood flow , 
since th is w ould require th e  study o f the renal function  at several p lasm a cal­
cium  concentrations.

Our observation o f a decreased urinary sodium  excretion in  hypercal­
caem ia suggests an essentia lly  unaltered fu nction  of the tubular cells.

W e believe th a t in  hypercalcaem ia it  is th e  change in renal haem ody­
nam ics th at induces the observed alterations. R educed glomerular filtration  
due to  the constriction  o f  the afferent arterioles in itse lf m ight result in  a dete­
rioration o f the concentrating function o f th e  k idneys.
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EFFECT OF HYPERCALCAEMIA ON TUBULAR  
CALCIUM AND PHOSPHATE TRANSPORT

By

G . K ö v é r

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived  N o v em b er 30, 1973)

In  an ae sth e tize d  ra ts , kno w n  q u a n ti t ie s  o f 4sCa2+, 32P 0 3- a n d  3H -m e th o x y -  
in u lin  w ere in je c te d  b y  a m ic ro p ip e tte  in to  v a r io u s  segm en ts of th e  tu b u le  (e a rly , m id- 
a n d  te rm in a l p ro x im al, an d  d is ta l tu b u le )  d u rin g  m a n n ito l d iuresis an d  su s ta in e d  hyp er- 
calcaem ia. F ro m  th e  am o u n ts  ex cre ted  in  th e  u r in e  conclusions could be d ra w n  co n ce rn ­
in g  th e  h an d lin g  of th e  in jec ted  iso topes in  v a r io u s  segm en ts of th e  tu b u le . I t  h a s  been  
show n  th a t

(1) Ca2+ ions w ere reab so rb ed  a long  th e  e n tire  nephron;
(2) P O 3- ions w ere reab so rb ed  on ly  in  th e  d is ta l  tu b u le  b u t  n o t in  th e  accessib le 

p o rtio n  of th e  p ro x im a l tu b u le ;
(3) H y p erca lcaem ia  in d u ced  b y  th e  in fu sio n  o f  CaCI, re su lted  in  a  d im in ish ed  

re ab so rp tio n  of calcium  along  th e  en tire  n e p h ro n ;
(4) H y p erca lcaem ia  re su lted  in  a  v ig o ro u s re ab so rp tio n  of p h o sp h a te  in  th e  p ro x ­

im a l tu b u le  a n d  th e  loop of H enle;
(5) T h e  e lev a ted  serum  calcium  lev e l fa iled  to  affec t d is ta l tu b u la r  p h o sp h a te  

re ab so rp tio n .
I t  h a s  been  suggested  th a t  th e  sam e m ech an ism  is responsible fo r th e  re g u la tio n  

o f calcium  re ab so rp tio n  along th e  en tire  n ep h ro n . T h e  o b ta in ed  resu lts  allow  th e  a ssu m p ­
tio n  th a t  reab so rp tio n  of p h o sp h a te  in  th e  p ro x im a l tu b u le  and  loop of H en le  is a fu n c­
tio n  of in tra ce llu la r  calcium  co n ce n tra tio n  t h a t  changes in  paralle l w ith  th e  se ru m  cal­
c iu m  level.

Calcium and phosphate exretion b y  th e  m am m alian kidney has ex ten ­
sively  been studied b y  clearance techn iques, and it  has been estab lished  th at  
a sign ificant fraction o f the filtered calcium  and phosphate is actively  reabsorb­
ed in  th e  tubules. The perm eability characteristics for b ivalent cations of 
the m am m alian tubular epithelium  have been investigated  by C h i n a r d  and 
E n n s  (1955) by labelled substances in jected  in to  the renal artery. B r o n n e r  

and T h o m p s o n  (1961), S a m i y  et al. (1960), as w ell as S h o u t e n s  and R a y ­

n a u d  (1968) em ployed the stop-flow  techn ique for the analysis o f  tubular  
calcium  reabsorption. H ow ever, neither o f  th ese m ethods has provided  su ffi­
cient inform ation concerning the localization  and quantitative aspects of 
tubular transport processes.

L a s s i t e r  et al. (1963) and D u a r t e  and W a t s o n  (1967) stu d ied  calcium  
transport in  the m am m alian kidney b y  th e  m icropuncture tech n iq u e, while  
S t r i c k l e r  et al. (1964), C a r n e  (1964) and A m i e l  et al. (1970) em p loyed  the  
sam e m ethod in  studying tubular phosphate handling, determ ining thus the  
site o f reabsorption w ithin the nephron.
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Selective m icroperfusion o f single nephrons was used b y  F r i c k  et al. 
(1965) and B a u m a n n  et al. (1966) to in v estig a te  the dynam ics o f tubular ca l­
cium  transport.

In  m icroperfusion experim ents, M u r a y a m a  et al. (1972) perform ed a 
d eta iled  analysis o f  tubular phosphate, ca lcium  and m agnesium  transport, 
using  the electron probe analysis developed b y  M o r e l  and R o i n e l  (1969a).

In  the present experim ents, quan tita tive aspects of tubular calcium  and 
phosphate reabsorption, and the dynam ics o f  ion ic  transport have been studied  
b y  th e  intratubular m icroinjection m ethod described by M o r e l  et al. (1965) 
and G o t t s c h a l k  et al. (1965). H ypercalcaem ia was induced acutely  and its  
effect has been in vestiga ted  on tubular calcium  and phosphate reabsorption.

Methods

T h e  ex p erim en ts  w ere do n e  in  fem ale  ra ts  w eig h in g  200 g on  th e  average a n d  a n a e s th e ­
tiz e d  w ith  sod ium  p e n to b a rb ita l  (5.0 m g per 100 g b o d y  w e ig h t, in trap erito n ea lly ) . F o o d , b u t  
n o t  w a te r , w as re s tr ic te d  24 h o u rs  p rio r to  th e  e x p e rim e n t. Follow ing anaesth es ia , th e  b la d d e r  
w as exp o sed  th ro u g h  a lo w er m id lin e  incision, a n d  b o th  u re te r s  were can n u la ted  su p rav es ica lly  
b y  in d w ellin g  th in  p o ly e th y len e  c a th e te rs .

T h e  ab d o m in a l inc is io n  w as ex ten d ed  u p w ard s , a n d  th e  le ft k idney  w as exposed , th e n  
f ix ed  w ith o u t  d ecap su la tio n , b y  th e  tech n iq u e  of G o ttsc h a l k  an d  My lle  (1956). T h e  a n te r io r  
su rface  o f th e  k id n ey  w as p ro te c te d  from  dry ing  b y  a  th in  la y e r  of oil previously  h e a te d  to  37° C. 
T h e  su rface  of th e  k id n ey  w as illu m in a ted  by  a s tro n g  lam p , th e  lig h t of w hich w as d irec te d  to  
th e  d esired  p lace b y  f ib e r  o p tic s . T he m ic ro in jections w ere  done  u n d e r a  stereom icroscope , b y  
a F o n b ru n e  m ic ro m an ip u la to r. T h e  m ic ro p ip e tte s  u sed  fo r  th e  in jec tions were m ad e  b y  a  F o n - 
b ru n e  dev ice. T he e x te rn a l  d ia m e te r  o f th e  m ic ro p ip e tte s  w as 5 m icrons, an d  th e ir  t ip s  w ere 
g ro u n d  on  A rk an sas s to n e . T h e  p ip e tte s  were filled  w ith  2 n l o f perfusion  flu id  p rio r  to  use.

T h e  an im als w ere  trac h eo to m iz e d , and  a th in  p o ly e th y le n e  c a th e te r  w as in tro d u c e d  in to  
th e  r ig h t  e x te rn a l ju g u la r  v e in  fo r  infusions, w hile  th e  c a n n u la te d  r ig h t fem ora l a r te ry  se rv ed  
fo r th e  w ith d raw a l o f a r te r ia l  b lo o d  sam ples and  th e  re c o rd in g  of blood p ressure  b y  a T E L C O  
e lec tr ic  m an o m ete r.

T h e  an im als w ere d iv id ed  in  tw o groups, th e  f i r s t  one  serv ing as co n tro l, w hile in  th e  
o th e r  h y p e rca lcaem ia  w as in d u ce d  by  c o n s ta n t in tra v e n o u s  infusion.

T h e  co n tro l ra ts  a f te r  su rg e ry  w ere given 2.0 m l o f  a  12%  m an n ito l so lu tion  in  100 mM/1 
N aC l in tra v en o u s ly , w h ich  w as fo llow ed b y  a  c o n s ta n t in fu s io n  of a 6%  m an n ito l so lu tio n  in  
100 mM/1 of NaCl a t  a  r a te  o f 100 /Д/min. S ix ty  m in  w ere  a llow ed  to  elapse fo r e q u ilib ra tio n , 
th e n  th e  m ic ro in jec tio n s w ere  s ta r te d .

P r io r  to  m ic ro in jec tio n , th e  u rin e  ex cre ted  b y  th e  le f t  k id n ey  was co llected  fo r tw ice  
1-m in  p e rio d s  on  W h a tm a n  G F/C  glass fib re  p ap er c u t in to  a p p ro x im a te ly  2-cm d isks. T h en  th e  
p ip e tte s  w ere filled  w ith  a  so lu tio n  co n ta in in g  145 mM/1 N aC l, 2 mM/1 45CaCl2 (16 m C i/m g), 
1 mM/1 N a 332P 0 4 (20 m C i/m g), 3H -m e th o x y  in u lin  (N ew  E n g la n d  N uclear Corp.) a n d  lis sam in e  
green.

T h e  tip  of th e  p ip e tte  w as in tro d u c ed  in to  th e  lu m e n  o f  th e  tu b u le , and  2 n l o f th e  so lu ­
tio n  w as slow ly in je c te d  in  15 sec. S u b sequen tly , th e  u r in e  ex cre ted  b y  th e  le f t k id n ey  w as 
a g a in  co llected  in  30-sec pe rio d s fo r  3 m in , th e n  fo r tw o  1 -m in  periods.

T h e  site  o f in je c tio n  w as e s tab lish ed  by  m eans of th e  g reen  dye. I f  the  so lu tio n  a p p e a re d  
in  m a n y  conv o lu tio n s b e fo re  a rriv in g  a t  th e  loop o f H en le , th e  site  o f in jec tion  w as co n sid ered  
to  be  in  th e  early  p ro x im a l tu b u le , w hile if  i t  a p p ea red  in  a  sm all num ber of co n v o lu tio n s, th e  
m id p o r tio n  of th e  p ro x im a l tu b u le  w as considered  to  b e  th e  s ite  of p u nctu re . Id e n tif ic a tio n  of 
th ese  tu b u la r  segm ents w as fa c ili ta te d  b y  th e  reco g n itio n  o f th e  te rm in a l segm ent o f th e  p ro x i­
m al tu b u le  an d  th e  d is ta l  tu b u le .

A fte r  com ple tion  o f u rin e  co llection , th e  m ic ro in jec tio n  w as rep ea ted  in  a n o th e r  n ep h ro n . 
In  e ach  a n im a l, 6 to  8 n e p h ro n s  w ere su b jec ted  to  m ic ro in jec tio n .

I n  th e  second g ro u p  o f an im als , h y p erca lcaem ia  w as in d u ced  b y  ad m in iste rin g  in t r a ­
v en o u sly  2.0 m l o f a  12%  m a n n ito l so lu tion  in  100 mM/1 o f  N aC l im m edia te ly  a f te r  su rg e ry , 
th e n  g iv in g  a  c o n s ta n t ra te  in fu sio n  (100 jid/min) o f 100 mM/1 NaCl con ta in ing  6 %  m a n n ito l
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and  30 mM/1 of CaCl2. E q u ilib ra tio n  w as allow ed for 90 m in  a f te r  s ta rtin g  th e  in fusion , d u rin g  
w hich  p e rio d  th e  p lasm a calcium  level in creased  n ea rly  tw ofo ld  an d  changed on ly  s lig h tly  in  
th e  re m a in in g  p a r t  of th e  experim en t. M icro in jections w ere done  in  th e  sam e m an n e r a s  in  th e  
co n tro l g roup .

T h e  fib re  p ap er d isk s used  fo r u rin e  co llection  w ere d ried  a fte r  th e  e x p erim en t, th e n  
p laced  in to  v ials c o n ta in in g  10 m l o f  m o d ified  B ra y ’s so lu tio n  (B ra y  1960). R a d io a c tiv ity  in  
th e  v ia ls  w as d e te rm in ed  by  a T R IC A R B  (P a c k a rd ) 3 -c liannel liq u id  sc in tilla tio n  c o u n te r .

Iso to p e  c o n ten t o f  th e  a d m in is te re d  so lu tion  w as also estab lished  b y  p lacing  2 n l on  a 
f ib re  p a p e r  d isk  and  sp read in g  i t  w ith  1 d rop  of p h y sio log ica l saline. A fter d ry in g , c o u n tin g  
w as p e rfo rm ed  in  th e  sam e  w ay  as d escribed  fo r th e  u r in e  sam ples.

I n  b o th  groups o f an im als th e  changes in  re n a l fu n c tio n  w ere checked by  co llecting  u rin e  
se p a ra te ly  in  10-m in p e rio d s , tw ice  d u rin g  each  e x p erim en t: b e tw een  th e  6 0 th  an d  9 0 th  m in , 
a n d  b e tw ee n  th e  9 0 th  a n d  120th  m in  in  th e  co n tro l g ro u p . A rte ria l blood sam ples w ere  w ith ­
d ra w n  a t  th e  beginning o f th e  e x p erim en t a n d  in  th e  6 0 th  a n d  9 0 th  m in. In  th e  h y p e rca lcaem ic  
g ro u p , u rin e  collections w ere  done b e tw een  th e  6 0 th  a n d  9 0 th , a n d  th e  160th  an d  1 9 0 th  m in , 
a n d  a r te r ia l  blood sam ples w ere w ith d raw n  a t  th e  b eg in n in g  a n d  in  th e  60 th , 120th , 1 8 0 th  a n d  
2 4 0 th  m in  of th e  ex p erim en t.

Sod ium , p o tass iu m  an d  calcium  in  p lasm a  a n d  u rin e  w ere d e term ined  b y  flam e  p h o to ­
m e try .

T u b u la r  calcium  a n d  p h o sp h a te  re ab so rp tio n  w as e s tim a te d  b y  calcu la ting  th e  a m o u n t 
o f e x c re te d  isotope in  p e r  cen t o f th e  a c t iv ity  a d m in is te red .

T h e  3H -m eth o x y  in u lin  in je c te d  in to  th e  tu b u le s  cou ld  be  recovered  p ra c tic a lly  q u a n ti ­
ta t iv e ly  in  th e  u rine. W h en ev er th e re  w as a d ifference b e tw een  th e  am o u n t o f in u lin  a d m in is­
te re d  a n d  regained, th is  w as considered  in  th e  calcu la tio n s in  t h a t  p a rticu la r  e x p e rim e n t, u sin g  
a  c o rre c tio n  fac to r fo r th e  co m p u tio n  o f th e  a m o u n ts  o f ad m in iste red  46Ca2+ a n d  32P 0 43—. 
T h e  a m o u n ts  of iso to p e  o b ta in ed  in  th e  d iffe ren t u rin e  frac tio n s  were pooled a n d  ex p ressed  
in  p e r c e n t  of th e  a c t iv ity  ad m in iste red . F u rth e rm o re , a c t iv ity  fo r each  iso tope w as d e te rm in e d  
se p a ra te ly  in  each f ra c tio n  as well, a n d  frac tio n a l ex c re tio n  w as com puted  in  pe r c e n t  o f th e  
to ta l  a m o u n t of iso tope  ex cre ted  in  th e  u rin e .

Since th e  th re e  labe lled  com p o u n d s w ere e x cre ted  in  th e  u rine  in  d iffe ren t p e rcen tile  
a m o u n ts , th e  d y nam ics o f  re ab so rp tio n  cou ld  be  e s tab lish ed . T he excretion  ra te  o f in u lin  w as 
u sed  as reference to  w h ich  th e  ex cre tio n  of 45Ca2+ a n d  32P 0 43— w ere com pared in  each  frac tio n . 
T he d ifferences o b ta in e d  in  th e  in d iv id u a l frac tio n s  w ere used  fo r s ta tis tica l c a lcu la tio n s , u sin g  
S tu d e n t ’s t-test.

Results

Tubular calcium  and phosphate reabsorption were studied in  6 rats in  
m annito l diuresis; th e  obtained data served as controls. Table I sum m arizes 
th e  results of th is series, w ith  the m eans and their standard deviation  (S .D .).

In  Table I I ,  the values obtained in the 5 experim ental anim als during  
hypercalcaem ia have been sum m arized. I t  is clear from these data that' the  
in fusion  of CaCl2 resulted in  a m arked elevation  of the serum calcium  con­
centration  to a lm ost tw ice th e  in itia l value, th en  a further m uch slow er rise 
could  he observed till the end of the experim ent.

Comparing the data obtained in these tw o groups it  is ev id en t th a t  
although the rate o f urine flow  was the sam e in the two groups, there were 
substantia l differences in th e  urinary sodium , potassium  and calcium  con­
centrations, all being higher in the hypercalcaem ic group. This holds partic­
u larly  for the urinary calcium  level.

Table I I I  shows the data referring to  the tubular reabsorption of 
45Ca2+ and 32P 0 43_ in the control anim als. The am ount of isotope excreted  
in th e  urine is th e  fraction w hich has not been reabsorbed in the tu b u le  during
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Table I

P lasm a and u r in a ry  excretion patterns in  control experim ents ( m annitol d iuresis)  

(n =  6; m ean  +  S .D .)

Minutes after onset 
of mannitol infusion 0 60 120

P la sm a  N a, m E q/1 1 3 5 ± 7 135 +  8 132 +  11

P la sm a  K , m Eq/1 4.09 +  0.40 4.43 +  0.14 4.66 +  0.22

P la sm a  Ca, m Eq/1 4.46 +  0.46 4.49 +  0.40 4.41 +  0.37

Minutes after onset 
of mannitol infusion 60 -90 90--120

K id n ey le ft r ig h t left r ig h t

U rin e  flow , (td/min 45.09 +  18.52 4 1 .2 4 + 1 5 .9 6 47.09 +  23.00 41.12 +  15.20
U rin a ry  N a , m Eq/1 7 .7 2 +  5.20 4 .7 4 +  1.29 9 .7 5 +  3.63 8 .4 0 +  2.60
U rin a ry  K , m Eq/1 1 5 .3 2 +  5.74 1 0 .4 8 +  6.59 20 .5 0 +  7.39 1 7 .0 4 +  6.80

U rin a ry  Ca, m Eq/1 0 .1 3 +  0.08 0 .1 0 +  0.04 0 .1 4 +  0.05 0 .1 2 +  0.03

n: num ber of e x p erim en ts

Table I I

P lasm a and u r in a ry  excretion pattern in  hypercalcaem ia (m annitol d iuresis)

(n  =  5; m ean  +  S .D .)

Minutes after onset 
of mannitol infusion 0 60 120 180 240

P la sm a  N a, m Eq/1 134 +  2 132 +  5 133 +  3 1 3 4 + 3 134 +  3
P la sm a  K , m Eq/1 3.10 +  0.31 3.63 +  0.07 3.91 +  0.15 3.81 +  0.18 3.73 +  0.30

P lasm a  Ca, m E q l/ 4.87 +  1 .12 7 .84+ 1 .66 8.62 +  2.15 9.11 +  2.48 10.04 +  2.97

Minutes after onset 
of mannitol infusion 60 -90 160 -190

.

K id n ey left rig h t le ft rig h t

U rine  flow , ^il/m in 4 3 .2 5 +  7.76 40 .4 0 +  8.69 4 6 .4 0 +  5.10 4 4 .5 0 +  9.18
U rin a ry  N a , m E q/1 51.97 +  12.48 48.60 +  18.20 6 7 .9 7 + 1 5 .3 2 58.80 +  27.65

U rin a ry  K , m E q/1 26.04 +  10.68 22.88 +  11.42 3 6 .0 0 +  2.24 33 .00+  5.16

U rin a ry  Ca, m Eq/1 9 .1 9 +  2.90 7 .7 1 +  3.63 1 6 .3 5 +  3.56 14 .25+  7.26

n: n u m b er of experim en ts

the passage of fluid from  th e site of m icroinjection to  the end of the nephron. 
Table I I I  contains the m eans and standard d eviation s of the tota l am ount o f  
45Ca2+ and 32P 0 43~ excreted  in  urine during th e  w hole period follow ing the  
m icroinjection, per cents o f th e  am ount in jected .
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Table I I I

M icro in jections in  control experiments

Percentage excretion o f  various substances injected directly in to  pro x im a l and distal convoluted
tubules

(m ean  ±  S.D .)

3H-inulin «Ca 3*P04

E a rly  p rox im al tubu le , n  =  6 100 0 7 4 .3 7 ±  18.85

M iddle p rox im al tubu le , n =  8 100 0 6 4 .7 9 ± 1 5 .0 0

T erm in al p rox im al tu bu le , n  =  7 100 5.48 rb 11.10 6 9 .2 9 ±  6.48

D ista l tu b u le , n  =  10 100 59.81 ± 1 3 .2 0 7 8 .3 9 ± 1 9 .0 0

n: n u m b er o f m icroin jections

These data clearly in d icate th a t calcium is in tensely  reabsorbed along 
the entire nephron. I t  is also ev id en t th at in this experim ental series phosphate  
reabsorption occurred only in th e  d istal tubule or the collecting duct. On in­
jectin g  32P 0 43- into 4 d ifferent segm ents of the proxim al tubule, th e  am ount 
excreted  in the urine w as practically  identical w ith  the am ount injected.

Table IV shows the corresponding values obtained in the hypercalcaem ic  
rats; the data are expressed in  per cent o f the am ount in jected  in to  th e  tubule.

E xcretion o f 45Ca2+ w as substantia lly  higher in  the hypercalcaem ic than  
in th e  control rats. A lso, th e  rate o f 32P 0 43~ excretion was considerably affect­
ed b y  hypercalcaem ia. W hile in the control anim als no phosphate reabsorp­
tion  could be detected in  th e  proxim al tubule and th e  loop o f H en le, in the  
hypercalcaem ic rats sign ificant reabsorption of phosphate occurred in both  
th e  proxim al tubule and th e  loop of Henle.

Table IV

M icro in jections in  hypercalcaemia.

Percentage excretion o f  various substances injected directly into p ro x im a l and d ista l convoluted
tubules

(m ean  i  S.D .)

3-H-inulin «Ca 33P04

E a r ly  prox im al tubu le , n =  13 100 9 .6 5 ±  5.55 23 .1 9 ± 1 2 .6 0

M iddle proxim al tubu le , n  == 11 100 14.73 ±  8.36 35 .1 9 ± 2 6 .6 0

T erm inal proxim al tu bu le , n  =  13 100 16.09 ±  4.70 55.19 ±  17.85

D ista l tubu le , n  =  10 100 8 5 .0 0 ± 1 3 .4 0 81 .87±  7.45

n: num ber o f m icroijections
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F ig . 1. 3H -In u lin  (solid lin e ), 45Ca2+ (dashed  line), 32P 0 43— (d ro p p ed  line) ex cre tio n  p a tte rn s  
fo llo w in g  early  p rox im al m ie ro in je c tio n . T he d a ta  are p re se n te d  as f rac tio n a l recovery  ra tes . 

M ic ro in je c tio n  occurred a t  zero  tim e

F ig . 2 . E x c re tio n  p a tte rn s  fo llo w in g  m idd le  prox im al m ic ro in jec tio n . Sym bols, as in  Fig. 1
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n = I J

Fig. 3. E x c re tio n  p a tte rn s  fo llow ing  te rm in a l p rox im al m icro in jec tio n . Sym bols, as in  F ig . 1

n = 10

Fig. 4. E x cre tio n  p a tte rn s  fo llow ing d is ta l m icro in jection . Sym bols, as in  F ig . 1
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Rem arkably, there w as no change in  th e  rate of phosphate reabsorption  
in  th e  distal tubular seg m en ts , as in the control rats 78.39 +  19.00%  of the  
in je c te d  32P 0 43~ was ex cre ted  in the urine, w hile in  the hypercalcaem ic ani­
m a ls  th is  figure a tta in ed  81.87 +  7.45%  of th e  am ount in jected  into the  
d is ta l tubule.

There were d ifferences in  the am ounts o f isotop e excreted  in  the various 
fra ctio n s of urine. In th e  hypercalcaem ic series, th e  fractional excretion of 
iso to p e s  is expressed in  per cents of the to ta l am ount excreted in  Figs 1, 2, 3 
and  4 , when injection w as done into the beginning o f the proxim al tubule, 
m id -p ortion  of the p rox im al tubule, term inal proxim al tubu le, and distal 
tu b u le , respectively.

A ll four diagrams in d ica te  unequivocally th a t the rate of 45Ca2 + excretion  
in  th e  first period w as som ew h at less than th a t  o f inuline. The 4oCa2 + not 
ex c r e ted  in the first period could  be recovered in th e  second and third periods. 
T h u s , calcium  ions appear in  the urine w ith  a delay as com pared to inulin. 
T h e  difference betw een ca lciu m  and inulin excretion  is indicated  by the  
h a tc h e d  area.

T he statistical sign ifican ce of difference is ind icated  by th e  p values on 
th e  diagram s. The ex cretion  o f 32P 0 43~ was n o t delayed in  every segm ent of 
th e  tu b u le  as compared to  inu lin: both in the early (F ig. 1) and m id-proxim al 
tu b u le s  (Fig. 2) phosphate excretion  parallelled th a t o f inulin.

Since in the control anim als 45Ca2+ in jected  into the proxim al tubule 
w a s n o t excreted in the u rin e , fractional excretion  studies were n ot undertaken  
in  th is  series.

Discussion

T he results ob ta in ed  in  the control anim als were in agreem ent with  
th o se  obtained for the tu b u la r  handling of calcium  b y  C h e n  and N e u m a n  

(1955) and W a l s e r  (1961), u sin g  clearance techn iques, H o w a r d  et al. (1959) 
apd  G r o l l m a n n  et al. (1963), working with the stop-flow  m ethod, and L a s s i t e r  

e t al. (1963) who em p loyed  data obtained b y  m icropuncture. These obser­
v a t io n s  unequivocally d em on strate  that calcium  ions are actively  reabsorbed 
a lo n g  th e  entire proxim al tu b u le , in the loop o f H enle, m ost probably its 
th ic k  segm ent, and in th e  d ista l tubule.

T he experiments o f  W a l s e r  (1961) and W a t s o n  (1966) indicate that 
th e  tu b u lar  reabsorption o f  sodium  and calcium  is interrelated in  a w ay that 
a n y  increase in sodium  clearance involves a rise in calcium  clearance. S uki 
e t al. (1969) dem onstrated enhanced natriuresis in acute hypercalcaem ia. 
O ur observation th at sod iu m  concentration in th e  urine at identical urine 
f lo w s  w as higher in the hypercalcaem ic anim als th an  in the controls, is consist­
e n t w ith  these data.
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In acutely  induced hypercalcaem ia, calcium  is more vigorously  excreted  
by the k idneys. This is partly due to  the augm ented filtration o f calcium  as a 
result o f the higher serum -calcium  level. In  the present experim ents, glom erular  
filtration  rate and filterable calcium  levels in the plasm a have not been  m eas­
ured. L e  G r i m e l l e c  (1971, personal com m unication) found th a t in  acutely  
induced hypercalcaem ia the plasm a concentration  of ionized Ca2+ failed  to  
rise parallel w ith  the plasm a to ta l calcium  concentration. Since in  th e  present 
experim ents we measured the plasm a to ta l calcium  level, it was n o t possible  
to  establish  to  w hat extent the increased glom erular filtration had contributed  
to  th e  observed enhancem ent o f  calcium  excretion  in the hypercalcaem ic  
anim als.

The present results indicate th a t tubular reabsorption of Ca2+ is reduced  
in hypercalcaem ia. Reabsorption w as dim inished along the entire len gth  of 
the nephron, proving that the factors affecting tubular calcium  reabsorption  
exert their effect by the sam e, or alm ost the sam e, m echanism  in th e  renal 
tubule.

The present experim ents did not allow an accurate defin ition  o f  the  
factor(s) responsible for altered calcium  handling during hypercalcaem ia.

Parathyroid hormone has been shown b y  W i d r o w  and L e v i n s k y  

(1962) to  interfere w ith the renal tubular reabsorption o f calcium . I t  has 
been concluded from these observations th at th e  hormone enhances the  
reabsnrption of calcium  prim arily in the d istal segm ent of the tu b u le . F r i c k  

et al. (1965) failed to  affect calcium  reabsorption in the proxim al tubule  
either b y  th e  adm inistration o f parathorm one or parathyroidectom y. M a s s r y  

et al. (1968) were unable to  decrease the renal calcium  clearance b y  parathor­
m one in  hypercalcaem ic anim als. In  parathyroidectom ized anim als, S a m m o n  

et al. (1970) found no difference in  the rate o f calcium  reabsorption.
A lthough the observations o f  C a r e  et al. (1966) and S h e r w o o d  et al. 

(1966) have unequivocally proved th a t parathyroid hormone release was 
decreased in  hypercalcaem ia, it  appears th at other factors too  are involved  
in the reduction of tubular reabsorption o f calcium  under hypercalcaem ic  
conditions.

Since the observations of S a n d e r s o n  et al. (1960) and C o p p  e t al. (1962) 
it  has becom e generally accepted th a t calcitonin  participates in th e  regulation  
of th e  serum  calcium  concentration. T e n e n h o u s e  et al. (1965) found the  
p olyp ep tid e isolated from the parathyroid gland to interfere p o ten tly  w ith  
calcium  m etabolism . A r n a u d  et al. (1967) suggested that tubular reabsorption  
of calcium  and phosphate was affected  by calcitonin. More recent data of 
B e l l  and S t e r n  (1970) have indicated  th a t in hypercalcaem ia th e  serum  cal­
cium  concentration is depressed b y  the resultant release of thyrocalciton in . 
I t  is therefore reasonable to  assum e th a t thyrocalcitonin interferes w ith the 
tubular reabsorption o f calcium .
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The localization  o f phosphate transport in  th e  nephron has been studied  
b y  P i t t s  et al. (1958) and M a l v i n  et al. (1958) w h o  established th a t phosphate  
is reabsorbed predom inantly  in the proxim al tu b u le. In m icropuncture experi­
m en ts, S t r i c k l e r  et al. (1964) succeeded in  dem onstrating that the bulk of 
filtered  phosphate is a c tiv e ly  reabsorbed in  th e  proxim al tubule. Tubular 
secretion  of phosphate could  not he dem onstrated  even after considerable 
phosphate loads and phosphate reabsorption w as characterized b y  a tubular  
m axim um  (Tm). On th e  other hand, A m i e l  et al. (1970) have shown a vigorous 
reabsorption of phosphate in the distal tubule as w ell.

In  the control rats w e found a m arked reabsorption of phosphate in  
th e  d istal tubule, but w ere unable to dem onstrate net reabsorption in the  
proxim al segm ent o f th e  tubule. This find ing  is in  apparent contradiction  
w ith  th e  above data, b u t it  should be rem em bered th a t earlier investigations  
concluded  to  the k in etics o f  phosphate reabsorption from changes in the  
concentration  of phosphate in  the proxim al tubu lar fluid. The present results 
m ay be brought in to  harm ony w ith those o f others only by assum ing th at  
under normal conditions phosphate is reabsorbed in  the earliest convolutions 
o f th e  proxim al tu bu le inaccessible for m icropuncture. I f  there is an in tense  
reabsorption of phosphate in  this segm ent, th e  concentration of phosphate  
in  tubular fluid w ill decrease significantly, rising again in the more d istal 
segm ents of the proxim al tubule where w ater is reabsorbed in the absence of 
n et phosphate reabsorption. Presum ably, the fin a l concentration o f phosphate  
in  th e  urine is determ ined b y  the rate o f a ctive  phosphate transport in the  
d ista l, eventually  also in  th e  collecting, tubu les.

A s shown in T able IV , during hypercalcaem ia a vigorous reabsorption  
of phosphate occurs along th e  entire proxim al tu b u le. This finding indicates 
th a t th e  proxim al tubular epithelium  is capable o f  active phosphate transport 
at an y  part of the tu b u le , w hile only a fraction  o f th is reabsorptive capacity  
is u tilized  under norm al conditions.

Tubular phosphate reabsorption m ay be m odified  by several factors. 
The role of parathyroid horm one has been dem onstrated  by H i a t t  and  
T h o m p s o n  (1957), show ing th a t renal phosphate clearance is increased in  
response to  parathorm one adm inistration. I t  is conceivable that in th e  present 
experim ents the increased tubular reabsorption o f phosphate was due to  a 
suppression of parathorm one release in response to  hypercalcaem ia.

R a s m u s s e n  et al. (1967) observed th at renal calcium  excretion decreased  
and phosphate excretion  increased following th e  adm inistration o f thyrocal- 
citon in . H owever, th ey  attributed  these changes in th e  excretion rate of cal­
cium  and phosphate to  th e  ensuing hypocalcaem ia.

T hus, there is still m uch controversy about w hether tubular phosphate  
reabsorption is governed b y  alterations of th e  b lood  parathorm one level or 
b y  th e  serum calcium  concentration.
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N i z e t  (1972) observed in  the isolated  canine kidney th a t phosphate  
reabsorption w as reduced w hen the perfusion flu id  w as diluted w ith  a solution  
containing NaCl and KC1 b u t no calcium. From  th is observation it  m ay be 
concluded th a t alterations in  the serum calcium  level m ay m od ify  tubular  
phosphate reabsorption in  th e  absence of parathorm one, presum ably b y  evok­
ing changes in  the intracellular concentration o f calcium  in th e  tubular  
epithelium .

The present resu lts obtained in hypercalcaem ic rats m ay be explained  
by assum ing th at the eleva tion  of calcium concentration  in the tubular ep ithe­
lial cells resulted in an augm ented phosphate reabsorption rate. There is 
reason to  believe th a t changes in intracellular calcium  concentration  m ay  
affect the activ ity  o f cellular alkaline phosphatase ( S c h m i d t  and D u b a c h  

1969), presum ably resu lting in an altered phosphate transport in  th e  tubule.
I t  is remarkable th a t d istal phosphate transport was not affected  by  

hypercalcaem ia. This fin d in g  seemed to point to  th e  independence o f tubular  
phosphate handling from  th e serum calcium  concentration in th is part of 
the renal tubule.

The obtained results allow certain conclusions concerning th e  m echa­
nism  o f tubular ion transport. In the control series, where calcium  was in­
jected  in to  the proxim al tubule, it was reabsorbed in toto . This m eans that 
filtered calcium  m ust be quantitatively  reabsorbed when passing along the 
proxim al tubule. M icropuncture experim ents h ave shown th at th e  ratio for 
calcium  of tubular flu id  to  plasm a concentration  (TF/P) in  th e  proxim al 
tubule was about 1 ( M o r e l  et al. 1969b). I t  has therefore to be assum ed that 
in the present experim ents the infused 45Ca2 + reabsorbed from th e  proxim al 
tubule w as continuously  replaced by non-labelled Ca2+ ions diffusing out of 
the epithelial cells. There is a continuous b id irectional flu x  o f ions betw een  
thé tubular fluid and ep ithelium  as well as th e  peritubular flu id  and tubular 
cells. The net reabsorption w ill be thus determ ined by tw o opposite fluxes
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o f  io n s. This intricate m echanism  seems to account for the apparent delay 
o f  45Ca2+ excretion as com pared to the sim ultaneously  in jected  inulin , as 
sh ow n  in  Figs 1 through 4.

There being no unid irectional delay o f th e  excretion o f 32P 0 43 - as 
com pared  to inulin, th e  assum ption  of a bidirectional phosphate flu x  does 
n o t seem  to be warranted.

T he processes in v o lv ed  in tubular calcium  and phosphate transport 
are schem atically  sum m arized in F ig. 5.
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EFFECT OF ACIDOSIS AND NORADRENALINE  
INFUSION ON 14C-NORADRENALINE UPTAKE 

BY THE RAT MYOCARDIUM

By

P. K á r p á t i*, I . Préda*, and E . E ndrőczi

CENTRAL RESEARCH DIVISION, POSTGRADUATE MEDICAL SCHOOL, BUDAPEST 

(R e c e iv e d  O ctober 27, 1973)

E a rlie r  studies re v e a le d  th a t  th e  n o rad ren a lin e  co n ce n tra tio n  of m y o card ia l 
tissue  is increased  during  ac idosis. T he p resen t fin d in g s in d ica te  th a t  th e  u p ta k e  of 
labe lled  n o rad renaline  is less in  acidosis. An in creased  co n ce n tra tio n  o f n o rad ren a lin e , 
on th e  one  h a n d , and a d ecrease  o f  th e  u p tak e , on  th e  o th e r  h a n d , led  to  assu m e th a t  th e  
h y p e rn o rad ren a lin aem ia  o c c u rr in g  du ring  acidosis is basica lly  in vo lved  in  th e  c o n tra ­
d ic to ry  o b servations. I t  w a s  fo u n d  th a t  th e  in fusion  o f u n lab e lled  n o rad ren a lin e  (1.5 
/lg /п и п  fo r 20 m inutes) p ro d u c e d  a  significant su p p ress io n  o f 14C -no rad ren a lin e  u p tak e  
by  b o th  v e n tricu la r  and  a t r ia l  tissu e . T hese o b se rv a tio n s  c learly  suggested  t h a t  th e  
d ecreased  no rad renaline  u p ta k e  d u rin g  acidosis m ay  be a ttr ib u te d  to  th e  su b s titu tio n  
of b in d in g  sites by  en d o g en eo u s n o rad renaline  l ib e ra te d  from  e x tra c a rd ia l  sources.

R ecen tly  we have stu d ied  the catecholam ine content in m yocardial 
tissue and the hypothalam us after hydrochloric acid infusion in rats. I t  was 
found th at the lowering o f b lood  pH  is followed b y  a significant increase of  
the noradrenaline content in  th e  m yocardium  (K á r p á t i et al. 1973). The 
present investigations were a im ed at studying the m echanism  o f an increased  
accum ulation o f noradrenaline b y  the heart m uscle during acidosis in  the rat.

Methods

A to ta l  o f 98 m ale albino r a t s  o f  160 to  200 g was u sed  in  th e  s tu d y . B lood p H  d e te rm i­
n a tio n  w as p e rfo rm ed  w ith  a m ic ro -A s tru p  ap p a ra tu s  (A s t r u p  e t  al. 1960); th e  b lo o d  sam ples 
were ta k e n  fro m  th e  ta il vein. A cid o sis  w as induced b y  th e  in je c tio n  in to  th e  ta i l  v e in  o f 0.3 
m l/100 g of 0 .4  N HC1. The co n tro l an im a ls  were g iven  eq u al vo lum es of physio log ica l saline 
so lu tion . T he ra ts  w ere killed 10, 30 a n d  60 m inutes la te r . F lu o ro m etric  assay  o f m y o card ia l 
n o rad ren a lin e  w as m ade acco rd ing  to  U d e n f r ie d  an d  Za ltzm a n -N ie r e n b e r g  (1963).

F o r s tu d y in g  th e  u p tak e  o f  14C -noradrehaline  b i ta r ta r a te  (56 m C i/m m ol, A m ersham , 
E n g lan d ), th e  ra ts  were a n ae sth e tize d  w ith  p e n to b a rb ita l a n d  th e  u C -norad renaline  w as infused 
th ro u g h  a p o ly v in y l cannula  in to  th e  ju g u la r  vein  a t  a ra te  o f 50 //I m in  fo r 10 m in u te s  in  a  to ta l  
dose o f 1.8 /cCi/100 g except fo r o n e  ex p erim en ta l series w here  th e  to ta l  a c tiv ity  a d m in is te red  
was 0.5 /iC i/100 g. Follow ing th e  in fu s io n , th e  an im al w as k illed  b y  d e ca p ita tio n  a n d  th e  a tr ia l 
an d  m y o ca rd ia l tissu e  was d issec ted  a n d  weighed on a to rs io n  ba lan ce . T he n o rad ren a lin e  was 
e x tra c te d  w ith  5%  trich lo ro ace tic  ac id ; th e  hom ogenate  w as cen trifu g ed  an d  th e  n eu tra lized  
su p e rn a ta n t w as tran sferred  in to  c o u n tin g  vials co n ta in in g  2 m l ab so lu te  e th a n o l a n d  10 ml 
liqu id  sc in tilla tio n  flu id . R a d io a c tiv ity  w as m easured  b y  a P a c k a rd  liq u id  sc in tilla tio n  spec­
tro m e te r  (M odel E X  314, 70%  e ffic ien cy  ra te ).

F o r s tu d ie s  in  v itro , m y o ca rd ia l and  a tr ia l tissue  slices w ere in cu b a ted  in  2 m l K rebs- 
b ica rb o n a te  b u ffe r  a t  p H  7.4 an d  p H  7.1 , respectively . O x id a tio n  of n o rad ren a lin e  w as p rev en ted  
by  add in g  to  th e  m edia  0.1%  o f a sco rb ic  acid. ■ ''C -noradrcnaline (0.1 /rCi p e r 2 m l b u ffer and  
a p p ro x im ate ly  100 m g tissue) w as a d d ed  to  th e  m edia im m ed ia te ly  before in c u b a tio n  w hich

* S econd  Section  of M ed icine , P o s tg ra d u a te  M edical School, B u d ap es t.
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w as p e rfo rm e d  un d er o x y g en  a tm o sp h e re  w ith  c o n s ta n t  sh ak in g  a t  37°C. A fte r  60 m in 
in c u b a t io n ,  th e  tissue slices w e re  w a sh e d  w ith  excess b u ffe r  so lu tio n  a n d  th e n  th e  a c tiv ity  was 
e x tr a c te d  an d  m easured  as d e sc rib e d  before.

A n  increase in  b lood  n o ra d re n a lin e  co n cen tra tio n  w as in d u ced  b y  th e  in fu sio n  of 1.5 
/ ig /m in  n o rad renaline  b i ta r t a r a te  fo r 20 m inu tes. T he co m b in ed  in fu sio n  o f u n lab e lled  and 
la b e lle d  no rad renaline  w as b e g u n  in  th e  10th m in u te  o f  u n lab e lled  ca tech o lam in e  infusion.

F o r  study ing  n o ra d re n a lin e  u p ta k e  during  acidosis, labe lled  n o ra d re n a lin e  w as infused 
10 m in u te s  a fte r th e  in je c tio n  o f  hyd ro ch lo ric  acid. I n  th e se  e x p erim en ts , th e  an im als  were 
k ille d  in  th e  20 th  m inu te  a f te r  h y d ro c h lo ric  acid a d m in is tra tio n . T he co n tro l r a ts  w ere  trea te d  
w ith  physio log ica l saline a n d  th e  in fu s io n  of labelled  n o ra d re n a lin e  w as m ad e  acco rd in g  to  th e  
sc h e d u le  described above.

S ta tis t ic a l  ev a lu a tio n  o f th e  d a ta  was done b y  S tu d e n t’s t- te s t.

Results

A  lowering of the b lood  pH  as a result o f  hydrochloric acid adm inistra­
tio n  produced a sign ifican t increase in m yocardial noradrenaline content 
(F ig . 1). After an in itial drop o f the pH  to 7.1, its  norm alization took  approxi­
m a te ly  60 minutes after th e  injection of hydrochloric acid.

Infusion of 14C-noradrenaline during acidosis was follow ed by a lesser 
u p ta k e  b y  the m yocardial and atrial tissue th an  in the control anim als (see 
F ig . 2).

Infusion of both  u n labelled  and labelled noradrenaline resulted  in à 
sig n ifica n t decrease o f th e  u p tak e of labelled noradrenaline by both  the atrial 
and th e  myocardial tissu es (F ig . 3).

T he increased accum ulation  of noradrenaline and the decrease o f labelled  
noradrenaline uptake during acidosis suggested th a t the hypernoradrenalinae- 
m ia induced  by the acidosis w as responsible for the suppression of uptake. 
I f  i t  w as due to a su b stitu tion  o f th e  binding sites b y  endogenous noradrenaline 
w h ich  seem ed to be confirm ed b y  double infusion studies, th is w ould exclude 
th e  p ossib ility  of an increased  noradrenaline synthesis in the heart as a result 
of th e  acidosis.

A  lowering of th e  p H  to  7.1 o f the m edia in  w hich 0.1 pCi noradrenaline 
w as incubated  w ith 80 to  100 m g m yocardial and atrial tissue slices for 60 
m in u tes  (K rebs-bicarbonate, 37°C, under shaking in oxygen  atm osphere) 
resu lted  in a significant rise o f  atrial uptake. A ccum ulation  o f rad ioactiv ity  in 
th e  m yocardial tissue w as also more increased at pH  7.1 than  at pH  7.4, 
a lth o u g h  the difference w as n o t significant sta tistica lly . The results clearly 
d em on strated  the effect o f  acidosis on the u ptake or noradrenaline. Since the  
in cu b a tio n  media contained  0.1%  ascorbic acid to  avoid spontaneous oxida­
tio n  o f  the noradrenaline, th e  difference betw een  the groups o f pH  7.1 and 
p H  7 .4  cannot be a ttr ib u ted  to  a greater degradation o f noradrenaline at a 
higher p H  level. B y all m eans, th e  stronger association  constant o f the binding 
sites  a t  th e  higher H con cen tration  m ay be in vo lved  in the greater accum ulation  
o f noradrenaline, and th is p ossib ility  m erits som e considerations (Fig. 4).
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I I I  acidosis 

□  control

Fig. 1. M yocard ia l n o rep inephrine  co n ce n tra tio n  in  acidosis. E m p ty  colum ns: co n tro l. B lack  
co lum ns: a f te r  hydroch lo ric  acid  in je c tio n . * ----------x : p H  in  acidosis; • ---------- • :  p H  in  co n tro l

ra ts

acidosis

con tro l

LEFT VENTRICLE LEFT ATRIUM

Fig. 2. 14C -norep inephrine  u p ta k e  in  acidosis
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F ig. 3. In flu en ce  o f n o rad ren a lin aem ia  on  th e  u p ta k e  of 14C -norepinephrine
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F ig . 4. E ffec t o f p H  14C -no rep in ep h rin e  u p ta k e  b y  th e  v en tric le  an d  th e  a tr iu m  in  v itro

D iscussion

Num erous studies h ave indicated th a t th e  blood noradrenaline concen­
tra tio n  is increased during acidosis (N a h a s  et al. 1961; S m ith  and Co rbascio  
1966; N ah a s  and P o y a r t  1967; etc.). These fin d in gs have been confirm ed by  
us (K á r p á t i et al. 1973) and it  was m oreover fou n d  th at the acidosis is  accom ­
panied  b y  an increased noradrenaline accum ulation  in  the m yocardial tissue
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(K á r p á t i et al. 1973). The m echanism  of m yocardial noradrenaline uptake  
is not com pletely  understood. Thus, I v e r s e n  (1965) reported noradrenaline 
uptake b y  the non-term inal axons and cell bodies in the m yocardium , and 
H a m b e r g e r  (1967) showed th a t the m ajority o f  noradrenaline w as localized  
extraneuronally in the m uscle.

The seem ing contradiction  betw een th e  increased noradrenaline con­
centration and the decreased uptake during acidosis was relieved b y  the find­
ing th a t hypernoradrenalinaem ia which occurs during acidosis results in s 
com petition  for binding sites. A s a result o f th e  noradrenaline infusion, the  
uptake o f labelled noradrenaline is decreased. W hether this com petition  is 
specific for noradrenaline or nonspecific at least for the different m onoam ines, 
is a subject for further investigations.

An increased uptake o f  noradrenaline b y  th e  heart tissue at a higher 
H + concentration under in  v itro  conditions is in  accordance w ith  th e  assum p­
tion  th a t th e  elevated concentration  of noradrenaline during acidosis is due 
to an increased accum ulation rather than to  an increased b iosynthesis. The 
acidosis- induced catecholam ine release from  th e  adrenal m edulla and ca- 
techolam inergic neurones seem s to be responsible for the catecholam inaem ia  
(N ah a s  and P o yart  1967) w hich is follow ed b y  a redistribution betw een  
noradrenaline-target tissues. In  our earlier stud ies (K á r p á t i et al. 1973), 
reserpine pretreatm ent resu lted  in a m arked catecholam ine depletion  and a 
lack of catecholam ine accum ulation  during acidosis, which indicated  an active  
process in  the uptake during the course o f  catecholam ine redistribution.

I t  is generally know n th a t m etabolic acidosis is a com m on com plication  
of cardiac failure and th a t i t  is associated w ith  an increased plasm a catechola­
mine level (C e r e m u z in s k i et al. 1969). The catecholam inaem ia is considered  
a factor conditioning for arrhythm ia (Gazes  et al. 1959; Starcich  1966; H a r r is  
et al. 1951; B a r r er a  et al. 1966, etc.). M oreover, it  was found th a t the adm in­
istration o f catecholam ine depletors or m onoam inergic b locking agents 
prevented the developm ent o f arrhythm ia (E b e r t  et al. 1970). In  contrast 
to  the pathological concom itants o f the increased catecholam ine level as a 
result of acidosis, the p ositive  m etabolic effects o f catecholam ines on heart 
perform ance m ust also be tak en  into account.
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EFFECT OF CHLOROQUINE PHOSPHATE 
ON THE ISOLATED NON-PREGNANT 

AND PREGNANT UTERUS OF DIFFERENT
SPECIES

By

A . A b d e l - A z i z * and  N .  B a k r y

D EPA R T M E N T OF PHARMACOLOGY, FACULTY OF PHARM ACY, UNIV ERSITY  OF A L E X A N D R IA , 
A L E X A N D R IA , T H E  ARAB R EPU B LIC  OF EGYPT

(R ece iv ed  F e b ru a ry  4, 1974)

T he action  of ch lo roqu ine  on  iso lated  u te r i  o f p reg n an t and  n o n -p re g n a n t ra ts , 
ra b b its  and  guinea pigs show ed species d ifferences. The effect on th e  r a t  u te ru s  w as 
e ith e r  s tim u la to ry  or in h ib ito ry  dep en d in g  on w h e th e r or no t th e  a n im a l w as p re g n a n t 
a n d  also on th e  ty p e  o f b a th in g  f lu id  used . C hloroquine s tim u la ted  th e  p re g n a n t  and 
n o n -p reg n a n t u te ru s  o f ra b b its  an d  gu inea pigs in  de Ja lo n ’s or in m a m m a lia n  R in g er— 
L ocke’s solu tions. T h e  s tim u la to ry  a c tio n  of ch lo roqu ine  was Ca+ 2-d e p e n d e n t, a n ta g o n ­
ized  b y  te trac a in e  a n d  2 ,4 -d in itro p h en o l, b u t  un affec ted  by  a tro p in e , ly se rg id e  or 
p h en oxybenzam ine.

I t  has been reported by H a r t  and N a u n t o n  (1964) th a t chloroquine  
can cross the placental barrier and m ay cause injury to  the foetu s. R ecen tly , 
chloroquine has been show n to  stim ulate th e  non-pregnant and to  inhibit 
th e  pregnant rat uterus ( A b d e l - A z i z  et al. 1971). I t  was therefore th ou gh t of 
in terest to  investigate in som e detail the effect of chloroquine p h osp h ate  on 
th e  iso lated  uterus of pregnant and non-pregnant rats, rabbits and guinea pigs.

M ethods

Pregnant uterus. T he u te ru s  o f p re g n a n t ra ts , ra b b its  and  guinea p igs w a s  re m o v e d  in 
e a rly  p reg n an cy  (5 th  to  10 th  d a y ) o r in  la te  p reg n an cy  (1 9 th  to  21st day  in  r a ts ;  2 7 th  to  30 th  
d a y  in  ra b b its  an d  4 0 th  to  5 0 th  d ay  in  gu in ea  pigs). T h e  stage of p reg n an cy  in  g u in ea  p igs was 
d e te rm in e d  b y  th e  len g th  of th e  fo e tu s as described b y  B e l l  (1941).

N on-pregnant uterus. A d u lt fem ale  r a ts  (180 — 200 g), ra b b its  (1.75 — 2.0 k g )  a n d  gu inea 
pigs (350 — 450 g) were used . Som e an im als  w ere in jec ted  subcu taneously  w ith  2.5 m g /k g  o e s tra ­
dio l m on o b en zo ate  and  th e  u te ru s  w as rem o v ed  48 h o u rs  la te r. U teri w ere also  re m o v e d  from  
an im a ls  n o t  receiv ing  oestrogen .

P ost-partum  rat uterus. T hese  w ere rem oved , as described  by  Ab d e l -A ziz  a n d  B akry  
(1972), 1/2 h o u r to  6 days a f te r  p a r tu r i t io n .

Isolated uterus preparation . N o n -p re g n an t an d  p o s t-p a r tu m  r a t  u te r i  w e re  u se d  in  to to  
o r on ly  th e  u p p e r tw o th ird s  o f  one u te r in e  h o rn  w ere exam ined . In  th e  case o f  n o n -p reg n a n t

* P re se n t address: D e p a rtm e n t o f P h a rm aco lo g y , F a c u lty  of M edicine, U n iv e rs ity  of 
A leppo, A leppo, T h e  A rab  R ep u b lic  o f Syria .
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u te r i  from  ra b b its  a n d  g u in ea  p ig s , only th e  lower h a lf  o f th e  u te r in e  h o rn  was used  o f p re g n a n t 
u te r i ,  s tr ip s  of su itab le  size w e re  ob ta in ed . The u te ru s  w as su sp en d ed  in  a 20 m l o rg an  b a th  an d  
re co rd in g s  were m ade  o n  a  sm o k e d  drum , using a n  iso to n ic  lev e r w ith  o p tim u m  lo ad  an d  of a 
m ag n ifica tio n  of 8 to  10. A  m ix tu r e  o f 5%  C 0 2 ; 9 5 %  0 2 w a s  u sed  fo r aera tion . T he u te r i  were 
su sp en d e d  in m am m alian  R in g e r-L o c k e ’s so lu tion  a t  37°C as u sed  b y  T o th ill  (1967) or a t  
30°C  in  de Ja lo n ’s so lu tio n  w h ic h  co n ta in s one fo u rth  th e  a m o u n t o f calcium  an d  h a lf  th e  a m o u n t 
o f  g lucose of th a t  p re se n t in  R in g e r-L o c k e ’s so lu tion . U te r i  susp en d ed  in  m am m alian  R in g er— 
L o ck e ’s so lu tion  show ed fa ir ly  re g u la r  rh y th m ic  c o n tra c tio n s , w hile  in de Ja lo n ’s so lu tio n  th e  
u te r i  ob ta in ed  from  r a ts  sh o w ed  l i t t le  or no sp o n tan eo u s  c o n tra c tio n s  and  those  o b ta in e d  from  
r a b b i t s  an d  guinea p igs sh o w ed  m o d e ra te  sp o n taneous c o n tra c tio n s . I n  some ex p erim en ts , a fte r 
th e  ac tio n  of ch loroquine w as te s te d  in  norm al R in g e r-L o c k e ’s o r  de Ja lo n ’s so lu tio n , i t  was 
r e te s te d  in  calcium -free m ed ia  o f  e ith e r solutions.

Results

Results are seen in  T able I.
Table I

Sum m ary o f  the effects o f  chloroquine on the ra t, rabbit and guinea p ig  uterus

Species S ta te  o f u teru s

E ffe c t  o f  ch lo roqu ine on  
u te ru s  susp en d ed  in

d e  J a lo n ’s so lu tio n
R in g e r—L ó ck e’s 

so lu tio n

R a t n o n -p re g n a n t in h ib itio n stim ula tion

p re g n a n t in h ib itio n inh ib ition

p o s tp a r tu m  

(d u rin g  f ir s t  2 days)

in h ib itio n inhibition

p o s tp a r tu m

(a fte r  th e  f irs t 2 days)

in h ib itio n stim ula tion

R ab b its n o n -p re g n a n t s tim u la tio n stim ulation

p re g n a n t s tim u la tio n stim ulation

G uinea pigs n o n -p re g n a n t s tim u la tio n stim ula tion

p re g n a n t s tim u la tio n stim ula tion

R a t  u t e r u s .  C hloroquine (20— 500 ц g/m l) exerted  on the non-pregnant 
ra t uterus an oxytocic  e ffec t which was associated  w ith  an increase in  tonus 
and  frequency o f sp on tan eou s contractions in m am m alian Ringer—L ocke’s 
so lu tion . Figure 1 illu stra tes  typical effects o f chloroquine on pregnant and 
post-partum  rat uterus suspended in m am m alian R inger-L ocke’s solution. 
Chloroquine (50— 500 pg/m l) inhibited the pregnant horn of a unilaterally  
p regn an t rat uterus (F ig . la )  as well as th e  non-pregnant horn of th e  same 
u teru s (Fig. lb ). This in h ib ito ry  action of chloroquine w as found to  persist in 
th e  post-partum  rat u terus during the first 2 days after parturition, but tended  
to  change to a sim ulatory  action  from th e th ird  to  th e  sixth  day follow ing  
p arturition  (Fig. lc , e, f.). T h e  inhibitory action  o f chloroquine was not blocked
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Fig. 1. A c tio n  of ch lo roqu ine  on  p re g n an t and  p o s t-p a r tu m  r a t  u terus, a: 19-day  p re g n a n t  
u te ru s ; b: n o n -p reg n a n t h o rn  of th e  sam e u teru s in  a ; c: p o s t-p a r tu m  u teru s , 1/2 h o u r  a f te r  
p a r tu r it io n ; d: p o s t-p a r tu m  u te ru s , 12 hours a f te r  p a r tu r i t io n ;  e: p o st-p a rtu m  r a t  u te ru s ,  24 
hours a f te r  p a r tu r i t io n ;  f: p o s t-p a r tu m  u teru s , 4 d a y s  a f te r  p a rtu ritio n . C o n c en tra tio n s  o f 
ch loroquine (Chi) in  m g/m l a n d  of no rad renaline  (NA ) in  n a n o g ram /m l. All u te ri w ere  su sp en d ed  

in  m a m m a lia n  R in g e r-L o c k e ’s solution. A t, ^  w a sh in g ; tim e  in tervals , one m in

by 1 X 10 6 propranolol, and the stim ulatory action was not effected  by  
1 X 10 ~7 atropine, 1 X 10 ~ 8 lysergide, or 1 X 10 ~e phenoxy-benzam ine. 
On the other hand, chloroquine (50—500 / j g / m l )  consistently in h ib ited  non­
pregnant, pregnant and post-partum  uteri suspended  in de Jalon’s solu tion . 
This was observed as a decrease in the tone o f  uterine muscle and b y  the  
antagonism  b y  chloroquine o f the stim ulatory action  of oxytocin and a ce ty l­
choline. W hen de Ja lon ’s solution was exch an ged  for mam m alian R inger— 
Locke’s solution , the uterus showed m arked spontaneous contractions and  
the stim ulatory effect o f  chloroquine on th e  non-pregnant and post-partum  
rat uterus reappeared and then disappeared w hen the bathing flu id  was 
rechanged to  de Ja lon ’s solution. Chloroquine failed to stim ulate u teri in  
calcium -free m edia. The m etabolic inhibitor 2 ,4-d in itrophenol(D N P ) 1 X 1 0 ~ 4M 
as well as tetracaine, 50 to  200 ig/m l, an tagon ized  the stim ulatory action  
of chloroquine on non-pregnant and post-partum  rat uteri suspended  in  
m am m alian R inger—Locke’s solution (Fig. 2).
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F ig . 2. E ffe c t of te trac a in e  on  th e  ac tio n  of ch lo roqu ine  o n  th e  r a t  u te ru s  4 d a y s  a f te r  p a r tu r i­
t io n ,  su sp en d ed  in  m am m alian  R in g e r—Locke’s so lu tio n , a : before te traca in e ; b  a n d  c: in  p res­
e n ce  o f  100 jtig/ml te tra c a in e ; d : a f te r  w ashing of te tra c a in e . C oncentrations o f  ch lo roqu ine  

(C hi) in  m g/m l, of o x y to c in  (O x y ) in  (tV /m l. A t w ash ing ; tim e in te rv a ls , o n e  m in

F ig . 3. A c tio n  of chloroquine o n  r a b b i t  u te ru s  in  m a m m a lia n  R inger-L ocke’s so lu tio n , a: non­
p r e g n a n t  u te ru s ; b: 20-day p re g n a n t  u te ru s . C o n c en tra tio n  of chloroquine (C hi) in  m g/m l. 

A t w ash in g ; tim e in te rv a ls , one m in

F ig . 4. A c tio n  of chloroquine on  th e  n o n -p reg n an t o e s tro g e n -tre a te d  guinea pig u te ru s  su sp en d ­
ed  in  de  J a lo n ’s solution, a: b efo re  te tra c a in e ; b: a n d  c: in  th e  presence of 100 /íg /m l te tra c a in e  

a n d  of oxytocin  (O xy) in  ^tU /m l. A t w ash in g ; tim e  in tervals , one m in

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



EFFEC T O F CHLOROQUINE ON T H E  UTERU S 119

R a b b i t  u t e r u s .  Chloroquine at concentrations o f  30 to 500 jitg/ml exerted  
an oxytocic  action on pregnant and non-pregnant rabbit uteri suspended  in 
de Ja lon ’s solution  or in m am m alian R inger—Locke’s solution. T he rabbit 
uterus was generally more sensitive than  th e  rat uterus to the stim u latory  
action o f chloroquine. Figure 3 shows th e  effect o f chloroquine on pregnant 
and non-pregnant rabbit uteri. The action o f chloroquine was n o t affected  
by atropine, lysergide or phenoxybenzam ine at concentrations sim ilar to  
those used for the rat uterus. Tetracaine and D N P  prevented the effect of 
chloroquine.

G u i n e a  p i g  u t e r u s .  Chloroquine stim ulated  th e  pregnant as w ell as the  
non-pregnant guinea pig uterus, whether suspended in de Jalon’s or in m am m a­
lian R inger-L ocke’s solutions (Fig. 4), and th is w as prevented by tetracaine  
and D N P  hut not affected by atropine, lysergide or phenoxybenzam ine. 
Chloroquine failed to  stim ulate guinea pig u teri suspended in calcium -free  
solutions.

D iscussion

The action o f chloroquine phosphate on th e  isolated uterus o f  rats, 
rabbits and guinea pigs showed species differences. The type o f response of 
the rat uterus depends upon the com position o f  th e  bathing fluid and w hether  
the uterus is pregnant. On the other hand, chloroquine had an o x y to c ic  effect 
on th e  pregnant and non-pregnant uterus o f  rabbits and guine apigs, w hether  
in de Ja lon ’s or in m am m alian Ringer—L ocke’s solutions. The in h ib itory  as 
well as the stim ulatory actions of chloroquine on the uterus o f th e  three 
species studied, seem  to be due to  a direct action  o f the drug on th e  m yom et­
rium and confirm  the findings of A b d e l -A ziz et al. (1971).

The results obtained w ith the post-partum  rat uterus were in teresting  
in th a t the typ e o f chloroquine action depended upon the tim e elapsed  after 
parturition. Thus, chloroquine caused an inh ib itory effect during th e  first 
tw o days follow ing parturition, but after th a t period the action changed  into  
a stim ulatory one, similar to that observed w ith  the non-pregnant ra t uterus. 
The first 2 days follow ing parturition and during which chloroquine inhibited  
the uterus is, perhaps, th e  early transitional stage during which physiological 
adjustm ent from th e pregnant to the non-pregnant state takes p lace. This 
q u alitative difference in  th e  response o f th e  pregnant as com pared to  the  
non-pregnant and post-partum  uterus is m ost probably due to  differences in 
uterine horm onal state  which m ay in fluence, am ong others, th e  degree of 
binding o f calcium  and/or the calcium  level in the sm ooth muscle m em brane. 
I t  w as suggested by K n if t o n  (1968) th a t calcium  is more firm ly  bound in 
th e  pregnant than  in  the non-pregnant m yom etrium  and th at there is an 
abrupt decrease in calcium  binding on th e  day  o f parturition w hich coincides
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w ith  th e  sudden increase in  sen sitiv ity  to  o x y to c in . That calcium  is essentia l 
to  th e  stim ulant action o f chloroquine w as show n by the finding th a t chloro­
q u in e fa iled  to  elicit such an effect on the u teri o f  th e  2 species when suspended  
in  calcium -free m edia. I t  is know n th at th e  release o f calcium and its com bina­
tio n  a t  sites in the cell surface is the fin a l com m on pathw ay for exc ita tory  
in flu en ces  acting to  contract sm ooth m uscles (Cs a p ó  1961; D a n ie l  et al. 1962). 
I t  seem s, however, th a t th e  rat uterus needs a higher calcium concentration  
in  th e  bath ing flu id  th an  th e  uterus of rabbits and guinea pigs in  order to  
show  stim ulation  in response to chloroquine. K n if t o n  (1967) reported on  
d ifferences betw een th e  rabbit uterus and th e  rat uterus in the effect o f  oestro­
gen and  progesterone on th e  tension developed in  response to electrical stim ­
u la tio n  in  the absence o f calcium . The antagon istic  action of the local an­
a esth e tic  tetracaine to  th e  stim ulant effect o f chloroquine on the u terus w as 
fou n d  to  occur in all th e  three species stud ied  and could possibly be linked  
w ith  th e  action of tetracaine on calcium  as reported by F e in s t e in  (1961) 
w ho fou n d  th at local anaesthetics are antagonizing the calcium exchange o f  
th e  u teru s.

I t  has been reported b y  Ma r sh a l l  and M il l e r  (1964) that the m etabolic  
in h ib ito r  2,4,dinitrophenol can abolish th e  stim ulatory action o f o xy toc in  
as w e ll as the rhythm ic contractions of th e  rat u terus. This was confirm ed b y  
th e  p resen t work and it  w as found th at D N P  antagonized  the stim ulant action  
o f ch loroquine on the uterus. I t  has been suggested  by Marsh all  and M il l e r  
(1964) th a t  the m echanism  b y  w hich D N P  blocks th e  action of oxy tocin  m ay  
be associa ted  w ith an in h ib ition  of ion transport. I t  is possible th a t D N P  
b lock s th e  action o f chloroquine b y  a sim ilar m echanism .

W ork is in progress to  establish  how far th e  relase of prostaglandins is 
in v o lv ed  in  the qualitative difference observed in  the effect of chloroquine  
on th e  pregnant and non-pregnant uterus.
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O x o trem o rin e  a f te r  i ts  system ic an d  in tra c e re b ro v e n tr ic u la r  a d m in is tra tio n , 
causes h y p e rg ly caem ia  in  th e  w aking  ra t. M e th y la tro p in e  in h ib ited  th e  effect o f  in tra -  
p e rito n ea lly  in je c te d  oxo trem o rin e  b u t  fa iled  to  do so a f te r  in tra c e re b ro v e n tr ic u la r  
in jec tio n  of th e  cho linom im etic . T he h y p e rg ly caem ia  evoked  b y  in tra p e rito n e a l o x o ­
trem o rin e  ap p lic a tio n  w as in h ib ited  by  ad ren a le c to m y  a n d  dim inished b y  h y p o p h y s -  
ectom y. P re t re a tm e n t  w ith  am ino g lu té th im id e , a  d ru g  in h ib itin g  steroid sy n th e s is , de ­
creased  th e  hy p erg ly caem ic  effect o f o x o trem o rin e  in  th o se  anim als w hich  e x h ib ite d  
th e  low est b lood  co rtico s tero n e  level. T he h y p e rg ly c ae m ia  is peripheral in o rig in , b u t  i t  
is a cen tra l sy m p a th e tic  e x c ita tio n , w hich figures in  i ts  developm en t, and th e  p i tu i t a r y -  
a d ren o co rtica l sy s tem  is also necessary  for its  m a n ife s ta tio n .

Trem orine and oxotrem orine are know n to  elevate blood sugar le v e l in  
the rat, but the m echanism  of th is action is unclear. According to F r i e d m a n  

and E v e r e t t  (1964), trem orine hyperglycaem ia is central in origin, i t  m ani­
fests itse lf  through the adrenals and cannot be elicited  in adrenalectom ized  
anim als. O e l s s n e r  et al. (1970) described th a t oxotrem orine e leva ted  the  
blood sugar lev e l also in adrenalectom ized rats, an effect inhibited b y  m eth y l­
atropine, acting only peripherally. G u p t a  and G a n g u l y  (1969) as w ell as 
G u p t a  et al. (1970) are o f the opinion th a t oxotrem orine does not e leva te  
the blood sugar level through the same m echanism  as does adrenaline; accord­
ing to  those authors, oxotrem orine would act d irectly  via some liver enzym e.

The present work was aimed at clarifying oxotrem orine hyperglycaem ia  
was central or peripheral in origin and w hat hum oral system s are a t p la y  in  
th is effect.

Methods

T he e x p erim en ts  w ere pe rfo rm ed  on  w aking ra ts  w eig h in g  150 — 270 g. T he a n im a ls  w ere 
d ep riv ed  of food fo r 12 h o u rs  before th e  exp erim en t, w ith  free  access to  w ater. D u r in g  th e  ex ­
p e rim en ts  th e  ra ts  w ere in d iv id u a lly  housed  in p las tic  b o x es. B lood for blood su g a r d e te rm in a ­
tio n  w as ta k e n  from  th e  ta i l  v e in  before th e  tr e a tm e n t  a n d  5 — 6 tim es during  th e  f i r s t  tw o 
p o s t- tre a tm e n t h ours. B efore e x p erim en ta tio n , th e  r a ts  w ere  k e p t iso lated  for a t  le a s t  60 m in.

In  one series o f e x p erim en ts  th e  anim als w ere k e p t  in  cages u n d e r qu iet co n d itio n s . T h en , 
25 m in  a f te r  th e  o x o trem o rin e  tre a tm e n t,  th ey  w ere a n a e s th e tiz e d  w ith  e ther, a n d  b lo o d  w as 
w ith d raw n  from  th e  ab d o m in a l a o rta  for co rtico s tero n e  a n d  b lood  sugar d e te rm in a tio n .

T h e  ad ren a ls  w ere rem oved  6 d ay s before th e  e x p e rim e n t u n d e r p e n to b a rb ita l  a n ae s­
th es ia  (40 m g/kg  in tra p e rito n ea lly ) . Follow ing th e  o p e ra tio n , th e  ra ts  received to  d r in k  1%  
sod ium  ch loride  so lu tio n  in s tea d  of w ater.
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T h e  p itu i ta ry  w as rem o v ed  according to  Ga y ’s m e th o d  (1967) one d a y  p r io r  to  th e  exper­
im e n t .  In tra c e re b ro v e n tr ic u la r  ap p lica tio n  of th e  d ru g s  w as m ade accord ing  to  th e  m eth o d  of 
V e b s t e b  e t  al. (1971) th ro u g h  ch ron ically  im p la n te d  can n u lae , in  a vo lum e o f 10 //].

B lood  sugar leve l w as d e te rm in e d  acco rd ing  to  H a gedo bn  and  J e n s e n  (1923), a n d  in  
so m e ex p erim e n ts , acco rd in g  to  th e  p rocedure  o f  H y v ä b in e n  and  N ik k il ä  (1962) a s  m odified  
b y  B a k o s  (1966). C o rtico ste ro n e  w as d e te rm in ed  a cc o rd in g  to  Gu il l e m in  e t  a l. (1959).

T h e  drugs u sed  w ere o x o trem o rin e  o x a la te  ( I n s t i tu te  for E x p erim en ta l M edicine, H u n ­
g a r ia n  A cad em y  of Sciences, B u d a p es t) , m e th y la tro p in e  b rom ide (F lu k a), a n d  a m in o g lu té th i­
m id e  (E lip ten -C ib a). T h e  doses g iv en  refer to  th e  co rre sp o n d in g  salts.

I n  each  an im als , th e  p re - tre a tm e n t b lood  su g a r  lev e l was de te rm in ed , a n d  th e  resu lts  
o b ta in e d  w ere ex pressed  in  p e r  c e n t o f these  v a lu es. F o r  s ta tis tica l e v a lu a tio n  S tu d e n t’s one- 
ta i le d  a n d  tw o -ta iled  (- te s ts  a n d , in  one series o f e x p e rim e n ts , tw o-w ay v a r ia n ce  a n a ly s is  were 
a p p lie d .

Results

T he starting blood sugar level was 100 +  1-6 mg/100 ml in th e  control 
an im als (m ean of 70 experim ents).

Iso lation  for three hours, or in traperitoneal injection o f physiological 
sa lin e, did not influence th e  blood sugar lev e l o f  th e  rats (Fig. 1). Intracerebro- 
v en ticu la r  application o f sodium  chloride cau sed  an insignificant (15 +  5%) 
e lev a tio n  of the blood sugar level (Fig. 2).

O xotrem orine given  intraperitoneally  in  a dose of 0.5 m g/kg caused  
h yperglycaem ia  (F ig. 1). The effect was m arked at 15 min (26 +  8% ), reached  
th e  m axim um  by th e  30th  m in (74 +  12% ) and disappeared b y  the 9 0 th  min.

T he central effects o f oxotrem orine, for in stan ce its hypertensive action, 
w ere also m anifest after th e  intracerebroventricular application o f th e  com ­
p ou n d  ( P h a n  and G y ö r g y  1973).

O xotrem orine g iven intracerebroventricularly also caused hyperglycae­
m ia. In  a dose o f 5 f i g  it  elevated  the b lood  sugar level b y  53 +  6% . The 
m axim u m  was reached b y  th e  15th m in, th e  effect being m uch less m arked  
b y  th e  30th  m in (F ig. 2). This small dose, i.e . 5 jUg/animal, w hen in jected  by  
th e  intraperitoneal route, caused in sign ifican t hyperglycaem ia (12 +  7% ).

T hese results seem ed to  point to a central nervous origin o f oxotrem orine  
hyperglycaem ia . Since th is conclusion is at varian ce with the results o f  O e l s s - 

N e r  et al. (1970), who found that the oxotrem orine effect was in h ib ited  by  
m eth ylatrop in e, a drug of peripheral action , w e investigated  ourselves how  
th is ch o linolytic  agent containing a quaternary nitrogen atom w ould in fluence  
th e  oxotrem orine-induced hyperglycaem ia.

M ethylatropine, in a dose of 5 m g/kg intraperitoneally, failed  to  affect 
th e  b lood  sugar level, as com pared w ith the control (Fig. 1). This dose o f m eth y l­
atrop ine inhibited  the effect o f in traperitoneally  given oxotrem orine, a slight 
(17 +  6% ) elevation  o f the blood sugar lev e l occurred only b y  the 15th  min 
(F ig . 1). H ow ever, the a c tiv ity  of oxotrem orine applied intracerebroventricu­
larly  w as not inhibited  b y  m ethylatropine (an elevation  of 39 +  6% , F ig . 2).

A s m entioned above, data in the literature are contradictory concerning  
th e  ro le o f  adrenals in  oxotrem orine hyperglycaem ia. In our experim ents,

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



O X O TR E M O R IN E HYPERGLYCAEM IA 125

-------- 1 I I ' ' I I
15 30 60 90 120 min

Fig. 1. E ffec t of sy s tem ica lly  a d m in is te re d  oxo trem orine  a n d /o r  m e th y la tro p in e  on  b lood
sugar level. ----------: 0 .9%  N aC l in tra p e rito n ea lly  (i.p .); : 0.5 m g/kg  o x o trem o rin e  i.p .
(n  =  10); — : 5 m g/kg  m e th y la tro p in e  i.p . (n =  9): — — : 5 m g/kg  m e th y la tro p in e  + 0 .5
m g/kg  oxo trem orine  i.p . (n  =  7). O rd in a te : blood su g ar lev e l in  p e r cen t o f p re tre a tm e n t 
va lue . T he va lues m easu red  30 m in  a f te r  oxotrem orine  s ig n ifican tly  differ fro m  th o se  for 
N aC l-tre a te d  an im als (p <  0.01). T h e  effec t of m e th y la tro p in e  a n d  t h a t  o f m e th y la tro p in e  +  

o x o trem o rin e  a re  n o t sign ifican t s ta tis t ic a lly

Fig. 2. C om parison o f th e  e ffec t o f  oxo trem orine  app lied  in tra c e rc b ro v e n tr ic u la ry  (i.e .v .) and
in tra v en o u s ly  (i.v .). — — : 0 .9%  N aC l i.e .v . (n =  8); ------ -— : 0.005 m g /an im al o x o trem o rin e
i.p . (n  =  7 ) ; --------- : 0.005 m g /an im a l oxotrem orine  i.e .v . (n  =  8 ) ; ...........: 5 m g /k g  m e th y l­
a tro p in e  i.p . +  0.005 m g /a n im a l o x o trem o rin e  i.e.v. (n  =  9); ; 0.5 m g/kg o x o trem o rin e
i.p . (n  =  10). O rd in a te : b lood su g a r leve l in per cen t o f  p re tr e a tm e n t  value . B y  th e  1 5 th  m in, 
th e  d ifference from  con tro ls  (N aC l i.v .c .) is sign ifican t in  a n im a ls  t re a te d  w ith  0.005 m g /an im al 

o x o trem orine  (p  <  0.01) a n d  m eth y la tro p in e  +  o x o trem o rin e  (p <  0.05)
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F ig . 3. In fluence of h y p o p h y se c to m y  a n d  ad ren a le c to m y  on oxo trem o rin e  h y p erg lycaem ia .
---------- : 0.9%  NaCl i.p . in  h y p o p h y sec to m ized  an im a l (n  =  9); • • • • :  0.5 m g /k g  oxo trem orine
i .p . ,  in  hypop h y sec to m ized  a n im a l (n  =  13); — • — : 0.5 m g/kg  o x o trem o rin e  i.p . in  adrenal- 
e c to m iz e d  anim al (n =  6); 11 : 0.5 m g/kg  o x o trem o rin e  in in ta c t an im a l (n  =  10). O rdi­
n a te :  b lo o d  sugar level in  p e r c e n t  o f p re tre a tm e n t v a lu e . T h e  effect o f o x o trem o rin e  in hypo­
p h y se c to m ize d  anim als s ig n if ic a n tly  d iffers from  th a t  in  N a C l-trea ted  an im a ls  (p <  0.05) by

th e  15th m in

0.5 m g/kg of oxotrem orine, adm inistered 6 days after adrenalectom y, failed 
to  in flu en ce the blood sugar level (4 +  5% , F ig. 3). Adrenalin, in  a subcutane­
ous dose of 0.25 m g/kg, caused a considerable increase in  the b lood sugar of 
adrenalectom ized anim als (42 +  3.7% , n =  6).

A n y  possible oxotrem orine effect m anifesting itse lf  through steroid 
horm ones was also p reven ted  b y  the adrenalectom y. The p ossib ility  arose 
th a t  oxotrem orine w as activa tin g  the p itu itary—adrenocortical system . Thus, 
in  further experim ents, the effect o f the p itu itary  was in vestigated  on oxotre­
m orine hyperglycaem ia.

H ypophysectom y stron gly  inhibited, but failed com pletely  to  abolish, 
th e  b lood  sugar increasing effect o f 0.5 m g/kg oxotrem orine (F ig. 3). The peak 
effect (35 +  11%) was seen at 15 min. A t th is point of tim e th e  a c tiv ity  of 
oxotrem orine was id en tica l w ith  that m easured in non-operated animals 
(26 +  8% ).

I t  was assumed on th e  basis of these experim ents th a t corticosteroids 
m igh t figure in the hyperglycaem ic action. Since we had no data  concerning 
th e  in fluence of oxtorem orine on the blood corticosterone level, th e  following  
experim ents were perform ed.

Under the conditions described in M ethods, the blood corticosterone  
lev e l w as 16.6 +  2.9 jUg/100 ml in anim als treated  w ith  sodium  chloride 
(n =  9) and 47.1 +  2.6 /tg/100 ml in rats treated  w ith  0.5 m g/kg oxotrem orine
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intraperitoneally  (n =  10, p < 0  .001). O xotrem orine elevated  the blood sugar 
level in  th ese  experim ents b y  58%  as com pared to  th e  controls.

A ccordingly, the e levated  steroid level seem ed to  play a part in  inducing  
the oxotrem orine hyperglycaem ia. I t  w as therefore investigated  how  th e  
inhibition  o f  steroid synthesis w ould in fluence th e  hyperglycaem ic effect of 
oxotrem orine.

A m inoglutéthim ide w as used for inh ib iting steroid synthesis (D e x t e r  
et al. 1967; L oscalzo et al. 1970). The drug w as adm inistered in  subcutaneous  
doses o f 150 m g/kg on tw o  occasions (10 a.m . and 4 p.m .) on the d ay  before  
the experim ent. On the day  o f the experim ent the rats were kept in  p lastic  
boxes, as usual (restraint situation). Blood for blood sugar determ ination was 
taken from  the tail vein on f iv e  occasions. T hen, 100 min following th e  adm in­
istration  o f oxotrem orine, th e  anim als were bled, and the plasm a corticoste­
rone leve l w as determ ined.

The results are show n in Table I. The corticosterone level was high also 
in the control group w ith  no further increase upon the effect of oxotrem orine  
(restraint situation). P retreatm ent w ith  am inoglutéthim ide decreased the  
steroid leve l which was no longer augm ented b y  oxotrem orine in these anim als.

I t  is seen from the data  o f Table I th a t am inoglutéthim ide pretreatm en t 
did not inh ib it the oxotrem orine hyperglycaem ia. The pretreatm ent in fluenced  
the corticosterone level to  a variable ex ten t. Thus, a correlation w as sought 
for betw een  steroid leve l and the degree o f oxotrem orine hyperglycaem ia.

Table I

In flu en ce  o f  am inoglutéthim ide pretreatm ent on the blood sugar and corticosterone level increasing  
effect o f  oxotremorine. The a n im als received 150 mg/kg o f  am inoglutéthim ide (A M G ) subcutaneously  
on two occasions the day before the experim ent. S ix  experim ental days, twelve an im als in  each group

Pretreatment Treatment

E

Initial value, 
mg/100 ml i  S.E.

lood sugar

Maximal augmentation Time of maxi­
mum effect, 
min ±  S.E.

Corticosterone 
level, 100 min, 
//g/100 ml ±  

S.E.mg/100 ml 
± S.E. per cent

. NaCl NaCl 9 6 .6 ± 4 .1 5 1 4 .2 ± 3 .1 9 14.7 4 0 .0 ± 8 .1 2 4 8 .8 ± 1 .4 5

. NaCl ОТ 9 2 .9 ± 2 .8 1 4 6 .3 ± 7 .6 4 49.8 29 .4 ± 5 .5 7 5 1 .3 ± 2 .1 7

. AMG NaCl 9 6 .9 ± 6 .3 8 13.1 ± 5 .0 8 13.5 40.0 ± 7 .4 6 1 7 .9 ± 2 .4 9
l. AMG О Т 1 0 3 .8 ± 6 .8 8 3 2 .8 ± 8 .5 7 31.6 4 0 .6 ± 7 .7 8 2 0 .1 ± 4 .1 6

ОТ: 0.5 m g /k g  o x o trem orine  in tra p e rito n ea lly
A u g m e n ta tio n  of blood su g a r leve l a f te r  o x o trem o rin e  is s ign ifican t acco rd in g  to  tw o-w ay  
v arian ce  analy sis  (1 — 2 a n d  3 — 4, p  <  0.01). T he increases in  G roups 2 a n d  4 do  n o t  differ 
sig n ifican tly , n o r is th ere  a n y  s ig n ifican t d ifference be tw een  th e  tim es of m a x im u m  effect. 
T here  is a  corre lation  in G roup  4 be tw een  co rtico s tero n e  level and  increase in  b lo o d  su g a r , th e  
co rre la tio n  coefficient being  0.782, p <  0.01 
(The a u th o rs  th a n k  Mr. G. F o l l y  fo r s ta tis tic a l analy sis)
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T he analysis revealed  th a t in  anim als w ith  a low  corticosterone level oxotre- 
m orine elevated  th e  blood sugar level in  a sligh t degree (Table I).

A m inoglutéth im ide pretreatm ent caused ataxia  in m ost anim als, often  
persisting on the day  of the experim ent. Since am inoglutéthim ide decreased  
th e  corticosterone level to  18— 20 /ig/100 m l, three to  five  repeated treatm ents  
w ere perform ed instead  o f adm inistering th e  drug only tw ice. H ow ever, the  
anim als treated  in  th is w ay  were in an anaesthesia-like condition before the  
experim ent, th ey  did not m ove, their b od y tem perature decreased. N o experi­
m en t w as perform ed on these anim als.

D iscussion

Our finding th a t adrenalectom y prevented  the hyperglycaem ia induced  
b y  oxotrem orine w as in  accordance w ith  th e  observation of F r ie d m a n  and 
E v e r e t t  (1964), b u t in contradiction w ith  th a t of Oe l s s n e r  et al. (1970). 
T hese la tter  authors have studied the m etabolic effects of oxotrem orine under 
deep urethane anaesthesia and the d iscrepancy o f the results m ight have been  
caused  b y  th is factor. I t  seem s also unlikely th a t oxotrem orine hyperglycaem ia  
should  be caused b y  a direct effect on liver enzym es (G u pt a  and Ga n g u l y  
1969; G u p t a  et al. 1970), for such an a c tiv ity  w ould be present also after ad­
renalectom y.

E v en  though the adrenal are necessary for eliciting oxotrem orine hyper­
g lycaem ia , a direct stim ulatory effect o f  th e  drug on the adrenals can be 
excluded . O xotrem orine possesses no ganglionic stim ulatory action  (H a sl e t t  
1963; G y ö r g y  et al. 1971), and its pressor effect in  the rat is not influenced  
b y  adrenalectom y ( P h a n  and Gy ö r g y  1973).

Trem orine hyperglycaem ia is inh ib ited  b y  splanchnic transection  and  
m edullectom y (F r ie d m a n  and E v e r e t t  1964); oxotrem orine presum ably  
activa tes the adrenals through th e  central nervous system . Stim ulation  of 
the cerebral sym p ath etic  centres is w ell-know n to  produce hyperglycaem ia  
(B e r n a r d  1849; F r a n k l in  and D is t e f a n o  1962; S h im a zu  et al. 1966; К о к к а  
and G e o r g e  1970). The central nervous system  is also involved into the regula­
tion  o f  adrenaline secretion (M a r l e y  1964), and we could show th a t oxotre­
m orine stim ulates sym p ath etic  centres in  th e  ca t (G y ö r g y  et al. 1971), as 
w ell as in  th e  rat (P h a n  and Gy ö r g y  1973). W e therefore assume th is action  
to  p la y  a part in th e  blood sugar increasing effect o f the drug.

Som e experim ental data, however, are clearly against the exclusive  
role o f  a direct effect on the sym pathetic centres in the developm ent o f oxotre­
m orine hyperglycaem ia. This hyperglycaem ia is peripheral in origin, as it  is 
in h ib ited  b y  m ethylatropine. A ccordingly, peripheral factors m ust p la y  a 
decisive role in  the oxotrem orine action, since m ethylatropine does not p en e­
trate in to  the central nervous system  and does not influence the central effects
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of oxotrem orine. W e assum e th a t oxotrem orine stim ulates the central nervous 
system  in a reflex w ay through its  peripheral actions inh ibited  by m ethylat- 
ropine (vasodepression, bradycardia, bronchial constriction  etc.). An exclu­
sively  peripheral origin o f th e  oxotrem orine hyperglycaem ia cannot be im ag­
ined, as the role of the adrenals is doubtless, but th e  com pound has no direct 
effect on the adrenals.

Oxotremorine has a direct central effect, too; it  causes hyperglycaem ia  
also after intracerebroventricular application, w hich hyperglycaem ia is not 
influenced by m ethylatropine. In the case of an intraperitoneal adm inistration  
the dose used (0.5 m g/kg) is presum ably too low  for th is  direct central action  
to  becom e m anifest.

H ypophysectom y m arkedly diminished th e  oxotrem orine hyperglycae­
mia. Though also. STH  m ay figure in the developm ent o f a hyperglycaem ic 
reaction (H o u ssa y  1955), such a role can be excluded  in the present case. 
(The adrenals are necessary for the m anifestation o f the oxotrem orine effect, 
but not for that o f STH .) Our experim ents point to  a role of the A CTH -adre- 
nal cortex system  in th e  case o f oxotrem orine.

In freely-m oving anim als oxotrem orine augm ents the blood cortico­
steroid level. Under the conditions of our experim ents the steroid level was 
high also in the control rats, due to the restraint situation; in these anim als 
oxotrem orine failed further to  increase the steroid level. In  spite of th is, the  
experim ents performed w ith  am inoglutéthim ide, a drug inhibiting steroid  
synthesis, also corroborate the role of adrenocortical horm ones in the develop­
m ent o f oxotrem orine hyperglycaem ia. The d im inution  of the steroid level 
was correlated w ith  th e  inhibition of the hyperglycaem ic response.

Thus, steroids are necessary for the m anifestation  of the oxotrem orine 
effect. T hey cannot, how ever, be assumed to raise th e  blood, sugar level b y  a 
direct action; control anim als in restraint situation  do not exhibit hypeglycaem ia  
in  spite o f the high corticosterone level. More probably, steroids augm ent 
th e  hyperglycaem ic effect of adrenaline by their perm issive action; Co llip  
et al. (1936— 1937) show ed th a t this adrenaline effect decreased m arkedly  
after hypophysectom y in the rat.

According to  the above, oxotrem orine applied intracerebroventricularly  
possesses a direct central action on the one hand, and an indirect peripheral 
action m anifesting itse lf  v ia  the central nervous system , on the other. Libera­
tion  of adrenaline and th e  presence of adrenocortical hormones are also nec­
essary for the developm ent o f the hyperglycaem ia.
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O x o trem o rin e  in  h ig h  dose e lic its  se izure-like  m an ifes ta tio n s u n fre q u e n tly  in  th e  
r a t .  A fte r  p re tre a tm e n t w ith  reserp in e  a n d  m e th y la tro p in e , how ever, c lonic  f i ts  d evelop ; 
a t  th e  sam e tim e  E E G  a lte ra tio n s  can  be  obse rv ed  ch aracte rized  b y  6 —7 c /s b u r s ts  of 
1 — 3 sec d u ra tio n  ap p ea rin g  a t  5 — 20 sec in te rv a ls . A  sim ilar p a tte rn  is seen  in  re serp in e - 
p re tre a te d  r a ts  a f te r  th e  a d m in is tra tio n  of phy so stig m in e .

T h e  E E G  a c tiv ity  e lic ited  b y  o x o trem o rin e  is in h ib ited  by  a tro p in e  a n d  p rim id o n e  
b u t  le f t  u n a lte re d  b y  m ecam ylam ine.

The convulsant a c tiv ity  o f nicotine and other ganglionic stim u latory  
agents is a w ell-established fact. According to  Mo lnár  et al. (1967) cholino- 
m im etics (oxotrem orine, arecoline, etc.) h avin g  exclusively m uscarinergic  
activ ity , do not elicit seizures on ly  trem or, after i. cer. application  in  the  
m ouse. C ox  and P o t k o n ja k  (1970) found th a t oxotrem orine in  large doses 
elicited convulsions in the rat. This was a rare occurrence in our experim ents  
in normal rats; how ever, after pretreatm ent w ith  reserpine, oxotrem orine  
caused a characteristic, seizure-like behavioural pattern.

In the present experim ents, oxotrem orine was applied in  h igh doses. 
The peripheral effects o f  the drug were inh ib ited  with m ethylatrop ine. The 
aim was to  stu d y , a t w hat frequency oxotrem orine would induce seizure, 
w hether these were poten tiated  b y  reserpine, a drug known to  increase the  
effect o f chem ical convulsants, and w hether the oxotrem orine action  was 
associated w ith  any characteristic E E G  a ctiv ity . In addition, th e  in flu en ce of 
centrally  acting anticholinergic agents (atropine, m ecam ylam ine) and the  
anticonvu lsant drug prim idone was studied  on the sym ptom s elic ited  by  
oxotrem orine. F inally , the a ctiv ity  o f oxotrem orine was com pared w ith  that 
of physostigm ine.

The E EG  alterations induced by trem orine and oxotrem orine were 
m ainly stud ied  in the rabbit (E v e r e t t  1964; B a n  and H o jo  1971) and the 
cat (B a k e r  et al., 1960; G eorge  et al., 1964); experim ents on th e  rat were 
described only  by L é v y  and Mic h e l -B e r  (1967). To our b est know ledge, 
th e  E E G  effect of oxotrem orine in reserpine-pretreated anim als has n o t been 
investigated .
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Methods

T h e  experim en ts  w ere  p e rfo rm ed  on a lb ino  r a t s  o f  b o th  sexes, w eighing 200 — 280 g.
B eh av io u ral s tu d ies . T h e  sy m p to m s developed  a f te r  th e  trea tm e n ts , to b e  d e ta ile d  below  

w ere  in v es tig a te d  b y  o b se rv e rs  un fam ilia r w ith  th e  t r e a tm e n t  th e  anim als h a d  rece ived .
E E G  stud ies. C o rtic a l sc rew  electrodes m a d e  o f  n ick e l-p la ted  copper w ere  im p la n te d  

u n d e r  p e n to b a rb ita l  a n a e s th e s ia  (35 m g/kg in tra p e r i to n e a lly )  one week before th e  ex p erim en t. 
T w o  e lectrodes w ere lo c a te d  o n  th e  fro n ta l co rtex , tw o  f u r th e r  ones on th e  p a r ie ta l  co rtex , a t  
a  d is ta n c e  of 2 m m  fro m  th e  co ro n ary  and  s a g itta l  su tu re s , respectively . C ortica l e lectrical 
a c t iv i ty  w as reco rded  in  free ly -m o v in g  anim als f ro m  b if ro n ta l ,  b ip a rie ta l as w ell a s  r ig h t an d  
le f t  f ro n to o cc ip ita l leads.

F o r  ev a lu a tin g  th e  E E G  reco rd , we m ea su re d  th e  n u m b e r and d u ra tio n  o f th e  b u rs ts , 
b e tw e e n  0 — 5, 6 —10, 11 — 15 e tc .,  m in  afte r th e  in je c tio n  o f o x o trem o rin e , for a  to ta l  o f 30 m in. 
T h e  su m  of th e  to ta l  d u ra tio n  o f b u rs t a c tiv ity  w as d e te rm in e d  for each 5-m in p eriod . T h en  
a r ith m e t ic  m eans w ere c o m p u te d  and  used  fo r co m p a riso n .

T h e  v arious g ro u p s o f an im a ls  were tre a te d  a t  th e  p o in t  o f tim e given in  T ab le  I.

Table I

Treatm ent schedule o f  various groups o f  anim als

Group
- 4  h

intraperitoneally
- 3  h

subcutaneously
— 20 min 

i ntraperitoneally
— 15 min 

subcutaneously
Zero min 

intraperitoneally

l . 2 m g/kg 
m eth y la tro p in e

2 m g/kg  oxo­
trem o rin e

2. 2.5 m g/kg 
reserpine

2 m g/kg  
m e th y la tro p in e

2 m g/kg  oxo­
trem o rin e

3. 2.5 m g/kg 
reserpine

10 — 20 m g/kg 
a tro p in e

2 m g/kg  oxo­
trem o rin e

4. 2.5 m g/kg 
reserpine

2.5 m g/kg 
m ecam ylam ine

2 m g/kg 
m eth y la tro p in e

2 m g /k g  oxo­
trem o rin e

5. 2.5 m g/kg 
reserpine

20 m g /k g  
p rim id o n e

2 m g/kg  
m e th y la tro p in e

2 m g/kg  oxo­
trem o rin e

6. 2 m g/kg  
m e th y la tro p in e

0.5 —1.0 m g/kg 
physostigm ine

7. 2.5 m g/kg 
reserpine

2 m g/kg  
m eth y la tro p in e

0.5 —1.0 m g/kg 
physostigm ine

8. 60th m in:
20 — 50 m g/kg  
te trab en azin e

2 m g /k g  
m eth y la tro p in e

2 m g/kg  oxo­
trem o rin e

T h e  d ru g s used  w ere re se rp in e  (R ausedyl, R ic h te r , B u d a p e s t) ,  m e th y la tro p in e  b ro m id e  
(F lu k a ) , a tro p in e  su lp h a te  (P h .H g .Y I .) ,  m ecam ylam ine (E G Y T , B u d ap es t), p rim idone  (S e rtan , 
E G Y T , B u d a p es t) , o x o trem o rin e  o x a la te  ( In s ti tu te  o f  E x p e r im e n ta l  M edicine, H u n g a ria n  
A c ad e m y  o f Sciences, B u d a p e s t) ,  p h y sostigm ine  sa lic y la te  (P h .H g .V I.) , te trab e n a z in e  (N ito- 
m a n , H o ffm a n n  L a R oche, B ase l).

Results
B e h a v i o u r

O xotrem orine, in doses from  one to tw o m g/kg or, after m ethylatropine, 
in a dose o f 4 m g/kg elic ited  tremor; seizure-like m anifestations appeared in  
about 15%  of the cases. A fter reserpine p retreatm en t, 2 mg/kg oxotrem orine
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becam e highly toxic, caused dyspnoea, asphyxia and often death  o f  th e  ani­
m als. Therefore, in th is case the m anifestations could not been evaluated . 
W hen m ethylatropine had been given together w ith  reserpine before the  
in jection  of 2 mg/kg oxotrem orine, all the anim als survived and a seizure-like  
a c tiv ity  appeared in m ost cases. B y  the 4 th —5th min following the adm inistra­
tion  o f  oxotrem orine, a trem or o f increasing in ten sity  set on, turning gradually  
in to  jerking. The rats were standing on their hind lim bs, later clonic f its  devel­
oped in the head forelim bs and th e  frontal part o f the body. T h ey  recurred
6— 8 tim es; thereafter, the anim als often fell down and lay on th eir  side. 
The clonic fits  were rem iniscent o f the first phase of the pentetrazole convul­
sions. Tonic seizures did not develop in any extrem ity.

In some experim ents the effect of tetrabenazine was in v estig a ted . One 
hour after a dose of 20— 50 m g/kg, oxotrem orine caused sym ptom s identical 
w ith  those seen above.

One m g/kg of physostigm ine, given after reserpine p retreatm en t, caused 
clonic jerks and seizure-like m anifestations sim ilar to those seen after oxotre­
m orine; however, no such even t w as observed w ithout reserpine pretreatm ent.

The influence o f various drugs on the oxotrem orine f its  o f  animals 
pretreated w ith reserpine and m ethylatropine was also in vestigated . M ecam yl- 
am ine and primidone were found ineffective, while atropine su lphate inhibited  
their developm ent.

E E G  p a t t e r n

The m onotonous cortical electrical activ ity  o f 6— 7 c/s was n o t influenced  
b y  2 m g/kg of oxotrem orine in  m ethylatropine-pretreated anim als (F ig. 1).

In rats pretreated w ith  reserpine and m ethylatropine, a fa st activ ity  
superim posed on high-am plitude w aves, was seen (Part 1 of F ig. 2). U nder the 
effect of oxotrem orine, four out of fiv e  anim als exhibited a characteristic  
E E G  pattern: rhythm ic basal activ ity  o f m edium  voltage w ith  h igh  and steep  
bursts o f 6 —7 c/s appearing at 5 —10 sec intervals, sim ultaneously  w ith  the 
f its  (Part 2 of Fig. 2). This a ctiv ity  did not decrease during th e  30-m in  obser­
vation  period (Fig. 3).

In animals pretreated w ith  reserpine and 10mg/kg o f atrop ine, oxotre­
m orine elicited burst a c tiv ity  o f  short duration. After 10 min the characteristic  
w aves becam e rare and shorter and the burst activ ity  p ractica lly  ceased by 
th e  30th min (Fig. 3). T w en ty  m g/kg of atropine fully counteracted  burst 
a ctiv ity  in two rats.

The characteristic burst a ctiv ity  appeared in three out o f  f iv e  animals 
after the com bined adm inistration  of reserpine, m ecam ylam ine, m ethylatropine  
and oxotrem orine. The period o f bursts w as longer than in rats n o t treated  
w ith  m ecam ylam ine (2.1 and 1.5 sec, respectively); as to to ta l tim e, burst 
activ ity  was increased m ainly during the first 15 min (F ig. 3).
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F ig . 1. a : R A T , 270 g, E E G  t r a c in g ,  w ith o u t p re tre a tm en t. D e riv a tio n s : b ifro n ta l, b ip a rie ta l, 
r ig h t  f ro n to p a r ie ta l,  left f ro n to p a r ie ta l ,  b: E E G  trac ing  of th e  sam e  r a t  a fte r 2 m g/kg  m ethy l- 
a tro p in e  g iv en  subcutaneously , c: E E G  trac ing  of th e  sam e  r a t  a f te r  2 m g/kg o x o trem orine

g iv e n  in trap erito n ea lly
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F ig . 2. a: R a t,  210 g, E E G  trac in g  a f te r  in tra p e r ito n e a l p re tre a tm e n t w ith  2.5 m g /k g  reserp in e . 
D eriv a tio n s : b ifro n ta l, b ip arie ta l, r ig h t f ro n to p a r ie ta l,  le f t fro n to p arie ta l, b : E E G  tr a c in g  of 
th e  sam e r a t  a f te r  sub cu tan eo u s p re tre a tm e n t  w ith  2 m g/kg  m eth y la tro p in e , a n d  2 m g /k g  oxo-

trem o rin e  g iv en  in tra p e rito n ea lly

In  tw o out of five anim als treated  w ith reserpine, prim idone and m eth y l­
atropine, oxotrem orine elicited no burst activ ity ; in the rem ain ing three 
rats it was w eak and disappeared quickly (F ig. 3).

P hysostigm ine did not elicit burst activ ity  in animals pretreated  w ith  
m ethylatropine, whereas in rats treated  w ith  reserpine -f- m eth y la trop in e it 
caused a picture reminding o f the oxotrem orine effect in all respects (F ig . 4).

Acta Physiologica Academiae Scientiarum Hungaricae 45, 1974



136 D. V. PHAN e t al.

sec

F ig . 3. B u rs t  a c tiv ity  in  r a ts  p re tr e a te d  w ith  reserp in e  (2.5 m g /k g ) and  m eth y la tro p in e  (2 m g/ 
k g ) , a f te r  oxotrem orine. T h e  h e ig h t  of the  colum ns show s th e  sum m arized  m ean  d u ra tio n  of 
b u r s ts  w ith in  th e  given tim e  in te rv a ls . □ : p h y sostigm ine  (1 m g /k g  in trap erito n ea lly ); Ш: oxo­
tre m o rin e  (2 m g/kg in tra p e r i to n e a lly ) ;  ■ : a trop ine  (10 m g /k g  su b cu taneously ) -f- o x o trem o ­
r in e  (2 m g/kg in tra p e rito n e a lly ) ;  m ecam ylam ine (2.5 m g /k g  in trap erito n ea lly ) -|- o x o tre ­
m o rin e  (2 m g/kg in tra p e r i to n e a lly ) ;  m  prim idone (20 m g /k g  subcu tan eo u sly ) -f- oxo trem orine

(2 m g/kg in tra p e rito n e a lly )
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Fig- 4. a: R a t, 250 g, E E G  tr a c in g , a fte r  p re tre a tm e n t w i th  2.5 m g/kg  reserp ine  in tra p e r ito n e ­
a lly . D eriv atio n s: b ifro n ta l, b ip a r ie ta l ,  rig h t f ro n to p a rie ta l, le f t  fro n to p arie ta l, b : E E G  trac in g  
o f th e  sam e ra t  a fte r 2 m g /k g  m e th y la tro p in e  su b c u tan e o u s ly  a n d  1 m g/kg of eserine in tra p e r i­

toneally
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Discussion

C ox and P o tk o n ja k  (1970) described th a t 2 m g/kg oxotrem orine given  
in traperitoneally  caused convulsions in the rat. In  our experim ents in  non- 
pretreated  animals convulsions were infrequent. H ow ever, four hours after 
reserpine pretreatm ent, oxotrem orine elicited characteristic f its  in  alm ost 
every animal.

Reserpine is know n to  facilitate the effect of convulsants; th u s this 
drug can be assumed to  unm ask some “ la ten t” activ ity  of oxotrem orine. 
I t  should be noted th at w e call the syndrom e clonic jerk or f it , and n ot con­
vu lsion , for it never turns in to  the generalized f it  and tonic ex ten sion  seen  
after the adm inistration o f n icotine or pentetrazole. The EEG  patterns during 
oxotrem orine and pentetrazole fits  are also different in th at rhythm ic spike 
a c tiv ity  characteristic o f the la tter  drug was never observed after oxotrem orine.

The behavioural m anifestations and the burst a ctiv ity  are d efin itely  
correlated phenom ena. N either of them  will develop w ithout reserpine, th ey  
appear at the same tim e and atropine is inhibitory upon both  o f  th em .

According to the earlier data of Mo ln á r  et al. (1967), m uscarinergic 
stim ulants, such as oxotrem orine, arecoline and arecoline derivatives do not 
cause convulsions on intracerebral application in the m ouse. Our m ore recent 
data have shown th at oxotrem orine seizures cannot be observed in th is species 
after reserpine pretreatm ent either. Carbachol, a drug also having  a nico­
tine-like activ ity , elicits seizures by this route o f adm inistration (D e c s i et al. 
1963) and so do nicotine, D M P P , as well as tétram éthylam m onium  brom ide 
(M o l n á r  et al. 1967). On th is basis, we first had to  think th a t the developm ent 
o f carbachol seizures m ight be due to the nicotinergic action of th e  m olecule. 
H ow ever, carbachol seizures are inhibited b y  atropine (D e c si et al. 1963) 
but le ft unaltered by m ecam ylam ine (Gy ö r g y , unpublished); thus th e  possi­
b ility  arises that a central “ m uscarinergic” seizure m ay also ex ist. T his assum p­
tion  is corroborated b y  th e  find ing  that atropine inhibits (or, in doses high 
enough, fully counteracts) th e  oxotrem orine-induced clonic f its  and burst 
a ctiv ity , while m ecam ylam ine is ineffective in th is respect.

Thus, the oxotrem orine f it  is muscarinic in origin, sim ilarly as th e  EEG  
activation  elicited by cholinergic stim ulants (physostigm ine, arecoline) in  the  
ca t, a reaction inhibited  b y  atropine but le ft unaltered b y  m ecam ylam ine  
(Y am amoto  and D o m ino  1967).

W e cannot explain w h y  prim idone, w hich inhibits the oxotrem orine- 
induced hurst activ ity , has failed  to influence the behavioural reaction .

The oxotrem orine-induced fits  and th e  accom panying E E G  pattern  
are th e  consequence o f th e  cholinergic stim ulatory property of th e  m olecule; 
th e  anticholinesterase drug physostigm ine, though having a d ifferent site  of 
action , exerts the sam e effect as oxotrem orine.
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A ck n ow led gem en t

T h e  au th o rs  are in d e b te d  to  D r. A. Nagy  an d  D r. B . K n o ll  fo r help  in  th e  e x p erim en ts .
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Com m unicatio brevis

BIDIRECTIONAL MODIFICATION 
OF HYPOTHALAMIC SELF-STIMULATION 

BY NORADRENALINE IN THE CAT

By

L. Á n g y á n , Agnesa D a r b i n j a n * and L. S o l y m o s i

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R ece iv ed  F eb ru a ry  18, 1974)

I t  w as fo u n d  in  four c a ts  t h a t  no rad ren a lin e  in je c te d  in tram u scu la rly  ex erts  op p o ­
site  effects on  se lf-s tim u la tio n  b eh av io u r, d ep en d in g  on th e  dosage. A sm all dose of 
n o rad renaline  g re a tly  fa c ilita ted  th e  lever-pressing  b eh av io u r, while a large  dose of th e  
d ru g  depressed  it.  T h e  changes in d u ced  in  th e  a r te r ia l  b lood  pressure  p ro v ed  to  be  an  
excellen t in d ic a to r  o f th e  rev ersa l in  th e  effec t o f n o rad ren a lin e  on  se lf-s tim u la tio n  
behav iour.

Since the original description of the phenom enon o f intracranial electri­
cal self-stim ulation ( O l d s  and M i l n e r  1954), a w ide variety  o f experim ental 
observations has been accum ulated to define th e  central neural m echanism  
of “reward” . In behavioural testin g , however, th e  possib le role of the peripheral 
autonom ic m echanism s m ay not be neglected. T here are few experim ental data  
as to  w hether the peripheral autonom ic m echanism s are involved in the neural 
organization of reward (M a l m ö  1961; P e r e z - C r u e t  et al. 1963, 1965). In  an 
earlier series of experim ents m arked alterations w ere found in respiration, heart 
rate and arterial blood pressure which were continuously  recorded during 
self-stim ulation ( Á n g y á n  and RÁC 1972). I t  w as suggested th at the increase 
in blood pressure to  a certain level m ay contribute to  the disruption o f lever­
pressing behaviour. W hat is new in  the present stu d y  is that self-stim ulation  
was tested  w ith the blood pressure elevated b y  noradrenaline. The choice of 
noradrenaline for testin g  was d ictated  by its w ell-know n pressor effect and  
its effect on self-stim ulation  analyzed in m any previous studies.

Four adult cats were used in  th is study. B y  th e  conventional stereotaxic  
technique, bipolar sta in less steel electrodes, 1— 2 m m  apart and bared to 0.5 mm  
at the tips, were im planted  in the m am m illary region of the hypothalam us. 
A week after the operation, the anim als were trained  to press a lever for re­
ceiving a 0.3 sec train o f  inonophasic square w ave pulses of 0.3 msec duration at

* V isiting  sc ien tis t; p re se n t adress: In s t i tu te  o f  P h y s io lo g y , A rm en ian  A cadem y of 
Sciences, E rev a n , U S SR .
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100/sec frequency. The tra in ing  was regarded as successful when th e  anim al 
began  to  press the lever sp ontaneously  and repeatedly during at lea st 20 min  
on th ree  consecutive experim ental days. B oth  the threshold and the optim um  
stim u lu s intensities, i.e. th ose  at w hich the highest lever-pressing rate was 
produced , were determ ined. Follow ing the training for self-stim ulation , all 
su b seq u en t daily sessions w ere divided into four 20m in test sessions, each  
sep arated  by a 20-m in pause. Stim ulus in ten sity  w as varied system atica lly  
from  one te s t  session to  th e  n ex t. W hithin  each 20-m in test session th e  cats 
w ere free to  self-stim ulate and the frequency of self-stim ulation w as m easured  
in  su ccessive  five-m inute periods. F ive  daily sessions were m ade as control. 
T hen th e  self-stim ulation w as tested  under the effect o f noradrenaline given  
in tram uscu larly  at the beginning of each 20-m in te st  session during f iv e  days. 
T he e ffec t o f another dose o f  noradrenaline was sim ilarly tested  after a new  
con tro l period. Following th ese  experim ents, a polyethylene catheter w as tied  
in to  one o f  the com m on carotid  arteries and blood pressure was con tinuously  
recorded  during self-stim ulation , both  before and after the injection  o f noradre­
n a lin e . Term inally, the loca tion  o f the stim ulating electrodes w as verified  
histo log ica lly .

F our different stim ulus in tensities were used in each cat. The difference 
b etw een  the frequencies o f self-stim ulation  w ith  different stim ulus in tensities  
w as sign ificant at the 0.05 lev e l or better. A relatively  high rate o f  self-stim ­
u la tio n  w as found in three anim als (1000— 1600 presses during 20 m inutes 
at th e  optim um  stim ulus in ten sities). The highest frequency obta ined  in  the 
fou rth  ca t was 524 presses during 20 m in, but th is cat pressed th e  lev e l w ith  
its  face  instead of its  leg. I t  w as usual th a t the highest lever-pressing rate 
occurred in the first five-m in u te  period of the 20-m inute train ing sessions, 
th en  it  slow ly decreased during the successive five-m inute periods.

T he effect o f noradrenaline depended on its dose. After a dose o f 0.1 
m g/k g , self-stim ulation behaviour was facilitated  (Fig. 1). The increase in the 
freq u en cy  of self-stim ulation appeared at each stim ulus in ten sity . T he results 
trea ted  intra-individually w ere significant at the 0.05 level or b etter . For the  
group as a whole, fac ilita tion  was significant at the 0.01 level. I t  is im por­
ta n t  to  note, however, th a t after th e  in jection , the anim al was generally  excited  
and v is ib ly  unquiet.

In  contrast, 0.6 m g/kg doses o f noradrenaline seem ed to  have an opposite 
effec t. The typical effect appeared 2— 5 m in after the injection. T he anim al 
s to p p ed  self-stim ulating, le ft  the lever and la y  down. A t th e  sam e tim e, 
consp icuous vegetative effects appeared including salivation, p o lyp n ea  and 
som etim es vom iting. A fter 10— 20 min all these effects disappeared and the  
an im al began to se lf-stim ulate again. The effect o f consecutive in jection s was 
n o t a lw ays so strong, b u t th e  decrease in the frequency o f self-stim ulation  
w as sign ificant at the 0.01 lev e l for the group as a whole (Fig. 2). T he individual
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Fig. 1. U n d er th e  effect o f 0.1 m g/kg  n o rad ren a lin e  a h igher lever-pressing  ra te  w as o b ta in e d  in 
each  an im al (d o tted  lines) th a n  in  th e  co n tro ls  (u n b ro k en  lines). T he curves w ere c o n s tru c te d  

from  th e  m ean  lever-presses reco rded  on five  e x p erim en ta l days

Fig. 2. F req u en cy  of se lf-s tim u la tio n  was depressed  by  0.6 m g/kg  of no rad ren a lin e . E a c h  cu rv e  
rep resen ts  m ean  lever-p resses reco rded  on five ex p erim en ta l days

results were significant at the 0.02 level or better. The suppression o f se lf-stim u ­
lation  behaviour occurred at each stim ulus in ten sity .

The blood pressure rapidly increased during self-stim ulation, and rebound­
like after-effects occurred when the animal stopped self-stim ulating (F ig . ЗА;) 
according to  our earlier results ( Á n g y á n  and R á c  1972). 2— 5 m in after
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in g .  3. Changes in  b lo o d  p re ssu re  (B .P .)  during  se lf-s tim u la tio n  (S tirn .) b y  itse lf (A); an d  u n d e r 
th e  effect of 0.1 m g /k g  (B ) ,  a n d  0.6 m g/kg (C) n o ra d re n a lin e , 5 m in  a f te r  i ts  in jec tio n

th e  injection of noradrenaline the blood pressure increased and rem ained high  
for several min, th en  after 10— 20 min returned  gradually to  the control 
lev e l. H owever, the rise in  blood pressure produced by a sm all dose of noradre­
n alin e did not exceed  th e  effect of self-stim ulation . In th is case the animal 
con tin u ed  to se lf-stim u late  w ith  a higher frequency (F ig. 3B). The large dose of  
noradrenaline, how ever, induced an increase in  blood pressure greater than  
did  self-stim ulation b y  itse lf . After that dose, th e  cat stopped self-stim ulating  
(F ig . 3C). Thus, th e  rise in  blood pressure produced by noradrenaline showed  
th a t  the given dose o f  th e  drug will facilitate or depress the self-stim ulation  be­
h aviour according to  w h eth er the blood pressure elevation  was smaller or high­
er th an  that produced b y  th e  own effect o f  self-stim ulation .

These results clearly  show that noradrenaline m ay exert opposite in ­
flu en ces on self-stim u lation  behaviour depending on the dosage. Sm all doses 
fa c ilita te , while large doses depress the self-stim ulation  behaviour. The self­
stim ulation  w ith d ifferent stim ulus intensities w as equally influenced, and gen­
eral behavioural and v eg e ta tiv e  effects were also produced by the drug. These 
fin d in gs seem to  be particularly im portant concerning the specific rela­
tion sh ip  between noradrenaline and self-stim ulation  behaviour proposed by  
m a n y  previous stu d ies ( O l d s  1962; S t e i n  1964; O l d s  et al. 1964; W i s e  

and  S t e i n  1969; P o s c h e l  1969; M a r g u l e s  1969; P o s c h e l  and N i n t e m a n
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1971; Ol d s  and I to 1973; and others). On th e  basis o f the present results 
it  is im possible to  rule in  or ou t a specific role o f  noradrenaline in  the cen­
tral neural m echanism  o f  reward, but under our experim ental conditons  
the general behavioural and vegetal ive effects o f  th e  drug appeared regularly  
w ith  changes in the lever-pressing rate, show ing the im portance o f  periph­
eral actions in the m odulation  of self-stim ulation  behaviour. I t  is also 
shown by the finding th a t th e  rise in blood pressure produced b y  norad­
renaline proved to  be an excellent indicator o f  the reversal o f th e  drug’s 
effect on self-stim ulation  behaviour. N am ely, w hen- ever the blood pressure 
was increased by the drug to  more than b y  th e  self-stim ulation b y  itself, 
the frequency of lever-pressings was alw ays depressed. It rem ains to  be 
studied w hether a cardiovascular process itse lf  w ould  produce a sim ilar m odula­
tion of self-stim ulation  behaviour.
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Recensiones

E . Sc h u b e r t

S em inar der Physiologie

(S em in ar of Physiology). V E B  G u s ta v  F isch er V erlag, J e n a  1973. 215 pages, w ith  56 f ig u res  an d
18 tab le s . P rice: M 16.60

T h is Sem inar h as been  w rit te n  b y  W olfgang H a scHk e , K laus E c k o l d t , C h ristfied  
P f e if f e r  an d  K laus W il f e s t . I t  a im s a t  g iv ing  a ssistan ce  to  s tu d e n t o f phy sio lo g y  in  m ed i­
cine, b io logy and  psychology, a n d  to  fa c ilita te  u n d e rs tan d in g  of th e  connections o f  physio logy  
w ith  th eo re tic a l biology, m a th e m a tic s  a n d  physics. T he u su a l form  of teach in g  phy sio lo g y , th e  
lec tu re s  an d  p ractica l la b o ra to ry  w ork  a re  in su ffic ien t to -d a y  for acq u irin g  th e  fu n d a m e n ta l 
th e o re tic a l know ledge an d  th e  w ay  of th in k in g  an d  a b o u t c e r ta in  calcu la tio n s u n a v o id a b le  in 
m o d ern  physiology.

T h e  w ork includes th e  follow ing c h ap te rs  w ith  th e  sem inary  th em es a n d  exerc ises . 1. 
E x c ita t io n  physiology, nerve  a n d  m uscle ; 2. R ecep to rs  an d  sensations; 3. F u n c tio n s  o f th e  cen­
t r a l  n e rv o u s system ; 4. B re a th in g  an d  c ircu la tio n ; 5. E n erg y  m etabo lism  an d  h o m eo s ta tic  fu n c­
tions.

T h e  book is a useful m an u a l for s tu d e n ts  o f physio logy , p a rticu la ry  re co m m en d ab le  for 
re c a p itu la tio n  before tak in g  e x am in a tio n s .

K . L is sá k

H . P e e t e r s  (E d .)

Pro te idcs o f  th e  Biological Fluids

P ro ceed ings o f the  T w en ty -firs t C olloquium  in B rugge, 1973. Pergam on  P ress , O x fo rd , New 
Y o rk , T o ro n to , Sydney, B rau n sch w eig  1974. X V I -f- 677 pages, w ith  301 figu res a n d  99 tab les .

P rice: £  17. —
f ' n  ■ : 1 ;

T he vo lum e covers th e  la te s t  re su lts  in  th e  field  o f m em brane  p ro te in s , p ro te in u r ia  
re sea rc h  an d  th e  new tech n iq u es like  th e  a u to m a te d  nep h elo m etric  analysis o f p ro te in s .

T h e  in tro d u c to ry  p a p e r o f th e  conference, th e  second A rne T iselius M em oria l L ec tu re , 
w as p re sen te d  by  F ra n k  W . P u t m a n : “ A lpha , B e ta , G am m a, O m ega? T he P a s t ,  P re se n t  an d  
F u tu re  o f P lasm a  P ro te in s” ; i t  is a n  ex ce llen t su rv ey  of p lasm a p ro te in  re sea rch . T h e  107 
p a p e rs  b y  o u ts tan d in g  re sea rch  w orkers o f th e  field  w ere p resen ted  in  th ree  m ain  sections. 
S ec tio n  A: M em branes; here  w ere d iscussed  th e  1. S o lub iliza tion  and C h a rac te riza tio n  o f M em ­
b ra n e  P ro te in s , E ry th ro c y te  M em branes, L y m p h o cy te  M em branes, P la te le t  M em b ran es an d  
o th e r  M em branes; 2. C o n fo rm atio n  a n d  S tru c tu re  o f M em branes; 3. P ro te in -L ip id  In te ra c t io n  
in  M em branes; 4. M em brane-bound  E n zy m es and  H orm ones; 5. Im m u no log ica l F u n c tio n  of 
M em branes. Section B: on  U rin a ry  P ro te in s , dea lt w ith  1. P ro te in u ria , P a th o lo g y ; 2. E le c tro ­
p h o re tic  S tud ies ; 3. P lasm a  a n d  U rin a ry  P ro te in  L evels; 4. G lom eru lar C learance o f P ro te in s ;  
5. T u b u la r  P ro te in u ria ; 6. S ec re to ry  P ro te in s . In  Section  C, T echn iques, 1. A u to m a te d  N ep h e lo ­
m e tric  A nalysis; 2. R ad io im m u n o assay ; 3. N ew  T echn iques hav e  been d iscussed . T h e  vo lu m e 
is co m p le te  w ith  an  a u th o r  a n d  su b je c t index .

T hese an n u al collection  o f p ap ers  on  th e  progress in  th e  field o f p lasm a  p ro te in s  w ill be 
an  ind isp en sab le  source of u p -to -d a te  in fo rm a tio n  fo r re sea rch  w orkers a n d  a d v a n c e d  s tu d e n ts  
o f b io ch em is try , physio logy a n d  b io logical sciences.

K . L issá k
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Y . K awamura  (E d .)

P hysio logy  of M astica tio n

V o lu m e  I . F ron tie rs  o f O ra l P h y s io lo g y . S. K arger, B ase l, M ünchen , P a ris , L ondon , N ew  Y ork, 
S y d n e y  1974. X I I  -f- 327 p a g e s  w ith  208 figures a n d  4 ta b le s . P rice: S F r 174. — ; US $ 53.95;

DM  1 6 5 . - ;  £ 25.25

M astica tio n  is a n  im p o r ta n t  physiological fu n c tio n  in  m a n  a n d  m an y  an im als , essen tia l 
fo r  th e  m ain ten an ce  of h e a lth .  T h is  excellently  e d ite d  v o lu m e  p re sen ts  th e  re ce n t co ncep ts of 
in te rn a t io n a l  a u th o ritie s  in  so m e specific  fields o f th e  b a s ic  b io log ical sciences an d  c lin ical dis­
c ip lin e s , w ith  em phasis o n  th e  sign ificance  of m a s tic a tio n  to  th e  da ily  d e n ta l p rac tice .

T h e  co n ten ts o f th e  v o lu m e , a f te r  th e  fo rew ord  o f th e  E d ito r , are: O rigin a n d  E v o lu tio n  
o f  th e  O ra l A p p a ra tu s b y  E . L . D u  B r u l ; R a d io g rap h y  o f  th e  M a stica to ry  A p p a ra tu s  b y  F . W . 
M u s a p h ; N eurogenesis o f M a s tic a t io n  b y  Y. K a w a m u s a ; A c tio n  o f th e  M uscles o f M astica tio n  
b y  E . M ö l l e r ; A n A nalysis o f  M a n d ib u la r  M ovem ent b y  C. J .  Gr if f in  a n d  R . Ma l ő r ; P h y sio l­
o g y  o f  M and ibu lar P o s itio n s  b y  N . B rill  and  G. T o y d e ; G na th o so n ics  an d  O cclusion  b y  H . S. 
B r e n e m a n ; M astica tion  in  F o o d  Science T echnology b y  B . D r a k e ; B ite  Force  a n d  Chewing 
E ff ic ie n c y  by  G. E . Ca r l s s o n ; B ru x ism  by P . S c h ä r e r .

T h e  book is an  im p o r ta n t  re fe ren ce  w ork fo r d e n tis ts  a n d  fo r all those  in te re s te d  in  th e  
p h y s io lo g y  of m astica tio n .

K . L issák

I. L. S h a n n o n , R . P. Su d d ic k , F . J .  D ow d  jr .

S a liv a : Com positon an d  S ecre tion

M o n o g rap h s  in  O ral Science. V o l. 2. E d ito r: H o w ard  M. M y e r s . S. K arg er, B asel, M ünchen, 
P a r is ,  L ondon , New Y o rk , S y d n e y  1974. V II +  103 p ag es , w ith  25 figu res an d  17 tab le s . P rice: 
U S  $ 18.20; DM 4 7 . - ;  £  7 .20

T h e  m onograph  d ea ls  w i th  th e  c o n stitu en ts  o f h u m a n  p a ro tid  sa liva  an d  i ts  changes 
a s so c ia te d  w ith  d iffe ren t lev e ls  o f  g lan d u la r a c tiv ity . T h e  ro le  o f sa liv a ry  c o n s titu e n ts  is d is­
c u sse d  an d  a new h y p o th es is  is  p re sen te d  reg ard in g  th e  sec re tio n  of flu id  a n d  e lectro lyes by  
s a l iv a ry  glands. F in a lly , th r e e  sa liv a ry  co n stitu en ts  p a r tic u la r ly  im p o r ta n t in  d e n tis try  are 
d isc u sse d : calcium , p h o sp h o ru s  a n d  fluoride.

T he chap ters o f th e  m o n o g ra p h  are: I. H u m a n  P a ro t id  F lu id  C o n stitu en ts; I I .  Calcium  
a n d  P h o sp h o ru s; I I I .  F lu o rid e ; IV . M echanism  o f S e c re tio n  o f S a liv a ; V. A R efenence T able  
fo r  H u m a n  P a ro tid  S a liv a  C o llec ted  a t  V arying L evels o f E x o g en o u s  S tim u la tio n ; V I. S u m m ary ; 
V I I .  R eferences.

T he m onograph  o ffers in te re s t in g  and im p o r ta n t  re a d in g  in  th e  fields o f d e n tis try , p h y s­
io lo g y  a n d  b iochem istry .

K . L issá k

G. J u Z N i c  (E d .)

H em o d y n am ic  Stress and  R e lie f o f th e  H eart

B ib lio th e c a  Cardiologica, N o. 30. S. K arger, Basel, M ü n ch en , P a r is , L ondon , N ew  Y o rk , Sydney  
1973. X IV  -f- 183 p a g es , w i th  65 figures and  13 ta b le s . P rice : U S $ 26.05; DM  8 0 .—

T his volum e c o n ta in s  th e  P roceedings of th e  8 th  E u ro p e a n  C ongress on  B a llis to ca rd io g ­
r a p h y  an d  C ard iovascu lar D y n a m ic s , held in  L ju b lja n a , 5 — 8 A pril 1971. P a r t  I: L ectures.

T he opening p len a ry  se ss io n  was followed b y  a S y m p o siu m  on H aem o d y n am ic  S tress 
a n d  R e lie f of th e  H e a rt; th e  m o d e ra to r  was I. St a r r . T h e  S y m p o siu m  strong ly  em phasized  th e  
c lose  in te rre la tio n sh ip  b e tw e e n  h e a r t  an d  blood vessels in  ca rd io v ascu la r  fu n c tio n . In  th e  Scien­
t i f i c  session, sh o rt c o m m u n ic a tio n s  were p resen ted  a n d  d iscussed  fro m  th e  fie lds o f physics, 
p h y sio lo g y , pharm acology , c lin ica l m edicine and  m ed ica l p ra c tic e . E a c h  session w as in tro d u ced  
b y  a n  in v ite d  lec tu rer. O n  th e  fo u r th  day of th e  S y m p o siu m , d em o n s tra tio n s  a n d  film s w ere
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p resen ted . T he n e x t  session was d e v o te d  to  th e  c e leb ra tio n  o f th e  T e n th  A n n iv ersary  o f  th e  
Society . T he t e x t  o f  th e  lec tu res p re sen te d  atxthe S y m p o siu m , a t  th e  T e n th  A n n iv ersary  S ession , 
a n d  th e  in tro d u c to ry  lec tu res  m ake  u p  th is  f irs t vo lu m e o f th e  Proceedings.

K . L is s á k

G. J uzn iö  (E d .)

B iom edical Science an d  C ard iovascu lar D ynam ics

B ib lio theca  C ard io log ica , No. 31. S. K a rg er, Basel, M ü n ch en , P a ris , L ondon , N ew  Y o rk , 
S y d n ey  1973. X IV  -f- 314 pages, w ith  130 figures and  50 ta b le s . P rice: US $ 35.65; DM  1 0 9 .—

T his is th e  seco n d  volum e o f th e  P roceed ings o f th e  L u b lja n a  Sym posium ; i t  c o n ta in s  th e  
sh o rt co m m u n ica tio n s an d  discussions o f  th e  five sessions o n  b iom ed ica l science a n d  c a rd io ­
v ascu la r dynam ics. T h e  41 papers co v er th e  fields o f p h y s ic s , physio logy , p h arm aco lo g y , c lin ­
ica l m edicine a n d  m ed ica l p ractice . T h e  book  p resen ts  a  re p re se n ta tiv e  review  of th e  p re se n t  
a c tiv ity  of th e  m em b e rs  o f th e  S ocie ty .

B o th  th is  v o lu m e  an d  its  f i r s t  p a r t  w ill be w elcom e b y  physio log ists , p a th o p h y s io lo g is ts  
a n d  clinicians in te re s te d  in  th e  close in te rre la tio n sh ip s  b e tw e e n  h e a r t  an d  blood vessels in  c a r ­
d iovascu lar fu n c tio n .

K . L is s á k

S. N ém et h  (E d .)

H orm ones, M etabolism  a n d  S tress

R ecen t Progress a n d  Perspectives. P roceed in g s of an  In te rn a tio n a l  Sym posium , S m olen ice , 
S ep tem b er 17 — 20, 1972. P ub lish ing  H o u se  o f th e  S lovak  A c ad e m y  of Sciences, B ra tis la v a  1973. 
322 pages, w ith  45 f ig u re s  and  23 ta b le s . P rice: US $ 6.00

T he P ro ceed in g s o f  th e  S y m p o siu m  covers five  to p ic s : 1. C en tra l N ervous In flu en c es ; 
2. P ro d u c tio n , S e c re tio n  an d  D e g ra d a tio n  of H orm ones; 3. P e rip h e ra l A ction  of H o rm o n es , 
E n zy m e In d u c tio n ; 4. N europhysio log ical a n d  Psycho log ica l A sp ec ts; 5. W hole B ody  E n e rg e ­
tic s. T he 25 p a p e rs  a re  p resen ted  b y  44 p a rtic ip a n ts , m o s t o f  th e m  are in te rn a tio n a lly  w ell- 
k n o w n  in v es tig a to rs .

T he vo lum e p re se n ts  an  ex ce llen t su rv ey  of th e  c u r re n t  s ta te  o f re sea rch  in a fie ld  w h ich  
is h igh ly  a c tu a l a n d  in ten siv e ly  ex p lo red . T he book w ill b e  in te re s tin g  fo r en d o crin o lo g is ts , 
physio logists, b io ch em is ts , n eu ro b io log ists a n d  for all m ed ic a l w orkers in te res ted  in  th e  s y n ­
drom e of stress.

K . L is s á k

I. H . P a g e , F . M. B u m pu s  (E d s)

A ngio tensin

H effte r-H eu b n er’s H a n d b o o k  of E x p e r im e n ta l P h a rm aco lo g y , N ew  Series, Vol. 36. S p rin g e r- 
V erlag, B erlin , H e id e lb e rg , New Y o rk  1974. X IX  591 p ag es w ith  70 figures. Price: DM 224. — ;

U S $ 86.30

T his vo lu m e o f  th e  tra d itio n a l H an d b o o k  of E x p e r im e n ta l  P harm aco logy  h as  b e en  
w ritte n  by  52 h ig h ly  c o m p e ten t in v es tig a to rs . T he sh o rt h is to ry  o f an g io ten sin  covers n o t m o re  
th a n  f if ty  y ears, b u t  i ts  v a s t  l i te ra tu re  show s th e  g re a t th e o re tic a l  an d  clinical in te re s t  in  th e  
com pound.

T he 29 c h a p te rs  o f th e  vo lum e c o n ta in : 1. The B io log ical P ro d u c tio n  of A n g io ten s in  b y  
L. T . Sk eg gs , F . E . D o r e r , J .  R . K a h n , K . E . L en tz  a n d  M. L e r in e ; 2. T he F a te  o f  A n g io ­
ten s in  I b y  J .  R . V a n e ; 3. C onverting  E n zy m e: in  v itro  M easu rem en t an d  P ro p e rtie s  b y  Y . S. 
B a k h l e ; 4. T he F a te  o f A ngio tensin  I I  b y  J .  W. R y a n ; 5. C a tab o lism  of A ngio tensin  I I  b y
J .  G. L ed in g t o n  a n d  W . P . L e a r y ; 6. S tru c tu re -A c tiv ity  R e la tio n sh ip  in  A ng io tensin  I I  A n a ­
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logs b y  M. C. K hosla , R . R . Sm e b y  and  F . M. B u m p u s ; 7. T ach y p h y lax is  to  A n g io ten s in  b y  J
M. S t e w a r t ; 8. Im m u n o g en ic ity  o f  A ng io tensin  I  a n d  I I  b y  M. B. Va llo tt o n ; 9. M easurem en t 
o f R e n in  a n d  of A ng io tensin  (E x tra c t io n  and  B io assay ) b y  R . B o uch er  an d  J .  G e n e s t ; 10. 
A n g io te n s in  Im m u n o assay  b y  G. W . B o d y  an d  W . S. P e a r t ; 11. B ioassay  of A n g io ten s in  by  
P . A . K h a ir a l l a h  and  R . R . S im e b y ; 12. P la sm a  a n d  Serum  V asopressor P e p tid e s  O ther 
t h a n  A n g io ten s in s  b y  H . R . Cr o x a t t o ; 13. P r im a ry  A ldosteron ism : Im p o rta n c e  o f th e  Level 
o f P la s m a  R e n in  as an  A d ju n c t in  D iagnosis b y  J .  W . Co n n  and  E . L. Co h e n ; 14. Secondary  
H y p e ra ld o s te ro n ism  by  E . G. B ig l ie r i , J .  R . St o c k ig t , M. Sch am belan , an d  R . L . Co ll in s ; 
15. In te rm e d ia ry  M etabolism  o f  A ldosterone  b y  J .  C. Me l l y ; 16. T he R e n in —A ng io ten sin  
S y s te m  in  th e  C ontrol of A ld o ste ro n e  S ecretion  b y  J .  O. D a v is ; 17. A ldosterone  R e g u la tio n  in 
S o d iu m  D eficiency : R ole o f Io n ic  F a c to rs  an d  A n g io ten s in  I I  by  J .  R . B l a ir -W e s t , J .  P. 
Co g h l o n , D . A. D en to n  an d  B . A. Sc o g g in s ; 18. E ffec ts  of A ldosterone on  B lo o d  P ressu re , 
W a te r  a n d  E lec tro ly te s , b y  F . Gr a s s ; 19. A d ren al M ed u lla  by  M. J .  P e a c h ; 20. C e n tra l N euro­
g en ic  E ffe c ts  of A ngio tensin  by  C. J .  D ic k in so n  a n d  C. M. F e r r a r io ; 21. P e r ip h e ra l E ffec ts  of 
A n g io te n s in  on  th e  A u tonom ic  N erv o u s S y stem  b y  J .  W . Cu b b in ; 22. E ffec t o f  A n g io tensin  
o n  V a sc u la r  Sm ooth  M uscle b y  D . F . B o h r ; 23. C ircu la to ry  E ffec ts o f A n g io ten s in  b y  R . D. 
B u n a g ; 24. E ffec ts of A n g io ten sin  on  th e  R en al C ircu la tio n  by  L. G. Navar  a n d  H . G. L ang­
f o r d ; 25. In tra re n a l  A ction  of A n g io ten sin  b y  K . T h u r a u ; 26. M orphological E ffe c ts  o f A ngio­
te n s in  o n  A rte rie s  by  P. K in c a id -S m it h , A. F r ie d m a n , a n d  J . B. H o bbs ; 27. E ffe c ts  o f A ngio­
te n s in  I I  o n  th e  P e rm eab ility  o f th e  V ascu lar W all b y  A. L. R o bertson  an d  P . A. K h a ir a l l a h ;
28. B io ch em ica l E ffects o f A n g io ten s in  b y  T. L. G o o d f r ie n d , F. F y h r o u ist  a n d  D . A ll m a n n ;
29. S o m e  Possib le  F u n c tio n s  o f A n g io ten sin  by  I. H . P a g e . E ach  c h ap te r  is co m p le te d  w ith  
re fe re n c e s . T he volum e ends w ith  a n  a u th o r  an d  s u b je c t index .

T h e  vo lum e is n o t in te n d e d  fo r th e  causal re a d e r  b u t  for serious s tu d e n ts  o f th e  p rob lem . 
I t  is a  v e ry  im p o rta n t reference w o rk  and  should  f in d  its  p lace in  every  m ed ical l ib ra ry .

K . L issá k

R. J u ng  (E d .)

C entral P rocessing  o f V isu a l In fo rm atio n  

A : In te g ra tiv e  F unc tio n s a n d  C om parative D ata

H a n d b o o k  of Sensory P h y sio lo g y , V olum e V II /3 . S p rin g er V erlag, B erlin , H e id e lb e rg , New 
Y o rk  1973. X I  -f- 775 pag es w ith  208 fig u res . P rice: DM 248. — ; US $ 101 .70

T h is  volum e of th e  H a n d b o o k  of Sensory  P h y s io lo g y  covers th e  p h y sio logy  o f th e  visual 
s y s te m  b e y o n d  th e  op tic  nerve.

T h e  co n ten ts  o f th e  v o lu m e  include th e  in te g ra t iv e  functions an d  c o m p a ra tiv e  da ta . 
R e se a rc h  in  th e  field  of m icrophysio logy  an d  u ltra m ic ro sc o p y  hav e  b ro u g h t new  in s ig h ts  in to  
th e  n e u ro n a l  basis o f vision . A ccord ing  to  th e  E d i to r ’s op in ion  “ U n fo rtu n a te ly , in  th e  p resen t 
s t a te  o f  o u r know ledge it  is n o t y e t  possible to  in te g ra te  m orphology and  n eu ro p h y sio lo g y  in to  
a s y n th e s is  o f s tru c tu re  an d  fu n c tio n  w hich re su lts  in  v isu a l p e rcep tion” .

T h e  12 ch ap ters  of th e  vo lum e w ere w r i t te n  b y  17 h ighly  c o m p e ten t in v es tig a to rs . 
C h a p te r  1. V isual P e rcep tio n  a n d  N eu rophysio logy  b y  R . J u n g ; C h ap ter 2. N europhysio log ical 
M e c h an ism s  in  th e  V isual D isc rim in a tio n  of F o rm  b y  J .  Sto n e  and  R . B. F r e e m a n , j r . ;  C hapter
3. C e n tra l  M echanism s of Color V ision  b y  R . L. D e  Va l o is ; C hap ter 4. N eu ro p h y sio lo g y  of 
B in o c u la r  Single Vision an d  S te reo p sis b y  P . O. B is h o p ; C hap ter 5. V isual S ta b il i ty  a n d  V olun­
t a r y  E y e  M ovem ents by  D . M. Ma cK a y ; C h ap te r 6. N eu ro n a l M echanism s of V isu a l M ovem ent 
P e rc e p t io n  an d  Some P sy ch o p h y s ica l an d  B eh av io ra l C orre la tions by  O. J .  Gr Ds s e r  and  U. 
G r ü s s e r -C o n e h l s ; C h ap ter 7. T em p o ra l T ran sfe r  P ro p e rtie s  of th e  A ffe ren t V isu a l System : 
P sy c h o p h y s ic a l,  N europhysio log ical and T h eo re tic a l In v estig a tio n s  by  W . A. v a n  D e  Gr in d , 
O. J .  G r ü s s e r  and  H . U. L u n k e n h e im e r ; C h ap te r  8. M ain ta ined  D ischarge in  th e  V isua l Sys­
te m  a n d  i ts  R ole for In fo rm a tio n  P rocessing  b y  W . R . L e v ic k ; C hapter 9. N e u ro n a l C hanges in 
th e  V isu a l System  Follow ing V isu a l D ep riv a tio n  b y  K . L. Ch o w ; C hap ter 10. P rin c ip le s  of the  
M o saic  O rg an isa tio n  in  th e  V isu a l S y stem ’s N eu ro p il o f M usca domestica by  L. В . V . B r a it e n - 
b e r g e r  a n d  N. J .  St o c u sf e l d ; C h ap te r 11. C o m p ara tiv e  Physio logy of Colour V ision  in  A ni­
m a ls  b y  H . A utrum  and  I. T h o m a s ; C hap ter 12. T h e  E v o lu tio n  of M am m alian  V isu a l M echa­
n ism s  b y  M. Sn y d e r . T he v o lu m e  is com ple ted  w ith  an  a u th o r and  su b jec t in d ex .

Acta Physiologica Academiae Scientiarum Hungaricae 45,1974



RECENSIO NES 149

T his volum e of th e  H an d b o o k  of Sensory P hysio logy , like  th e  o th e r vo lu m es o f th e  series, 
w ill be an  ind ispensab le  re fe ren ce  w ork  in th e  lib raries o f a n a to m y , physiology a n d  neurobiology.

K . L issá k

R . F . Sch m id t  (E d .)

Sinnesphysiologie. P ro g ra m m ie rt

M it T ex ten  von H . Al t n e r , J .  D u d e l , 0 .  J .  Gr ö ss e r , R . K l in k e , R . F . Sc h m id t . Springer- 
V erlag, B erlin , H e id e lb erg , New Y ork 1973. X  -j- 254 pages w ith  110 fig u res .

T his te x tb o o k  of sen so ry  physio logy  close co n n ec ted  w ith  th e  book “ N eu ro p h y sio lo g y , 
p ro g ram m ed ”  p u b lish ed  b y  Springer-V erlag  in  1971 a n d  rev iew ed  in  th is  J o u rn a l  42: 315, 
1972 is m o st useful for s tu d e n ts  o f physio logy, p sychology , bio logy, zoology a n d  b io ch em istry  
w ho h a d  n o t s tu d ied  a n a to m y  a n d  b iochem istry , b u t  re q u ire  know ledge of n eu ro p h y sio lo g y .

T he 7 c h ap te rs  o f  th e  bo o k  include 25 lec tu res: A. G eneral Sensory P h y s io lo g y  b y  J. 
D u d e l ; B. S om ato-V isceral S en sib ility  by  R . F . S c h m id t ; C. Physio logy of V isio n  b y  O. J . 
G rüsser; D. Physio logy of H earin g  by  R . K linke; E . P h y sio lo g y  of th e  V estib u la r S y s te m  by R. 
K l in k e ; F . Physio logy  o f T a s te  by  H . A l t n e r ; G. P h y sio lo g y  of O lfaction  b y  H . A l t n e r .

K . L issá k

E . Gen a zza n i, H . H e r k e n  (E d s)

C entral N ervous System : S tudies on  M etabolic 
R egu la tion  and  F u n c tio n

Springer-V erlag , B erlin , H e id e lb erg , N ew  Y ork  1974. V I I I  -f- 249 pages, w ith  121 fig u res and 
55 tab le s . P rice: DM 7 9 , - ;  US $ 30.50

T he book is based  on  a  S ym posium , “ M etabolic  R e g u la tio n  and  F u n c tio n a l A c tiv ity  in  
th e  C en tra l N ervous S y s tem ”  w hich  w as held  on S e p tem b e r 16 — 17, 1972, a t  S a in t  V incen t 
(A osta , Ita ly ) .

A t th e  S ym posium , 62 p a r tic ip a n ts  from  d iffe ren t co u n trie s  p resen ted  th i r t y  p a p ers  in  
th ree  m ain  sections: I . B iochem ical A nalysis of M etabolic  P a th w a y s ; I I .  M em b ran e  F u n c tio n  
a n d  N eu ro tran sm iss io n ; I I I .  H o rm o n a l an d  P h arm aco lo g ical S tud ies . T he h e te ro g en o u s  sub­
jec ts  o f th e  p ap ers  offer a w ide su rv ey  o f recen t im p o r ta n t  re sea rch  concerning th e  m etab o lism  
a n d  fu n c tio n  of th e  c en tra l n e rv o u s system .

T he book will be o f in te re s t  for neurob io log ists, b io ch em ists , p h y sio lo g is t a n d  clinical 
neurologists.

K . L issá k
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PIO ISTITUTO DI S. SPIRITO ED OSPEDALI 
RIUNITI - ROMA

ANNOUNCEMENT OF COMPETITION 
for the 1976 “Giovanni Maria Lancisi” International Prize 

for Medical Science (Lit. 10,000,000)

Art. 1

The “ Pio Istitu to  di S. Spirito” General R egional H ospital Agency, 
registered in Rom e, in collaboration with the A ccadem ia Lancisiana di Rom a, 
hereby announces a com petition  for the 1976 “ G. M. Lancisi” International 
Prize for Medical Science, o f  L it. 10,000,000, to  be assigned to the author or 
authors o f  an original, unpublished scientific work dealing w ith the follow ing  
subject, chosen by the special com m ittee:

“ CHRONORIOLOGY AND M E D IC IN E ”

Art. 2

Those intending to  enter for the Prize should send the fo llow ing to: 
“ Prem io Internazionale Scien tifico  “ G. M. Lancisi” presso la Presidenza del 
Pio Istitu to  di S. Spirito ed Ospedali R iuniti, Borgo S. Spirito, 3 —  00193 
Rom a (Ita ly )” by and not later than 12.00 hours o f  the 31st D ecem ber 1976:

1) A pplication on plain paper to participate in the com petition;

2) Nine copies o f the work entered for the Prize, in Italian or in English, 
each copy bearing the signature o f  the author or authors. A ll works, 
accom panied by p ositive  copies of any illustrations, should include 
a synopsis in Ita lian  or in English, o f not more than one thousand  
words, as well as a fu ll bibliography o f the subject dealt w ith;

3) Certificates testify in g  to the birth, the residence and the citizenship  
o f the com petitor or com petitors;

4) A copy o f the curriculum  vitae and o f the scientific  a c tiv ity  o f  th e  
com petitor or com petitors, w ith a list o f  published works;



5) A declaration s ign ed  b y  the author or authors testify in g  to  the orig­
inal nature o f th e  w ork, the institute or other place where the work 
has been carried o u t, th at said work is unpublished and that it 
has not subm itted  and w ill not be su bm itted , until such tim e as the 
“ G. M. Lancisi”  P rize  has been assigned, to  other prize com petitions.

Art. 3

T he Prize is assigned according to the decision o f a sc ien tific  com m ittee 
a p p o in ted  by the Chairman o f  the Accadem ia L ancisiana, and said decision  
is f in a l.

Art. 4

T he Prize may n ot b e assigned more than  once to the sam e person, 
w h en  w hen said person p artic ip a tes jo in tly  w ith  others.

Art. 5

Further inform ation and clarification m ay be requested by applying  
to : “ Prem io Internazionale Scientifico “ G. M L ancisi” presso la Presidenza  
del P io  Istituto  di S S p ir ito— Borgo S. Spirito, 3 —  00193 R om a (Ita ly )” .
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ACTA PH Y SIO LO G IA

ТОМ 4 5 -В Ы П . 1 - 2  

РЕЗЮМЕ

ПУЛЬСОВОЕ СОПРОТИВЛЕНИЕ МОЗГА: МЕТОД ДЛЯ ИЗМЕРЕНИЯ ИЗМЕНЕНИЙ
ЦЕРЕБРАЛЬНОГО КРОВОТОКА

3 . С ЕЛ ЕН ЬИ  и М. СЕК ЕЙ

Описан метод измерения пульсового сопротивления мозга. Показано действие 
гиперкапнии и гипоксии на амплитуду пульсового сопротивления мозга.

I  ^ВЛИЯНИЕ МАССЫ ТЕЛА НА ТЕРМОРЕГУЛЯТОРНЫЕ ОТВЕТЫ 
НОВОРОЖДЕННЫХ И ВЗРОСЛЫХ МОРСКИХ СВИНОК ПРИ ИЗМЕНЕНИИ 

ОКРУЖАЮЩЕЙ ТЕМПЕРАТУРЫ, ПРИ ГИПОКСИИ И ГИПЕРКАПНИИ

М. Ф АРКАШ  и  с . д о н х о ф ф е р

Анализировались связи между весом тела (BW) и изменениями в температуре обо­
дочной кишки (ЯТС) у морских свинок в возрасте меньше чем 2 дня, от 3 до 6 дней, от 7 
до 9 дней и от 10 до 20 дней, а также у взрослых животных, в ответ на перенос их от тер­
монейтрального окружения в умеренный холод (новорожденные: 20°С; взрослые: 20° и 
10°С). Впоследствие, животные при этих окружающих температурах (Та) вдыхали 8% 0 2 
и6% С02. Небылоникакойкорреляциимежду BW и ЯТС в ответ на перенос в холодное окру­
жение во всех возрастных группах, за исключением группы в возрасте от 10 до 20 дней. 
В никакой группе не наблюдалось значительной корреляции между BW и увеличением 
теплопродукции (Я 0 2) в ответ на перенос их в холод. У новорожденных не было найдено 
связи между BW и ЯТС при гипоксии, тогда как у взрослых животных, подвергнутых 
гипоксии при Та 20°С, коэффициент корреляции был статистически достоверным, но ука­
зывал, что уменьшение в Тс стремилось к увеличению с повышением BW. При гипер­
капнии статистически достоверная связь была наблюдена между BW и /1ТС в группе в 
возрасте от 7 до 9 дней. Коэффициенты сходной величины наблюдались также и у взрослых 
животных при температурах 20°С и Ю°С. Эти данные показали, что тенденция к пониже­
нию в Тс была больше у более маленьких животных. Было заключено, что при условиях, 
не приводящих к прогрессивной'гипотермии, BW т. е. отношение массы к поверхности, в 
большинстве случаев, не является важным определителем изменений в Тс.

ГЕРМОРЕГУЛЯТОРНАЯ ТЕПЛОПРОДУКЦИЯ И РЕГУЛЯЦИЯ ТЕМПЕРАТУРЫ 
ТЕЛА У НОВОРОЖДЕННЫХ И ВЗРОСЛЫХ МОРСКИХ СВИНОК

М. Ф А РКА Ш , И. ВАРНАИ и С. Д О Н Х О Ф Ф ЕР

На новорожденных морских свинках возраста меньше 2 дней, в возрасте от 3 до 
6 дней, от 7 до 9 дней и от 10 до 20 дней и на взрослых животных исследовали изменения 
кишечной температуры (Тс) и теплопродукция (V02) при изменениях внешней темпера-



туры (Та). У новорожденных животных V 02, выраженная в пересчете на вес тела (BW) с 
возрастом при Та 35°, 30° и 20°С уменьшалась. Использовав вместо показателя BW пока­
затель площади поверхности тела (10 • кг0 67) в качестве системы отсчета обнаружили, что 
V 02 была идентичной во всех 4-х группах новорожденных при Та 35° и Та 30°С в то время, 
как при Та 20°С имела место сильно выраженная редукция величины V02 между группой 
новорожденных в возрасте менее чем 2 дня и группой в возрасте от 3 до 6 дней. За редук­
цией следовало постепенное, отчетливо связанное с возрастом повышение тепло­
продукции. Тс уменьшалась с возрастом значительно при всех 3-х Та и внутри одной 
возрастной группы уменьшалась с уменьшением Та. Уменьшение Тс в ответ на переход 
от Та 35° к  Та 30° было одинаковым во всех возрастных группах, в то время как такое 
уменьшение в ответ на переход от Та 30° к Та 20° значительно меньше в Самой младшей 
возрастной группе чем в любой другой из групп новорожденных и даже меньше, хотя и 
не значимо, чем у взрослых животных. Распределение величин изменений Тс в ответ на 
переход от Та 30° к Та 20°С варьировало в довольно широких пределах даже у взрослых 
морских свинок. Приняв за линию разделения изменений Тс не превышающую —0,5°С 
или —1,0°С и применив критерий х2 установили в высшей степени значимые отличия 
между группой в возрасте менее чем 48 часов и старшими по возрасту группами ново­
рожденных. Не бью найдено значительных различий между самой младшей группой 
новорожденных и взрослыми животными. В то же время различия между старшими 
группами новорожденных и взрослыми животными были значимыми.

Делается заключение, что описанная вариабильность изменений Тс при уменьшении 
Та не была ни следствием »незрелости« или »неспособности« повысить теплопродукцию, ни 
результатом неблагоприятного отношения массы-поверхности тела, но отражает функцио­
нальную вариабильность кибернетической системы, контролирующей температуру тела и 
терморегуляторную теплопродукцию.

РЕНИНОПОДОБНАЯ АКТИВНОСТЬ ПЛАЗМЫ КРОВИ ОРГАНОВ ЧРЕВНОЙ
ОБЛАСТИ У КРЫС

Ш. Ш О Н К О ДИ  и П. БОКАИ

На крысах-самцах было обнаружено, что активность ренина плазмы была выше в 
крови портальной вены, чем в крови аорты, как после ложной операции, так и после 
двусторонней нефрэктомии.

Кажется достоверным предположение о том, что рениноподобный энзим вырабаты­
вается у крыс в одном из органов чревной области.

I

I

!ДЕЙСТВИЕ ХРОНИЧЕСКОЙ ФИЗИЧЕСКОЙ ПЕРЕГРУЗКИ НА МЕТАБОЛИЗМ 
СКЕЛЕТНЫХ МЫШЦ И АДРЕНОКОРТИКОВУЮ АКТИВНОСТЬ

П. К О РГ Е , А. ВИРУ и Ш. РООССОН

Было исследовано действие хронической физической перегрузки различной дли­
тельности на метаболизм воды и электролитов белых и красных скелетных мышц, Na+K+- 
АТФазную активность и содержание кортикостерона в плазме. Наиболее регулярно из­
менились поглощение натрия и выход калия как в красных так и в белых волокнах. Содержа- 
ниеводы в тканях и ее вне-и внутриклеточное распределение были исключительно постоян­
ными. Вышеупомянутое нарушение содержания электролитов в ткани сопровождалось 
возрастанием Ца+К +-АТФазной активности и падением содержания кортикостерона в 
плазме крови. Когда животным давали перегрузку вплоть до полного истощения, наблюда­
лось некоторое возрастание калия в скелетных мышцах и, одновременно, снижение со­
держания натрия. В красных мышцах изменение содержания ионов коррелировало с 
возрастанием Na4 К+-АТФазной активности. Дополнительное напряжение также увели­
чивало адренокорковую активность. Таким образом, изменения метаболизма электро­
литов в красных скелетных мышцах были обратамыми. На основании исследования вы­
сказывается предположение, что механизм активного транспорта ионов в красных скелет­
ных мышцах имеет большие возможности к адаптации и не может быть полностью нарушен 
короткой физической перегрузкой. Обсуждается возможное значение коры надпочечни­
ков в регуляции этого механизма.



ФУНКЦИОНАЛЬНАЯ ВЗАИМОСВЯЗЬ МЕЖДУ ВЕРХНИМ ШЕЙНЫМ УЗЛОМ, 
ШИШКОВИДНОЙ ЖЕЛЕЗОЙ И ГИПОТАЛАМО ГИПОФИЗАРНО-НАДПОЧЕЧНИ­

КОВОЙ СИСТЕМОЙ

И. ВЕРМ ЕШ , Д . МОЛНАР, Г. Д У Л Л  и Г. ТЕЛ ЕГД И

У нормальных животных уровни серотонина в гипоталамусе и кортикостерона в 
плазме показали противоположный дневной ритм. Утром уровень сывороточного корти­
костерона был высоким, а уровень гипоталамического серотонина — низким. В начале 
темного периода, высокий уровень сывороточного кортикостерона сопровождался низким 
содержанием серотонина в гипоталамусе.

Удаление шишковидной железы не оказывало влияния ни на дневной ритм кортико­
стерона и серотонина, ни на надпочечниковую активацию, вызванную стрессом.

Удаление верхнего шейного узла уменьшало дневной ритм изменения уровня серо­
тонина в шишковидной железе, но не оказывало влияния на ритм изменения гипоталами­
ческого серотонина и сывороточного кортикостерона. Стрессовый ответ, вызванный эфиром 
или электрическим шоком, увеличивался. Он был повышенным и через 58 дней после уда­
ления узла.

Результаты указали, что шишковидная железа не оказывает прямого влияния ни на 
содержание серотонина в гипоталамусе, ни на гипоталамо-гипофизарно-надпочечниковую 
систему. Отсутствие верхнего шейного узла стимулировало стрессовый ответ гипоталамо- 
гипофизарно-надпочечниковой системы, без влияния на содержание серотонина в гипо­
таламусе.

КОНЦЕНТРАЦИЯ И ВЫХОД IN VITRO ПЛАЦЕНТАРНОГО ЧЕЛОВЕЧЕСКОГО 
ХОРИАЛЬНОГО СОМАТОМАММОТРОПИНА (HCS) У ПЛОДОВ С НОРМАЛЬНЫМ 

ВЕСОМ И С ВНУТРИУТРОБНЫМ УМЕНЬШЕНИЕМ ВЕСА

Й. ДОСПОД, А. ГАЛ и И. ГАТИ

В течение родов 100 плодов нормального веса, рожденных в срок, и 100 недоразви­
тых плодов, также рожденных в срок, определяли концентрацию в плаценте челове­
ческого хориального соматомаммотропина (HCS). Кроме того, на протяжении последую­
щих 8 часов инкубации плаценты наблюдали выход HCS. Плаценты недоразвитых плодов 
содержали приблизительно в 2 раза больше HCS на 1 г ткани (1399 мкг), чем плаценты 
плодов нормального веса (684 мкг). На протяжении 8 часов инкубации выход гормона из 
нормальной плаценты составил 81,2%, в то время, как из плаценты недоразвитых плодов 
только 24,6% от первоначального уровня содержания гормона. Выход HCS с 1 г нормаль­
ной плацентарной ткани в абсолютных значениях был больше (525 мкг), чем из плаценты 
недоношенных плодов (308 мкг).

Предполагается, что сопровождающий хроническую плацентарную недостаточ­
ность низкий уровень HCS плазмы кори матери может быть результатом торможения вы­
хода HCS из плаценты в кровь матери.

ДЕЙСТВИЕ ГОНАДОТРОПИНА НА ЭЛЕКТРИЧЕСКУЮ АКТИВНОСТЬ МОЗГА
КРЫС

Г. КОВАЧ, Л . БАРТАЛОШ , Г. ХАРТМАНН и Г. Т ЕЛ Е ГД И

Инъекция человеческого хориального гонадотропина в ядра медиальной линии 
таламуса или в боковой желудочек мозга повышала порог вызванных потенциалов, удли­
нила скрытый период между двумя последовательными вызванными потенциалами и 
снижала порог веретенообразных разрядов последействия, которые вызывались электри­
ческой стимуляцией ретикулярной формации.

Интравентрикулярное введение лютеинизирующего гормона вызывало спонтанные 
вспышки веретенообразной активности, снижало порог разряда последействия, вызван­
ного стимуляцией и удлиняло скрытый период между двумя последовательными вызван­
ными потенциалами.

Фоликулостимулирующий гормон, пролактин или инактивированный человеческий 
хориальный гонадотропин, а также лютеинизирующий гормон не имели такого эффекта.



КРОВОТОК И ВЫХОД СВОБОДНЫХ ЖИРНЫХ кислот в  подкожной 
ЖИРОВОЙ ТКАНИ, САЛЬНИКЕ И БРЫЖЕЙКЕ У СОБАК В СОСТОЯНИИ 

ГЕМОРРАГИЧЕСКОГО ШОКА

А. Г . Б . КОВАЧ, Ш. РО Ш ЕЛ Л , П. Ш АНДОР, Й. ХАМАР, К. И К Р Е Н Ь И  и Е. КОВАЧ

У собак под хлоралозовым наркозом измерялся кровоток, выход свободных жирных 
кислот (FFA) и глицерола в подкожной жировой ткани, в жировой ткани брыжейки и 
сальника на протяжении стандартизированной кровопотери, приводившей к шоку. Уста­
новлено, что кровоток в покое составлял 6,3 ±  1,4 мл/мин/100 г (±  SEM) в подкожной, 
14,8 Т: 3,3 мл/мин/100 г в брыжейке и 5,3 ±  1,2 мл/мин/100 г в сальнике. Выраженное 
уменьшение кровотока наблюдалось при снижении артериального давления до 55 мм рт. ст. 
в течение 90 мин кровопускания. Он оставался низким также при снижении кровяного 
даьления до 35 мм рт. ст. при допольнительном кровопускании в течение еще 90 мин. 
Кровоток в ткани брыжейки был выше, чем в других жировых тканях как в контроле, так 
и при кровопускании. При кровопускании не наблюдалось возрастания выхода FFA из 
жировой ткани, но было отмечено значительное возрастание выхода глицерола из брыжей­
ки. Артериальная концентрация FFA не изменилась, но имел место значительный подъем 
концентрации глицерола с 0,21 zb 0,04 мМ до 0,95 ±  0,22 мМ (р <  0,05). pH артериальной 
крови уменьшался с 7,28 ±  0,03 до 7,06 ±  0,04 и уровень лактата возрос с 3,18 ±  0,38 до 
10,66 zb 61 мМ.

Делается заключение, что следующий за кровопусканием низкий кровоток в жиро­
вой ткани может нарушать выход FFA и глицерола. Значительное возрастание выхода 
глицерола из жировой ткани брыжейки и отсутствие такой реакции в подкожной жиро­
вой ткани и сальнике могут объясняться региональными отличиями снижения кровотока. 
Повышение реэстерификации FFA на протяжении кровопускания может быть следствием 
высокой концентрации лактата.

Вопреки возможной высокой симпатической нейрогуморальной активности, низ­
кое значение pH крови была причиной снижения липолиза в жировой ткани. Повышение 
уровня реэстерификации и торможение липолиза равно как и уменьшение кровотока в 
жировой ткани противодействует выходу FFA.

ЭФФЕКТ ГИПЕРКАЛЫДИЕМИИ НА ДЕЯТЕЛЬНОСТЬ ПОЧЕК

Г. ТА РК О В А Ч , Т . МОЗЕШ, Г. К Ё В Е Р  и X . ТОСТ

Исследовался эффект острой гиперкальциемии, вызванной внутривенным введением 
хлористого кальция, на деятельность почек у наркотизированных собак.

1. Когда концентрация кальция в плазме была повышена приблизительно в два раза 
при неизмененном кровяном давлении, исследованные параметры деятельности почек 
(Сран» Cjnuiin, выделение мочи, натрия и калия) значительно уменьшались. Выделение 
кальция почками не изменялось.

3. По мнению авторов, интенсивная вазоконстрикция, возникающая в сосудах почек, 
возможно в афферентных артериолах, вызывала уменьшение деятельности почек.

ЭФФЕКТ ГИПЕРКАЛЬЦИЕМИИ НА ТРАНСПОРТ КАЛЬЦИЯ И ФОСФАТА В
КАНАЛЬЦАХ

Г. КЁВЕР

С помощью микропипетки анестезированным крысам вводили в различные сег­
менты канальца почки (в начальный, срединный и концевой сегменты проксимального 
канальца и дистальный каналец) определенные количества 45Са2+ а также 3Н-метокси- 
инулина на протяжении маннитового диуреза и при поддерживаемой гиперкальцьмии. 
На основании их количеств, находящихся в мочи, сделаны следующие заключения о судьбе 
изотопов, инъецированных в различные сегменты:



(1) Ионы Са2"* реабсорбируются по целому нефрону.
(2) Ионы РО|~ реабсорбируются только в дистальном канальце и нереабсорбиро- 

вались в доступной части проксимального канальца.
(3) Вызванная инфузией СаС12 гиперкальциемия вызывала уменшение реабсорбции 

по целому канальцу.
(4) Гиперкальциемия вызывала сильную реабсорбцию фосфата в проксимальном от­

деле канальца и в петле Генле.
(5) Увеличение уровня кальция в сыворотке крови не изменяло реабсорбцию фос­

фата в дистальном отделе канальца.
Предполагается, что регуляция реабсорбции кальция вдоль всего нефрона осу­

ществляется одним и тем же механизмом. Полученные результаты позволяют предпола­
гать, что реабсорбция фосфата в проксимальном канальце и в петле Генле является функ­
цией внутриклеточной концентрации кальция, которая изменяется параллельно с из­
менением уровня кальция в сыворотке крови.

ЭФФЕКТЫ АЦИДОЗА И ИНФУЗИИ НОРАДРЕНАЛИНА НА ПРИЕМ 
,4С- НОРАДРЕНАЛИНА МИОКАРДОМ КРЫС

П. КАРПАТИ, И. П РЕД А  и Е. ЕН ДРЕЦ И

Ранние эксперименты обнаружили, что концентрация норадреналина в миокарде 
повышалась при ацидозе. Настоящие данные указывают, что прием меченого норадрена­
лина меньше при ацидозе. Повышение концентрации норадреналина с одной стороны, и 
понижение его приема, с другой стороны, привели к предположению, что гипернорадре- 
налинемия, появляющаяся при ацидозе, играет важную роль в этих противоположных на­
блюдениях. Было найдено, что инфузия немеченого норадреналина (1,5 мкг/мин/20 мин) 
значительно подавляла прием 14С-норадреналина тканями желудочков и предсердий. 
Пониженный прием норадреналина в течение ацидоза можно объяснить тем, что связываю­
щие места были заняты эндогенным норадреналином, освобожденным из экстракардиаль- 
ных источников.

ДЕЙСТВИЕ ХЛОРОКВИНА ФОСФАТА НА ИЗОЛИРОВАННУЮ НЕБЕРЕМЕННУЮ 
И БЕРЕМЕННУЮ МАТКУ РАЗЛИЧНЫХ ВИДОВ ЖИВОТНЫХ

А. А БД Е Л -А ЗИ З и Н. БА К РИ

Обнаружено межвидовое различие в действии хлороквина на изолированные матки 
беременных и небеременных крыс, кроликов и морских свинок. Этот препарат оказывал на 
матку крысы или тормозящее или возбуждающее действие в зависимости от того, была мат­
ка беременной или нет, а также в зависимости от типа использованной жидкости. Хлороквин 
оказывал стимулирующее действие на беременную матку крыс и морских свинок в раство­
рах Де Жалон или Рингер-Лока. Стимулирующее действие хлороквина было зависимым 
от Са++, антагонистический эффект оказывали тетракаин и 2,4-динитрофенол; атропин, 
лизергид и феноксибензамин не оказывали заметного влияния.

АНАЛИЗ ОКСОТРЕМОРИНОВОЙ ГИПЕРГЛИКЕМИИ У КРЫС

Д. В. ФАН, Л . Д Ь Ё Р Д Ь  и Й. МАРТОН

Систематическое и интрацеребровентрикулярное применение оксотреморина вызы­
вает гипергликемию у бодрствующих крыс. Метилатропин тормозит действие интрапери- 
тонеально введенного оксотреморина, но этот эффект исчезает после предварительной 
интрацеребровентрикулярной инъекции холиномиметиков. Гипергликемия, вызываемая 
интраперитонеальным введением оксотреморина тормозилась после адреналэктомии и 
уменьшалась после гипофиаэктомии. Предварительное введение животным аминоглюте- 
тимида, лекарства, тормозящего синтез стероидов, снижало гипергликемическое действие 
оксотреморина у тех животных, которые имели очень низкий уровень кортикостерона в 
крови.



Гипергликемия является периферической реакцией по своему происхождению, но 
имеется и центральное симпатическое звено, которое участвует в ее развитии. Для проявле­
ния гипергликемии также необходимо участие гипофизарно-адренокортиковой системы.

ДЕЙСТВИЕ ОКСОТРЕМОРИНА НА ПОВЕДЕНИЕ И ЭЭГ У КРЫС, КОТОРЫМ 
ПРЕДВАРИТЕЛЬНО ВВОДИЛИ РЕЗЕРПИН

Д. В. Ф А Н , А. БИ Т Е  и Л . Д Ь Ё Р Д Ь

Высокая доза оксотреморина иногда вызывает судорожные появления у крыс. 
После предварительной дачи резерпина и метилатропина, однако, развивались хрони­
ческие припадки; в то же самое время могли наблюдаться изменения ЭЭГ, состоящие в 
величинах активность 6—7 ц/сек, длительностью 1—3 сек, которые появлялись с 15—20 
сек интервалами. Подобные паттерны наблюдали у крыс, которым предварительно вводили 
резерпин, после применения физостигмина.

ЭЭГ активность, вызванная оксотреморином, тормозится атропином и пиримидо- 
ном; мекамиламин не изменяет ее.

ДВА ТИПА ИЗМЕНЕНИЙ ГИПОТАЛАМИЧЕСКОЙ САМОСТИМУЛЯЦИИУ КОШЕК 
ВЫЗВАННЫХ ВВЕДЕНИЕМ НОРАДРЕНАЛИНА

Л. А Н Д ЬЯ Н , А. Д А Р Б И Н Я Н  и Л . ШОЙМОШИ

На четырех кошках было установлено, что внутримышечная инъекция адреналина 
может различным образом изменять протекание реакции самостимуляции в зависимости 
от дозы. Малая доза норадреналина сильно облегчает реакцию нажатия на педаль, в то 
время, как  большая доза подавляла эту реакцию. Изменения артериального давления 
крови являются отличным показателем влияния норадреналина на реакцию самостимуля­
ции.
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T he serum  p ro te in s  o f  25 n o rm al w om en were s tu d ied  b y  d isc -e lec trophoresis 
a t  th e  tim e  o f de livery  a n d  e ig h t w eeks p o st p a r tu m . P ro te in s o f  th e  a m n io tic  fluid 
a n d  of th e  u m bilica l se ra  (b o th  a rte rio u s  an d  v enous) were also an a ly zed . T h e  q u a n ti ta ­
tiv e  as well as q u a li ta t iv e  changes fo und  in  th e  m a te rn a l sera w ere n o t  p re s e n t  in  any 
o f th e  cord  b lood  sera  o r in  th e  am n io tic  flu id  o r in  th e  sera  o f th e  sam e w o m en  eight 
w eeks p o s t p a r tu m . T h e  q u a n ti ta t iv e  changes th o u g h t to be c h a ra c te ris tic  o f  p reg n an cy  
co n sisted  of an  increase  in  th e  fa s t  and  slow p o sta lb u m in s  an d  tra n s fe r r in . T w o  p ro te in  
frac tio n s  (p reg n an cy  p ro te in , a n d  p reg n an cy  p ro te in 2) in th e  a lp h a -2 -g lo b u lin  region 
n o t  p re sen t in  a n y  o f th e  o th e r  specim ens w ere also iden tified  in th e  m a te rn a l  sera 
in  a b o u t h a lf  o f th e  cases.

T he p ro te in s  of m a te rn a l an d  u m bilica l cord  sera an d  o f th e  am nio tic  
flu id  h av e  in ten se ly  been  s tu d ie d  in  recen t years  b y  various m e th o d s  (S m it h ies  
1959; B r e z in s k i  e t al. 1961; A fo nso  an d  D e A lvarez  1964; R o b i n s o n  e t  al. 
1966; B a y e r  1966; F is c h b a c h e r  and  Q u in l i v a n  1970).

I t  w as fo u n d  th a t  th e  changes in  m a te rn a l serum  are  c h a ra c te r iz e d  by 
a q u a n ti ta t iv e  increase o f som e a lp h a-l-g lo b u lin s  an d  b y  th e  a p p e a ra n c e  of 
tw o  a lpha-2 -g lobu lins n o t p re se n t in  n o n -p reg n an t sera, w hereas t o ta l  serum  
p ro te in  co n c e n tra tio n  w as decreased . T he p ro te in  com position  o f  th e  se ra  of 
th e  u m bilica l a r te ry  an d  v e in  a n d  of th e  am n io tic  flu id  d iffered  fro m  th a t  of 
th e  m o th e r q u a n ti ta t iv e ly  as w ell as q u a lita tiv e ly .

E v a lu a tin g  th e  re su lts  o b ta in e d  in  th e  course o f th e se  in v e s tig a tio n s , 
we have  concluded  th a t  th e  p regnancy-specific  m a te rn a l p ro te in  ch an g es  could 
be in te rp re te d  m ore a c c u ra te ly  i f  analysis of th e  m a te rn a l se ru m  w as com b in ed  
w ith  th a t  o f th e  co rd  sera  a n d  o f th e  am nio tic  f lu id  an d  if  e x a m in a tio n  o f  the  
m a te rn a l serum  w as re p e a te d  tw o  m o n ths a f te r  delivery .

DISC-ELECTROPHORETIC STUDY OF SERUM  
PROTEINS IN MATERNAL AND CORD RLOOD 

AND AMNIOTIC FLUID

By

G. T h a n , G. I llei  and I . Cseh

1 Acta Physiologica Academiae Scientiarum Hungaricae 45,1974
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Methods

B lo o d  was tak en  fro m  th e  c u b ita l  vein of 25 h e a l th y  w om en a t  th e  end of th e  f irs t 
s ta g e  o f  n o rm al labour, a n d  f ro m  th e  um bilical vein  a n d  one  o f th e  um bilical v e in  an d  one 
o f th e  u m b ilica l arteries im m e d ia te ly  a fte r  b irth . A t th e  b e g in n in g  of lab o u r, am n io tic  flu id  
w a s  a lso  o b ta in ed  by  v a g in a l a m n io c en te s is  in each  case. T h e  sam ples w ere cen trifuged  and 
th e  a m n io tic  fluid sam ples w ere  f i lte re d . All of th e  sp ec im en s w ere k e p t in a  re fr ig e ra to r a t 
5 °C  fo r  36 hours. T o ta l p ro te in  c o n ce n tra tio n  was d e te rm in e d  b y  re fra c to m e try  in  th e  serum  
w h ile  b y  th e  b iu ret m e th o d  in  t h e  am n io tic  fluid.

F ro m  each sam ple a n  a m o u n t  contain ing  250 /tg  o f  p ro te in  w as su b jec ted  to  p o ly ­
a c ry la m id e  gel e lectrophoresis a s  d esc rib ed  by D avis (1964). E a c h  assay  w as c a rried  o u t in 
d u p l ic a te ,  add ing  a few d ro p s  o f  a  haem oglobin  s tock  so lu tio n  to  one of each  p a ir  before the 
ru n .  E lec tro p h o resis  was c a rr ied  o u t  a t  5 mA for 75 m in u te s  u sin g  a  tris-g lycine  b u ffer p H  8.6. 
T h e  u n t r e a te d  sam ple w as s ta in e d  w ith  am ido-black, w hile  th e  sam ple  m ixed  w ith  haem oglobin  
w a s  s ta in e d  w ith  benzid ine fo r  t h e  id en tificatio n  of h a p to g lo b in s . T he p ro te in  frac tio n s  were 
d e te rm in e d  im m unologically  w i th  m onospecific a n tis e ra  ( tra n s fe rr in , coeru lop lasm in -an ti- 
s e ru m , e tc .) . The p h ero g ram s w e re  eva lu a ted  by  m ea n s  o f a n  E R I  65 ty p e  d en sito m ete r.

T h e  sam e procedure  w a s  u se d  w ith  the sera o b ta in e d  fro m  th e  sam e w om en e igh t 
w e ek s  p o s t  p a rtu m . As a c o n tro l ,  th e  sera of 25 h e a lth y , n o n -p reg n a n t w om en w ere also 
a n a ly z e d ;  in  these cases th e  b lo o d  w as draw n a t th e  e a r ly  p ro life ra tiv e  phase.

Results

M ean to ta l p ro te in  c o n cen tra tio n  in  th e  m a te rn a l sera a t  te rm  was 
6 .20  +  0.40 g per 100 m l; in  th e  um bilical a r te ry ,  5.37 +  0.38 g a n d  in  th e  
u m b ilic a l vein, 5.40 +  0 .45  g p é r  100 ml. E ig h t w eeks p o s t p a r tu m  i t  increased  
to  6 .7 6  +  0.25 g p er 100 m l, w hile in the  n o n -p re g n a n t con tro ls i t  w as 7.56 +  
+  0 .3 0  g. Mean p ro te in  co n c e n tra tio n s  in  th e  a m n io tic  flu id  a t  te rm  0.25 +  
±  0 .09  g (Table I).

Table I

P ro tein  concentrations in  the sam ples studied

No. of 
patients

Mean concentration 
of total protein, 

g per 100 ml + S.D.

N on-pregnant c o n tro ls 25 7 .5 6 ± 0 .3 0

M aternal serum  a t  b i r th 25 6 .2 0 ± 0 .4 0

M aternal serum  8 w eek s  p o st partum 25 6 .7 6 ± 0 .2 5

Amniotic flu id  a t  te rm 25 0 .2 5 ± 0 .0 9

A rterial cord serum 25 5 .3 7 ± 0 ,3 8

Venous cord serum 25 5.40 ± 0 .4 5

In  th e  m a te rn a l s e ra  a t  the  tim e o f d e liv e ry  an  increase in  th e  fa st 
(C B G , TBG) and  slow  p o s ta lb u m in s  and tra n s fe r r in  w as observed  as com pared  
w ith  th e  n o n -p reg n an t s e ra  o r those o b ta in e d  e ig h t weeks p o st p a r tu m . The 
f a s t  posta lb u m in  a n d  t r a n s fe r r in  frac tions w ere  s ig n ifican tly  h ig h er in  th e
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sera  o f th e  p a r tu r ie n ts  th a n  tw o  m o n th s la te r  (p  <  0.05). T he d ifference in 
th e  am o u n ts  of p o s ta lb u m in  w as n o t s ig n ifican t (p  <[ 0.1).

In  th e  um bilica l se ra , hap tog lo b in  w as a b se n t in  every  case an d  in  th e  
a lpha-2  region few er f ra c tio n s  w ere seen th a t  in  th e  sam e region o f th e  con tro l 
or m a te rn a l sera . T h e  q u a n ti ta t iv e  changes seen in  th e  m a te rn a l sera  were 
a b se n t from  th e  u m b ilica l sera . T he only  d ifference b e tw een  th e  a r te ria l and  
venous cord sera  w as an  increase  in  IgG  in th e  v en o u s sam ple.

T he p ro te in  co m p o sitio n  o f th e  am nio tic  f lu id  w as s im ila r as th a t  o f th e  
co rd  sera, b u t  in  som e cases h ap to g lo b in  ty p e  1-1 w as also found .

In  ad d itio n  to  th e se  q u a n tita tiv e  changes v e ry  d is tin c t q u a lita tiv e  ones 
w ere also d e tec ted  in  th e  m a te rn a l sera. A t te rm  th e re  w ere tw o  w ell-separa ted  
p reg n an cy  p ro te in  fra c tio n s  betw een  tra n s fe rr in  a n d  S -a lpha-2 -m acrog lobu lin . 
O ne o f them  found  in  8 cases w as n ea r to  tra n s fe r r in , w hile th e  o th e r, iden tified  
in  12 cases w as localized  n e a r to  S -a lpha-2 -m acrog lobu lin . T hese frac tions 
d isap p eared  b y  e ig h t w eeks p o st p a r tu m  an d  w ere n ev er p re se n t in  th e  cord 
an d  con tro l sera o r in  th e  am n io tic  flu id  (F ig . 1).

■ ■
C D E

Fig. 1. A: D isc -e lec tro p h o re to g ram  o f th e  serum  of a  h e a lth y  w om an . T he b lood w as tak en  
a t  th e  end  of th e  f irs t  s tag e  o f lab o u r. N ote  th e  increase  o f th e  fa s t  an d  slow p o sta lb u m in s 
an d  of tran sfe rrin  w ith  th e  a p p ea ran c e  of tw o globulin  (pp i a n d  pp„) f rac tio n s  in d ica ted  by  
arrow s. B: Serum  of th e  sam e w om en e ig h t weeks p o st p a r tu m . C: P h e ro g ram  o f th e  am nio tic  
flu id . D : P herogram  of b lood  se ru m  o f one of th e  um bilica l a rte rie s . E : P h e ro g ram  of th e  
b lood-serum  of th e  um bilica l ve in . A b b rev ia tio n s: fp a : fa s t  p o sta lb u m in s; sp a : slow post- 
a lb u m in s; t r :  tran s fe rrin ; h p : h ap to g lo b u lin s ; pp ,: p reg n an cy  p ro te in ,; pp 2: p reg n an cy

p ro te in 2
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D iscussion

A  q u a n tita tiv e  in c rease  in  som e serum  p ro te in  frac tio n s  in  p re g n a n t 
w o m en  h as  a lread y  been  o b se rv ed  (S l a u n w h i t e  an d  S a n d b e r g  1959; 
D o w l i n g  e t al. 1965; Ma n  a n d  W h i t e h e a d  1968; T h a n  e t al. 1970). T h e  in 
c rea se  in  th e  fa s t p o s ta lb u m in s  (CBG , TB G ) was ex p la in ed  b y  th e  increased  
o e s tro g e n  level and  th e  m o d ified  th y ro x in e  m etab o lism , w hile  th e  increase  
in  th e  slow  po sta lb u m in s w as a t t r ib u te d  to  th e  e lev a ted  C oeruloplasm in 
lev e l, a n d  fo r th e  increase  in  tra n s fe r r in , th e  en h an ced  iro n  tra n s p o r t  was 
h e ld  resp o n sib le .

T h e  low er p ro te in  c o n c e n tra tio n  in  th e  cord  sera , th e  absence  o f h a p to ­
g lo b in s  a n d  of th e  o th e r ch an g es in  m a te rn a l sera  suggests t h a t  fo e ta l p ro te in  
p ro d u c tio n  is in d ep en d en t o f  t h a t  o f  th e  m o th er, th o u g h  th e  se lec tive  t r a n s ­
p la c e n ta l  passage of som e m a te rn a l  p ro te in  frac tio n s (a lb u m in , IgG ) has been 
d e f in i t iv e ly  p roven  (D ano is  e t  al. 1961; H a w o rth  e t al. 1965). T h e  m a te rn a l 
o rig in  o f  am nio tic  flu id  p ro te in s  seem s v e ry  p ro b ab le  (M cK a y  e t  al. 1958; 
A b b a s  a n d  T o ve y  1960; U s a t e g u i -G omez an d  M org an  1966a, b , 1967). The 
a m o u n t  a n d  n a tu re  of m a te rn a l p ro te in s  crossing th e  fo e ta l m em b ran es depend  
on  th e  se lective a c tiv ity  o f  th e se  b a rrie rs . T he role of th e  p la c e n ta  ( W ir t ­
s c h a f t e r  an d  W illiam s  1957) an d  of th e  foetus ( B r e z i n s k i  e t al. 1961) in 
th e  sy n th e s is  o f some of th e  p ro te in s  of th e  am n io tic  flu id  c a n n o t, how ever, 
be  e x c lu d ed . In  our in v e s tig a tio n s  th e  p ro te in  com position  of th e  am nio tic  
f lu id  resem bled  th a t  of th e  c o rd  se ra , b u t th e  p resence of 1-1 ty p e  h ap to g lo b in  
in  so m e  cases has to  be co n sid e red  a d irec t p ro o f o f th e  m em b ran es being 
se le c tiv e ly  p en e trab le  fo r som e m a te rn a l p ro te in s .

S m it h ie s  (1959), A f o n s o  a n d  D e A lvarez  (1964), D a v is  (1964) and  
o th e rs  described  th e  ex is ten ce  o f a p reg n an cy -asso c ia ted  alpha-2 -g lobu lin . 
I n  a d d itio n  to  th is  H i r s c h f e l d  an d  S ö d e r b e r g  (1960), W i l k e n  (1963), 
B a y e r  (1966), B u n d s c h u h  (1967) an d  H o fm a n n  e t al. (1970, 1972) d em o n ­
s t r a te d  a p regnancy  specific  b e ta -l-g lo b u lin .

I n  ou r m a te ria l th e  a lp h a -2 -b e ta -l-g lo b u lin  n e a r to  tra n s fe r r in  in  the  
m a te rn a l  serum  seem s to  be  id e n tic a l w ith  th e  p reg n an cy  p ro te in  d e m o n s tra te d  
b y  d isk -e lec trophoresis  b y  D a v is  (1964) (p reg n an cy  p ro te h q ) . T he o th e r 
f ra c t io n , n ear to  S -a lfa -2 -m acrog lobu lin  in  ou r series, w as o b served  also by  
S m i t h i e s  (1959) an d  A f o n s o  a n d  D e A lvarez  (1964) in  s ta rch -g e l an d  by 
H o f m a n n  e t al. (1972) in  d isk -e lec trophores is  (p reg n an cy  p ro te in 2). T he role 
o f  th e s e  frac tions is n o t c lea r . T h e y  are n o t id e n tic a l w ith  an y  o f th e  know n 
p ro te in  horm ones an d  no s te ro id  is b o u n d  to  a n y  of th e m  ( W i l k e n  1963; 
B a y e r  1966). T hey  differ f ro m  oxy to c in ase  an d  p h o sp h a ta se  enzym es (A fonso  
a n d  D e A lvarez  1964; R o b i n s o n  e t al. 1966) a n d  are  p re se n t in  a b o u t one 
th i r d  o r h a lf  of p re g n a n t w om en . T hey  w ere fo u n d  in  cases o f tro p h o b la s tic  
tu m o u r  and  a fte r long te rm  oestrogen  t r e a tm e n t in  n o n -p re g n a n t w om en as
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well (A f o n s o  and D e A l v a r e z  1964; R o b i n s o n  et al. 1966; B u n d s c h u h  1967; 
K a d a c h  1970).

Our observations indicate th at these fractions are not crossing the 
placental or am niotic m em branes in detectable am ounts and disappear eight 
weeks post partum . This m eans th a t they  are fa irly  specific o f  pregnancy. 
I t  cannot, however, be excluded th a t these fractions are regular com ponents 
o f the normal serum and only their concentration is below the sen sitiv ity  of 
the usual m ethods; during pregnancy their level m ay increase and thus they  
m ay becom e detectable.
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DER EINFLUSS YON PROSTAGLANDIN E,
AUF DIE ZUSAMMENSETZUNG DER FREIEN  

FETTSÄUREN IM BLUTPLASMA BEIM KANINCHEN

Von

M. L. MlCHAILOV

ZENTRALINSTITUT FÜR HERZ- UND KREISLAUF-REGULATIONSFORSCHUNG 
DER AKADEMIE DER WISSENSCHAFTEN DER DDR, BERLIN-BUCH, DDR

(E in g eg an g en  den 17. A pril, 1974)

Die U n te rsu ch u n g en  d e r W irkung  des exogenen  P ro s tag lan d in s  E , a u f  das 
S p ek tru m  der freien  F e tts ä u re n  im  B lu tp la sm a  von  K an in ch en  w urde u n te r s u c h t .  
Die u n g e sä ttig te n  F e tts ä u re n  w iesen eine deu tlich e  E rh ö h u n g  auf, in sb eso n d e re  die 
L ino lsäu re  u n d  w eniger die Ol- u n d  A rach idonsäure . D er A n te il de r g e sä tt ig te n  F e t t ­
säu ren  v e rm in d e rte  sich m it A usnahm e der S tea rin säu re . Die gew onnenen  E rg eb n isse  
w urden  m it den  m etab o lisch en  F u n k tio n en  des P G E , e rk lä r t  und  m it a n d e re n  B eo­
b a ch tu n g en  verglichen.

Die M annigfaltigkeit der physiologischen E ffekte der P rostaglandine  
(PG ), die nach einer Vielzahl experim enteller B eobachtungen nachgew iesen  
werden konnten, wobei widersprüchliche W irkungen nicht selten auftreten , 
erfordert sowohl zielgerichtete U ntersuchungen als auch G egenüberstellungen  
und Synthese der gew onnenen analytischen D aten.

D ie PG der Gruppe E üben verschiedene, oft sehr starke E in flü sse  auf 
die m etabolischen Prozesse der Gewebe und Organe aus. Diese W irkungen  
au f die Nahrungs- und W asseraufnahm e des adipösen Gewebes ( B a i l e  et al. 
1973) und au f die lipo lytischen  und glykäm ischen Prozesse stehen  m it der 
physiologischen Aufgabe der PG als M ediatoren eines Feedback-M echanism us 
zur Freisetzung der adrenergischen Transm itter in Verbindung ( H e d q u i s t  
1972; S a m u e l s s o n  und W e n n m a l m  1971). Die renale Freisetzung von  PG  
bei N ervenstim ulation  ( D u r h a m  und Z im m e r m a n n  1970) sowie die E rhöhung  
des Noradrenalinsiegels bei Inhibition  der PG -Synthese deuten an, daß diese  
M echanismen den funktionellen Zustand der biologischen System e kontrollieren.

W ährend die B iokonversion der polyenen Fettsäuren in PG sow ie  die 
günstige B eeinflussung ihrer B iosynthese durch die Infusion essentieller F e tt ­
säuren oder die Stim ulierung der Phospholipase A nachgewiesen w erden konn­
ten ( B ergström  et al. 1964; V a n  D orp  et al. 1964), fand man, daß eine Infusion  
von PG in kleiner Dosis die Folgen eines D efizits an essentiellen F ettsäuren  
nicht kom pensiert ( K u p i e c k y  et al. 1968). Wir stellten  uns daher die A ufgabe, 
den Effekt des applizierten P G E r auf die Zusam m ensetzung der freien F e tt­
säuren (FFS) im B lutplasm a im Tierexperim ent zu untersuchen.
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Methode

Als V ersu ch sm ate ria l d ie n te n  25 e in jährige  m isch rassige  K an in ch en  beiderlei Ge­
sc h le c h ts  m it einem  D u rc h sc h n ittsg e w ic h t von 4 kg , d ie  u n te r  S ta n d a rd n a h ru n g  in  E inzel­
k ä f ig e n  gehalten  w u rd en . B ei 15 T ieren  w urde P G E j (U p jo h n  Co., K a lam azo o , M ichigan) 
in  d ie  V. m arginális e ines O h re s  in jiz ie rt (V ersu ch sg ru p p e), u n d  zw ar am  1. T ag  200 p g 4 am 
2 .— 4. T ag  100 (ig. I n  d e r  v ie r tä g ig e n  V ersuchsperiode  n a h m e n  die T iere w eniger N ah ru n g  
a u f ;  ih r  Gew icht v e rrin g e rte  s ich  u m  ca. 200 g. 10 K a n in c h e n  d ien ten  als K o n tro llg ru p p e ; 
sie e rh ie lte n  In jek tio n en  v o n  physio log ischen  K o ch sa lz lö su n g , Bei diesen T ie ren  e rgaben  sich 
k e in e  N ahrungs- u n d  G ew ich tsab w eich u n g en .

N ach  12stündiger N a h ru n g sk a re n z  w urde d en  T ie ren  m itte ls  H e rzp u n k tio n  bei k o n ­
s ta n te n  V ersu ch sbed ingungen  B lu t  en tnom m en. D ie E x tr a k t io n  der L ip ide  au s dem  P lasm a 
e rfo lg te  m it dem  C h lo ro fo rm -M eth an o l-V erfah ren , d ie  F ra k tio n ie ru n g  de r L ip ide  du rch  
D ü n n sch ic h tc h ro m a to g rap h ie  m it  K ieselgel G /M erck (M a n g o ld  1962). F ü r  die G asch ro m a to ­
g ra p h ie  w urden  die F F S  m it  M eth ano l/S a lzsäu re  v e re s te r t .  D ie Z u sam m en setzu n g  der F F S  
b e s t im m te n  wir g a sc h ro m a to g ra p h isc h  (G asofragt T P  500) m it F lam m en io n isa tio n sd e tek to r 
u n t e r  fo lgenden B e d in g u n g en : Säu len fü llung  10%  E G S S -X  (A pplied Science L ab . Inc .) au f 
G a sc h ro m  P, 80-100 m esh ; S äu len län g e  200 cm  X 4 m m ; T räg erg as: S tick s to ff  2,5 1/Std; 
T e m p e ra tu r :  Säule 170 °C , In je k tio n s p u n k t 240 °C, D e te k to r  220 °C; P a p ie rv o rsch u b  300 bzw. 
600 m m /S td ; E m p fin d lic h k e it 5 • 10-9  — 5 • 10-10 A. A us dem  m it einem  In te g ra to r  au s­
g e w e r te te n  Peakflächen  w u rd e n  d ie A nteile der e in ze ln en  F e tts ä u re n  e rrech n e t. Z ur s ta tis t i ­
sc h e n  A usw ertung  de r R e s u l ta te  w urden  K o rre la tio n sp rü fu n g  u n d  t-T e s t herangezogen .

Tabelle I

Mittelwerte der F F S  m it Standardabw eichungen bei m it physiologischer 
Kochsalzlösung behandelter K ontrollgruppe u n d  m it Prostaglandin E l behandelter

V  ersuchsgru p p e

C -Zahl K o n tro llg ru p p e  V ersu ch sg ru p p e

G esä ttig te  F e tts ä u re n  in  %

C-12 0,5 ± 0 ,2 0,4 ± 0 ,2

C14 1,5 ± 0 ,3 0,8 ± 0 ,3

^16 42,8 ± 3 ,9 22,2 ± 2 ,4 ( p <  0,05)

^18 4,4 ± 0 ,4 9,6 ± 1 ,3 ( p <  0,05)

*-*20 2,6 ± 0 ,5 0,8 ± 0 ,3

Z  = 51,8 ± 4 ,5 33,8 ± 3 ,5 (p <  0,05)

U n g e sä ttig te  F e tts ä u re n  in  %

Cu : , 0 ,2 0 ,3

Ci6M 5 , 4 ± 0 , 4 1 ,3 ± 0 , 2 (p  <  0 ,0 5 )

Cl8M 2 4 , 8 ± 2 , 2 3 0 ,4 ± 2 , 8 ( p <  0 ,0 5 )

^18:2 7 ,5 ± 0 , 8 2 3 ,7 ± 2 , 2 ( p <  0 ,0 1 )
Г̂18:з 5 ,0 ± 0 , 4 1 ,5 ± 0 , 2 ( p <  0 ,0 5 )

Сгом 5 ,3 ± 0 , 4 9 ,0 ± 0 , 8 (p  <  0 ,0 5 )

Z! = 4 8 , 2 ± 4 , 5 6 6 ,2 ± 6 , 0 ( p <  0 ,0 5 )
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Ergebnisse

D as PGEj rief bei den K aninchen deutliche Veränderungen in der 
Zusam m ensetzung der F F S  im  Plasm a im V ergleich zu den K ontrolltieren  
hervor. Tabelle I dem onstriert die Ergebnisse der einzelnen F F S bei beiden  
Untersuchungsgruppen. D ie Veränderungen in der Versuchsgruppe m it PGEj 
sind folgenderweise charakterisiert: 1. D ie G esam tm enge der ungesättigten  
FFS ist erhöht. 2. Der A nteil der gesättigten  F F S  verm indert sich entsprechend  
m it Ausnahm e der Stearinsäure (C18), die sogar ansteigt. 3. Die ausgeprägteste 
Erhöhung zeigt die Linolsäure (C18:2). 4. D ie Arachidonsäure (C20;4) ist deutlich  
angereichert. 5. Die Ölsäure (Clg;1) zeigt ebenfalls erhöhte W erte. 6. Palm it- 
olein-(C16;1) und Linolensäure (C18.3) verm indern sich relativ.

Diskussion

D ie i.v . A pplikation von PG Ej erhöht die PG -K onzentration im B lu t­
plasm a, und seine lokale W irkung im Gewebe b esitz t eine teilw eise Analogie 
zu der erhöhten P G -K onzentration  im B lut nach verm ehrter Produktion in 
der N iere bei N ervenstim ulation . D ie stim ulierten physiologischen Funktionen  
gehen, wie bekannt, m it der Freisetzung energiereicher Verbindungen einher. 
Der A nstieg der M enge der ungesättigten  F ettsäuren  steht m it dem m etaboli­
schen E ffekt einer erhöhten PG -K onzentration im  B lutkreislauf in Verbin­
dung. Zur Erläuterung unserer Ergebnisse können einige physiologische M echa­
nism en herangezogen werden. PG inhibiert die A k tiv itä t des sym pathischen  
N ervensystem s und kann einige physiologische System e beeinflussen ( H orton  
1973). Das injizierte PG interferiert durch einen Feedback-M echanism us m it 
den E ffekten der K atecholam ine inklusive ihrer W irkung auf die Lipolyse 
und U tilisation  der F F S . E ine Erhöhung der M enge der F F S, besonders der 
ungesättigten F F S, kann als Folge der Verwirklichung der K ontrollfunktion  
über m etabolische Prozesse entstehen. Es ist b ekannt, daß das PG die ketogene  
W irkung des Noradrenalins abschwächt und die G lykolyse beschleunigt 
(L e m b e r g  et al. 1971). In  Prozessen der L ipolyse bilden sich endogene PG, 
die den Gehalt des zyklischen  AMP senken und au f diesem W ege die Lipolyse 
beeinflussen ( I l iano  und Cuat r e c a sa s  1971; M ic h e li  1970). Durch Verab­
reichung von PG Ej, die die K onzentration von  PG im B lut ansteigen läßt, 
können die physiologischen PG -Bedürfnisse gedeckt werden, wodurch ein 
einsparender Effekt in der endogenen Synthese en tsteh t, der die Vermehrung 
der zirkulierenden polyenen  Fettsäuren erm öglicht. Eine Inhibition  der PG- 
Synthese erfolgt durch ö l- ,  Linolen- und besonders durch Linolsäure, da sie 
um die PG -Synthese m it der Arachidonsäure konkurrieren (P a c e -A sciak  und 
W olfe  1968). Die v ielseitige W irkung des PG Ej auf die L ipolyse sowie die 
T atsache der Stim ulierung der A denylzyklase durch PG ( K im b e r g  et al. 1971;
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P e e r y  e t al. 1971) zeigen, daß das PG die M obilisierung der F e tte  aus den 
D ep o ts  n icht immer verhindern kann. D abei kann sogar eine erhöhte FFS- 
K on zen tration  im Plasm a b eob ach tet werden (Ca r l s o n  et al. 1970). D ie S ti­
m u lieru n g  des K ohlenhydrat-M etabolism us nach PG-Verabreichung m it ver­
d o p p elten  glykäm ischen W erten  (L e m b e r g  et al. 1971; O naga  und S olomon

1970) führt zur M odifizierung der Fettsäureaufnahm e in den Zellen. D ie  fest­
g e ste llte  Vermehrung der Steroidhorm one im  Plasm a durch PG kann auch 
m it der lipolytischen W irkung im  Zusam m enhang stehen (Tai et al. 1970). Die 
E rh öh u n g  der ungesättigten  F ettsäuren , insbesondere der Linolsäure, erweist 
sich  wahrscheinlich als ungenügend, die Folgen ihres chronischen D efiz its  zu 
b ese itig en  im Hinblick au f d ie beschränkte A nw endung hoher D osen für län­
gere Z eit und auf die durch P G  gehem m te Zufuhr von polyenen F ettsäuren . 
A ußerdem  werden die polyenen  Fettsäuren v ielseitig  kontrolliert und für ver­
sch ied en e  Körperfunktionen b en ötig t. Die erm ittelte Erhöhung der polyenen  
F ettsä u ren  erscheint unzureichend, um die angestiegene Nachfrage decken zu 
k ön n en . PG E t beeinflusst die Zusam m ensetzung des FFS Spiegels, dessen Ver­
änderungen  mit bestim m ten physiologischen Funktionen dieser Substanzen  
in V erbindung stehen.
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EFFECT OF TENOTOMY ON THE LIPID COMPOSITION 
OF MUSCLES WITH DIFFERENT BIOLOGICAL

FUNCTIONS

By

L. H e i n e r , J . D omonkos  an d  M. V a r g h a , jr.
D EPARTM ENT O F NEUROLOGY AND IN ST ITU TE FOR BRA IN  RESEA RCH ,

U N IV E R SIT Y  MEDICAL SCHOOL, SZEGED

(R ece iv ed  M arch 25, 1974)

T he lip id  com p o sitio n  of th e  to n ic  soleus m uscle, th e  in te rm e d ia te - ty p e  (con­
ta in in g  tonic an d  te ta n ic  fib res) gastro cn em iu s m uscle and  th e  te ta n ic  v a s tu s  la te ra lis  
m uscle o f th e  ra b b it  w as ex am in ed  one an d  tw o w eeks a fte r  ten o to m y . O ne w eek  afte r 
ten o to m y  th e  a m o u n t o f  trig ly cerid es an d  p h o spho lip ids increased  o n ly  in  th e  tonic 
m uscle. T his increase  w as m ore p ro n o u n ced  a f te r  tw o weeks. A t th is  tim e  th e  a m o u n t 
o f th e  ab o v e-m en tio n ed  lip ids in creased  in th e  in te rm ed ia te - ty p e  m uscle , to o . On the  
o th e r  h an d , in th e  te ta n ic  m uscle th e  lip id  com position  d id  n o t ch an g e  s ig n ifican tly  
even  tw o w eeks a f te r  ten o to m y .

R egard ing  th e  p h o sp h o lip id s , q u a lita tiv e  changes could also be  o b se rv ed  in  the  
to n ic  m uscle tw o w eeks a f te r  te n o to m y : th e  f a t ty  a ldehyde  c o n te n t o f ch o lin e  phos- 
p h a tid e s  and  non-choline  p h o sp h a tid e s  increased . T he observed  chan g es o f p h o sp h o ­
lip ids in ton ic  m uscle follow ing ten o to m y  could  be p rev en ted  b y  s im u ltan eo u s ly  
perform ed d en erv a tio n .

Owing to the biological diversity o f  m am m alian skeletal m uscles, 
generalizations concerning their responses to  denervation, im m obilization  and 
m etabolic alterations, are questionable. According to our previous results, 
the lipid com position o f  m uscles w ith different biological fu n ction s, the 
so-called tonic and tetan ic  m uscles, differ from  each other ( H e i n e r  and 
D omonkos  1970). On the other hand, follow ing denervation ( H e i n e r  et al. 
1970, 1971a) and in dexam ethasone-induced m yopathy ( H e i n e r  et al. 1971h), 
the am ount and the q u alita tive com position o f phospholips change in a charac­
teristic  manner in tonic and tetan ic  m uscles. I t  seem ed therefore o f  some 
interest to investigate the lipid com position o f muscles follow ing tenotom y, 
another type of m uscle dam age.

Methods

A d u lt ra b b its  k e p t on  a n o rm al d ie t  w ere used . T h e  an im als w ere a n a e s th e tiz e d  w ith  
so d iu m  p e n to b a rb ita l. In  th e  f i r s t  g ro u p  o f an im als th e  ten d o n  o f th e  r ig h t  so leus, in  the 
second  group  the  ten d o n  of th e  g astro cn em iu s an d  in  th e  th ird  one th e  te n d o n  o f th e  w hite 
p o rtio n  o f th e  v a s tu s  la te ra lis  m uscle  w ere tran sec te d  a n d  one or tw o w eeks la te r  th e  anim als 
w ere k illed . Muscle specim ens w ere o b ta in e d  fro m  th e  soleus (ton ic), v a s tu s  la te ra lis  ( te tan ic ) 
a n d  g astrocnem ius ( in te rm ed ia te , co n ta in in g  b o th  to n ic  an d  te ta n ic  fib res) m uscles. The 
c o n tra la te ra l  m uscles served  as co n tro ls. A fte r rem ov ing  th e  connective  tis su e , th e  m uscles
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w ere  hom ogenized  and  e x tr a c te d  w ith  ch lo ro fo rm -m eth an o l (2 : 1 v /v ) a t  room  te m p e ra tu re . 
S e p a ra t io n  of lipids w as p e rfo rm e d  in the  sam e m a n n e r  as in  earlie r s tu d ies (H e in e r  and  
D o m o n k o s  1970). D e te rm in a tio n  o f  th e  m uscle cell p h a se  w as based  upo n  th e  e stim a tio n  
o f  n o n -co llag en o u s p ro te in  a c c o rd in g  to  L il ie n th a l  e t  a l. (1950). A fter tre a tin g  th e  hom ogen­
ize d  m u sc le  w ith  0.05 N N a O H , th e  e lu ted  p ro te in  w as d e te rm in e d  accord ing  to  H il l e r  
e t  a l. (1948), fa tty  a ldehydes b y  th e  m ethod  of W a r n e r  a n d  L a n d s  (1961). P h o sp h o ru s  was 
d e te rm in e d  according to  F is k e  a n d  Su b b a R ow (1925), a f te r  H „S 0 4 tre a tm e n t,  n e u tra l  g ly ­
c e r id e s  acco rd ing  to  Ca r lso n  (1963).

Results

T able I shows the e ffec t o f tenotom y on the cell protein content o f tonic, 
in term ed iate  and te tan ic  m uscles. One w eek after ten otom y the am ount o f  
non-collagenous protein decreased significantly on ly  in  the tonic m uscle. This 
decrease was more pronounced  after two w eeks. Then the am ount of non- 
co llagen ou s protein decreased  in  the interm ediate m uscle too. In the tetanic  
m u scle , the amount o f non-collagenous protein  w as unchanged tw o weeks 
after  tenotom y.

Table I

E ffec t o f  tenotomy on the a m o u n t o f non-collagenous pro te in  in  various muscles 
( mg p ro te in  per g muscle wet weight)

Contralateral muscle Tenotomized muscle

Tonic m uscle

1 week 157.0±13 (10)* 1 1 6 .0 ± 2 3  (10)

2 weeks 161 .0±23  (6) + 9 6 .0 ± 2 9  (6) +

In term ed ia te  m uscle

1 week 172 .0±14  (9) 1 5 6 .0 ± 1 5  (9)

2 weeks 169.0±  8 (7) 1 3 1 .0 ± 1 5  (7) +

T etanic m uscle

2 weeks 177.0±15 (7) 1 7 6 .0 ± 1 9  (7)

* M ean +  S.D. N u m b e r o f  experim en ts in  b ra c k e ts
+ p  <  0.01

T able II shows the n eu tra l lipids content o f  tenotom ized m uscles. Two  
w eek s after tenotom y th e  m ost striking changes occurred in tonic muscle, 
w h ere both  the content o f  triglycerides and neutral plasm alogens (triglycerides 
co n ta in in g  fatty  a ldehydes) increased m arkedly. In the interm ediate m uscle 
th e  neu tral lipids showed le ss  pronounced changes. In  the tetanic m uscle the  
a m o u n t o f neutral lipids d id  n o t change sign ifican tly  b y  two weeks after teno­
to m y . One week after te n o to m y  changes in th e  am ount o f neutral lipids were 
ob served  only in the to n ic  m uscle. B y this tim e, both the triglyceride and
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Table 11

Effect o f  tenotomy on the am ount o f  neu tra l lip id s  in various muscles 
(p  mol per g non-collagenous protein)

Tonic muscle Intermediate muscle Tetanic muacle

T rig lycerides

(expressed  in glycerol) 

1 week

C 1 5 3 ±  81 (10)* 1 2 .9 ±  3.2 (9)

T 297 ± 1 6 4  (10) 15.8 dr 4-5 (9) —

2 weeks 

C 1 2 4 ±  38 (6) 1 3 .6 ±  3.1 (7) 7 .3 5 ± 1 .3 1  (6)

T 6 3 1 ± 2 8 9  (6) + 3 6 .0 ± 1 0 .3  (7) + 1 0 .8 0 ±  1.70 (6)

“ N e u tra l p lasm alogen” 

(expressed  in palm itic  

a ldehyde)

1 week

C 0 .9 5 ± 0 .2 5  (10) 0 .3 0 ± 0 .1 6  (9)

T 1 .6 6 ± 0 .6 0  (10) + 0 .3 3 ± 0 .1 8  (9) -

2 weeks 

T 0 .4 3 ± 0 .0 9  (6) 0 .2 4 ± 0 .1 5  (7) 0 .3 3 ± 0 .0 9  (6)

T 1 .7 9 ± 0 .6 3  (6) + 0 .4 5 ± 0 .2 4  (7) 0 .3 7 ± 0 .0 6  (6)

C: c o n tra la te ra l  m uscle
T : ten o to m ized  m uscle
* M ean +  S.D . N u m b er of ex p erim en ts  in  b ra c k e ts
X  P <  0.01

neutral plasm alogen content increased. This increase was more sign ifican t in 
neutral plasm alogen.

Table III  shows the effect o f ten otom y on the amount o f lip id -P  and 
fa tty  aldehyde in the choline-phosphatide fraction  of the m uscles. In  th e  tonic  
m uscle, the am ount o f  lipid-P and fa tty  aldehyde was increased one w eek after 
tenotom y. The increase was more pronounced tw o weeks after th e  operation. 
In the interm ediate muscle one week after ten otom y the am ount o f  lip id-P  
and fa tty  aldehyde were not altered sign ifican tly . At two weeks, a pronounced  
increase w^as, how ever, observed first o f all in the am ount of lip id-P . The fa tty  
aldehyde content of choline phospholipids increased slightly. In  th e  tetan ic  
m uscle, the am ount o f choline phosphatides did not change sign ifican tly  even  
at tw o w eeks after tenotom y.

Table IV illustrates the lip id-P  and fa tty  aldehyde content in the non­
choline phosphatide fraction of the m uscles follow ing tenotom y. In th e  tonic
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Table III

E ffect o f  tenotomy on the am ount o f lip id  p hosphorus and fa tly  aldehyde 
in  choline phosphatides in  va rio u s muscles 

(p e r  g non-collagenous p ro te in )

Tonic muscle Intermediate muscle Tetanic muscle

L ip id  ph o sp h o ru s , m icroatom  

1 w eek

C 30 0 ±  3.1 (10)* 2 6 .4 ±  2.7 (9)

T 6 2 .4 ± 1 7 .6  (10) 31.6 ±  3.8 (9) —

2 w eeks 

C 32 .7±  3.2 (6) 31 .3 ±  3.2 (7) 3 3 .8 ± 5 .6  (6)

T 86 .9 ± 2 7 .1  (6) 52.7 ± 1 0 .3  (7) + 3 9 .9 ± 4 .8  (6)

F a t ty  a ldehydes, m icrom ole 

1 w eek  

C 1 .5 4 ± 0 .3 0  (10) 1 .7 1 ± 0 .7 4  (9)

T 2 .9 6 ± 0 .9 3  (10) + 1 .9 2 ± 0 .7 3  (9) —
2 w eeks 

C 2 .7 0 ± 1 .0 8  (6) 3 .0 7 ± 1 -2 5  (7) 0 .9 4 ± 0 .2 0  (6)

T 10 .7 0 ± 3 .0 0  (6) + 6 .4 3 ± 2 .9 3  (7) 1 .2 1 ± 0 .2 4  (6)

C: c o n tra la te ra l m uscle 
T  : ten o to m ized  m uscle
* M ean  +  S.D . N u m b e r o f  ex p erim en ts in  b ra c k e ts  
+ p  <  0.01

m uscle  after both one and tw o weeks the am ount o f  lipid-P and fa tty  aldehyde  
increased  significantly. In  th e  interm ediate m uscle there was no change after 
one w eek , while after tw o w eeks the am ount o f  b o th  lipid-P and fa tty  aldehyde  
in creased  m arkedly. In th e  tetan ic muscle neither the amount o f lip id -P , nor 
th a t  o f  fa tty  aldehyde had changed at tw o w eeks after tenotom y.

D iscussion

O nly K o s t i c  et al. (1965) investigated  th e  effect of tenotom y on the  
lip id  com position o f m uscles. According to  their results, after transection  of 
th e  ten d on  of the m. triceps surae, the am ount o f  phospholipids increased in 
th e  m uscle. H ow ever, m uscles different in b iological function w ere not 
in vestiga ted .

Our results showed th a t  after tenotom y fir st o f  all the lipid com position  
o f  to n ic  m uscle changes; one week after the operation  the am ounts o f neutral
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Table IV

Effect o f  tenotomy on the am ount o f  lip id  phosphorus and fa tty  aldehydes 
in  non-choline phosphatides on various muscles 

(  per g  non-collage no us prote in  )

T o n ic  m uscle In te rm e d ia te  m uscle T e ta n ic  m u sc le

L ip id  phosphorus, m icroatom  

1 week

C 2 8 .0 ±  2.5 (10)* 2 0 .0 ± 3 .9  (9)

T 5 4 .0 Ü 6 .1  (10) + 2 2 .8 Í3 .5  (9) —
2 weeks 

C 2 1 . 9 i  1.8 (6) 2 0 .6 ± 5 .4  (7) 2 0 .7 ± 3 .1  (6)

T 5 1 .8 ± 1 3 .0  (6) + 3 3 .2 i3 .3  (7) + 21.1 i 3 . 2 (6)

F a t ty  a ldehyde, m icrom ole 

1 week

C 6 .4 3 i0 .7 2  (10) 4 .7 5 Í0 .6 7  (9)

T 1 3 .6 0 i3 .1 0  (10) + 5 .4 5 i0 .9 5  (9) —
2 weeks

C 7 .9 0 ± 1 .3 4  (6) 6 .3 0 Í0 .4 2  (7) 5 .4 6 i0 .8 2  (6)

T 2 1 .8 0 i5 .9 0  (6) + 1 2 .1 0 i3 .4 0  (7) + 5 .8 0 Í0 .8 5  (6)

C: c o n tra la te ra l m uscle 
T  : ten o to m ized  m uscle
* M ean +  S.D . N u m b er o f  ex p erim e n ts  in b ra ck e ts
+ p  <  0.01

lip ids and phospholipids were increased. The increase was more pronounced  
after tw o weeks. The gastrocnem ius is an in term ediate-type m uscle, in  which 
tetan ic  fibres are predom inant ( H e n n e m a n  and O l s o n  1965). The am ount of 
lipids in this muscle increase sign ificantly  only tw o weeks after ten o to m y  and 
the increase was less than  the pronounced one observed in the te ta n ic  m uscle. 
W hile in the tetanic m uscle even  two weeks after ten otom y there was no 
change in the com position o f  lip ids, in the m. gastrocnem ius con ta in in g  both  
tonic and tetan ic fibres the observed changes were probably due on ly  to  changes 
in tonic fibres.

The changes observed in the tonic m uscle tw o weeks after ten o to m y  were 
not lim ited to an increase in the am ount o f phospholipids. Their com position  
displayed also qualitative changes. The rate o f increase in th e  am ount of 
phospholipids and that o f  th e  fa tty  aldehydes in phosphatides w as not the 
sam e as in the choline or non-choline phosphatides o f the ton ic m uscle two 
weeks after tenotom y.
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A s Table V show s, th e  ratio of fa tty  a ldehyde to lipid phosphorus 
in creased . As com pared to  th e  increase in choline-phosphatides, th is increase 
w as m ore pronounced in  th e  non-choline p hosphatid es. The increase in the  
ra tio s suggests that under th e  effect of ten otom y in tonic muscle the synthesis 
o f  phospholipids con ta in in g  v in y l ether bond (plasm alogens) is greater than  
th a t  o f  phospholipids w ith  d iacy l ester bond. Sim ilar qualitative changes could  
n o t be observed in in term ed iate-typ e and te ta n ic  m uscles. I t  was stated  pre­
v io u s ly  (H e in e r  et al. 1970) that at 3— 6 w eeks follow ing denervation, the  
a m o u n t of fatty  a ldehyde is increased in phospholip ids both in ton ic and 
te ta n ic  muscles. On th e  o th er  hand, in dexam ethasone m yopathy, the content 
o f plasm alogens decreases m ain ly  in the tetan ic  m uscle ( H e i n e r  et al. 1971b). 
Our recent findings, as w ell as our previous resu lts suggest th at these various

Table V

E ffect o f  tenotomy on fa t t y  aldehyde contents o f  p h o sp h o lip id s in  various muscles
(per cent [ A /P  ■ 1 0 0 ])

Tonic muscle I n te r m e d ia te  m uscle T e tan ic  m uscle

Coline phosphatides 

1 week 
C 5.2 ±  1.2 6 .5 ± 2 .7

T 5.1 ±  1.7 6 .3 ± 2 .1 —
2 weeks 

C 8 .2 ± 2 .9 1 0 .0 ± 4 .2 2 .8 ± 0 .7
T 12.4±1.3  + 1 1 .9 ± 4 .0 3 .6 ± 0 .9

Non-choline 

phosphatides 

1 week

C 23.2±3 .4 2 4 .2 ± 2 .9
T 25.9±4 .9 24.0 ± 2 .7 —

2 weeks 

C 36 .0±3 .0 32 .5 ±  8.9 2 6 .4 ± 2 .5
T 41.9±1 .9  + 3 6 .5 ± 1 0 .8 2 7 .8 ± 2 .8

и  m o les fa tty  a ldehyde/g non-co llag en o u s p ro te in
A /P  • 100 =  100 • — -------------y -y -1---------- — -------------------------:--------------r

p  a to m s  lip id  phosphorus/g  no n -co llag en o u s p ro te in

V alues com puted  fro m  d a t a  o f Tables I I I  a n d  IV  
C: co n tra la te ra l m uscle  
T : tenotom ized m uscle  
+ p  <  0.05
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experim ental m uscle alterations are in fluencing  the plasm alogen con ten t  
differently in the d ifferent typ es of muscle.

Concerning the results, the question arises w hy only the lipid com po­
sition o f  the tonic m uscle changes so m arkedly and rapidly. The fa ct that 
ten otom y affects th e  structural in tegrity  o f  th e  slow (tonic) m uscle more 
than  th a t o f the fast (tetan ic) one was show n b y  E c c l e s  (1944). The h isto ­
logical changes found in  th e  tenotom ized soleus are much more severe than  
those occurring after d ivision  of the m otor nerve ( G u t m a n n  and Z e l e n á  

1959) and their onset is more rapid. T enotom y, w hich decreases th e  a c tiv ity  
o f ton ic m uscle, converts it  into a tetan ic-typ e m uscle; the a ctiv ity  o f  ten o ­
tom ized tetan ic m uscle is not affected, neither are its  m echanical characteristics 
( V r b o v a  1962, 1963). R ecen tly , T o m a n e k  and C o o p e r  (1972) have in vestiga ted  
the ultrastructural changes occurring in ten otom ized  m uscles. A ccording to  
their results, after ten o to m y  the soleus undergoes a more rapid and m arked  
degeneration than the tetan ic  fibres do in the v a stu s lateralis m uscle. A  localized  
degenerative process occurs in m ost soleus fibres w ithin five  days follow ing  
tenotom y. On the other hand, degenerative foci in  the tenotom ized rat gastroc­
nem ius are infrequent and lim ited ( W a l k e r  et al. 1965) or not ev id en t  
( L i s s á k  et al. 1963).

Severe degeneration follow ing ten otom y in the soleus m uscle can be 
prevented by denervation  or spinal cord section . Thus, degenerative changes 
in the soleus follow ing ten otom y m ight be due to  im pulses o f supraspinal 
origin ( M c M i n n  and V r b o v á  1964).

Table VI

C omm on effect o f  tenotomy and denervation on the am ount o f  
lip id -phosphorus and fa t ly  aldehyde in  phospha lides o f  soleus muscle 

(per g non-collagenous p ro te in )

1 Choline p h o e p h a tid e e
N on-choline

p h oephatidee

L ip id  phosphorus m icroatom

C 2 3 .6 ± 4 .9  (9)* 2 4 .4 ± 2 .4  (9)

T  +  D 3 9 .2 ± 7 .6  (9) + 2 8 .0 ± 8 .7  (8)

F a t ty  aldehyde m icrom ole

C 2 .6 0 ± 1 .0 4  (9) 6 .3 0 ± 1 .4 4  (9)

T  +  D 3 .3 0 ± 1 .3 0  (9) 8 .0 0 ± 2 .1 1  (8)

C: c o n tra la te ra l  m uscle
T  ±  D : 2 w eeks a f te r  te n o to m y  an d  d e n e rv a tio n  
* M ean i  S .D . N u m b e r o f experim en ts  in b ra c k e ts  
+ p  <  0.05
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T he role of the nervous system  in the degeneration of the tenotom ized  
so leu s m uscle have been confirm ed by our resu lts, too. I f  soleus ten o to m y  and 
sc ia tic  nerve division were perform ed together, the am ount of phospholip ids 
in creased  less than after ten o to m y  alone (Table V I). Two weeks after d enerva­
tio n  and  tenotom y, there w as no significant change in the am ount o f  phospho­
lip id  o f  th e  soleus m uscle. T he slight increase w as similar to th a t observed  
after  tw o  weeks of denervation  ( H e i n e r  et al. 1970).

T he am ount o f non-collagenous protein did not decrease sign ifican tly ;  
it s  v a lu e  was 128.0 +  27 m g /g  m uscle, w hile on th e  contralateral side, 159.0 +  
+  14 m g/g  muscle. These resu lts also in d icate th a t tenotom y togeth er  w ith  
d en ervation  “ prevents” th e  effects of ten otom y b y  itself.

Changes o f phosphatides and m ainly o f  plasm alogens of skeletal m uscles 
w ith  different biological fu nctions in various experim entally  induced p ath o­
lo g ica l sta tes suggests the im portant role o f  phospholip ids, first o f the p lasm a­
lo g en s, in muscle function .

L IT E R A T U R E

Ca r l s o n , L . A .: D e te rm in a tio n  o f  se ru m  trig ly cerid e . J .  A theroscler. Res. 1963, 3: 334 — 336.
E c c l e s , J .  C.: In v estig a tio n s  on  m u sc le  a tro p h ies a ris in g  fro m  disuse and  ten o to m y . J .  P hy sio l. 

(L o n d .)  1944, 103: 2 5 3 - 2 6 6 .
F i s k e , C. H .,  Su b b a R o w , Y .: C o lo rim etric  d e te rm in a tio n  o f phosphorus. J .  biol. C hem . 1925 , 

66: 3 7 5 -4 0 0 .
G u t m a n n , E ., Ze l e n á , J .  (1959). C it.: McMin n  a n d  V r b o v á , see below.
H e i n e r , L ., D omonkos, J . :  L ip id  com position  o f to n ic  a n d  te ta n ic  m uscles. A c ta  physio l. 

A cad . Sei. hung . 1 9 7 0 , 37: 2 5 3 - 2 5 8 .
H e i n e r , L ., D omonkos, J . ,  V a r g h a , M. jr .:  E ffec t o f d e n e rv a tio n  on  th e  lip id  co m p o sitio n  

o f  to n ic  and  te ta n ic  m u sc les . A c ta  physiol. A cad . Sei. hung . 1970 , 38: 314 — 324.
H e i n e r , L ., D omonkos, J . ,  V a r g h a , M., jr .:  E ffec t o f d e n e rv a tio n  on  th e  p h o sp h o lip id  classes 

in  to n ic  and  te ta n ic  m u sc le s . A c ta  physio l. A cad . Sei. hung . 1971a, 40: 243 — 249.
H e i n e r , L ., D omonkos, J . ,  V a r g h a , M. j r . ,  Sztics, A .: E ffe c t of d ex am eth aso n e  on  th e  lip id  

co m p o sitio n  of to n ic  a n d  te ta n ic  m uscles. A c ta  physio l. A cad. Sei. hu n g . 1 9 7 1 b , 39: 
3 2 1 - 3 2 8 .

H e n n e m a n , E ., Olso n , C. B .: R e la tio n s  be tw een  s t ru c tu re  and  fu n c tio n s in  th e  desig n  of 
sk e le ta l  m uscles. J .  N e u ro p h y sio l. 1965, 28: 581 — 5 9 0 .

H il l e r , A ., Gr ie r , L ., B e c k m a n n , G. : D e te rm in a tio n  o f p ro te in  in  u rin e  b y  th e  b iu re t  m eth o d . 
J .  b iol. Chem. 1948, 176: 1 4 2 1 -1 4 2 9 .

K o s t ic , D ., N esk o v ic , M., I v ic , M ., K a rad zic , V.: E tu d e  de  la com position  p h o sp h o lip id iq u e  
des m uscles sq u e le ttiq u es  d u  r a t  e t  de ses v a r ia tio n s  au  cours de l’a tro p h ie  e x p é rim e n ­
ta le .  A c ta  m ed. iu g o slav . 1 9 6 5 , 19: 239 —303.

L il ie n t h a l , J .  L., Zie r l e r , K . L .,  F o lk , B. P . ,  B u k a , R .,  R ie l e y , M. J . :  A re fe re n ce  base 
a n d  system  fo r a n a ly s is  o f  m uscle  c o n s titu e n ts  J .  biol. Chem. 1950 , 182: 501 — 508.

L is s á k , K ., T ig y i, A., H o ll ó si, G ., B e n e d e c z k y , J . ,  J u h á s z , P .: In : Gu t m a n n , E .,  H n ik , 
P . (E ds): The E ffec t o f U se  a n d  D isuse on N e u ro m u scu la r  F unctions. P u b lish in g  H ouse 
o f  th e  Czechoslovak A c ad e m y  of Sciences, P ra g u e  1 9 6 3 , pp . 425 — 429.

M cM i n n , R . M. H ., Vr bo v á , G .: T h e  effect of te n o to m y  on  th e  s tru c tu re  o f f a s t  a n d  slow 
m u sc le  in th e  ra b b it .  Q u a r t .  J .  exp. Physio l. 1 9 6 4 , 424 — 429.

T o m a n e k , R . J . ,Co o per , R . R .: U ltra s tru c tu ra l  ch an g es in  ten o to m ized  fast- a n d  s lo w -tw itch  
m u sc le  fibres. J .  A n a t. 1 9 7 2 , 113: 409 — 424.

V r b o v á , G.: T he effect o f te n o to m y  on th e  speed o f  c o n tra c tio n  of fa st an d  slow  m am m alian  
m uscles. J .  Physio l. (L o n d .)  1 9 6 2 , 161: p. 25.

-2 -ia  Physiologica Acadcmiae Hunganraed.4,1974



L IP ID  COM POSITION O P MUSCLES 171

V hbov á , G .: C hanges in  th e  m otor re flex es p ro cu d ed  b y  ten o to m y . J .  Physio l. (L o n d .)  1963, 
166: 2 4 1 -2 5 0 .

W a l k e r , S. M., S c h r o d t , G. R ., T r u o u n c , Y . T ., W a l l , E . J . :  E lec tro n  m icroscope  s tu d y  
o f sacrop lasm ic  re ticu lu m  a n d  m y o fila m e n ts  o f  ten o to m ized  r a t  m uscle . A m er. J .  
p h y s . Med. 1965, 44: 1 7 6 -1 9 2 .

W a r n e r , H . R ., L a n d s , W . E . M.: T h e  m etab o lism  of p lasm alogen: e n zy m a tic  h y d ro ly sis  
o f v in y l e th e r. J .  biol. Chem. 1961, 236: 2404 2409.

Lajos H e i n e r , Jenő D o m o n k o s , Miklós V a r g h a  jr.
O rvostudom ányi E gyetem , Ideg-E lm ekórtani K linika és A gyk u tató  In tézet, 
H -6701 Szeged, K orányi rkp. 15, H ungary

Acla Physiologica Academiae Scientiarum Hungaricae 45,1974





Acta Physiologica Academiae Scientiarum Hungaricae, Tcm us 45 (3 — 4), pp. 173— 180 (1974)

EFFECT OF ELEVATED RENAL VENOUS PRESSURE  
ON INTRARENAL HAEMODYNAMICS

By

G. K ö v é r , L. G. H á r s i n g  and L. H á r s i n g

IN S T IT U T E  O F  P H Y S IO L O G Y , S E M M E L W E IS  U N IV E R S IT Y  M E D IC A L  SC H O O L, B U D A P E S T  

(R eceived M arch 28, 1974)

E x p e rim e n ts  w ere carried  o u t in n o n -d iu re tic  dogs u n d e r p e n to b a rb ita l  a n ae s­
th es ia  to  in v es tig a te  th e  effec t o f increased re n a l v en o u s  p ressu re  on in tra re n a l c ircu la ­
tio n . V enous p re ssu re  w as e levated  to 30 m m  H g  b y  p a r tia l  venous occlusion on  th e  
le ft side. T he r ig h t  k id n ey  served as con tro l. T o ta l  ren a l blood flow (T R B F )  was 
m easu red  d irec tly  b y  collecting  th e  venous o u tflo w . R en al, cortical an d  m ed u lla ry  
blood flow s w ere e s tim a te d  b y  tissue e x tra c tio n  o f  R b  (R b -R B F ). T R B F  rem a in ed  
u n ch an g ed , w hile R b -R B F  fell in p ro p o rtio n  to  th e  decreased  a r te r ia l-v e n o u s  p re s ­
sure d ifference a n d  m ed u lla ry  blood flow' d ecreased  in  excess of th e  c o rtica l flow . 
Such a d isc rep an cy  b e tw een  T R B F  and  R b -R B F  w as n o t fo u n d  in th e  co n tro ls . G F R , 
u rin e  flow  a n d  so d iu m  ex cre tio n  were also re d u ce d . A re d u c tio n  of blood flow  a s  d e ­
te rm in ed  b y  a sh if t o f b lood  from  n u tritio n a l to w a rd s  n o n -n u tritio n a l c ap illa rie s. Cal­
cu la tio n  of v a sc u la r  re sis tan ce  suggested  t h a t  th e  re d is tr ib u tio n  of blood flow  co u ld  be 
localized m ain ly  to  th e  p o stg lo m eru lar seg m en t o f  th e  iu x tam ed u lla ry  c irc u la tio n .

E levation  o f renal venous pressure m ay exert different effects o f urine 
flow  and sodium  excretion  ( B l a k e  ct al. 1949; H a l l  and S e l k u r t  1951; 
W i n t o n  1931) depending upon the previous electro lyte  and w ater in take. 
W a t h e n  and S e l k u r t  (1969) found that urine flow  and sodium excretion  
increased in face o f  unchanged GFR in the hydropénie animal but decreased  
together with G FR  in extracellular hypervolaem ia. R ecent observations on the  
relationship betw een the intrarenal distribution o f R B F  and G FR and the  
rate o f water and sodium  excretion ( E a r l y  and F r i e d l e r  1965; H o l l e n b e r g  

et al. 1970; H ö r s t e r  and T h u r a u  1968) m ay provide a clue to explain ing the  
above difference. The purpose of the present experim ents was to in vestiga te  
the effect of elevated  renal venous pressure on the intrarenal distribution  of 
blood flow  applying Sapirstein’s isotope fractionation  m ethod.

Methods

E x p erim en ts  w ere p e rfo rm ed  on 11 m ongrel dogs o f b o th  sexes, w eighing 13 to  20 kg, 
in  n o n -d iu re tic  co n d itio n s u n d e r  sodium  p e n to b a rb ita l  a n ae s th es ia . F ood  was w ith d ra w n  24 
ho u rs  p rio r  to  th e  e x p e rim e n ts  b u t  w a te r  in tak e  w as n o t  re s tr ic te d .

T h e  left re n a l h ilu m  w as exposed th ro u g h  a  f la n k  incision , an d  th e  re n a l v e in  was 
s tr ip p ed  an d  c an n u la te d . T h e  le f t re n a l and  left e x te rn a l ju g u la r  ve in s were co n n ec ted  w ith  a 
po lye th y len e  tu b e . C o agu la tion  o f  blood w as in h ib ited  b y  5 m g/kg  of heparin . B o th  u re te rs  
were can n u la te d  su p rav es ica lly . A rte ria l b lood p ressu re  w as m easu red  in th e  le ft fem ora l 
a r te ry  b y  a m ercu ry  m an o m e te r, re n a l venous p ressu re  in  th e  le f t re n a l v e in  by  a  sa line  m an ó m -
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e te r  th ro u g h  a  T ex ten sio n  of th e  con n ec tin g  tu b e . A rte ria l blood sam ples w ere w ith d raw n  
fro m  th e  r ig h t  fem oral a r te ry , a n d  th e  le ft fem ora l v e in  w as used for in fusions.

A f te r  a p rim ing  dose, P A H  an d  c rea tin in e  w ere infused in tra v en o u s ly  a t  1 m l/m in  
c o n s ta n t  r a te  to  m ain ta in  th e  p la sm a  c o n ce n tra tio n s  so m ew hat below  2 m g p e r 100 m l and 
a ro u n d  20 m g per 100 m l, re sp ec tiv e ly . T h e  e x p e rim e n t w as s ta rte d  a f te r  45 to  60 m in  had 
e la p se d .

U rin e  was collected in  3 p e rio d s  o f 10 m in  each . A t th e  m id -po in t o f e ach  p e rio d , a rte ria l 
a n d  v e n o u s  blood sam ples were w ith d ra w n  an d  re n a l v en o u s outflow  w as m ea su re d  th ro u g h  
th e  T  e x te n s io n  of th e  co n n ec tin g  tu b e . A fte r th e  co n tro l periods, th e  co n n ec tin g  tu b e  was 
c o n s tr ic te d  till ren a l v enous p re ssu re  h a d  in creased  to  30 m m  H g. A fte r s ta b iliz a tio n  of the  
e le v a te d  ven o u s p ressure , fu r th e r  3 co llection  pe rio d s o f 10 m in  each w ere m ad e , b lood  sam ples 
w ere  w ith d ra w n  and  venous o u tflo w  w as m easu red  as above. A fter th e  la s t  p e rio d , 50 f i d  of 
86R b C l w ere in jec ted  in to  th e  le ft e x te rn a l ju g u la r  v e in  th ro u g h  th e  connecting  tu b e ;  im m ed i­
a te ly  th e re a f te r ,  a r te ria l blood w as co llected  co n tin u o u sly  in  2-sec frac tio n s , a n d  in  th e  60 th  
sec th e  a n im a l was killed  b y  an  in tra v e n o u s  in je c tio n  of sa tu ra te d  KC1 so lu tion . P r io r  to  and 
50 sec a f te r  th e  in jec tion  o f 8eR bC l, re n a l v enous o u tflo w  w as de te rm in ed . T h e  k id n ey s  were 
re m o v e d  p ro m p tly , th en  d eca p su la te d , w eighed, a n d  tissu e  a liquo ts w eigh ing  600—1000 mg 
w ere  ex c ised  from  th e  co rtex , o u te r  a n d  in n er m ed u lla ; th e  k idney  re m n a n t w as a g a in  w eighed.

P A H  an d  crea tin ine  c o n ce n tra tio n s  in  p lasm a  a n d  u rine  were d e te rm in e d  b y  a  m eth o d  
r e p o r te d  p rev io u sly  (H á rsin g  e t  al. 1964); c learance  a n d  e x tra c tio n  ra tio  o f P A H  a n d  c rea ti­
n in e  w ere  ca lcu la ted  as u sua lly . A c tiv ity  o f 8(iR b  in  th e  a rte ria l blood sam ples, re n a l tissue 
a liq u o ts  a n d  in  th e  k id n ey  r e m n a n t w as m easu red  b y  a w ell-type c ry sta l sc in tilla tio n  coun ter. 
S o d iu m  co n ce n tra tio n  w as d e te rm in e d  b y  a  Zeiss flam e  pho to m eter.

R e n a l blood flow w as m easu red  d irec tly  a n d  c a lcu la te d  from  th e  c learan ce  a n d  e x tra c ­
t io n  r a t io  o f P A H  as well as fro m  th e  tissu e  and  a r te r ia l  co n cen tra tio n  o f 8(iR b  on th e  basis 
o f th e  fo rm u la

Q
T
j  Ca d t,
о

w h e re  Q m ean s th e  co n ce n tra tio n  of 8eR b  in  th e  re n a l, co rtica l and  m ed u lla ry  tis su e , Ca the  
86R b  c o n ce n tra tio n  in  a rte ria l b lo o d  an d  T  th e  tim e  o f th e  f irs t  c ircu la tion  (H á r s in g , e t  al. 
1967). M ean  co n cen tra tio n  of 86R b  in  th e  m ed u lla  w as ca lcu la ted  from  th e  86R b  c o n te n t  of the  
o u te r  a n d  in n er m edu lla  w ith  co n sid e ra tio n  of th e  re la tiv e  w eigh t o f th e  tissu es.

T h e  follow ing fo rm ulae  w ere  used  fo r c a lcu la tio n  o f vascu lar re sis tan ces:

, , , P A - R V P
to ta l re n a l v a sc u la r  re s is tan c e  = -------------------- :

T R B F

re n a l  p rev en o u s re s is tan c e  =

ren al p re g lo m eru la r  (a rte rio la r)  re s is tan c e  =

re n a l  p o stg lo m eru lar (a rte r io la r  -• - cap illa ry ) re s is tan c e  =

cortica l p re v en o u s  v a sc u la r  re s is tan c e  =

m ed u lla ry  p re v en o u s  v ascu la r  re s is ta n c e  =

P A - I R Y P

T R B F

P A — P G 

T R B F

P G — IR V P 

T R B F

P A —IR V P  

R b -C B F  ’

P A — IR V P  

R b-M B F  ’

w h e re  P A  m eans a rte ria l, R V P  re n a l  v en o u s, IR V P  in tra re n a l venous, P G  g lo m eru la r  cap illary  
p re s su re , T R B F  ren al b lood  flo w  m easu red  d ire c tly , R b-C B F  re n a l co rtica l a n d  R b-M B F  
re n a l  m e d u lla ry  b lood flow  e s tim a te d  b y  th e  R b  tech n iq u e . IR V P  w as n o t  d e te rm in e d , b u t 
c o n s id e re d  to  be 20 m m  H g  in  th e  co n tro l (A b e  e t  al. 1970; Bá l in t  e t  al. 1971; N a v a r  1970; 
T h u r a u  a n d  H e n n e  1964), a n d  30 m m  H g in  th e  e x p erim en ta l periods (G o ttsc h a l k  and
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M y l l e  1956). PG  was calcu la ted  fro m  th e  fo rm u la  PG
G F R

к
COP 1R V P , w here  к

s ta n d s  for th e  g lo m eru lar f iltra tio n  coefficien t a n d  C O P for p lasm a colloid o sm o tic  p ressure  
(Ab e  e t  al. 1970; B á lin t  e t al. 1971; N avar  1970). T he value  of 0.0196 m l/m in /m m  H g/g 
w as used  fo r к (BÁLINT e t al. 1971), an d  25 m m  H g  fo r COP. Conclusions were b a se d  on  re la tiv e  
changes in th e  re sis tan ce  o f th e  d iffe ren t v a sc u la r  seg m en ts  an d  were no t in fluenced  b y  e v en tu a l 
changes o f th e  v a lu es for IR V P , к a n d  COP, chosen  a rb itra r ily  on th e  basis o f  e x p e rim e n ts  
pe rfo rm ed  b y  o th e rs .

S ta tis t ic a l  e v a lu a tio n  of the  re su lts  w as u n d e r ta k e n  b y  v a riance  analysis a n d  b y  S tu d e n t’s 
( - te s t using  p a ired  sam ples.

R esults

Table I shows the mean values obtained  in the right and left k idneys in 
the control periods (Period 1) and in the right k idney at normal venous pressure 
when left renal venous pressure w as e leva ted  (Period 2). The good agreem ent 
between th e  figures allows the assum ption th a t the values for renal, cortical 
and m edullary blood flows in the right k id n ey  estim ated by the R h techn ique  
in Period 2 can be applied to the left k id n ey  as well.

Table I

Values fo r  right and left k idneys at norm al renal venous pressure

Perioc 1 Period 2

right left right

R enal blood flow, 
m l/m in /g  k idney

5 .0 5 ± 0 .4 2 * 4 .8 0 ± 0 .3 8  + 
4 .6 5 ± 0 .4 2  + +

5.05 ± 0 .4 0  + 
4 .9 0 ± 0 .4 2  + +

G lom erular f i ltra tio n  ra te , 
m l/m in /g  k idney 0 .7 4 ± 0 .0 7 0 .72±0 .05 0 .7 7 ± 0 .0 5

U rine flow,
^d/m in/g k idney 1 2 .7 0 ± 2 .2 0 10.50±1.90 1 3 .0 0 ±  3.80

Sodium  excretion , 
^ E q /m in /g  k idney 2 .1 0 ± 0 .4 7 1.67±0.17 1 .7 4 ± 0 .5 2

* S .E .
+ c a lcu la ted  from  th e  clearance a n d  e x tra c t io n  ra tio  of PA H  
+ + m easu red  d irec tly  
+ + + e s tim a te d  by  th e  R b m eth o d

Table II represents the m eans and their  standard errors ob ta in ed  in the  
3 control and 3 experim ental periods w ith  elevated  renal venous pressure. 
The values for the individual periods were the sam e within reasonable lim its  
and were therefore not indicated separately . Renal blood flow  m easured  
directly  rem ained unchanged, w hile it fell to  83%  of the control w hen estim ated  
by the Rb m ethod. Cortical and m edullary blood flows were reduced to  88
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Table II

Response o f  renal fu n c tio n  to the elevation o f  renal venous pressure

Control Elevated renal 
venous pressure

B lood  pressure , m m  H g 1 2 0 .8 ± 5 .1 * 121.0 rb 5.2

R e n a l venous pressure , m m  Hg 4.0 +  0.6 + 30.0 +

R e n a l blood flow  (m easured  
d irec tly ), m l/m in /g  k idney 4.65 +  0.42 4.95 +  0.42

R e n a l blood flow
(m easured  by  R b  techn ique), 
m l/m in /g  k idney 4.90 +  0.42 + 4.09 +  0.40 +

C ortical blood flow, 
m l/m in /g  cortex 5.35 +  0 .44 + 4.70 +  0.35 +

M edu lla ry  blood flow, 
m l/m in /g  m edulla 3.88 +  0.42 + 2.64 +  0.31 +

G lom eru lar f i ltra tio n  ra te , 
m l/m in /g  k idney 0 .7 2 ± 0 .0 5  + 0.57 +  0.06 +

U rin e  flow,
ц 1/min/g k idney 1 0 .5 + 1 .9  + 5.1 +  1.3 +

Sod ium  excretion ,

^ E q /m in /g  k idney 1.67 +  0.17 + 0.58 +  0.16 +

* S .E .
+ p  <  0.05

and 68%  of control values, respectively. There w as a decrease o f G FR , urine  
flow  and sodium  excretion as well.

V alues for vascular resistances are sum m arized in Table III . T ota l renal 
as w ell as renal prevenous resistance decreased during elevated renal venous  
pressure. R eduction  o f the prevenous vascular resistance was due m ain ly  to  
the decreased postglom erular resistance. Since renal blood flow  estim ated  by  
the R b technique was sign ificantly  lower th an  th a t  measured directly, cortical 
and m edullary vascular resistances calculated  from  flow  values obtained  by  
th e  R b m ethod were denoted as apparent resistances. There was no change  
in th e  cortical but a considerable increase in  the m edullary apparent resistance.

D iscussion

R eduction  o f renal vascular resistance during elevated renal venous  
pressure is generally considered to  be the resu lt o f renal autoregulation , i.e. 
vasod ila tion  in the preglom erular arterioles (T h u r a u  1964; T h u r a u  and  
H e n n e  1964). C alculations for vascular resistance in  the present experim ents  
show  th a t the decrease occurred in the postglom erular segm ent. The absence
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Table III

Vascular resistances during elevated renal venous pressure

Vascular resistance, 
mm Hg • min • m l-1/g Control Elevated renal 

venous pressure

R enal to ta l 2 7 .7 ± 2 .5 *  + 2 0 .9 ± 1 .9  +

R enal p revenous 2 4 .0 ± 2 .8  + 2 0 .9 Ü .9  +

R enal p reglom erular 7 .9 ± 0 .2 7 .6 ± 0 .2

R enal postg lom eru lar 
a rte rio la r an d  cap illa ry 1 6 .1 ± 1 .9  + 1 3 .3 Ü .3  +

C ortical p re v en o u s+ + 2 0 .3 ± 3 .9 2 1 .1 ± 2 .4

M edullary p re v en o u s+ + 2 9 .2 ± 3 .9 4 3 .4 ± 8 .5

* S.E.
+ p <  0.05
+ + a p p a re n t re sis tan ce  (see in  tex t)

of an autoregulatory response m ay have been the result o f the com paratively  
low preglomerular arteriolar resistance in the control period (Table III).

The different effect o f elevated  renal venous pressure on directly m easured  
renal blood flow  and th at estim ated by the Rb m ethod allowed to  advance  
a ten tative  hypothesis for explaining the reduction o f postglom erular resistance, 
urine flow  and sodium  excretion. E xtraction  o f a substance w ith diffusion- 
lim ited transcapillary exchange is considerably influenced by the ratio of  
capillary diffusional capacity , i.e ., capillary perm eability  and surface product 
(PS), and the blood flow  (Q) (Cro ne  1963; R e n k i n  1968; Y u d i l e v i c h  et al. 
1968). During the elevated  renal venous pressure, PS rather increased as a 
result o f the d istension o f capillaries and venu les, while tota l renal blood flow  
remained unchanged. Therefore, as a possible explanation  for the reduced Rb 
extraction , a redistribution of blood flow  in th e  non-hom ogeneous intrarenal 
capillary bed could be taken into consideration. The nearly com plete renal 
extraction  o f Rb under norm al conditions ind icates that practically the to ta l 
am ount o f blood flow s through capillaries having  an optim um  P S/flow  ratio  
(nutritional capillaries). D im inished extraction  o f Rb during elevated  renal 
venous pressure m ay be interpreted by assum ing that a fraction o f blood  
perfuses capillaries o f  lower resistance and o f sm aller diffusional surface, i.e. 
short capillaries in w hich conditions do not favour the extraction o f Rb (non- 
nutritional capillaries). The opening of such short capillaries arranged in 
parallel during elevated  renal venous pressure could have been responsible 
for the reduction o f postglom erular vascular resistance even if  the resistance  
o f the vascular pathw ays perfused under control conditions had rem ained  
constant.
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A  decrease in the arterial—venous pressure difference as a consequence of 
e le v a te d  renal venous pressure w ith  no change in the pre- and postglom erular  
v a scu la r  resistance would resu lt in  a proportional fall of blood flow s measured 
d irec tly  and estim ated b y  the Rb m ethod. H ow ever, i f  the postglom erular  
resista n ce  decreased at th e  sam e tim e as a result o f the opening of non-nutrition- 
al capillaries, while the resistance o f th e  originally patent vascular pathw ays  
rem ain ed  constant, blood flo w  m easured directly  and by the Rb technique  
w ill d ev ia te  from each other; the former does not fall but increases and the 
la tte r  decreases more th an  w ould  he exp ected  from the dim inished arterial- 
v en o u s pressure difference (F ig . 1). Cortical blood flow  fell from  5.35 to  4.70  
m l /m in /g  which corresponded w ell to  the decrem ent of arteria l-venous pressure 
differences, and apparent cortical resistance (calculated from flow  values 
o b ta in ed  by the Rb m ethod) rem ained essen tia lly  unchanged. M edullary blood  
f lo w , how ever, dim inished m ore m arkedly, from 3.88 to 2.64 m l/m in/g, and 
th e  apparent m edullary resistance increased. This suggests th at th e  redistribu­
tio n  o f  blood flow betw een  nutritional and non-nutritional capillaries could

Preglomemlar segment Postglomerular segment

PA PG IRVP

TBF (2) 
TBF(l)

TBF (2) 
TBF(l) 
’Rb-BF(1) 
Rb-BF(2)

P A -P G (2 ) PA-PGO) 
TBF (2) TBF (1 )

P G (2)-IR V P < PG(1)-1RVP 
TBF(2) TBF(l)

PG(2)-IRVP PG(1)-IRVP 
R b-B F(21 Rb-BF(l)

F ig . 1. P ressu re  g rad ien t a n d  b lo o d  flow  m easu red  d irec tly  (T B F ) and  b y  th e  R b  m eth o d  
(R b - B F )  in  a renal v ascu la r a re a  w hen  p o stg lo m eru la r  re sistan ce  is red u ced  b y  opening  of 
n o n -n u tr i t io n a l  vascu lar ch an e ls . S h ad ed  area  re p re se n ts  th e  d ifference b e tw een  b lood  flow 
d e te rm in e d  d irec tly  and  e s t im a te d  b y  th e  R b  m eth o d . PA : a rte ria l p re ssu re ; P G : g lom er­

ular c ap illa ry  p re ssu re ; IR Y P : in tra re n a l  venous p ressure
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be localized to the m edullary circulation. M edullary Rb blood flow  calculated  
from Tables II and I I I , assum ing that there was no change in th e  pre- and 
postglom erular resistance o f  the originally functioning vascular channels, is 
in agreem ent w ith the va lu e  found in the experim ents, considering th a t some 
Rb excapes from the b lood  while flow ing through the glom eruli and non- 
nutritional capillaries.*

This conclusion seem s to  be supported b y  the results o f  M i y a z a k i  and 
McN a y  (1971) who concluded  from the distribution of m icrospheres that 
during elevated  renal ven ou s pressure a sm aller fraction o f renal b lood  flow  
perfuses the superficial and a larger one the deeper (iuxtam edullary) lyers 
of the cortex. M orphological evidence also favours this con cep tion . Blood  
flow ing through the long branches o f the vasa recta could be p artia lly  shunted  
b y  shorter capillaries con n ectin g  them  in the more outer layers o f  th e  m edulla. 
Such differences in the structural arrangement o f  the capillaries do not exist 
in the cortex.

I f  th is conclusion is correct, during elevated  renal venous pressure there 
m ust be no change in the cortical pre- and postglom erular vascular resistance, 
consequently in the pressure and filtration rate in the cortical glom eruli.

H ow ever, a decrease o f  the postglom erular resistance in  th e  medulla 
with unchanged preglom erular resistance results in a fall o f  pressure and 
filtration  rate in the ju xtam edullary  glomeruli dim inishing to ta l G F R , urine 
flow  and sodium excretion . It seem s worth m entioning th at our resu lts are 
consistent w ith  the find ings o f  W a t h e n  and S e l k u r t  (1969) in  saline-loaded  
dogs, further that the com paratively  high urine flow , sodium  excretion  and 
m edullary blood flow  also indicated  an extracellular hypervolaem ia in the 
present experim ents.

The response o f th e  renal circulation to  elevated  renal ven ou s pressure 
in hydropenia or in any other condition associated with a su ffic ien tly  high 
preglomerular resistance and a good autoregulatory capacity m ay be different 
from the above m echanism . Preglom erular vasodilation  increases pressure 
and filtration  rate in the cortical glomeruli, b luting or even an n ih ila tin g  the 
effects o f decreased m edullary postglom erular resistance on the pressure and 
filtration  rate in the iuxtam edullary  glomeruli. The net result o f  th is  m ay be 
constant or augm ented to ta l G FR , w ith increased urine flow  and sodium  
excretion.

It has been suggested  ( L e w y  and W i n d h a g e r  1968; M a r t i n o  and 
E a r l e y  1967) that h yd rosta tic  pressure in the peritubular capillaries is a

* R b-M B F
(P A  — IR V P )  — R A (T R B F  R b -R B F ) 

R A  +  R E

w here R A  a n d  R E  s ta n d  fo r c o n tro l va lues of m ed u lla ry  pre- and  p o stg lo m e ru la r  resistance. 
M edullary  p reg lo m eru la r re s is tan c e  (R A ) was considered  to  be eq u al to  re n a l p reg lo m eru la r 
re sistan ce  (T R B F  — R b -R B F )  w as ca lcu la ted  for 1 g o f m edu lla .
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fa cto r  determining tubular sod iu m  transport. Our results do not exclude the 
p o ss ib ility  of different ch an ges o f  the filtration rate  in  the cortical and juxta- 
m ed u llary  glomeruli, e x er tin g  a secondary, m od ify in g  effect on the prim ary  
tu b u lar  mechanism.
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THE EFFECT OF HYPOXIA ON THERMOREGULATORY 
HEAT PRODUCTION AND BODY TEMPERATURE 
IN THE NEW-BORN AND YOUNG GUINEA PIG
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T he resp o n se  of colonic tem p e ra tu re  (T c) a n d  h e a t  p roduction  (V 0 2) to  ex p o su re  
to  12%  0 2 a n d  8 %  0 2 w as stu d ied  in gu inea p igs aged less th a t  48 h ours, 3 to  6 d ay s, 
7 to  9 d ay s, 10 to  20 d ay s , an d  30 to  60 d ay s a t  a n  am b ie n t tem p e ra tu re  (T a) o f 20 °C. 
F o r com p ariso n , co rrespond ing  d a ta  fo r a d u lt  g u in ea  pigs were included . E x p o su re  
to  12%  0 2 fa iled  to  reduce  m ean  V 0 2 in all ag e-g ro u p s. A fter te rm in a tio n  o f e x p o su re , 
m ean  V 0 2 in creased  s ig n ifican tly  from  th e  age o f 7 d ay s . T he m ean of th e  ch an g es d u rin g  
exposure  to  12%  0 2 reco rd ed  in in d iv id u a l o b se rv a tio n s  (z102) show ed a s ta tis t ic a l ly  
s ig n ifican t increase  in h e a t  p ro d u c tio n  in th e  g ro u p s  aged to 3 to 6 an d  7 to  9 d ays. 
D is tr ib u tio n  o f z l0 2 in response to 12%  0 2 of th e  an im als  aged less th a n  10 d a y s  dif­
fered  s ig n ifican tly  from  th a t  o f the  o lder ag e-g ro u p s. In  co n tra st, T c fell in a ll age- 
g roups s ig n ifican tly  in response to  12%  0 2, th e  fa ll being  significantly  sm alle r in  the  
3 to  6 an d  7 to  9 day -o ld  th a n  in  e ith e r th e  y o u n g e r  o r the  o lder an im als . T h e  post- 
exposure  increase  in  T c w as highly s ig n ifican t in  all age-groups. The d is tr ib u tio n  of 
zJTc in th e  age-g roups of 3 to  6 and 7 to  9 d a y s  d iffered  significantly  fro m  t h a t  in  th e  
g ro u p s aged less th a n  48 hours, 10 to  20, an d  30 to  60 days, w hereas th ere  w as no d if­
ference in th e  d is tr ib u tio n  of /lT c-s be tw een  th e  th re e  la s t  m entioned  groups. In  re sp o n se  
to  exposure  to  8 %  0 2, b o th  V 0 2 and  T c fell h ig h ly  sign ifican tly . A fter te rm in a tio n  of 
exp o su re , V 0 2 in creased  above the  p re -ex p o su re  level and  co ncom itan tly  T c in creased  
rap id ly . z102 in  response to  8%  0 2 was s ig n if ic a n tly  sm aller in th e  tw o  y o u n g e s t 
g roups th a n  in th e  o lder new -born  groups. T he d is tr ib u tio n  of z l0 2 in th e  th re e  co m b in ed  
y o u n g er g ro u p s d iffered  s ign ifican tly  from  th a t  o f  th e  com bined groups aged  10 to  20 
a n d  30 to  60 d ay s . ZlTc in response to  8%  0 2 w as g re a te s t,  and alm ost equal, a t  th e  ages 
o f less th a n  48 h o u rs  and  of 10 to  20 d ays, b o th  d iffering  sign ifican tly  from  th e  o th e r  
age-groups. In  th e  15 m in  su b seq u en t to te rm in a tio n  of exposure, ZlTc w as h ig h ly  
sig n ifican tly  g re a te r  in  th e  youngest group  th a n  in  a n y  of the  o thers. zlTc-s in  th e  o th e r  
new -born  g ro u p s w ere iden tica l in sp ite  o f th e  p reced in g  fall during  h y p o x ia  a n d  th e  
level of T c a t  te rm in a tio n  of hypox ia  h av in g  d iffe red  sign ifican tly  betw een th ese  g ro u p s. 
In  c o n tra s t  to  th e  r a t  an d  ra b b it , in w hich species th e  n eo n ata l changes a re  c h a ra c te r ­
ized by  a g ra d u a l ap p ro ach  to  the  responses o f  th e  a d u lt  an im al, in the  g u in ea  p ig  th e  
ZlTc of an im a ls  aged  less th a n  48 hours re sem b led  th a t  of th e  10 to 20 -d ay -o ld  m uch  
m ore closely th a n  t h a t  o f th e  3 to  6 and  7 to  9 -d ay -o ld . The responses to  co ld  a n d  to 
h y p o x ia  of th e  th e rm o reg u la to ry  system  d iffe red  in  th e  neonata l period: w h e rea s  the  
fall in T c in response  to  cold was by  fa r th e  sm a lle s t a t  th e  age of less th a n  48 h o u rs , 
th e  fall in response  to  h y p o x ia  was sig n ifican tly  g re a te r  in th is age-group th a n  in th e  
3 to  6 an d  7 to  9 -day-o ld  anim als.

Since L i n t z e l ’s (1931) original com m unication  it has abundantly  been  
confirm ed that at am bient tem peratures (Ta) below  the therm oneutral zone 
hypoxic hypoxia elicits a fall in heat production and deep body tem perature  
in m ost, if  not all, m am m alian species. This has been shown for th e  hum an  
neonate (Cross  et al. 1955; B rodie  et al. 1957), the new-born dog (M oore  
1956a), rabbit ( A d a m so n s  1959; B l atteis  1964; V á r n a i  et al. 1971a), k itten
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(M o o r e  1956b, 1959; H il l  1959; Moore  and U n d e r w o o d  1963), m onkey  
( D a w e s  et al. 1960), rat (M o u r e k  1959; T a y l o r  1960; V á r n a i  et al. 1970a), 
and m ouse (Ca s s in  1963).

In  contrast to the abundance of ob servations concerned w ith th e  therm o­
reg u la to ry  response o f new -born guinea p igs to  changes in am bient tem p era­
tu re , to  catecholam ines, e tc . (D a w e s  and M e s t y á n  1963; B rüc k  and W ü n ­
n e n b e r g  1965a, b, c, 1966a, b; Ze i s b e r g e r  and B rück  1967; Z e i s b e r g e r  et 
al. 1967; A d a m so n s  et al. 1969; F ark as  and D o n h o f f e r  1974), data concerning  
the e ffec t of hypoxia on therm oregulatory responses in the new-born guinea  
pig  are not available. E ven  observations on ad u lt guinea pigs are sparse and, 
in  p art, contradictory (F a r k a s  and D o n h o f f e r  1973). An in v estiga tion  of 
th e  therm oregulatory response of new-born guinea pigs to hypoxia appeared  
to  be o f  interest, since a) the guinea pig is born at an advanced stage o f  m atu rity  
and has been considered to  m aintain a fairly stab le core tem perature; b) more 
severe  hypoxia  is required in the adult guinea p ig for eliciting a sim ilar response  
o f h e a t  production as in th e  young rabbit and th e  adult rat; and c) th erm o­
regu la tory  responses undergo changes in th e  neonatal period ( B r ü c k  and 
W ü n n e n b e r g  1965 c, 1966a; V á r n a i  and D o n h o f f e r  1970; V á r n a i  et al. 
1970a, h , c, 1971a, b; F a r k a s  et al.

Methods

N ew ly  b o rn  gu inea  pigs o f  b o th  sexes, b o rn  a n d  re a re d  in th e  In s t i tu te ’s a n im a l house 
w ere  u se d . T he ob se rv a tio n s w ere m ade  th ro u g h o u t 1971, 1972, and  the  f irs t  h a lf  o f  1973. F o r 
th e  sa k e  o f  com parison , co rresp o n d in g  d a ta  on a d u lt  g u in ea  pigs (F arkas an d  D o n h o f f e r  
1973) w ere  included.

O x y g en  co n su m p tio n  w as m easu red  b y  a  m o d ifie d  N oyons-K ipp  d ia fe ro m e te r using  
an  a ir-f lo w  o f 0.7 to  1.4 litre /m in  (fo r the  a d u lt a n im a ls  2.0 litre /m in  had  been u sed ). Colonic 
te m p e ra tu r e  was reco rded  by  c o p p e r-c o n s ta n ta n  th e rm o co u p le s  in tro d u ced  to  a  d e p th  of 
5 to  10 cm  accord ing  to  th e  size o f  th e  anim al. T h e  s t r ic t ly  s tan d ard ized  th e rm a l co n d itio n s  
a n d  o th e r  d e ta ils  o f th e  e x p e rim e n ta l se tup  hav e  b e e n  described  earlier (D o n h o f f e r  e t  a l. 
1958; Sz e g v á r i e t  al. 1961). A fte r  in tro d u c in g  th e  a n im a ls  in to  a m etab o lic  c h a m b e r  of 
a p p ro p r ia te  size, th is  w as su b m e rg ed  in to  a w a te r -b a th  p ro v id in g  an  am b ien t te m p e ra tu re  (T a) 
o f  35 °C  fo r  th e  tw o y o u n g est g ro u p s , and  e ith e r 35 °C o r  30 °C for th e  7 to  9 a n d  10 to  20-day- 
-o ld  g ro u p s . A nim als aged  30 to  60 days were a lw ay s  p lac ed  in to  th e  w a te r -b a th  p ro v id in g  
T a 30 °C , as h a d  been th e  a d u lts . M easurem ents w ere  s ta r te d  30 to  45 m in  la te r ;  a n o th e r  30 
m in  th e re a f te r  an im als exposed  in it ia lly  to  35 °C w ere  tra n s fe rre d  to  T a 30 °C, a n d  fro m  th ere  
a f te r  30 m in  to  T a 20 °C, as w ere th o se  of th e  o ld er a n im a ls  n o t exposed in itia lly  to  T a 35 °C. 
T h ir ty  m in  a f te r  tran s fe r  to  T a 20 °C , 12%  0 2 in  N 2 w as su p p lied  to  th e  an im als fo r  30 m in , 
a f te r  w h ic h  room  a ir w as re s to re d  again ; su b se q u e n tly  th e  an im als were exposed  fo r 30 m in  
to  8 %  0„ in  N 2 a fte r  w h ich  ro o m  a ir was re s to red  a n d  m easu rem en ts  were c o n tin u e d  for a 
f u r th e r  30 m in . In  som e in s ta n c e s , exposure  to  1 2 %  0 2 h as  been o m itted  in  a n im a ls  aged 
less t h a n  48 hours.

F ig u re s  fo r V 0 2 re p re se n t, w h en  n o t s ta te d  o th e rw ise , averages o f read in g s ta k e n  every  
m in u te  d u rin g  th e  la s t  10— 15 m in  o f each  30-m in p e rio d . In  th e  post-hypox ic  p e r io d s , V 0 2 
re p re s e n ts  averages o b ta in e d  fro m  read in g s du rin g  th e  1 0 th  to  15 th  and  th e  2 0 th  to  3 0 th  m in. 
D a ta  fo r  T c re p re sen t th e  levels a tta in e d  a t  th e  e n d  o f  th e  p re-hypoxic  and  h y p o x ic  perio d s , 
a n d  th o se  reco rded  a t  th e  1 5 th  a n d  30 th  m in  a f te r  th e  te rm in a tio n  of h y pox ia . T h e  reco rd in g  
g a lv a n o m e te rs  w ere, h ow erer, re a d  every  m in u te . S tu d e n t ’s (-test and  th e  Chi sq u a re  te s t  
w ith  Y a te s ’ m o d ificatio n  fo r sm all n u m b ers  were u se d  fo r s ta tis tic a l eva lu a tio n . B o d y  surface  
w a s  c a lc u la te d  according to  th e  fo rm u la  1 0 -k g 0'67.
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Results

E x p o s u r e  to  1 2 ° /0 0 2

H e a t  p r o d u c t i o n .  T able I sum m arizes the effect of breathing 12%  0 2 at 
Ta 20 °C: on the average, no sign ificant reduction in heat production  (VO,) 
was observed in the course o f  exposure in any o f the age-groups. On th e  con­
trary, sta tistica lly  sign ificant increases were recorded in guinea pigs aged 3 to  6 
and 7 to  9 days. The mean o f  th e  changes in oxygen  consum ption in ind iv idual 
observations (/102) approached sta tistica l significance in the you n g est age- 
group as w ell (Table II). F ollow ing the term ination  of exposure, V 0 2 show ed  
no change in the two you n gest groups, whereas in the older age-groups V 0 2 
exceeded  the level recorded during exposure in the first 15 m in after the ter­
m ination  o f hypoxia. In th e  younger age-groups the same level o f  V 0 2 was 
m aintained during the second 15 m in after the term ination o f exposure, 
whereas in the group aged 30 to  60 days V 0 2 fell in the second 15 m in below  
the leve l reached during th e  first 15 m in after exposure, as it  did in th e  adults. 
The decrease in the 30 to  60-day-old  group approached, and in th e  adults 
it reached, statistical sign ificance.

P art В of Table I contains th e  sta tistica l analysis of mean V 0 2 betw een  
age-groups. Up to the age o f  60 days, mean V 0 2 differed s ign ifican tly  from  
that o f  adult animals before, during, and after the term ination o f  exposure  
to 12%  0 2. Mean V 0 2 o f th e  groups aged 3 to  6 and 7 to 9 days differed also  
sign ifican tly  from th at o f th e  30 to  60-day-old anim als before as w ell as during  
the first 15 min after the term ination  o f exposure.

P art C of Table I show s th a t during the 10th to 15th m in after th e  
term ination  of exposure —  w ith  the exception  o f the group aged less than  48 
hours —  V 0 2 significantly exceeded  th a t before exposure, and even  betw een  
the 20th  to  30th min after th e  term ination  o f hypoxia, V 0 2 w as s ign ifican tly  
higher than  before exposure in th e  groups aged 3 to  6, 7 to 9, and 10 to  20 days.

Table II  contains the m eans o f  the individual changes in heat production  
(/1 0 ,) during exposure to  12%  0 2 and A 0 .2 betw een hypoxia and th e  10th  
to  15th , and the 20th to  30th  m in, respectively , after the term in ation  of 
hyp oxia  (Part A), and the sta tistica l analysis o f differences betw een age-groups 
(Part B ). In the three younger age-groups, the increase in heat production  
during hypoxia either a tta in ed , or approached, statistical sign ificance, 
whereas no significant change w as recorded in the older groups. In  contrast, 
after the term ination of h yp ox ia , no further change was observed in heat 
production in the two younger age-groups, whereas in all o f the older groups 
sign ificant increases above the hyp oxic  level were observed during th e  10th to  
15th m in after the term ination  o f exposure, and sign ificantly , or alm ost 
sign ifican tly  higher levels w ere m aintained even  during the 20th  to  30th  min  
after the restoration of room  air. P art В o f Table II  confirm s sta tistica lly
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Table I

Oxygen consum ption  ( V 0 2)  o f  gu inea  p igs before, during , and after term ination  o f  exposure to 12%  0 2 at T a 20 °C. In  brackets, number 
o f  observations (P art A ) .  S tatistical evaluation o f  the differences between age-groups ( Part B ) ,  and between V 0 2 before and after term ination

o f  exposure to 12%  0 2 (P a rt C)

Part A

VO, ml/dm* • min (M + S.E.)

Age
Before

exposure
to 12% 0 2

P
During 

exposure 
to 12% O,

P

During the 
10th to 15th

min after 
exposure

P

During the 
20th to 30th 

min after 
exposure

<  48 hrs 1 .95+0.11
(15)

— >  0.5 - 2 .0 3 + 0 .0 9
(16)

—  >  0.6 — 2 .0 8 + 0 .0 9  —  
(14)

>  0.6 — 2 .1 3 + 0 .0 7
(15)

3 t o  6 days 1.77 +  0.06 
(23)

— <  0.01 — 2.01 +  0.04 
(23)

—  > 0 .7 — 2 .0 3 + 0 .0 5  —  
(23)

>  0.9 2 .0 3 + 0 .0 4
(22)

7 t o  9 days 1.83 +  0.04 
(20)

— <  0.05 — 1.95 +  0.04 
(20)

—  <  0.05 — 2.09 +  0.05 -*■ 
(21)

>  0 .8 — 2 .0 8 + 0 .0 4
( 2 0 )

10 t o  20 days 1.92 +  0.06 
(25)

— >  0.6 — 1.95 +  0.04 
(24)

—  <  0.01 — 2 .1 4 + 0 .0 5  —  
(26)

>  0.4 - 2.09 +  0.04 
(26)

30 t o  60 days 2.01 +  0.07 
(17)

+ >  0.9 — 2.01 +  0.05 
(17)

—  <  0.01 — 2.31 +  0.07 —  
(20)

0.1 >  p  >  0.05 — 2.15 +  0.05 
(17)

A dults 1.62 +  0.05 
(15)

—*• >  0.6 1 .59+ 0 .05
(15)

—  <  0.001 1.83 +  0.04 — 
(15)

<  0.05 — 1.71 +  0.04 
(15)
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Part В

Age-groups
Before 

12% 0 ,

P

During 
12% O,

P

10th to 15th 
min after 

12% O,
P

20th to 30th 
min after
12% O,

P

<  48 h r s — 3 to 6 days > 0 .1 > 0 .8 >  0.6 > 0 .2

<  48 h r s — 7 to  9 days >  0.2 >  0.4 >  0.9 >  0.5
<  48 h rs  —10 to 20 days >  0.8 > 0 .4 > 0 .5 > 0 .6

<  48 h rs  —30 to  60 days >  0.6 >  0.8 0.1 >  p > 0 .0 5 > 0 .7

<  48 h rs  — A dults <  0.02 <  0.001 <  0.02 <  0.001

3 to  6 d a y s — 7 to  9 days >  0.2 >  0.2 >  0.4 > 0 .3

3 to  6 d a y s—10 to  20 d ay s 0.1 >  p > 0 .0 5 >  0.2 > 0 .1 > 0 .2

3 to  6 d a y s—30 to  60 days <  0.02 >  0.9 <  0.01 0.1 >  p > 0 .0 5

3 to 6 d ay s — A dults 0.1 >  p > 0 .0 5 <  0.001 <  0.01 <  0.001

7 to  9 d a y s—10 to  20 d ay s > 0 .2 > 0 .9 > 0 .4 > 0 .8

7 to  9 d a y s—30 to  60 d ay s <  0.05 > 0 .3 <  0.02 > 0 .2

7 to  9 d a y s—A dults <  0.01 <  0.001 <  0.001 <  0.001

10 to  20 d a y s—30 to  60 days >  0.3 > 0 .3 0.1 >  p > 0 .0 5 > 0 .3

10 to  20 d a y s—A dults <  0.001 <  0.001 <  0.001 <  0.001

30 to  60 d a y s- A dults <  0.001 <  0.001 <  0.001 <  0.001

Part C

Age

VO, before exposure to 
12% 0 2 and VO, from 

10th to 15th 
min after 

termination 
of exposure

P

V 02 before exposure to 
12% Of and VO, 

from 20th to 30th 
min after termination 

of exposure

P

<  48 hrs > 0 .3 > 0 .1

3 to  6 days <  0.01 <  0.01

7 to  9 days <  0.001 <  0.001

10 to  20 days <  0.01 <  0.05

30 to  60 days <  0.01 > 0 .1

A d u lts <  0.01 > 0 .1

the differences betw een the responses to hyp oxia  o f the 3 to  6-day-old and the 
other anim als, as w ell as the differences betw een the changes in heat production  
10 to  15 min after the term ination of hyp oxia  between the tw o youngest  
groups, on the one hand, and those o f the older anim als, on the other hand.

The last colum n in Table II shows th e  changes in VO„ ( A 0 2) betw een  
the 10th to 15th and th e  20th to 30th m in after term ination o f exposure.
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Table I I
C hanges in  oxygen con su m p tio n  (A  0 2) during  exposure to 12%  0 2, between V 0 2 
d u rin g  and VO., in  the 10 th  to 15th, and the 20th to 30th m in  after term in a tio n  
o f  exposure, and A  0 2 between the 10th to 15th m in  and the 20th to 30th m in  

after term ination o f  exposure. I n  brackets num ber o f  observations ( Part A ) .  
Statistical evaluation o f  the differences between age groups ( Part В )

Part A

Л 0 2 ml/dm* • min (M +  S.E.)

Age
During 

exposure 
to 12% 0 2

Between V 02 during, 
and V 0 2 in the 10th 
to 15th min after 

termination of 
exposure to 12% 0 2

Between V 02 during, 
and VO 2 in the 20th 

to 30th min after 
termination of 

exposure to 12% 0 2

Between the 10th 
to 15th min and 
the 20th to 30th 

min after termination 
of exposure to 12% 0 2

<  48 h rs +0.10+0.05 
0.1 > p  >0 .05  (15)

+  0.05 +  0.05 
>  0.3 (14)

+  0.08+0.06 
>  0.2 (16)

+  0.03+0.04 
>  0.4 (14)

3 to  6 d ay s +  0.24+0.05 
<  0.001 (23)

+  0.02 +  0.03 
>  0.5 (22)

+  0.00+0.03 
>  0.9 (23)

+  0.01 +  0.04 
>  0.7 (23)

7 to  9 d ay s +  0.12 +  0.05 
<  0.05 (20)

+  0.14+0.04 
<  0.01 (20)

+  0.14+0.03 
<  0.001 (20)

+0.00 +  0.02 
>  0.9 (20)

10 to  20 d ay s +0.02+0.07 
>  0.7 (25)

+0.20+0.04 
<  0.005 (24)

+  0.14+0.07 
0.1 >  p >  0.05 (24)

—0.06+0.03 
0.1 > p  >  0.05 (24)

30 to  60 d a y s +  0.00+0.06 
>  0.9 (17)

+  0.31+0.07 
<  0.01 (18)

+  0.14+0.07 
0.1 >  p >  0.05 (17)

-0 .1 2 + 0 .0 3  
<  0.001 (19)

A d u lts -0 .0 2  +  0.08 
>  0.8 (15)

+  0.24+0.06 
<  0.01 (15)

+  0.12+0.05 
<  0.05 (15)

-0 .1 2  +  0.04 
<  0.01 (15)

Part В

Age-groups
During

exposure

P

10th to 15th 
min after 
exposure

P

20th to 30th 
min after 
exposure

P

From the 10th 
to 15th min after 
termination of 

exposure to the 
20th to 30th min

P

<  48 h r s — 3 to  6 days 0.1 >  p  > 0 .05 >  0.6 > 0 .2 > 0 .7

<c 48 h i s — 7 to  9 days > 0 .8 0.1 >  p  > 0 .0 5 > 0 .3 >  0.5

<  48 h r s —10 to  20 days > 0 .3 <  0.01 > 0 .5 0.1 >  p  > 0 .0 5

<  48 h r s —30 to  60 days > 0 .2 <  0.01 > 0 .5 <  0.01

<; 48  h r s —A dults > 0 .2 <  0.01 > 0 .6 <  0.01

3 to  6 d a y s— 7 to  9 days 0.1 >  p  > 0 .05 <  0.01 <  0.01 >  0.8

3 to  6 d a y s—10 to  20 days <  0.02 <  0.001 0.1 >  p  > 0 .0 5 >  0.1

3 to  6 d a y s —30 to  60 days <  0.01 <  0.001 0.1 >  p  > 0 .0 5 <  0.02

3 to  6 d a y s—A dults <  0.01 <  0.001 <  0.05 <  0.02

7 to  9 d a y s—10 to  20 days > 0 .2 > 0 .1 > 0 .9 > 0 .1

7 to  9 d a y s—30 to  60 days > 0 .1 > 0 .1 > 0 .9 <  0.01

7 to  9 d a y s—A dults > 0 .1 0 .1 >  p  > 0 .0 5 > 0 .7 <  0.01

10 to  20 d ay s —30 to  60 days > 0 .8 > 0 .5 > 0 .9 > 0 .1

10 to  20 d a y s—A dults > 0 .7 > 0 .7 > 0 .8 > 0 .1

30 to  60 d a y s—A dults > 0 .8 > 0 .7 > 0 .8 > 0 .9
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D istribution  o f  changes in  oxygen consum ption (A  0 2) in  response to exposure to 12%  0 2 al Ta 20 °C  (P a rt A ) .  C hi2 square test comparing  
increases exceeding -{-0.10 m l O Jdm 2 ■ m in  w ith decreases exceeding —0.10 m l 0 2ldm 2 • m in . I n  brackets, enum eration data (P a rt B ) .

Part A

Table III

A  0 , ml/dm* • min

Age n >  —0.50 —0.50 to —0.30 —0.30 to —0.10 ±0.10 +  0.10 to +0.30 +  0.30 to +0.50 > + 0 .5 0

<  48 hrs i6 2 (12.5% ) 6 (37.5% ) 7 (43.8% ) 1 (6-2% ) _
3 to  6 days 23 — — 3 (13% ) 3 (13% ) 9 (39% ) 5 (22% ) 3 (13% )
7 to  9 days 20 — — 3 (15% ) 9 (45% ) 5 (25% ) 1 (5% ) 2 (10% )

10 to  20 days 25 1 (4% ) 4 (16% ) 3 (12% ) 9 (36% ) 2 (8% ) 4 (16% ) 2 (8% )
30 to  60 days 19 1 (5% ) 2 (H % ) 8 (42% ) 5 (26% ) 2 (H % ) 1 (5% )
A dults 15 1 (7% ) 2 (13% ) 2 (13% ) 5 (34% ) 3 (20% ) 2 (13% ) —
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Part В

Age-groups Chi* P

<  10 d a y s VS. older 4.341 <  0.05
(8 ; 33 41) (16 ; 21------ 37)

<  10 d a y s vs. 10 to  20 +  30 to  60 d ay s 2.749 0.1 >  p  >  0.05
(8 ; 33 41) (11 ; 16- 27)

<  10 d a y s vs. A du lts 2.645 >  0 .1
(8 ; 33 41) (5 ; 5— - 1 0 )

10 to  20 -f- 30 to  60 days vs. A du lts 0.050 >  0 .8
(11 ; 16 27) ( 5 ;  5— - 1 0 )

W hereas no change w as observed  in the three younger age-groups, an alm ost 
sig n ifica n t decrease occurred in  the 10 to 20-day-o ld  and a highly sign ificant 
one in  the 30 to 60-day-o ld  and the adult anim als. Averages tend to  obscure 
th e  v a r ie ty  o f individual responses, therefore, th e  d istribution  o f A 0 2 in response 
to  exposure to 12%  0 2 w as also analyzed (Table III ) . E vidently , guinea pigs 
aged up to  9 days tend  to  respond to 12% 0 2 considerably less frequently  
w ith  a significant fall in h e a t production and m ore frequently w ith an increase  
in  h ea t production th en  older animals do.

C o l o n i c  t e m p e r a t u r e .  T ab le  IV dem onstrates colonic tem peratures (Tc) 
before, during and after th e  term ination o f exposure to  12% 0 , .  Table V 
presents the changes in co lon ic  tem perature (zlTc) calcu lated  on the basis o f dif­
ferences in  individual ob servations. Part A o f T able IV  shows th at T c tended  to  
be h igher until the age o f  6 days before, during, and after the term ination of 
exposure than in the 7 to  9 and 10 to 20-day-old  anim als, whereas T c o f  the  
30 to  60-day-old and T c o f  th e  adult animals w ere sim ilar to  those recorded  
up to  th e  age o f 6 days.

P art В of table IV  con ta in s the sta tistica l analysis o f the differences 
b etw een  age-groups. The th ree  younger age-groups differed highly sign ificantly  
from  th e  10 to 20-day-old , w ith  the exception  o f th e  7 to  9-day-old, in which  
before exposure sta tistica l sign ificance was on ly  approached. A t the term ina­
tio n  of, as well as 15 and 30 m in  after exposure, T c o f  the 7 to  9-day-old differed, 
h ow ever, highly s ign ifican tly  from  Tc of the 10 to  20-day-old  anim als as did 
th o se  o f  the younger age-groups. Tc of the 10 to  20-day-o ld  animals was h ighly  
sig n ifica n tly  lower th rou gh ou t than Tc of the 30 to  60-day-old anim als and 
th a t o f  th e  adult ones. T c in  th e  tw o youngest groups did not differ sign ificantly  
from  th a t  in the tw o o ld est groups, whereas T c in  the 7 to 9-day-old was 
sig n ifica n tly  lower than in th e  adults before, at, and 15 m in after, the term ina­
tion  o f  exposure.
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Table IV
Colonic temperature  fT ■ J o f  guinea p igs before, at term ination, and 15 m in  and 30 m in  after term ination o f  exposure to 12°/0 0» at T a 20 °C. 

I n  brackets, number o f  observations (P a rt A ) .  S tatistical evaluation o f  differences between age-groups ( Part B )

Part A

T, °C (M ±  S.E.)

Age
Before

exposure p 
to 12% 0 2

At termination 
of exposure p 
to 12% 0 2

15 min after 
termination 
of exposure 
to 12% 0 2

P

30 min after 
termination 
of exposure 
to 12% Oj

<  48 hrs 38.55 +  0.19 —■ <  0.02 * -  
(15)

37.78 +  0.27 — > 0 .2  — 
(15)

38.21 +  0.24 
(14)

— >  0.9 -  3 8 .24+ 0 .24  
(15)

3 to  6 days 3 8 .19+ 0 .13  —  0.1 > p  > 0 .0 5  — 
(24)

37.83 +  0.15 > 0 .2  -e- 
(24)

38.07 +  0.15 
(24)

— <  0.2 — 3 8 .29+ 0 .13  
(24)

7 to  9 days 3 7 .94+ 0 .14  — <  0.05 — 
(21)

37.54 +  0.13 > 0 .1  —  
(21)

37 .81+0.12
(21)

— >  0.2 —  3 8 .00+ 0 .13  
(21)

10 to 20 days 3 7 .60+ 0 .15  —  <  0.001 -t- 
(25)

36.85 +  0.12 > 0 .1  * -  
(25)

3 7 .20+ 0 .14
(25)

— > 0 .4 —  3 7 .30+ 0 .15  
(25)

30 to  60 days 38.25 +  0.14 —  <  0.001 * - 
(20)

3 7 .44+ 0 .17  — 0.1 >  p  > 0 .0 5  * -  
(20)

37 .90+0.17
(20)

— >  0.6 —  38 .00+ 0 .16  
(20)

A dults 38 .4 6 + 0 .1 3  — <  0.05 — 
(15)

37 .98+ 0 .15  —  > 0 .1  —  
(15)

38 .28+0.17
(15)

—  >  0.6 —  3 8 .39+ 0 .19  
(15)
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Part В

Age-groups

Before 
exposure 

to 12% 0 2

P

At termination 
of exposure 

to 12% 0 2

P

15 min after 
termination 
of exposure 
to 12% 0 2

P

30 min after 
termination 
of exposure 
to 12% 0 2

P

< 4 8  h rs  — 3 to  6 days 0.1 >  p > 0 .0 5 > 0 .8 >  0.6 >  0.8

< 4 8  h r s — 7 to  9 days <  0.05 >  0.4 > 0 .1 > 0 .3

< 4 8  h rs  —10 to  20 days <  0.001 <  0.01 <  0.001 <  0.01

<  48 h rs  — 30 to  60 days > 0 .2 ::> 0.2 >  0.3 > 0 .4

< 4 8  h r s —A dults > 0 .6 >  0.5 > 0 .8 > 0 .6

3 to  6 d ay s— 7 to  9 d ay s > 0 .2 >  0.1 > 0 .1 > 0 .1

3 to  6 days —10 to  20 d ay s <  0.01 <  0.001 <  0.001 <  0.001
3 to  6 days —30 to  60 d ay s > 0 .7 0.1 :> p  > 0 .0 5 > 0 .4 >  0.1
3 to  6 d a y s—A dults > 0 .1 >  0.4 >  0.3 > 0 .6

7 to  9 days —10 to  20 d ay s 0.1 >  p > 0 .0 5 <  0.001 <  0.01 <  0.001
7 to  9 d ay s—30 to  60 d ay s > 0 .1 >  0.6 > 0 .6 > 0 .9

7 to  9 d ay s—A dults <  0.02 <  0.05 <  0.05 >  0.1

10 to  20 d ay s—30 to  60 d ay s <  0.01 <  0.01 <  0.01 <  0.01

10 to  20 d ay s—A dults <  0.001 <  0.001 <  0.001 <  0.001

30 to  60 d ay s—A dults > 0 .2 <  0.05 > 0 .1 > 0 .1

A  som ewhat d ifferent picture emerged from  the analysis o f the means 
o f  th e  individual changes in  colonic tem perature (ATC) presented in  Table Y. 
W hereas Tc, as show n in  T able IV, tended to  decrease up to  the age o f 20 days 
and to  increase thereafter, ATc-s were very sim ilar in the course o f exposure 
to  12%  0 2 in anim als aged  less than 48 hours, 10 to  20 and 30 to  60 days, 
w hereas in the 3 to 6, and 7 to  9-day-old groups A T C was considerably smaller 
th a n  in  the youngest, or th e  10 to 20 and 30 to  60-day-old groups and very  
sim ilar to A T C in adult anim als (Part A). The differences betw een the ZlTc-s of 
th e  3 to  6 and 7 to 9 -d ay-o ld  anim als on the one hand, and the 10 to  20 and the 30 
to  60-day-old ones, on th e  other hand, were h ig h ly  sign ificant. In  adult anim als, 
A T C in  response to 12%  0 2 w as significantly sm aller than in the 10 to  20, and 
th e  30 to  60-day-old an im als (Part B). In com parison, inter-age differences 
o f  A T C after the term in ation  of hypoxia w ere rather sm all. F ifteen  min after 
th e  term ination of exposure to 12% 0 2, zJTc w as sign ificantly  greater in the  
group aged 30 to 60 days th an  in the three y o u n g est groups and in the adult 
anim als. Thirty m in after th e  term ination o f  h yp oxia , the difference in  zlTt 
approached sta tistica l significance only betw een  the group aged less than  
48 hours and the 30 to  60-day-old  group.
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Changes in  body tem perature ( A T C)  during exposure to 12%  Ог, and between T c at 
term ina tion  o f  exposure and  in  the 15th and 30th m in  after term ination o f  exposure , and  

A  T c between the 15th and the 30th m in  a fter term ination  o f  exposure.
I n  brackets, num ber o f  observations (P a r t A ) .  S tatistical evaluation 

o f  the d ifferences between the age-groups (P art B )

Part A

Table V

JTe °C (M ±  S.E.)

Age
During 

exposure 
to 12% Os

Between 
termination 
of exposure 

and the 15th 
min thefèafter

Between 
termination 
of exposure 

and the 30th 
min thereafter

Between the 
15th and 30th 

min after termination 
of exposure

<  48 h rs - 0 .7 0 + 0 .1 1  
<  0.001 (14)

+ 0 .2 1 + 0 .0 5  
<  0.01 (14)

+  0 .3 9 + 0 .0 6  
<  0.001 (15)

+  0.14 +  0.04 
<  0.01 (14)

3 to  6 days - 0 .3 6 + 0 .0 5  
<  0.001 (23)

+  0 .2 8 + 0 .0 4  
<  0.001 (23)

+  0 .4 6 + 0 .0 4  
<  0.001 (23)

+ 0 .1 8  +  0.03 
<  0.001 (23)

7 to  9 d ay s - 0 .4 0 + 0 .0 8  
<  0.001 (21)

+  0.29 +  0.04 
<  0.001 (21)

+  0 .4 8 + 0 .0 6  
<  0.001 (21)

+  0.19 +  0.04 
<  0.001 (21)

10 to  20 days - 0 .7 5  +  0.07 
<  0.001 (25)

+ 0 .3 5 + 0 .0 5  
<  0.001 (25)

+  0.45 +  0.08 
<  0.001 (25)

+  0 .0 9 + 0 .0 5  
0.1 >  p  >  0.05 (25)

30 to  60 d ay s - 0 .8 0 + 0 .0 7  
<  0.001 (21)

+  0.48 +  0.06 
<  0.001 (19)

+ 0 .5 6 + 0 .0 7  
<  0.001 (20)

+  0.09 +  0.03 
<  0.01 (20)

A dults - 0 .4 8  +  0.08 
<  0.001 (15)

+  0 .3 0 + 0 .0 4  
<  0.001 (15)

Part В

+  0.41 +  0.07 
<  0.001 (15)

+  0.11 +  0.04 
<  0.01 (15)

Age-groups

A T e during
exposure

to 12% O,

A T e between 
termination 

of 12% 0 2 and 
the 15th min 

thereafter

ATC between 
termination 

of 12% 0 2 and 
the 30th min 

thereafter

A T C between 
the 15th and 

30th min after 
termination of 

exposure to 
12% O,

p P P P

< 4 8  h rs  — 3 to  6 days <  0.01 >  0.2 > 0 .5 > 0 .4

< 4 8  h r s — 7 to 9 days 0.1 >  p > 0 .0 5 >  0.2 >  0.2 > 0 .3

< 4 8  h rs  — 10 to  20 days > 0 .7 0.1 >  p > 0 .0 5 > 0 .6 > 0 .4

< 4 8  h r s —30 to  60 days > 0 .4 <  0.05 0.1 > p  > 0 .05 > 0 .3

< 4 8  h r s —A d u lts > 0 .1 >  0.1 > 0 .8 >  0.5

3 to  6 d a y s — 7 to  9 days > 0 .3 >  0.9 >  0.8 >  0.8

3 to  6 d a y s —10 to  20 days <  0.001 >  0.2 > 0 .8 >  0.1

3 to  6 d ay s — 30 to  60 days <  0.001 <  0.01 > 0 .3 0.1 >  p > 0 .0 5

3 to  6 d ay s A dults > 0 .2 > 0 .7 > 0 .7 > 0 .1

7 to  9 d a y s —10 to  20 d ay s <  0.01 >  0.2 > 0 .6 >  0.1

7 to  9 d ay s  — 30 to  60 d ay s <  0.01 <  0.01 > 0 .3 0.1 > p  > 0 .0 5

7 to  9 d a y s —A dults > 0 .7 >  0.5 >  0.4 > 0 .1

10 to  20 d a y s—30 to 60 days > 0 .6 >  0.1 > 0 .2 > 0 .9

10 to  20 d a y s —A dults <  0.02 >  0.4 > 0 .8 > 0 .7

30 to  60 d a y s —A dults <  0.01 <  0.02 > 0 .1 > 0 .6
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Table VI

D istribution o f  changes in colonic temperature (A  T c)  in  response to exposure to 12%  0„ at T c 20 °C (P a rt A ) .  Chi square test taking A T C
o f  — 0 .6 0 °C  as the divid ing  line. In  brackets, enum eration data (P a rt B )

Part A

A T c °C

Age
1.40° to 1.20° to — 1.00° to — 0.80° to — 0.60° to — 0.40° to — 0.20° to +  0° to

1.20° 1.00° — 0.80° — 0.60° — 0.40° — 0.20° + 0° +  0.20°

<  48 hrs 17 4 (2 3 .4 % ) 2 (1 1 .8 % ) 1 (5 .9% ) 2 (1 1 .8 % ) 2 (1 1 .8 % ) 3 (17 .6% ) 1 (5 .9% ) 2 (1 1 .8 % )
3 to  6 days 24 — — 1 (4 % ) — 2 (8% ) 5 (21% ) 1 0 (4 2 % ) 3 (21% ) 1 (4 % )
7 to  9 days 21 1 (4 .8% ) — 1 (4 .8% ) 1 (4 .8% ) 1 (4 .8% ) 5 (24% ) 8 (3 8 % ) 3 (14% ) 1 (4 .8% )

10 to  20 days 27 1 (3 .5% ) 2 (7 .5% ) 5 (1 8 .5 % ) 5 (1 8 .5 % ) 4 (15% ) 5 (1 8 .5 % ) 2 (7 .5 % ) 3 (H % ) —
30 to  60 days 22 1 (4 .5% ) 6 (27% ) 3 (14% ) 6 (27% ) 3 (14% ) 1 (4 .5% ) 2 (9% ) — ■
A dults 15 1 (6 .7% ) 1 (6 .7% ) 3 (20% ) 5 (33 .2% ) 1 (6 .7% ) 3 (20% ) 1 (6 .7% )
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Part В

Age-gro,ips Chi* P Chi* P

<  48 hrs 
(11 ; 6------ 17)

3 to 6 days 
(3 ; 21------ 24)

9.873 <  0 01 3 to  6 d a y s .
(3 : 21------ 24)

7 to  9 days 
(4 ; 17------ 21)

0.027 > 0 .8

<  48 hrs 
(11 ; 6------ 17)

7 to  9 days 
(4 ; 17------ 21)

6.704 <  0.01 3 to 6 days 
(3 ; 21— -  24)

10 to  20 days 
(17 ; 10 - 27)

11.494 <  0.001

<  48 hrs 
(11 ; 6------17)

10 to  20 days 
(17 ; 10------ 27)

0.016 > 0 .8 3 to 6 days 
(3 ; 21 24)

30 to  60 days 
(16 ; 6------ 22)

14.718 <  0.001

<  48 hrs 
(11 ; 6------ 17)

30 to  60 days 
(16 ; 6----- -22)

0.044 >  0.8 3 to 6 days 
(3 : 21 ' 24)

A dults
(5 ; 1 0 ------15)

1.299 >  0.2

<  48 hrs 
(11 ; 6------ 17)

A dults
(5 ; 10------ 15)

2.008 > 0 .1

7 to  9 days 
(4 ; 17- 21)

10 to  20 days 
(17 ; 10------ 27)

7.598 <  0.01 10 to 20 days 
(17 ; 10-------27)

30 to  60 days 
(16 ; 6-------22)

0.684 > 0 .4

7 to  9 days 
(4 ; 1 7 ------21)

30 to  60 days 
(16 ; 6 -------22)

10.509 <  0.01 10 to  20 days 
(17 ; 10-------21)

A dults
(5 ; 10-------15)

2.392 > 0 .1

7 to  9 days 
(4 ; 17-------21)

A dults
(5 ; 10-------15)

0.298 >  0.5 30 to  60 days 
(16 ; 6-------22)

A dults
(5 ; 10------15)

4.111 <  0.05
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Table VII

Oxygen consum ption  (  V 0 2)  o f  gu inea  p ig s before, during, and after term ination  o f  exposure to 8 %  0 2. A m b ien t temperature ( T a)  20 °C  
I n  brackets, num ber o f  observations ( P art A ) .  S tatistical evaluation o f  the differences between the means o f  d ifferent age-groups ( P art B ) %

and between V i b e f o r e  and after term ination o f  exposure to 0 %  0 2 (P a rt C)

Part A

VOj ml/dm* min (M ±  S.E.)

A ge
Before 

exposure 
to 8% 0 2

P
During 

exposure 
to 8% 0 2

P

During the 
10th to 15th 

min after 
exposure

During the 
20th to 30th 

min after 
exposure

<  48 hrs 2 .1 0 + 0 .0 6
(32)

- <  0.001 ■<- 1.57 +  0.06 
(29)

- <  0.001 - 2 .5 4 + 0 .0 9
(28)

- >  0.1 - 2 .3 9 + 0 .0 7
(32)

3 to 6 days 2.03 +  0.04 
(22)

— <  0.001 •e- 1 .5 9 + 0 .0 4  
(22)

-► <  0.001 2 .3 1 + 0 .0 7
(22)

— 0.1 >  p >  0.05 — 2.15 +  0.05 
(22)

7 to 9 days 2 .0 8 + 0 .0 4
(20)

<  0.001 1 .4 3 + 0 .0 6
(19)

-*■ <  0.001 4 - 2 .4 2 + 0 .0 8
(20)

— 0.1 >  p >  0.05 — 2.22 +  0.06 
(21)

10 to 20 days 2.09 +  0.04 
(26)

<  0.001 1.36 +  0.04 
(26)

— <  0.001 4  — 2.35 +  0.05 
(25)

— <  0.01 — 2.08 +  0.06 
(26)

30 to 60 days 2 .1 6 + 0 .0 6
(18)

— <  0.001 -h-  1 .50+ 0 .06  
(18)

— <  0.001 — 2 .6 6 + 0 .0 7
(19)

— <  0.001 — 2.31 +  0.06 
(18)

A dults 1.67 +  0.08 
(18)

<  0.001 —  1 .28+ 0 .05  
(18)

<  0.001 1 .8 8 + 0 .0 6
(22)

<  0.02 1 .6 8 + 0 .0 5
(18)
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Part В

Age-groups
Before 
8% O,

P

During 
8% O,

P

10th to 15th 
min after 

8% O,

P

20th to 30th 
min after 
8% 0 2

P

<  48 h rs— 3 to  6 days > 0 .3 > 0 .7 0.1 > p  > 0 .0 5 <  0.01

<  48 h r s — 7 to  9 days > 0 .7 > 0 .1 > 0 .3 0.1 >  p > 0 .05

< 4 8  h r s —10 to  20 days >  0.8 <  0.01 0.1 >  p > 0 .0 5 <  0.01

< 4 8  h r s —30 to  60 days >  0.4 >  0.4 >  0.3 > 0 .2

<  48 h rs —A d u lts <  0.001 <  0.001 <  0.001 <  0.001

3 to  6 d a y s — 7 to 9 days > 0 .3 <  0.05 >  0.1 > 0 .3

3 to 6 d a y s  — 10 to 20 days > 0 .2 <  0.001 >  0.6 > 0 .3

3 to 6 d a y s  — 30 to 60 days 0.1 >  p > 0 .05 >  0.2 <  0.01 <  0.05

3 to 6 d a y s —A dults <  0.001 <  0 001 <  0.001 <  0.001

7 to 9 d a y s  — 10 to 20 days > 0 .8 > 0 .3 > 0 .4 > 0 .1

7 to 9 d a y s  — 30 to  60 days >  0.3 >  0.4 <  0.05 > 0 .2

7 to 9 d a y s —A dults <  0.001 0.1 >  p > 0 .0 5 <  0.001 <  0.001

10 to  20 d a y s —30 to 60 days >  0.4 0.1 >  p > 0 .0 5 <  0.001 <  0.01

10 to 20 d a y s —A dults <  0.001 > 0 .2 <  0.001 <  0.001

30 to 60 d a y s —A dults <  0.001 <  0.01 <  0.001 <  0.001

Part C

Age

VO 2 before exposure to 
8% 0 2 and VO2 

10th to 15th 
min after 

termination 
of exposure

P

VO 2 before exposure to 
8% 0 2 and VO 2 

from 20th to 30th 
min after termination 

of exposure
P

<  48 hrs <  0.001 <  0.01

3 to 6 days <  0.02 0.1 >  p > 0 .0 5

7 to  9 days <  0.001 0.1 >  p > 0 .0 5

10 to  20 days <  0.001 >  0 .8

30 to  60 days <  0.001 0.1 >  p > 0 .0 5

A dults <  0.02 >  0 .8

Table V I dem onstrates the distribution o f A T C in response to  12% 0 2. 
Statistical analysis (Part B ) agreed, on the w hole, w ith the inter-group analy­
sis of T c (Table V, Part B ). H ow ever, whereas in the la tter th e  difference 
betw een the groups aged less than  48 hours and 3 to  6 days on ly  approached  
significance, the difference in  the distribution o f A T C betw een th ese  groups 
proved to  be highly sign ifican t.
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F ig . 1. G uinea pig aged 6 d a y s ,  b o d y  w eight 78 g. O x y g en  consum ption  
a n d  colonic  tem p era tu re  ( o — O — O - o )  before, d u rin g  a n d  a f te r  th e  te rm in a tio n  of

b rea th in g  12%  0 2

Table VIII

Changes in  heat p ro d u c tio n  (Л  0 2)  du rin g  exposure to 8°/0 0 2, 
and after te rm in a tio n  o f  exposure , based on m easurem ents during  

the 10th to 15th and the 2 0 th  to 30th m in , and A  0 2 between the 10th to 15th m in  
and the 20th to 30th m in .  I n  brackets num ber o f  observations (P a rt A ) .  

S ta tistica l evaluation o f  the differences between the d ifferen t age-groups ( P art В )

Part A

A  0 2 ml/dm-min (M + S.E.)

Between V 02 Between V 02
during, and during, and Between the
VO 2 in the VO J, in the 10th to 15th minDuring 10th to 15th 20th to 30th and the 20th

Age exposure min after P min after to 30th minlu 8% 0 2 termination termination after exposure
o f exposure of exposure to 8% 0 2
to 8% O , to 8% 0 2

< 48 hrs — 0.53 +  0.05 +  0.93 +  0.08 > 0 .2  — +  0.82 +  0.06 - 0 .1 0  +  0.04
<  0.001 (32) <  0.001 (29) <  0.001 (30) <  0.02 (29)

3 to 6 days - 0 .4 4 + 0 .0 3 +  0.72 +  0.05 <c 0.05 +  0.56 +  0.05 - 0 .1 8  +  0.04
<  0.001 (22) <  0.001 (22) <  0.001 (22) <  0.001 (22)

7 to 9 days - 0 .6 5  +  0.06 +  0 .9 6 + 0 .0 8  — 0.1 > p  > 0 .0 5 +  0.77 +  0.05 — 0.20 +  0.07
<  0.001 (20) <  0.001 (19) <  0.001 (20) <  0.02 (19)

10 to 20 days 0.72 +  0.06 +  0 .9 9 + 0 .0 7  —  <  0.01 4 - +  0.72 +  0.06 - 0 .2 8 + 0 .0 4
<  0.001 (26) <  0.001 (26) <  0.001 (26) <  0.001 (25)

30 to 60 days - 0 .7 0  +  0.09 +  1 .1 5 + 0 .0 8  — <  0.05 — + 0 .8 4 + 0 .0 8 - 0 .3 1  +  0.05
<  0.001 (18) <  0.001 (17) <  0.001 (17) <  0.001 (17)

A d u lts - 0 .3 8  +  0.05 +  0 .6 4 + 0 .0 8  —  <  0.01 — +  0.38 +  0.05 - 0 .2 6  +  0.06
<  0.001 (21) <  0.001 (21) <  0.001 (21) <  0.001 (21)
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Part В

Age-groups
During

exposure
P

10th to 15th
min after 

termination 
of exposure

P

20th to 30th
min after 

termination 
of exposure

P

From the 10th 
to 15th min 

after termination 
of exposure to 
the 20th to 

30th min

p

< 4 8  h r s — 3 to 6 days > 0 .1 <  0.05 <  0.01 >  0.1

<  48 h r s — 7 to  9 days > 0 .1 >  0.7 >  0.7 >  0.2

< 4 8  h r s —10 to  20 days <  0.02 >  0.5 >  0.2 <  0.01

< 4 8  h rs —30 to  60 days > 0 .1 >  0.1 > 0 .6 <  0.001

<  48 h r s —A dults <  0.05 <  0.02 <  0.001 <  0.05

3 to  6 d a y s— 7 to  9 days <  0.01 <  0.02 <  0.01 >  0.8

3 to  6 d a y s—10 to  20 days <  0.001 <  0.01 <  0.05 0.1 >  p > 0 .0 3

3 to  6 days — 30 to  60 days <  0.01 <  0.001 <  0.01 <  0.02

3 to  6 d a y s— A dults > 0 .3 >  0.4 <  0.02 >  0.2

7 to  9 days — 10 to  20 d ay s > 0 .4 >  0.7 >  0.4 >  0.3

7 to  9 d ay s — 30 to  60 days > 0 .6 >  0.1 > 0 .4 >  0.1

7 to  9 days —A dults <  0.01 <  0.01 <  0.001 >  0.5

10 to  20 d a y s—30 to  60 days >  0.8 >  0.2 >  0.2 > 0 .3

10 to  20 d a y s—A d u lts <  0.001 <  0.01 <  0.001 >  0.7

30 to  60 d a y s -  A d u lts <  0.01 <  0.001 <  0.001 >  0.3

Tables I to  VI dem onstrated convincingly th a t exposure to 12% 0 2 reduced  
Tc sign ificantly  even when heat production fa iled  to  decrease or even increased. 
The experim ent recorded in Fig. 1 serves as an exam ple.

E x p o s u r e  to  8 ° /0 0 2

H e a t  p r o d u c t i o n .  Table V II sum m arizes th e  data for V 0 2 obta ined  by  
exposing the guinea pigs to 8% 0 2. E xposure to  8% 0 2 reduced V 0 2 h igh ly  
sign ificantly  in all age-groups. During the 10th  to  15th min after term ination  
of exposure V 0 2 highly significantly exceeded  not only the level recorded  
during exposure b u t, as shown by Part C, also the pre-hypoxic level. T w en ty  
to 30 min after term ination  o f exposure V 0 2 w as lower in all age-groups than  
during the 10th to 15th m in after exposure. T he differences were u n equivocally  
sign ificant in the three older groups and nearly so in the three younger ones. 
H ow ever, even during the 20th to 30th m in after term ination o f exposure  
VO., exceeded, w ith the exception  of the 10 to  20-day-o ld  and the adult anim als, 
the pre-exposure level, the difference being sign ifican t in the you n gest group 
and approaching sta tistica l significance in th e  others (Part C).

Ada Physiologien Aeademiae Scientiarum Hungaricae 45, 1974
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Table IX

D istribution  o f  changes in  oxygen consum ption (A  0 2) in  response to exposure to 8 %  0 2 at "/ a 20 °C (P a rt A ) .  Chi square test taking  A  0 2 
o f  — 0.55 m l/dm 2 ■ m in  as the d ivid ing  line. I n  brackets, enum eration data (P a rt B )

Part A

A 0 2 m l/d m 2 • m in

Age »
—1.25 to 

—1.00
—1.00 to 

—0.85
—0.85 to 

—0.70
—0.70 to 

—0.55
—0.55 to 

—0.40
—0.40 to 

—0.25
—0.25 to 

—0.10
—0.10 to 

±0.0

48 hrs 32 1 (3.1% ) 4 (1 2 .5 % ) 4 (1 2 .5 % ) 4 (1 2 .5 % ) 8 (25% ) 7 (22% ) 2 (6 .2% ) 2 (6 .2% )
3 to  6 days 22 — 2 (9 % ) 3 ( H % ) 4 (18% ) 11 (50% ) 2 (9 % ) —
7 to  9 days 20 4 (20% ) 1 (5 % ) — 5 (25% ) 8 (40% ) 2 (10% ) — —

10 to  20 days 26 6 (23% ) 1 (4 % ) 4 (15% ) 7 (27% ) 5 (19% ) 3 (12% ) — —
30 to  60 days 19 4 (22% ) 3 (16% ) 2 (10% ) 3 (16% ) 2 (10% ) 3 (16% ) — 2 (10% )
A dults 18 1 (5 .5% )

~
1 (5 .5% ) 8 (4 4 .5 % ) 3 (17% ) 4 (22% ) 1 (5-5% )
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Part В

Ape-group*« Chi1 P C.bi* p

<  48 h n 3 to 6 days 1.199 >  0.2 3 to 6 days 7 to 9 davs 2.395 > 0 .1
(13 ; 19------ 32) (5 ; 17 22) (5 : 17------22) (10 ; 10------ 20)

<  48 hrs 7 to 9 days 0.161 >  0.5 3 to 6 davs 10 to 20 days 8.407 ! <  0.01
(13 ; 19 32) (10 ; 10------20) 1 (5 ; 17------ 22) (18 ; 8 — 26)

<  48 hrs 10 to  20 days 3.631 0.1 > p > 0 .0 5 3 to 6 days 30 to 60 days 5.238 <  0.05
(13 ; 19 32) (18 ; 8 -26) (5 ; 17 22) (12 ; 7 -  19)

<  48 hrs 30 to  60 days 1.114 >  0.2 3 to  6 davs A dults 0.342 >  0.5
(13 ; 19 32) (12 ; 7 19) (5 ; 17------ 22) (2 ; 1 6 ----- 18)

<  48 hrs A du lts 3.476 0.1 > p  > 0 .05
(13 : 1 9 ----- 32) (2 ; 16------ 18)

10 to 20 davs 30 to 60 days 0.016 > 0 .8
7 to 9 days 10 to  20 days 1.074 >  0.3 (18 : 8—  26) (12 : 7 ------19)
(10 : 10 20) (18 ; 8 26)

10 to 20 davs A dults 12.319 <  0.001
7 to 9 clays 30 to 60 days 0.267 >  0.6 (18 : 8----- 26) (2 : 16 18)
(10 ; 10------ 20) (12 ; 7— 19) (

7 to  9 days A dults 5.002 <  0.05 30 to 60 davs A dults 8.505 <  0.01
(10 ; 10------ 20) (2 ; 16------ 18) (12 ; 7 -  19) (2 ; 16------18)

Chi2 p
< 1 0  d ay s VS. 10 to 20 +  30 to  60 d ay s  8.039 < 0 .01

(28 ; 46------ 74) (30 ; 15------ 45)
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Table X

Colonic temperature ( T c)  o f  guinea p ig s before, at term ination, and 15 m in  and 30 m in  after term ination, o f  exposure to 8%  0 2 at T a 20 °C. 
I n  brackets, number o f  observations (P a rt A ) .  S tatistical evaluation o f  differences between the different age-groups (P a rt B )

Part A

Age
Before 

exposure 
to 8% 0 2

P
At termination 

of exposure 
to 8% 0 2

P

15 min after 
termination 
of exposure 
to 8% 0 2

P

30 min after 
termination 
of exposure 
to 8% 0 2

<  48 hrs 38.65 +  0.13 
(31)

- <  0.001 — 36.35 +  0.14 
(31)

— <  0.001 — 37 .96+ 0 .19
(32)

— <  0.05 — 3 8.53+ 0 .18
(31)

3 to 6 days 38.27 +  0.14 
(22)

<  0.001 — 36.59 +  0.13 
(22)

— < 0 .0 0 1  < 37 .64+0.16
(22)

-  <  0.001 -e- 38.41 +  0.13 
(22)

7 to  9 days 38.00 +  0.13 
(21)

<  0.001 — 35.98+0.15
(21)

— <  0.01 — 36 .90+0.22
(21)

— <  0.001 — 37.92 +  0.14 
(21)

10 to  20 days 37.31 +  0.15 
(25)

—- <  0.001 — 35.02 +  0.17 
(25)

-► <  0.01 4- 35.95 +  0.22 
(26)

— <  0.01 36.82 +  0.23 
(25)

30 to  60 days 38.08 +  0.15 
(21)

<  0.001 -e- 36.12 +  0.18 
(21)

— <  0.001 -e- 37.23 +  0.20 
(20)

— >  0.1 37.65 +  0.18 
(21)

A dults 38.77 +  0.13 
(22)

*- <  0.001 -e- 37.61 +  0.16 
(22)

— <  0.05 — 38.16 +  0.17 
(23)

-  >  0.4 38.45 +  0.30 
(22)
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Part В

Before At termination 15 min after 30 min after
Age-groups exposure 

to 8% O,
of exposure 
to 8% O,

termination 
of 8% 0 ,

termination 
of 8% O,

P P P P

<  48 h r s — 3 to  6 days 0.1 >  p  > 0 .0 5 > 0 .2 0.1 >  p  > 0 .0 5 > 0 .5

<  48 h r s — 7 to  9 days <  0.001 0.1 >  p > 0 .0 5 <  0.001 <  0.02

< 4 8  h r s —10 to  20 days <  0.001 <  0.001 <  0.01 <  0.001

< 4 8  h r s —30 to  60 days <  0.01 >  0.1 <  0.02 <  0.01

< 4 8  h r s —A dults > 0 .5 <  0.01 > 0 .4 > 0 .8

3 to  6 d a y s -  7 to  9 days > 0 .1 <  0.01 <  0.01 <  0.02

3 to  6 d a y s—10 to  20 days <  0.001 <  0.001 <  0.001 <  0.001

3 to  6 d a y s—30 to  60 days >  0.3 <  0.05 > 0 .1 <  0.01

3 to  6 days —A dults <  0.02 <  0.001 <  0.05 > 0 .9

7 to  9 d a y s -  10 to  20 days <  0.01 <  0.001 <  0.01 <  0.001

7 to  9 d a y s—30 to  60 days >  0.6 >  0.5 > 0 .2 > 0 .2

7 to  9 d ay s A du lts <  0.01 <  0.001 <  0.001 > 0 .1

10 to  20 d a y s—30 to  60 d ay s <  0.001 <  0.001 <  0.001 <  0.01

10 to  20 d a y s—A dults <  0.001 <  0.001 <  0.001 <  0.001

30 to  60 days —A dults <  0.01 <  0.001 <  0.01 <  0.05

P a r t  В  of ta b le  \  I I  c o n ta in s  th e  in te r-g ro u p  an a ly s is  of th e  d a ta  in  P a r t  A. 
O xygen c o n su m p tio n  o f  a d u lt  an im als v a s  lo v e r  th ro u g h o u t th a n  th a t  
o f a n y  o f th e  y o u n g er age-g roups. D uring  h y p o x ia  th e  d ifference w as n o t  
s ig n ifican t be tw een  th e  10 to  20-day-old  a n d  th e  a d u lts , an d  a p p ro ach ed  
s ta tis t ic a l  sign ificance o n ly  b e tw een  th e  7 to  9 -d ay -o ld  an d  th e  ad u lts .

T ab le  V I I I  d e m o n s tra te s  th e  changes in  V 0 2 (z l0 2) d u ring , an d  a f te r  
te rm in a tio n  of exposu re  to  8 %  0 2 based  on th e  m ean  o f d ifferences in  in d i­
v id u a l ob se rv a tio n s. T h e  changes during , as w ell as a fte r , te rm in a tio n  o f 
exposu re  w ere h ig h ly  s ig n if ican t. T he decrease in  V 0 2 betw een  th e  1 0 th  to  
15 th  m in an d  th e  20 th  to  3 0 th  m in  a fte r  te rm in a tio n  o f exposure w hich  fa iled  
to  reach  s ta tis tic a l sn ig ificance  in  th e  th ree  y o u n g e s t age-groups w hen  m ean  
V 0 2 served  as th e  basis  o f  com parison , p ro v ed  n ev erth e less  s ig n ifican t w hen  
ca lcu la tio n  w as based  on th e  m ean  of A 0 2 o f in d iv id u a l observations.

T he m ost p ro m in e n t d ifferences be tw een  th e  v a rio u s age-groups w ere 
th a t  th e  red u c tio n  in  h e a t  p ro d u c tio n  d u ring  ex p o su re  w as sm aller in  th e  tw o  
y o u n g est age-groups th a n  in  th e  groups aged 7 to  9, 10 to  20, an d  30 to  60 
d ay s , an d  th a t  th e  p o s t-e x p o su re  increase in  h e a t  p ro d u c tio n  w as sm alle r 
in  th e  3 to  6 -day-o ld  th a n  in an y  o th e r g ro u p , a lth o u g h  g rea te r  th a n  in  th e  
a d u lt  an im als. S ta tis t ic a l  analy sis  o f th e  d iffe rences betw een  th e  age-g roups

4 * Ada Physiologien Academiae Scientiarum Hungaricue 45,1974
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( P a r t  В ) showed th a t  a t  th e  age of less th a n  48 hours Zl02 d u r in g  exposure  
w as s ig n ifican tly  sm aller th a n  a t  th e  age o f  10 to  20 days, an d  t h a t  in  th e  3 
to  6 -d a y -o ld  /Ю 2 w as s ig n if ic a n tly  sm alle r th a n  in  th e  7 to  9, th e  10 to  20, 
a n d  th e  30 to  60-day-o ld  an im als . A fte r  th e  te rm in a tio n  o f  e x p o su re . Z)02 
w as s ig n if ic a n tly  sm aller in  th e  3 to  6 -day -o ld  th a n  in an y  o f th e  o th e r  young  
ag e -g ro u p s .

T a b le  IX  p resen ts  th e  d is tr ib u tio n  o f  changes in response to  exposu re  
to  8 %  0 2. The d is tr ib u tio n  o f  Zl02 of th e  3 to  6-day-o ld  d iffered  s ig n if ican tly  
f ro m  t h a t  o f th e  groups ag ed  10 to  20 d ays a n d  30 to  60 days, a n d  th e  d is tr ib u ­
t io n  in  th e  com bined th re e  y o u n g e r g roups d iffered  h igh ly  s ig n if ic a n tly  from  
t h a t  in  th e  com bined g ro u p s aged 10 to  20 a n d  30 to  60 days. T h e  d ifference 
in  th e  d is tr ib u tio n  o f A 0 2 b e tw e e n  th e  g ro u p  aged less th a n  48 h o u rs  a n d  o f the  
a d u l t  an im als ap p ro ach ed  s ta tis t ic a l  s ign ificance , w hile d e f in ite ly  no d if­
fe re n c e  wras observed b e tw e e n  th e  age o f 3 to  6 days and  th e  a d u lts . T h e  7 to  
9 , 10 to  20, and  30 to  6 0 -d ay -o ld  groups d iffered  s ig n ifican tly  in  th e  d is tr ib u ­
t io n  o f  z l0 2 from  th a t  in  th e  a d u lt an im als.

B o d y  t e m p e r a t u r e .  T h e  d a ta  fo r T c in  T ab le  X  rep resen t th e  c o u n te rp a r t  
to  th o s e  fo r V 0 2 in T ab le  V I I .  W ith in  one age-g roup , T c before, a t  te rm in a tio n

Table XI

C hanges in  body tem perature ( A  T c)  during  exposure to 8 %  0 2, and  betxveen T c at 
te rm in a tio n  o f  exposure and  the 15th and 30th m in  after term ination o f  exposure , and  

A T c between the 15th a n d  30th m in  after term ination o f  exposure.
In  brackets, num ber o f  observations (P a r t A ) .  S tatistical evaluation  

o f  the differences between the age-groups (P a rt B )

Part A

Д  T„ °C (M ±  S.E.)

AS'
During 

exposure 
to 8% 0 ,

Between 
termination 
of exposure 

and the 15th 
min thereafter

Between 
termination 
of exposure 

and the 30th 
min thereafter

Between the 
15th and 30th min 
after termination 

of exposure

<  48 hrs 2 .3 0 + 0 .1 3
(29)

+  1.51 +  0.11
(30)

+  2.17 +  0.13 
(29)

+  0 .6 5 + 0 .0 5  
(30)

3 to  6 days — 1.68 +  0.12 
(24)

+  1.05 +  0.09 
(22)

- 1 .8 2 + 0 .1 2
(22)

+  0.73 +  0.06 
(22)

7 to  9 days - 2 .0 1 + 0 .1 1
(21)

+  1.01 +  0.07 
(21)

-r  1 .89+ 0 .10  
(21)

+  0.87 +  0.09 
(21)

10 to  20 days - 2 .2 5  +  0.15 
(26)

+  1.02 +  0.08 
(24)

+  1.83 +  0.15 
(24)

+  0 .8 2 + 0 .0 8  
(24)

30 to  60 days - 1 .8 5  +  0.09 
(21)

+  1.08 +  0.06 
(20)

+  1 .56+ 0 .07  
(20)

+  0 .4 7 + 0 .0 6  
(20)

A d u lts - 1 .1 6 + 0 .0 8
(22)

+  0 .5 0 + 0 .0 4  
(21)

-  0.84 +  0.06 
(22)

+  0 .3 0 + 0 .0 5  
(21)
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Part b

Age-groups
jT e during 

exposure 
to 8% Oa

/1TC between 
termination 

of 8% 0 2 and 
the 15th min 

thereafter

JTC between 
termination 

of 8% Ot and 
the 30th min 

thereafter

JTe between 
the 15th and 

30th min after 
termination 
of 8% Ог

P P P P

<  48 hrs- 3 to  6 days <  0.0 l <  0.01 0.1 >  p > 0 .05 >  0.3

<  48 hrs- 7 to  9 days <  0.05 <  0.001 0.1 >  p > 0 .0 5 <  0.05

COV hrs - 10 to  20 days >  0.8 -c 0.01 0.1 >  p > 0 .0 5 0.1 >  p > 0 .05

<  48 hrs 30 to  60 days <  0.01 <  0.01 <  0.001 <  0.05

COV hrs A dults <  0.001 <  0.001 <  0.001 <  0.001

3 to о d a y s— 7 to  9 days >  0.1 >  0.7 >  0.6 >  0.2

3 to 6 d a y s -  10 to 20 days <  0.01 >  0.8 >  0.9 >  0.3

3 to 6 d a y s -  30 to  60 days >  0.2 >  0.7 0.1 >  p > 0 .05 <  0.01

3 to 6 d ay s- A dults <  0.001 <  0.001 <  0.001 -s 0.001

7 to 9 d a y s— 10 to  20 days <. 0.05 >  0.9 >  0.7 >  0.6

7 to 9 d ay s- 30 to  60 days >  0.5 >  0.5 <  0.02 0.001

7 to 9 d ay s A dults <  0.001 <  0.001 <. 0.001 <  0.001

10 to 20 days 30 to  60 days <  0.05 > 0 .5 >  0.1 0.01

10 to 20 d a y s  A dults <  0.001 <  0.001 c  0.001 <  0.001

30 to 60 d a y s—A dults <  0.001 <  0.001 <  0.001 <  0.05

of, e x p o su re  to  8 %  0 2, an d  a t  th e  15th  a n d  3 0 th  m in  th e re a fte r , d iffe red  m ore 
m a rk e d ly  th a n  in  th e  co rresp o n d in g  o b se rv a tio n s  w ith  12%  0 2.

A ccord ing ly , th e  d ifferences w ere h ig h ly  sign ifican t w ith  th e  ex cep tio n  
of th e  30 to  60-day-o ld  an d  th e  a d u lt  an im a ls , in  which T c in  th e  1 5 th  an d  in 
th e  3 0 th  m in  a fte r  te rm in a tio n  of ex p o su re  failed  to  d iffer s ig n if ic a n tly , 
a lth o u g h  th e  tre n d  o f T c w as s im ila r to  t h a t  in  th e  o th e r ag e-g ro u p s. E ssen ­
tia lly  th e  sam e applies to  th e  d ifferences b e tw een  age-groups. A s show n  by 
P a r t  В o f  T ab le  X  th ese  w ere in  m an y  in s ta n c e s  highly  s ig n if ic a n t w h en  the  
co rresp o n d in g  differences in  th e  course o f  exposu re  to  12%  0 2 (T ab le  IV, 
P a r t  B) w ere n o t, or on ly  a p p ro ach ed  s ig n ificance .

T ab le  X I  records th e  changes in T c (zJTc) d u ring  and  a f te r  te rm in a tio n  
of ex p o su re  to  8 %  0 2. W ith in  each  ag e-g roup  all th e  changes w ere s ta tis t ic a lly  
h igh ly  s ig n if ican t (p <  0.001). In  th e  co u rse  o f  exposure to  8 %  0 2, zlTc was 
g re a te s t, and  p ra c tic a lly  eq u a l, a t  th e  ages o f  less th an  48 h o u rs  an d  10 to  
20 d ay s , w hereas in all o th e r  age-g roups ZlTc w as s ign ifican tly  sm a lle r  (P a r t  B). 
The in c rea se  in  T c d u rin g  th e  f ir s t  15 m in  a f te r  te rm in a tio n  o f  e x p o su re  was 
highly  s ig n ifican tly  g rea te r  in th e  y o u n g est ag e-g roup  th an  in an y  o f  th e  o thers.

A c ta  P hysio lo g ica  A cadem iar Scientiarum Hungaricae 45,1914
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Table X II

D istribu tion  o f  changes in  colonic temperature ( A  T c)  in  response to exposure to 8 %  0 2 ( P art A ) .  Chi square test taking A T c o f —2.0 °C as the
d ivid ing  line. I n  brackets, enum eration data ( P art В )

Part A

A  Te °C

Age —3.5° to —3.0° to —2.5° to —2.0° to —1.5° to —1.0° to —0.5° to
—3.0° —2.5° —2.0° —1.5° —1.0° —0.5° ±0°

<  48 hrs 33 4 (12% ) 5 (15% ) 16 (49% ) 5 (15% ) 2 (6 % ) 1 (3 % ) _
3 to  6 days 22 — 3 (14% ) 4 (18% ) 6 (27% ) 7 (32% ) 2 (9 % ) —
7 to  9 days 21 1 (5 % ) 3 (14% ) 5 (24% ) 9 (43% ) 3 (14% ) — _

10 to  20 days 26 3 (H % ) 7 (27% ) 7 (27% ) 6 (23% ) 2 (8)% — 1 (4 % )
30 to  60 days 21 — 1 (1 % ) 8 (38% ) 6 (29% ) 6 (29% ) —
A dults 22 5 (23% ) 11 (50% ) 6 (27% ) —

204 
M

. FA
R

K
A

S, SZ. D
O

N
H

O
FFE

R



A
d

a
 P

hytiologica A
cadem

iae Scientiarum
 H

ungaricae 4
5,1974

Part В

Age-groups Chi* P

<  48 hrs
(25 ; 8 33)

3 to 6 days 
(7 ; 15— - 2 2 )

8.746 <  0.01

<  48 hrs 
(25 ; 8------- 33)

7 to  9 days 
(9 ; 12------- 21)

4.572 <  0.05

<  48 hrs
(25 ; 8------- 33)

10 to  20 days 
(17 ; 9 -------26)

0.335 > 0 .5

<  48 hrs 
(25 ; 8 33)

30 to  60 days 
(9 ; 1 2 ------ 21)

4.624 <  0.05

<  48 hrs 
(25 ; 8------- 33)

A dults
(0 ; 22------- 22)

27.576 <  0.001

7 to  9 days 
(9 ; 12------- 21)

10 to  20 days 
(17 ; 9 ------- 26)

1.533 >  0.2

7 to  9 days 
(9 ; 12-------21)

30 to  60 days 
(9 : 12 21)

0.000 >  0.9

7 to  9 days 
(9 ; 12------- 21)

A dults
(0 ; 22 -------22)

9.453 <  0.01

Chi* p

3 to 6 days 
(7 ; 15— 22)

7 to  9 days 
(9 ; 12------ 21)

0.195 <  0.6

3 to  6 days 
(7 ; 15------ 22)

10 to  20 days 
(17 ; 9------ 26)

4.152 <  0.05

3 t o . 6 days 
(7 ; 15 22)

30 to  60 days 
(9 ; 12 21)

0.195 > 0 .6

3 to  6 days 
(7 ; 15— 22)

A dults
(0 ; 22 22)

5.143 <  0.05

10 to  20 days 
(17 ; 9— -2 6 )

30 to  60 days 
(9 ; 12— —21)

1.535 > 0 .2

10 to  20 days 
(17 ; 9------ 26)

A dults
(0 ; 22 22)

19.549 <  0.001

30 to  60 days 
(9 ; 12------ 21)

A dults
(0 ; 22------ 22)

9.453 <  0.01
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R a th er  strikingly, /1ТС in th e  course o f the first 15 min after restoration of 
air w as almost identical in the groups aged 3 to 6. 7 to 9, 10 to 20, and 30 to  
60 d a y s, and the sam e holds for the 30 m in follow ing the term ination  o f expo­
sure and, accordingly, for th e  second 15 min period in the case o f  th e  3 to  6. 
7 to  9 , and 10 to 20-d ay-o ld  groups. In the adult anim als, A T C w as signifi­
c a n t ly  sm aller than in any one o f the younger groups during, as w ell as after 
term in ation  of exposure to  8%  0 2.

Table X II dem onstrates the distribution o f ZlTc in response to  exposure 
to  8%  0 2. The results o f  enum eration data analysis (Part B) correspond to 
th o se  o f  the statistical an alysis o f A T C in  Table X I , Part B.

Discussion

T he most striking feature o f  exposure to  12% 0 2 was the discrepancy 
b etw een  the changes in h eat production (zj02) and the concom itant changes in 
co lo n ic  tem perature (/1TC) as dem onstrated m ost conspicuously b y  com paring  
T a b les  I I I  and V I, and in  th e  individual experim ent shown in  F ig. 1. This 
d iscrep an cy , dem onstrated previously for adult guinea pigs ( F a r k a s  and 
D o n h o f f e r  1973), was ev en  more im pressive in  the new ly born. A t the age 
o f  less than  48 hours, V 0 2 increased in response to 12% 0 2 b y  more than
0.1 m l/d m 2 • min in about 50% , at the age o f  3 to  6 days in approxim ately  
75%  o f  the observations (T able III), whereas Tc concom itantly fell b y  more 
th a n  — 0.20 °C in 88%  of th e  anim als aged less than 48 hours, and in 75%  of 
th e  3 to  6-day-old ones. E ssen tia lly  sim ilar were the results for th e  older age- 
grou p s. Corresponding observations were m ade on new-born rabbits exposed  
at T a 20 °C to 6% C 02 (Vá r n a i  et al. 1971b; D o n h o f f e r  et al. 1973).

T he interpretation o f  th e  fall in b ody tem perature as a consequence of 
red u ced  heat production, as proposed even  recently  by B l at te is  (1972) has, 
th erefore, to be abandoned. The fact th at Tc and V 0 2 are falling concurrently  
w h en  th e  animals are exp osed  to more severe hypoxia does not affect this 
con clu sion . As has been p o in ted  out earlier ( F a r k a s  and D o n h o f f e r  1973). 
th e  la ck  o f a decrease, or even  the presence o f an increase in heat production  
d u rin g  hypoxia cannot be interpreted to ind icate that therm oregulatory heat 
p ro d u ctio n  was not im paired , since a sim ilar fall in body tem perature, e.g. 
d u rin g  cold  exposure, w ou ld  have elicited a very  marked increase in every  
in sta n ce .

A nother point o f in terest is the fall in  T c in  response to both  12% and 
8%  0 2. The group aged less than  48 hours responded to 12% 0 2 w ith  a fall 
in  T c tw ice  that of the 3 to  6-day-old  (p <7 0.01), and exceeded alm ost signif­
ic a n t ly  th e  zlTc of the 7 to  9-day-old anim als (0. 1 < P < 0  .05). In the case 
o f  exp osu re to 8% 0 2 the fa ll in body tem perature (Table X I) was also signifi-
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can tIy greater in the you n gest group than in either the 3 to 6-day-old (p 0.01 )
or the 7 to 9-day-old group (p 0.05).

This result was rather unexpected, since in response to transfer from  
Ta 30° to 20 °C, the fall in T c was by far the sm allest at the age o f less than  
48 hours as compared to  the older new-born groups ( F a r k a s  et al. 1974), w hich 
is consistent with the observation o f B rück  and W ü n n e n b e r g  (1965a) that 
the level of Tc at the age o f 1 to 3 days exceeded in the cold the Tc o f older 
guinea pigs up to the age o f  21 days. It has to  be concluded that the ré­

ponse o f the central therm oregulatory system  to  the two stim uli, cold and 
hypoxia , changes during the neonatal period profoundly and in the opposite 
direction. Other factors, like pre-exposure levels o f T c and differences in b od \ 
w eight, can be excluded . A lthough the pre-exposure levels o f Tc were lower 
at the age of 3 to  6 and 7 to  9 days than in the youngest group, Tc was 
even  lower in the 10 to  20-day-old w hich responded to both 12% and 
8%  0 2 w ith a fall in Tc o f  a m agnitude equal to th at o f anim als aged less that 
48 hours (Tables IV , V, X  and X I). The sim ilarity  of A T C in hypoxia at the 
age o f less than 48 hours and at 10 to 20 days elim inates body w eight as a 
decisive factor.

The changes in  T c during hypoxia, as well as after term ination of  
hypoxia , deserve a tten tion . In response to  both 12% and 8% 0 2, ЛТС was 
sign ificantly  sm aller at the age o f  3 to 6 and 7 to  9 days than in the 10 to  
20-day-old group, w hereas the z)Tc-s after term ination  o f hypoxia were id en ti­
cal, and after exposure to  8%  0 2, the same w as the case in the 30 to 60-day- old  
anim als (Tables V and X I) . P ost-hypoxic m ean ZlTc-s o f the groups aged 3 to 
6, 7 to 9, and 10 to  20 days appear, therefore, to  be related neither to the mean  
Tc at the term ination o f hyp oxia  (Tables IV  and X ), nor to A T C during hypoxia. 
The correlation w as, how ever, significant betw een  ЛТС in response to 8%  0 2 
and ЛТС after the term ination  o f hypoxia w ith in  one and the same age-group  
(unpublished results).

Changes in the response o f heat production and deep body tem perature  
during the neonatal period to exposure to  cold, hypoxia, and hypercapnia  
have been dem onstrated  in the rat (Vá r n a i  and D o n h o f f e r  1970; V á r n a i  
et al. 1970a, b), and th e  rabbit (Vá r n a i  et al. 1970c, 1971a, b) and for exposure  
to cold, in the guinea pig ( B rück  and W ü n n e n b e r g  1965a; F a r k a s  
et al. 1974), and in som e further m am m alian species. The changes in therm o­
regulatory responses during the neonatal period in the guinea pig appear 
to  be unique, and to  differ profoundly from  those o f the other species. 
In the other species the changes are unidirectional, and approach gradually  
the responses characteristic  for the adult anim al. In contrast, the change  
in colonic tem perature in  response to cold resem bles at the age o f less than  
48 hours more closely  th at o f adult anim als, and is much sm aller than the  
decrease in Tc in a n y o f the older new-born groups (F ark as  et al. 1974). The
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ch an ge in  T c in response to  h yp ox ia  was also bi-directional: the fall in T c was 
s ig n ific a n tly  smaller at th e  age o f 3 to  6 and 7 to  9 days, th an  ei­
th er  a t  th e  age of less th an  48 hours or in the 10 to  20-day-old anim als. 
S im ilar ly , the fall in heat production  in response to exposure to  8%  0 2 was 
so m ew h a t smaller in the 3 to  6-day-old  than  in the younger anim als, and 
h ig h ly  sign ificantly  sm aller th an  in  the groups aged 7 to 9, 10 to  20, and 30 
to  60 d ays, and very close to  th a t observed in adult animals (Table V III).

T h e results obtained at th e  age o f 30 to  60 days were of special in terest. 
T he fa ll in  heat production in  response to  exposure to 8% 0 ,  was as great as 
th a t  o f  th e  7 to 9, and 10 to  20-day-old , and alm ost tw ice as great as th a t of 
th e  a d u lt animals. The fall in  b ody tem perature during exposure to  8%  0 2 
w as a lm o st identical in the groups aged 3 to  6, 7 to  9, and 30 to 60 days, and 
eq u a lly  h igh ly  sign ificantly  greater than in adult anim als (Table X I ) . In 
response to  exposure to 12%  0 2, the fall in T c was at the age o f 30 to  60 days 
tw ice  th a t  recorded at the age o f  3 to  6, and 7 to  9 days, and highly sign ifican tly  
greater th an  in the adults, w hereas no sign ificant difference could he dem on­
stra ted  betw een  the adults and the groups aged 3 to  6, and 7 to  9 days. This 
was th e  more remarkable, since in other aspects, e.g. body w eight, 30 to  60- 
d ay-o ld  anim als are well advanced  on the w ay to  adulthood. These observa­
tion s co n stitu te  further ev idence for the conclusion arrived at earlier ( F a r k a s  
et a l. 1974) that the changes in therm oregulatory responses during the  
n eo n a ta l period are due to  changes in the working o f the central cyber­
n etic  sy stem  governing the m echanism s o f heat production and heat loss.

L im itations of space h ave precluded a discussion o f all aspects o f  the  
data presented . Some o f th ese  have been pointed  out in R esults, others can 
be d ed u ced  from the T ables, and correlational analysis betw een different 
v a riab les had to be reserved for a subsequent com m unication.
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EFFECT OF PHYSIOLOGICAL DOSES OF VASOPRESSIN  
AND OXYTOCIN ON AVOIDANCE AND EXPLORATORY

BEHAVIOUR IN RATS

By

H . S c h u l z *, G. L. K ovács and G . T e l e g d y

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived  Ju ly  10, 1974)

The effec t o f sm all doses o f vasopressin  (30 m U /kg) and  o x y to c in  (30 m U /kg) 
has been s tu d ied  on a c tiv e  and  passive  avo idance  b e h av io u r and e x p lo ra to ry  ac tiv ity . 
N e ith e r v asopressin  n o r o x y to c in  had  any  effec t on  acq u isitio n  of a c tiv e  avo idance 
beh av io u r, w hile e x tin c tio n  w as delayed  a fte r  v a so p ress in  and  fa c ilita ted  a f te r  oxytocin  
tre a tm e n t.

In  passive  sh ock  avo id an ce  response (P S A R ), v asopressin  t re a tm e n t  shortened  
th e  PS A R  in re p ea te d  te s ts . O xy toc in  was in effectiv e  on PS A R . In  open-fie ld  te s t, 
on ly  th e  d e fecation  ra te  w as sign ifican tly  low ered b y  vasopressin .

O xytocin and vasopressin  in physiological doses were shown to influence 
brain function and hypothalam ic m ulti-unit a c tiv ity  in rats and rabbits 
(S chw akzberg  1968: S c h w a r z b e r g  and U n g e r  1970; U n g e r  and S c h w a r z ­
b er g  1970: S c h w a r z b e r g  et al. 1973). O xytocin  inhibited w hile vasopressin  
facilitated  neuronal m ulti-un it activ ity  (S chulz  et al. 1971, 1973).

In behavioural s tu d ie s ,  vasopressin  in high doses caused a d e la y  in the  
ex t in c t io n  o f  a c t iv e  a v o id a n c e  behaviour and o f  th e  p ass ive  a v o id a n c e  reac­
tion ( D e  W ied  1963. 1971, 1973; D e  W ie d  and B o h u s  1966; B o n u s 1971).

The aim o f the present experim ents w as to study the action o f physio­
logical doses o f o x y toc in  and vasopressin on active  and passive behaviour as 
well as an exploratory a c tiv ity .

Methods

In  the  e x p erim en ts , a d u lt  m ale R -A m ste rd am  a lb ino  ra ts  were used , w eigh ing  100 — 
250 g. T he an im als w ere k e p t  on  a s ta n d a rd  l ig h t-d a rk  schedu le  (12 : 12), w ith  th e  lig h t period 
s ta r tin g  a t  6.00 a .m . F ood  an d  w a te r  were allow ed ad  lib itu m .

Active avoidance. A ctiv e  avo id an ce  condition ing  w as perfo rm ed  in a p la tfo rm  ju m p in g  
con d itio n in g  a p p a ra tu s  ( T e l e g d y  e t al. 1968: T e l e g d y  an d  R ó z s a h e g y i  1971). T h e  condi­
tio n a l stim u lu s (CS) w as th e  lig h t o f  a 45 W electric  b u lb , while th e  u n co n d itio n a l stim u lus 
(U S) was an  electric  shock  o f 1.0 m A  delivered  th ro u g h  th e  grid  floor of the a p p a ra tu s  on the 
paw s of th e  ra t. T en co n d itio n in g  tr ia ls  were given da ily  in a fixed tim e schedu le  w ith  60 sec 
av erage  in te r tr ia l  in te rv a ls . T h e  c riterio n  of learn ing  w as 8 0 %  or m ore co n d itio n ed  response 
(C A R ) in th ree  co n secu tiv e  d ay s. A fter reach ing  th is  c rite rio n , e x tin c tio n  tr ia ls  were ru n  
w ith o u t US. T he c rite rio n  o f ex tin c tio n  was a 20%  level o f perform ance reach ed  in th ree  
consecu tive  days.

* On leave from  th e  In s t i tu te  o f  Physio logy, M edical A cadem y M agdeburg . G D R .
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P assive  avoidance. P a ss iv e  a v o id an ce  b eh av io u r w as te s te d  accord ing  to  BoHUS e t al. 
(1970) a n d  K ovács e t al. (1974). T h e  b o x  consisted o f tw o  c o m p a rtm e n ts , a  l ig h t a n d  a  d a rk  
one  c o n n e c te d  by  a hole. O n th e  f i r s t  d a y  th e  u n tra in e d  a n im a ls  w ere p laced  in  th e  lig h t com ­
p a r tm e n t  fo r 180 sec an d  th o se  e n te r in g  th e  d a rk  w ith in  60 sec w ere selected  fo r fu r th e r  stud ies . 
O n  th e  second  day, the  a n im a ls  e n te r in g  th e  d a rk  c o m p a r tm e n t received  an e lec tric  shock of 
1.0 m A  fo r  1 sec. On th e  fo llo w in g  d a y s  th e  an im als w ere te s te d  fo r th e  tim e  sp e n t in  the  
l ig h t  c o m p a rtm e n t;  th is  w as e x p re ssed  as an  in d ex  o f p assiv e  shock  av o id an ce  response 
(P S A R ).

E xploratory  activity. E x p lo ra to ry  a c tiv ity  w as m ea su re d  w ith  th e  sam e an im a ls  as 
in  th e  P S A R  experim ents. T h e y  w ere  p laced  in an  open-fie ld  b o x  w hich  consisted  o f 36 squares 
m e a su r in g  1 0 x 1 0  cm each , d u r in g  th e  f ir s t  th ree  d ay s im m e d ia te ly  before P S A R  te s tin g . 
A c t iv i ty  w as characterized  b y  th e  to ta l  n u m b er o f sq u a re s  ex p lo red , th e  to ta l  n u m b e r  of 
re a r in g s  a n d  groom ings a n d  th e  d e fec a tio n  boluses p ro d u c ed  d u rin g  3 m in  sessions fo r th ree  
c o n se c u tiv e  days.

Treatm ent. The a n im a ls  re ce iv e d  30 m U /kg  ly sin e-v aso p ressin  (Sandoz , B ase l) o r 30 
m U /k g  sy n th e tic  oxy tocin  (R ic h te r ,  B u d a p es t)  in tra p e r ito n e a lly  in  a vo lum e of 0.5 m l 15— 25 
m in  p r io r  testing . C ontrol a n im a ls  fo r v asopressin  rece iv ed  th e  sam e vo lu m e o f R in g er’s 
so lu t io n  a n d  for oxytocin  t r e a tm e n t  th e  vehicle of o x y to c in  (R ic h te r , B u d ap es t) . I n  th e  passive  
a v o id a n c e  te s t,  all drugs w ere g iv e n  d a ily  over a p e rio d  o f 6 d ay s; in ac tiv e  a v o id an ce  con­
d itio n in g , da ily  during  a c q u is it io n  a n d  ex tin c tio n .

S ta tis t ic a l  analysis o f  th e  d a ta  w as carried  o u t b y  M an n  an d  W h itn e y ’s U  te s t.  The 
p ro b a b il i ty  level of 0.05 or less w as  accep ted  as a s ig n ifican t difference.

Results

N either vasopressin nor oxytocin  had any effect on acquisition  o f the 
a c tiv e  avoidance reflex. H ow ever, in the extin ction  trials, vasopressin  caused  
a sign ifica n tly  higher rate o f  CARs than th at observed in the control group 
(p <  0 .01).

O xytocin  resulted in a low er rate of CARs (p <  0 .02) than th e  veh icle  
trea tm en t (Fig. 1).

Fig. 1. E ffe c t of vasopressin  a n d  o x y to c in  on a cq u is itio n  a n d  e x tin c tio n  o f co n d itio n ed  
a c tiv e  a v o id an ce  reflex in  r a ts .  ^ v a s o p r e s s i n - t r e a t e d  g ro u p ; Д — Д :  R in g er’s so lu tion- 
- t r e a te d  g ro u p ; £ — £  : o x y to c in - tre a te d  g ro u p ; Q — О  veh ic le  fo r o x y to c in - tre a te d  group . 

I n  b ra ck e ts  the  n u m b er o f  an im a ls  used. CAR: c o n d itio n ed  avoidance  resp o n se
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Fig. 2. E ffec t o f v asopressin  and o x y to c in  on  th e  passive  shock  avoidance re sp o n se  in  ra ts .
Sym bols as in  F ig . 1

In passive avoidance behaviour, th e  PSA R  o f the vasopressin-treated  
rats w as shortened in comparison to  the control group (p <  0.02). O xytocin  
showed a tendency to lengthen the P SA R , but the differences were not signif­
icant. The vasopressin-treated group show ed a shortened PSA R  after cessa­
tion o f treatm ent, hut in th is period the differences were not sign ificant. 
After cessation  of oxytocin  treatm ent there were no differences betw een  the  
previously  drug-treated anim als and the vehicle-treated control anim als
(Fig- 2).

In open-field activ ity  there were no differences in am bulation  rate, 
groom ing and rearing activ ity . The defecation  rate in the vasopressin-treated  
group was sign ificantly  lower than in the controls (p <[ 0.05; T able I).

T able  I

Effect o f  lysine-vasopressin and oxytocin on open-field activity

Treatment No. of rats Ambulation Rearing Grooming Defecation

R inger-contro ls 20 4 9 .7 ± 1 3 * 9.5 ± 2 .0 12 .9±2 .1 2 .9 ± 0 .2

L ysine-vasopressin 20 54.2 ± 7 8 .2 ± 0 .5 11.1 ± 0 .4 0 .9 ± 0 .1 * *  ■

V ehicle-controls 20 5 5 .6 ± 1 3 11.1 ± 2 .8 1 0 .8 ± 2 .4 1 .8 ± 0 .2

O xytocin 20 5 6 .5 ± 1 3 8 .4 ± 2 .4 1 0 .6± 2 .5 1 .8 ± 0 .2

* m ean  +  S .E . 
** p  <  0.05
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Discussion

Physiological doses o f  vasopressin resulted  in a similar delay o f ex tin c ­
tion  o f  active avoidance behaviour as described earlier with higher doses o f  the  
horm one ( D e W i e d  1965. 1971, 1973: D e W i e d  and B on n s 1966: B o h u s  
1971: L a n d e  et al. 1971; B o h us  et al. 1972) and the PSAR was shortened. 
In p assive avoidance, B o h u s  (1971) observed an increased avoidance la ten cy  
after pitressin adm inistration . The discrepancy m ay  have been due to  d if­
ferences in the preparations, application schedules, and the behavioural 
m ethods used.

O xytocin  treatm en t facilitated  the ex tin c iton  of active avoidance  
reflex  and showed a ten d en cy  to influence th e  PSA R  in an opposite direction  
than  did vasopressin. To our knowledge this is th e  first evidence th at oxytocin  
and vasopressin  should influence higher nervous function in an opposite  
m anner.

The action of vasopressin  and oxytocin  is not m ediated via the changed  
general m otor a c tiv ity . If, however, one accepts th a t the defecation rate is an 
index  o f  em otionality , vasopressin might act at th is level, too.

A lthough earlier no effect on animal behaviour could be observed after 
o x y to c in  treatm ent, som e electrophysiological data  (S chulz et al. 1971, 1973:  
S c h w a r z b e r g  1968: S c h w a r z b e r g  and U n g e r  1970; S ch w arzberg  e t al. 
1973; U n g e r  and S c h w a r z b e r g  1970) clearly ind icate that vasopressin and  
o x y to c in  in low doses are influencing neuronal single and m ulti-unit a c tiv ity  
and the EEG  in an op p osite  direction in both  rats and rabbits.

On the basis o f  th e  present data and th ose reported by the above authors 
it is tem pting  to suggest th a t posterior p itu ita ry  hormones like vasopressin  
and oxytocin  have a m odulating  effect on brain function  in mam m als. Further  
in vestigation s are. how ever, needed to clarify th e  details o f this action.
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EFFECT OF MIDBRAIN RAPHE LESION ON DIURNAL  
AND STRESS-INDUCED CHANGES IN SEROTONIN 

CONTENT OF DISCRETE REGIONS OF THE LIMBIC 
SYSTEM AND IN ADRENAL FUNCTION IN THE RAT

By

I. V e r m e s , G. T e l e g d y  and K . L issá k

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

'  (R ece ived  M arch 15, 1974)

Sero ton in  leve l in  th e  m esencephalon , h ip p o cam p u s, se p tu m , a m y g d a la  and 
h y p o th a la m u s , an d  p la sm a  co rticosterone  c o n te n t  h a v e  been m easu red  a t  08, 16 and 
24 hours in  m id b ra in  raphe-lesioned  an im als .

Follow ing e le c tro ly tic  lesion of th e  m id b ra in  ra p h e  nuclei, th e  d iu rn a l  v a ria tio n s 
o f b ra in  se ro to n in  a n d  p lasm a  co rticosterone  lev e l d isap p eared , th e  se ro to n in  level 
decreased  b y  50— 7 5 %  in  each  b ra in  a rea  in v e s tig a te d  and  th e  p la sm a  corticosterone  
level increased  a b o u t  th ree fo ld  o f th e  n o rm al m o rn in g  level.

T he stress  re sp o n se  a f te r  e th e r an d  e lec tric  shock w as f a c i l i ta te d  in  raphe- 
lesioned  an im als a n d  r e tu rn  to  th e  s ta r tin g  v a lu e  w as de layed . T h e  h y p o th a lam ic  
se ro to n in  level w as low er th a n  th e  con tro l a n d  d id  n o t  change d u rin g  s tre ss .

T he re su lts  su g g est th a t  th e  m esencephalic  ra p h e  nuclei are  re sp o n sib le  fo r th e  
se ro to n in  rh y th m  o f th e  lim bic  system  w hich  show s a n egative  c o rre la tio n  w ith  p itu ­
i ta ry -a d re n a l  fu n c tio n .

A number o f data  show that the serotoninergic system  in the brain 
originates m ainly from the raphe nuclei. The pericarya o f th e  serotonin- 
containing neurones are located  m ostly —  if  not exclusively  —  in  the m id­
brain raphe nuclei ( D ah l st r ö m  et al. 1965; F u x e  1965; A n d e n  e t al. 1966; 
A g h a j a n i a n  et al. 1969). E lectrolytic destruction  o f the m idbrain raphe leads 
to  a remarkable decrease in the serotonin con ten t o f the brain ( H e l l e r  and 
Moore  1965; J o u v e t  et al. 1966; K o st o w s k i  et al. 1968; R o s e c r a n s  and 
S h e a r d  1969; K u h a r  et al. 1971, 1972) and a decrease in th e  a ctiv ity  of 
tryptophan h ydroxylase, the rate-lim iting enzym e o f serotonin  synthesis 
(L o v e n b e r g  et al. 1968) in the brain stem  ( P o i r i e r  et al. 1969; K u h a r  et al. 
1971, 1972).

Earlier we have presented evidence o f the inhibitory role o f  the sero­
toninergic system  on hypothalam o—p itu itary-adrenal function . Serotonin  
was able to inhibit th e  hypothalam ic tissue-induced ACTH release in vitro  
(V e r m e s  et al. 1972; T e l e g d y  and V e r m e s  1973). Intraventricular injection  
or im plantation o f serotonin into the baso-m edial hypothalam us inhibited  
the stress response or the com pensatory adrenal hypertrophy and hyper­
secretion (Ve rm e s  and T e l e g d y  1972; V e r m e s  et al. 1973).
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In  the present s tu d y  th e  effect of m idbrain raphe lesion on diurnal 
sero to n in  rhythm  of th e  m esencephalon, h ippocam pus, septum , am ygdala  
and hypothalam us, on the p lasm a corticosterone lev e l, and on stress-induced  
ch a n g es in hypothalam ic seroton in  and plasm a corticosterone leve l was 
in v estig a ted .

Methods

A d u lt  m ale albino C FY  r a t s  w eigh ing  185— 235 g w ere  u sed . The an im als  w ere k ep t 
in  a r t i f ic ia l  ligh t, w ith  12-hour l ig h t  a n d  12-hour d a rk  p e rio d s . T he lig h t p e rio d  s ta r te d  a t
6 a .m . T h e  anim als were fed  a  s t a n d a r d  d ie t and w a te r  w as g iven  ad  lib itu m .

T h e  electric  lesion w as d o n e  u n d e r  p e n to b a rb ita l (50 m g /k g  b .w .) a n ae s th es ia  w ith  a 
s te r e o ta x ic  ap p a ra tu s  using  c a th o d a l  c u rre n t  (5 m A, 15 sec). T h e  coo rd in a tes  o f th e  e lectrode  
s e t  a c c o rd in g  to  the  a tla s  o f B u r e s  e t  al. (1967): A P  ( s a g itta l  p lane), 7; L  ( la te ra l  p lane), 
0; F  ( f ro n ta l  plane), 7 m m . I n  c o n tro l  (sham -opera ted ) an im a ls  th e  electrode w as in tro d u c ed  
in to  th e  m esencephalon a n d  t h a n  rem oved .

L o ca liza tio n  of th e  les io n  w a s  verified  in frozen  b ra in  sec tions of ra n d o m ly  selected  
a n im a ls .

T h e  effect of lesion on  th e  b r a in  sero ton in  an d  p la sm a  co rtico s tero n e  levels w as te s te d
7 d a y s  a f te r  the  operation .

F o r  th e  d e te rm in a tio n  o f b r a in  se ro to n in  c o n ten t th e  an im a ls  were k illed  b y  d e c a p ita ­
t io n ,  c o n tro ls  a t  08 ,12 , 16, 20, 24 a n d  04 hours, rap h e-les io n ed  an im a ls  a t  08, 16 a n d  24 hours. 
T h e  b r a in  w as rap id ly  rem o v ed  a n d  frozen , p a r t  o f th e  d o rsa l h ip p o cam p u s (80— 100 m g), 
h y p o th a la m u s  (20 mg), a m y g d a la  re g io n s  (15—20 m g), s e p ta l  reg ion  (30 — 35 m g) a n d  m esen­
c e p h a lo n  includ ing  the  ra p h e  re g io n  (4 0 — 50 mg) w ere d issec ted . T he se ro to n in  lev e l in  th e  
d i f f e re n t  b ra in  areas was m e a su re d  b y  th e  m ethod  o f S n y d e r  e t  al. (1965).

C orticosterone leve l in  p e r ip h e ra l  blood was d e te rm in e d  fro m  th e  tru n k  b lo o d  co llected  
a f te r  d e c a p ita tio n , according to  t h e  m e th o d  of Ze n k e r  a n d  B e r n s t e in  (1958) as m o d ified  b y  
P u r v e s  a n d  S ir et t  (1965).

F o r  stress, th e  an im als w e re  p lac ed  for 2 m in  in  e th e r  v a p o u r  o r exp o sed  to  e lectric  
sh o c k  (a lte rn a tin g  cu rren t 1.5 m A  d e liv e red  to  th e  p a n  fo r  5 sec ev ery  15 sec d u rin g  2 m in) 
T h e  a n im a ls  were tes ted  30 a n d  90 m in  a fte r  stress.

S ta tis t ic a l  analysis w as d o n e  b y  S tu d e n t’s i-te st.

Results

A  typ ica l localization  o f  th e  midbrain raphe lesion  is show n in  F ig . 1.
T he animals showed a characteristic change in  behaviour w ith  increased  

sp o n ta n eo u s motor a c t iv ity , aim less rotatory m ovem ents, and hypersensi­
t iv i t y  to  acoustic stim uli. T h e diurnal variations in the serotonin level in  
d ifferen t regions of the lim b ic  system  are presented in F ig. 2.

T h e serotonin level in  th e  m esencephalon, septum  and am ygdala was 
fa ir ly  constant between 08 an d  16 hours. A t th e  beginning of the dark period, 
a sharp  decrease occurred in  th ese regions, w ith  th e  m inim um  at 20 hours. 
F rom  th a t  tim e on the le v e l  increased gradually, returning to  th e  norm al 
v a lu e  a t  04 hours in the m esencephalon  and am ygdala  and at 24 hours in  the  
sep tu m . In  the hippocam pus and hypothalam us th e  serotonin leve l w as fairly  
c o n sta n t between 08 and 12 hours, followed by a gradual decrease t ill 20 hours. 
In  th e  hypothalam us it  g rad u a lly  increased to  th e  norm al level at 08 hours
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but in the hippocam pus rem ained at this low  leve l until 24 hours, th en  returned  
to th e  normal level at 04 hours.

The plasm a corticosterone level show ed an opposite trend. The m inim um  
was at 08 hours and the m axim um  at 20 hours.

F ig. 1. L ocalization  of e le c tro ly tic  lesion of th e  m id b ra in  raphe. The a rro w s in d ic a te  th e
lesion

On the seventh  day following lesion o f  th e  midbrain raphe nuclei, in 
each brain region th e  serotonin level varied betw een  50— 75% o f th e  original 
m orning level and w as constant during th e  24-hour period. The low  level 
obtained follow ing th e  raphe lesion was in th e  m inim um  range o f  th e  normal 
fluctuation . The plasm a corticosterone c o n ten t was high, threefold o f  the 
normal morning level, and remained con stan t in 24-hour period.

The stress, w hether ether or electric sh ock , induced in shem -operated  
anim als a sharp increase in the plasma corticosterone and a decrease in  the 
hypothalam ic serotonin level (Table I). In m idbrain raphe-lesioned anim als 
the stress response w as facilitated , starting from  a higher level and increased  
alm ost parallel w ith  the norm al reaction. T he rate o f return to  th e  starting  
value was identical in th e  control and lesioned  anim als following ether stress 
but it  was delayed after electric shock. The h ypothalam ic serotonin lev e l was 
low  in each case and did not change after exposure to stress (Table I).
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F ig . 2 . D iu rn a l  va ria tio n  in  se ro to n in  c o n te n t of d isc re te  reg io n s o f th e  b ra in , a n d  in  p la sm a  
c o r tic o s te ro n e  co n ten t o f m id b ra in  raphe-lesioned  an im a ls . E ac h  v e rtica l b a r  re p re se n ts  
th e  m e a n  +  S .E . o f 14—58 ra ts .  D o t te d  line: sh a m -o p e ra te d ; solid  line: rap h e-lesioned  an im a ls

Discussion

T h e brain serotonin le v e l shows a rem arkable diurnal flu ctu ation . Most 
d ata  agree in that the seroton in  contant in th e  brain or in discrete areas o f  the 
brain decreases sharply at th e  beginning o f the dark period. This diurnal 
r h y th m  is characteristic o f  th e  serotonin co n ten t o f the whole brain o f  the 
m ouse ( A lbr ec h t  et al. 1956) and of the rat ( D i x i u  and B u c k l e y  1967; 
A s a n o  1971; Ok ada  1971), o f  the telencephalon , diencephalon, and o f  the 
m ain  p art of the m esencephalon and rhom bencephalon ( B o b i l l i e r  and 
M o u r e t  1971), of different cortical (Qu a y  1965) and subcortical areas ( Q u a y  
1968). Sim ilar results have recently  been reported  by H é r y  et al. (1972) 
for th e  hypothalam us, cortex  and brain stem . In  th e  hippocampus and am yg­
dala  an  opposite tendency has been found (S c a p a g n i n i  et al. 1971). Our results
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Table I

Effect o f  m idbrain  raphe lesion on electric shock- and ether stress-induced  
changes in  p lasm a corticosterone level and hypothalam ic serotonin content at 

30 and  90  m in  fo llow ing  stress

Time
(min)

Plasma corticosterone Hypothalamic serotonin

Group N
u g l 100 ml »ignifmancr significance

(P)

0 1. Control

2. Lesion

29

18

8.7 ± 1 .5 6 *

2 8 .0 ± 2 .3 7  p <  0.001 vs. 1.

1 .94± 0 .07

0 .5 6 ± 0 .1 3 p <  0.001 VS. 1.

E lectric  shock

30 3. Control

4. Lesion

12

14

4 0 .0 ± 2 .1 5

6 1 .7 ± 3 .2 0

p <  0.001 vs. 1. 

p <  0.001 vs. 2. 

p <  0.01 vs. 3.

0.67 ± 0 .1 6  

0 .3 8 ± 0 .0 8

p  <  0.001 vs. 1.

N S vs. 2. 

p <  0.05 vs. 3.

90 5. Control

6. Lesion

11

12

1 2 .6 ± 2 .9 2

3 8 .5 ± 2 .3 4

NS vs. 1. 

p <  0.001 vs. 3. 

p <  0.01 vs. 2. 

p <  0.001 vs. 4. 

p <  0.001 vs. 5.

2 .3 2 ± 0 .1 2

0 .4 1 ± 0 .1 1

p  <  0.05 vs. 1. 

p <  0 001 vs. 3. 

NS vs. 2. 

N S vs. 4. 

p  <  0.001 vs. 5.

E th e r  stress

30 7. Control

8. Lesion

16

14

41.2 ±  1.90 

6 2 .3 ± 4 .1 2

p <  0.001 vs. 1. 

p <  0.001 vs. 2. 

p <  0.01 vs. 7.

0.94 ± 0 .1 1  

0 .3 5 ± 0 .0 9

p  <  0.001 vs. 1.

NS vs. 2. 

p  <  0.01 vs. 7.

90 9. Control 16 10.5 ±  1.52

NS vs. 1. 

p  <  0.001 vs. 7. 2 .2 6 ± 0 .1 7

p <  0.05 vs. 1. 

p  <  0.001 vs. 7.

10. Lesion 12 3 2 .8 ± 2 .3 8 NS vs. 2. 

p <  0.001 vs. 8. 

p <  0.001 vs. 9.

0 .4 2 ± 0 .1 2 NS vs. 2. 

NS vs. 8. 

p  <  0.001 vs. 9.

* V alues are m eans +  S .E . 
N S : N o t significant 
N : N um ber of ra ts

show ed that in each brain area (m esencephalon, hippocam pus, septum , 
am ygdala  and hypothalam us) the serotonin level was lovest tw o hours after 
the beginning of the dark period.

The plasma corticosterone rhythm  shows an opposite behaviour (G u il - 
l e m in  et al. 1959; Cr itch low  et al. 1963; Ch e ife t z  et al. 1968; R ó z s a h e g y i
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et al. 1973), having th e  h ig h est value at 20 hours. The sam e reversed correla­
tio n  w as observed b y  O k a d a  (1971) in adult rats and by R ózsahegyi  et al. 
(1973) in  female rats. The present study has ex ten d ed  these data to  show  
th a t practically  all regions o f  the limbic system  disp layed  a similar pattern. 
W hen th e  serotonin co n ten t w as low, the p lasm a corticosterone was high, 
su p p ortin g  our conception th a t the central nervous serotoninergic system  
exerts a tonic inh ibition  on the function o f th e  hypothalam o—p itu ita ry -  
adrenal axis.

Follow ing the e lectro ly tic  lesion of the m idbrain raphe nucleus, the  
brain  serotonin level decreases ( H eller  and M o o re  1965; J o u v e t  et al. 
1966; K o sto w sky  et al. 1968; R osecrans  and S h e a r d  1969; K u h a r  et al. 
1971, 1972). Our findings to o  dem onstrated th a t after a raphe lesion the sero­
ton in  level decreased in each  brain area in vestiga ted , the diurnal serotonin  
rh y th m  disappeared, and th e  basal plasma corticosterone level was elevated  
w ith o u t showing a diurnal fluctuation .

In  a different approach using 5 ,6-d ihydroxytryptam ine injection into  
th e  raphe nuclei, w hich causes a selective degeneration  in the serotoninergic  
sy stem , an elevated m orning corticosterone level has been reported b y  F u x e  
et al. (1973).

In  the raphe-lesioned anim als, the response to  stress was facilitated; 
it  started  from a higher th a n  normal level and increased to a much higher 
v a lu e  than  in the controls. The present data supported the concept proposed  
earlier th a t serotonin exerts an inhibitory action  on the hypothalam o—p itu it­
ary—adrenal system  (V e r m e s  and T e l e g d y  1972; V e r m e s  et al. 1972; T e l e g d y  
and V e r m e s  1973; V e r m e s  et al. 1973). It seem s th a t in the lim bic system  
serotoninergic transm ission inhibits tonically  th e  hypothalam o-p itu itary— 
adrenal system . The d iurnal variation o f serotonin  in the lim bic system  is 
in verse  correlated to  th e  p lasm a corticosterone lev e l w hich would mean that 
w h en  serotoninergic in h ib ition  is low, the plasm a corticosterone is high. This 
is in  agreem ent w ith  the d a ta  o f K rieger  and R izzo  (1969) who showed th at  
th e  diurnal rhythm  o f the p lasm a corticosteroid disappeared after the inh ib i­
t io n  o f  the serotonin receptors in the cat. The actu al m agnitude of the adrenal 
response to stress depends on  the level of serotonin in the brain, especially in 
th e  hypothalam us.
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3H-MELATONIN LEVEL IN CEREBROSPINAL FLUID  
AND CHOROID PLEXUS FOLLOWING INTRAVENOUS 

ADMINISTRATION OF THE LABELLED COMPOUND

B y

B. Mess  and G. P. T r e n t i n i *

INSTITUTE OF ANATOMY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived  M arch  26, 1974)

3H -m ela to n in  a n d  3H -N -ac e ty l-se ro to n in  (3H -N A S) w ere in je c te d  in t r a ­
v en o u sly  in to  a d u lt  m ale ra ts . R a d io a c tiv ity  in  cereb rosp inal flu id  (C SF), se ru m , th e  
choro id  p lexus an d  th e  h y p o th a la m u s  a n d  m esencephalon  was m easu red  a t  d iffe ren t 
in te rv a ls  ran g in g  from  1 m in u te  to  12 h o u rs . C SF show ed a h igh  a c tiv ity . T h e  p eak  
w as reach ed  5 m in u te s  a f te r  th e  in jec tio n  o f lab e lled  m ela to n in , b u t  even  a f te r  12 ho u rs  
a considerab le  degree of a c tiv ity  w as d e te c te d . T h e  choroid  p lexus c o n ta in ed  3— 12 
tim e s  h igher co u n ts  per 100 m g tissu e  th a n  th e  re s t  o f th e  b ra in . T he h ig h  level of 
lab e lled  m ela to n in  in th e  choro id  p lex u s w as n o t due to  th e  blood c o n te n t  o f th e  
o rg a n , since i t  was n o t a ffec ted  by  p e rfusion  of th e  b ra in  w ith  phy sio lo g ica l sa line . 
3H -N A S, like m ela to n in , w as c o n c e n tra te d  e q u a lly  in  th e  choroid p lexus a n d  th e  C SF. 
I t  is concluded  th a t  th e  choroid  p lexus ta k e s  u p  indole-am ines from  th e  c irc u la tio n  an d  
sec re tes  th em  in to  th e  CSF.

An im portant question raised b y  the Ciba Foundation’s Sym posium  
on the P ineal Gland (W o lst e n h o l m e  and K n ig h t  1971) was w hether th e  
pineal gland secreted its b ioactive principles (e.g. m elatonin) into th e  blood  
capillaries or into the cerebrospinal flu id  (CSF). The possib ility  o f  a direct or 
indirect intraventricular route o f pineal secretion was categorically  denied  
by A r i e n s - K a p p e r s  (1971). On the other hand, Ma r t in i  and F io r e t t i  (1971) 
provided evidence that m elatonin prolongs the sleep induced by barbiturates  
injected  intraventricularly in the rat. M elatonin in the brain reaches a hundred  
tim es higher level if  introduced d irectly  in to  the CSF than by the intravenous  
route (A n t ó n -Ta y  and W u r t m a n  1969; A n t ó n -Ta y  1971). Collu  et al. (1971) 
reported th at the intraventricular adm inistration , but not the subcutaneous  
in jection , o f m elatonin restricted spontaneous ovulation in norm ally cycling  
rats and concluded that the physiological route o f m elatonin secretion  was 
through the CSF. Furtherm ore there is, at least in certain species, a close 
anatom ical relationship betw een the p ineal gland and the ventricular system  
of the brain (S h e r i d a n  et al. 1969).

M orphologists have to  agree w ith  the m ain argument of A r i e n s - K a p ­
p e r s  (1971): “ . . . all light and electron m icroscopical data point to  the  
extrusion o f the pineal products into the general blood circulation.” H ow ever,

* P e rm an e n t address : D e p a rtm e n t o f P a th o lo g y , U n iv e rsity  of M odena, I ta ly
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th e  pharm acological and physiological data presented by A n t o n -Ta y  and 
W u r t m a n  (1969), Ma r t i n i  and F io retti  (1971), and b y  Collu  et al. (1971) 
seem  equally convincing. T he question therefore is still far from being proven. 
R ecen tly , R e i t e r  (1973) has quoted it  as one o f  the m ost im portant but 
unsolved  problem s o f p ineal physiology. These poin ts have made us to  perform  
additional experim ents in an attem pt to  provide more data to  clarifying the  
problem .

Methods

A d u lt, in ta c t,  m ale  a lb in o  r a ts  (200—250 g b o d y  w e ig h t)  u n d e r  superficial e th e r  a n ae s­
th e s ia  w ere in jec ted  in tra v e n o u s ly  w ith  40 f i d  o f 3H -m e la to n in  ( I .R .E ., B elg ium ; specific  
a c t iv ity ,  460 m C i/m m ole; th e  ra d io a c tiv e  p ro d u c t w as p u rif ie d  a n d  its  id e n tity  co n firm ed  b y  
th in - la y e r  ra d io c h ro m a to g ra p h y ) . T h en  1, 2, 5, 10, 20, 30, 60, 120, 180, 360 an d  720 m in u te s  
la te r  CSF w as w ith d ra w n  b y  p u n c tu re  o f th e  c is te rn a  m ag n a . Im m ed ia te ly  a f te r  th is  p ro ­
ced u re  th e  ab d o m in a l a o r ta  w as exposed  and  th e  a n im a ls  w ere  k illed  b y  e x an g u in a tio n . R a d io ­
a c t iv i ty  in  th e  CSF, se ru m , ch o ro id  p lexus, th e  h y p o th a la m u s  an d  th e  m id b ra in  w as m easu red . 
A ll tissu es were d isso lved  in  1 m l of Soluene (P a c k a rd )  a n d  a c tiv ity  w as d e te rm in e d  b y  a 
P a c k a rd  liq u id  sc in tilla tio n  c o u n te r , using  th e  sc in tilla tio n  m ix tu re , to luene : ab so lu te  e th a n o l 
98 ; 2 vol./vol. In  1000 m l o f th is  so lven t 4 g o f P P O  a n d  0.04 g o f P O P O P  w ere d isso lved . 
E a c h  d e te rm in a tio n  w as m ad e  on  a pool of 2 r a ts ,  a n d  eac h  e x p erim en t w as re p e a te d  th ree  
tim e s . T h u s , th e  d a ta  su m m a riz e d  in  T ables I a n d  I I  re p re se n t m ean  values o b ta in e d  in  6 
r a ts .  R a d io a c tiv ity  w as c a lc u la te d  pe r 1 m l o f C SF a n d  of b lood  serum , an d  p e r 100 m g of th e  
v a r io u s  frag m en ts  o f w e t b ra in  tissue.

In  th e  n e x t e x p e r im e n ta l series ra ts  in je c te d  w ith  60 ,uCi o f  3H -m ela to n in  a f te r  w ith ­
d raw al o f  CSF an d  b lo o d  w ere p e rfu sed  w ith  a t  le a s t  100 m l o f physio logical saline p e r r a t  a n d  
th e  ra d io a c tiv ity  o f th e  b ra in  a n d  of th e  choroid  p lex u s w as co u n ted  in  th e  p e rfu sed  tissues.

I n  th e  f in a l e x p e r im e n t, a labelled  p re cu rso r o f  m e la to n in , 3H -N -ace ty l-se ro to n in  
(3H -N A S ) w as a d m in is te re d . T h e  dose of ra d io a c tiv ity  w as th e  sam e as for m e la to n in . T he 
an im a ls  w ere sacrificed  12 h o u rs  a fte r  in jec tio n  o f  th e  lab e lled  com pound. T his e x p e rim e n t 
w as re p e a te d  on ly  tw ice , so d a ta  in  T ab le  I I I  re p re se n t m ea n s  fo r 4 ra ts .

S ta tis tic a l sign ificance  w as calcu la ted  b y  S tu d e n t’s l- te s t.

Results

R esults for 3H -m elaton in  are sum m arized in Table I. Labelled m ela­
ton in  appeared in  th e  CSF w ithin 1 m inute, th e  peak concentration was 
reached w ithin 5 m inutes. Then the a c tiv ity  decreased but a considerable  
am ount was still d etectab le  12 hours after th e  in jection .

In  the serum , how ever, the a c tiv ity  con tinuously  decreased from the  
first m inute. A fter 12 hours, it  was nearly the sam e in the blood as in the CSF.

Am ong the d ifferent areas of the brain studied , the choroid plexus  
show ed the h ighest up tak e; it was about 3 — 12 tim es higher than  in other 
parts o f the brain. T his ratio  subsequently ten d ed  to  increase. The difference 
in a c tiv ity  betw een the choroid plexus, th e  hypothalam us and the m esen­
cephalon was equally  h igh ly  significant at every  point of tim es.

In order to  exclude th e  possibility th a t th e  high concentration of labelled  
m elatonin  found in  th e  choroid plexus w as due to  the high blood con ten t of  
th is organ rather th an  to  m elatonin uptake b y  th e  choroid tissue, these experi-
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Table I

^H -m elatonin levels in blood, C S F  and  d ifferent areas o f  the brain in the a lb ino  rat 
(dose o f  melatonin  =  40 /nCi/rat)

(C PM /m l of blood an d  C SF , and  C PM /100 m g b ra in  and choroid p lex u s )

Minutes after 
melatonin 
injection

Blood
serum CSF

Choroid*
plexus

Hypo­
thalamus

Mesence­
phalon

l 43 230 9 950 6 306 2156 1879

2 29 838 10 698 5428 1735 1900

5 37 878 20 969 6606 1148 946

10 31 093 10 119 5202 1120 1140

20 22 123 8 800 3370 503 459

30 16 252 5 388 3419 470 481

60 8 046 3 801 1840 425 348

120 2 273 1 000 1985 324 165

180 2 497 1 636 999 210 242

360 1 624 890 2140 149 187

720 873 793 1781 206 207

* T h e  s ta tis t ic a l  d ifference in  u p ta k e  b e tw een  choroid plexus, h y p o th a la m u s  and 
m esencephalon  w as equally  h ig h ly  s ig n ifican t, p <  0.001

m ents were repeated after perfusion o f th e  brain with p h ysio log ica l saline 
until the w hole brain and th e  choroid p lexus had become co m p le te ly  pale. 
It is ev ident from Table I I , th a t th is caused no significant change either in 
the choroid plexus or in th e  rest o f the brain. The slight increase o f  radio-

ТаЫе II

3H -m elatonin  levels in  choroid p le x u s , hypotha lam us and  mesencephalon, fo llo w in g  removal 
o f  blood by p e r fu s io n  o f  the brain w ith  physiological saline  

(dose o f  m elatonin — 60 pC ifra t)

(C PM /m l of blood an d  C S F , a n d  C PM /100 m g b ra in  and choroid p lex u s )

Minutes
after

melatonin
injection

Blood
serum

CSF Choroid*
plexus

Hypo-
thalamus

Mesence­
phalon

2 100 038 43 380 8210 3206 3318

10 75 756 31 056 4625 2089 2160

30 57 099 7 634 3196 630 530

60 57 471 3 770 1854 344 305

120 33 197 2 794 1835 321 293

* T h e  s ta tis t ic a l  d ifference in  u p ta k e  b e tw ee n  choroid  plexus, h y p o th a la m u s  and 
m esencephalon  w as equally  h ig h ly  s ig n ific a n t, p  <  0.001
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a c t iv ity , especially in th e  b lood , was due to  th e  higher dose of m elatonin  
in jec ted .

In  order to determ ine whether the choroid  plexus and CSF tak e up 
ex c lu siv e ly  m elatonin or a lso  other related indole-am ines too, :iH -N A S was 
in jec ted  instead of m ela to n in . This com pound w as concentrated in th e  CSF 
and in  the choroid p lexus n early  to the sam e e x te n t  as was m elatonin, while  
h yp oth a lam ic and m esencephalic  activity w as n o t higher than the back­
ground (Table III).

Table III

3H -N -acety l-sero ton in  ( N A S )  levels in  blood, C SF  a n d  d iffe re n t areas o f  the brain in  the albino  
rat 12 hours after in travenous injection (dose o f  N A S  — 40 fiCijrat)

(CPM /m l of b lood  a n d  C S F , and CPM/100 m g  b r a in  an d  choroid p lexus)

Blood
serum CSF Choroid*

plexus
Hypo­

thalamus
Mesence­
phalon

403 2747 587 155 190

241 2217 620 180 154

128 536 466 96 46

— 663 509 93 40

M ean  ±  S.E . 2 5 7 ± 7 9 1540±550 545 i  31 131 ± 2 1 1 0 7 ± 3 1

* T he s ta tis tica l d iffe re n ce  in  up tak e  b e tw een  c h o ro id  p lexus, h y p o th a la m u s  and  
m esen cep h a lo n  was eq u a lly  h ig h ly  significant, p <  0.001

Discussion

The results presented  indicate that m ela to n in , N AS and probably other 
p in ea l indole-am ines ( W u r t m a n  et al. 1968) p ass from  the blood stream  into  
th e  CSF. The main d ifferen ce between the resu lts  obtained w ith m elatonin  
and N A S was observed in  the serum, h yp oth a lam u s and m esencephalon. 
T w elve  hours after 3H -N A S  adm inistration, th e  num ber of counts w as con­
sid erab ly  lower than after labelled  m elatonin. T h e explanation of th is find ing  
is n o t clear; it is con ceivab le  th at NAS degradation  in  blood occurs faster than  
th a t  o f  m elatonin and its  excretion is therefore also more rapid. This point, 
how ever, requires further experim ental su b sta n tia tio n .

A n t ó n -Ta y  and W u r t m a n  (1969) and Ca r d i n a l i  et al. (1973) dem ­
on strated  that h yp o th a la m u s and m idbrain are the cerebral areas which  
h a v e  the highest 3H -m ela to n in  concentration regardless to the route o f ad­
m inistration  (in travenous, intraventricular or intracisternal). In the present 
stu d y , in which the lev e l o f  melatonin in th e  choroid  plexus was com pared  
w ith  th a t in the h yp oth a lam u s and m idbrain, i t  w as apparent th at uptake  
b y  th e  choroid plexus w as 3 — 12 times higher th a n  by any of the m entioned
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areas at all intervals after injection. This ind icates that the choroid plexus  
concentrates in travenously  adm inistered indole-am ines. It seem s therefore 
very probable th at th is organ, which is responsib le for the secretion o f CSF 
( R o u g e m o n t  et al. 1960; Ma r e n  1967; D a v s o n  1956), plays an a ctive  part in 
the transport o f  indole-am ines from the b lood into the CSF. The fa c t th at the 
concentration o f labelled m elatonin did n o t decrease in the choroid plexus  
follow ing perfusion o f the brain, clearly dem onstrated  it was not on ly  in the 
capillaries o f the plexus that the com pound w as present. It appears th at the 
epithelial cells, the secretory elem ents o f th e  choroid plexus, are tak ing  the  
indole-am ines and secrete them  into the CSF. Autoradiographic stu d ies are 
in progress in our laboratory to  verify the proposed site of binding o f labelled  
m elatonin.

N um erous data in the literature in d icate that the choroid p lexu s takes 
up and concentrates different organic com pounds from the blood plasm a. 
Sa n d l e r  and W elch  (1967) reported a specific  glucose-transport system  of 
the choroid p lexus w hich would “ pum p” glucose from the blood in to  the CSF. 
A previous autoradiographic study perform ed in our laboratory (M e ss  and 
K o l o u s e k  1962) has shown th at on intravenous injection, 35S-m ethionine  
reached m uch at higher concentrations in the choroid plexus th an  in other 
areas of the brain. Other com pounds, less physiologic than sugars and amino  
acids, as e.g. N a-pertechnate-99 TC (W it c o f sk i  et al. 1968), or benzoleam ide  
( B r o d e r  and O p p e l t  1969), are also co llected  by the choroid p lexu s and 
secreted in to  th e  CSF.

An opposite direction o f choroidal transport has, how ever, also been  
show n, i.e. the choroid plexus transports different organic com pounds also 
from the CSF in to  the blood. Cs a k y  and R igor  (1964) found tw e n ty  tim es 
higher 14C-glucose concentrations in the choroid plexus than in the incubation  
m edium  in an in v itro system . These authors therefore concluded  to  the  
presence o f  a “ sugar pump m echanism ” in th e  choroid plexus, w h ich  would 
transfer sugars from  the CSF into the blood. Organic acid dyes are also trans­
ported b y  the choroid plexus in to  the CSF ( R al l  and Sh e l d o n  1962).

Furtherm ore, there is evidence in d icatin g  the possib ility  o f  transport 
from the brain into the CSF. Biogenic am ines such as dopam ine ( P ortig  
et al. 1969), serotonin (Gu il d b e r g  and Y a t e s  1968), or norepinephrine  
S c h a n d b e r g  et al. 1968) m ay pass from th e brain into the CSF. Cs e r r  (1971) 
assum ed th at the CSF would be a kind o f transport medium betw een  brain 
and blood, which brought nutritive com pounds to, and rem oved m etabolites  
from , the brain, both by an active transport through the choroid p lexus.

On the basis o f all these and the present results, it m ay be assum ed  
th at the pineal body secretes its b ioactive principles into the capillaries, 
which are then drained into the large vein s surrounding the organ (A r i e n s - 
K a p p e r s  1971). A possible venous blood flow  from the pineal g land to  the
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choroidal tissue o f the suprapineal recess and th e  roof of the third ventricle  
has b een  recently reported in  the rat ( Q u a y  1973). The choroid p lexus, then , 
fu n ctio n s as a “ pum p” secreting the indole-am ines from the general circula- 
tion  in to  the CSF. Since in our experim ents th e  highest rate o f 3H -m elatonin  
w as found  in the hypothalam us and the m idbrain within 1 m inute after 
in traven ou s injection, whereas the peak concentration  in the choroid p lexus  
and CSF occurred at 5 m inutes (Table I), the opposite direction of m elatonin  
tran sp ort cannot be excluded. H owever, as show n by several data in  the  
litera tu re  (Mess  and K o l o u s e k  1962; S a n d l e r  and W elch  1967; W i t - 
c o f s k i  et al. 1968; B r o d e r  and Op p e l t  1969) and by the findings after 
in traven ou s adm inistration o f m elatonin in the present experim ent, the form er 
d irection  o f m elatonin transport, i.e. blood —*■ choroid plexus —► CSF seem s 
to  be m ore probable. The real direction o f m ela ton in  transport betw een blood. 
CSF and brain tissue, as w ell as the p h ysio logica l role of the pineal indole- 
am ines in  the CSF, need further elucidation.
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ACTIVITY OF THE CORPUS STRIATUM OF CATS 
DURING NATURAL SLEEP; A CORRELATION ANALYSIS

STUDY

B y

Á . S a r k a d i , D .  T .  T r a m  A n h , A . N a g y  an d  I .  T o m k a

L A B O R A T O R Y  O F  P H Y S IO L O G Y , N A T IO N A L  IN S T IT U T E  OK N E U R O S U R G E R Y , B U D A P E S T  

(R eceived  M arch  15, 1973)

A c tiv ity  o f the  sen so rim o to r c o r te x  (Me), o f  th e  v e n tra l  p o s te ro la te ra l  (V P L ) 
a n d  v e n tro la te ra l  (VL) nuclei o f th e  th a la m u s , o f th e  c au d a te  nucleus (C au), o f  th e  
g lobus p a llid u s (G P ) and  of th e  p u ta m e n  (P u )  an d  th e  changes in  th e ir  a u to -  a n d  cross- 
co rre lo g ram s were stu d ied  d u rin g  n a tu ra l  sleep  in nine ca ts  p rep ared  fo r c h ro n ic  te s tin g .

T he frequency  o f  th e  sp ind les in  superfic ia l an d  slow -w ave sleep w as 12 to  17 c/s 
in th e  sen so rim oto r cortex  an d  in th e  tw o  nuclei o f th e  th a lam u s , 10 to  15 c /s in  th e  
g lobus p a llid u s , and  9 to  12 c/s in th e  c a iu /a te  nucleus. A co m p ara tiv e ly  s ta b le  freq u en cy  
a n d  a m p litu d e  b o th  in w akefu lness a n d  in  slow -w ave sleep  ch arac te rized  th e  p u ta m e n .

In  all s ta te s  a slow a n d  a  ra p id  co m p o n en t o f sig n ifican tly  d iffe re n t re la tiv e  
pow er an d  coherence were d e tec ted  in CaCh‘o f the  in v es tig a te d  S tru c tu res . P ra c tica lly , 
on ly  in  th e  Me d id  the  slow w ave o f 2 to  3 c/s d o m in a te . T h e  changes in  th e  a c tiv ity  
o f Me a n d  V P L  were the  sam e in  th e  v a rio u s  s ta te s , w hile th a t  o f V L  re sem b led  b o th  
th e  f i r s t  tw o  and  also th a t  o f th e  s tr ia tu m . D uring  R E M  sleep th e  rh y tm ic  a c tiv itie s  
o f V L , C au, G P and P u  were id en tica l.

T he ac tiv ities o f V P L  a n d  V L  are  usually  syn ch ro n o u s to  t h a t  o f  th e  o th e r  
s tru c tu re s ;  th e  phase  re la tio n s a re  c o n s ta n t  o r change only sligh tly . P h ase  sh if ts  a p p ea r 
a lm o st a lw ay s in  th e  re la tio n  o f G P , C au a n d  Pu an d  change in  th e  sam e d irec tio n  as 
sleep becom es deeper. T he cross-coherence  betw een  th e  a c tiv ity  o f v a rio u s  s tru c tu re s , 
p a r tic u la r ly  in re la tio n  to  th e  s tr ia tu m , is low er in SW S.

T he possible fu n c tio n al im p o rta n ce  o f spindle a c t iv ity ,  o f slow w aves an d  o f th e  
b asa l gang lia  du rin g  sleep is being  d iscussed .

W ithin  the com plex function o f the corpus striatum  the globus pallidus 
plays a role m ainly in postural and reflectory m otions and th e  putam en  
prim arily in  the regulation o f the m uscle tone, in close functional correlation  
with the cortex and the non-specific nuclei of the thalam us. The caudate  
nucleus has a param ount inhibitory or suppressor effect, its relationships are 
lim ited  m ainly or entirely to  the centrum  m edianum , the cortex and th e  puta­
men ( D e n n y - B r o w n  1962). Since th ese functions are present also in the passive  
changes o f the level of w akefulness, we decided to  study the frequency and 
tim e relations of the electrical m anifestations of the cortico-striato-thalam o- 
cortical connections during sleep.

6 Acta Physiologica Academiae Scientiarum Hungaricae 45, 1974



2 3 4 Á. SARK A DI e t al.

Method

N ine  a d u lt  ca ts  o f b o th  sexes were p rep ared  fo r c h ro n ic  te s ts . B ip o la r n icke l-chrom ium  
e le c tro d e s  (d iam ete r, 0.2 m m ; u n in su la te d  tip , 1 m m ; in te r t ip  d is tan ce , 1 n u n ) were in serted  
u n d e r  so d iu m  p e n to b a rb ita l  a n ae s th es ia  in to  th e  ip s ila te ra l  v e n tro la te ra l  (V L) a n d  th e  v e n tra l  
p o s te ro la te ra l  (V PL ) nucle i o f  th e  th a la m u s , in to  th e  c a u d a te  nuc leu s (Cau), th e  globus p a llidus 
(G P ) a n d  th e  p u tam e n  (P u ). T h ere  was a  2 m m  d is ta n c e  b e tw een  th e  e p id u ra l e lectrodes 
(u n in su la te d  d isk  surface , 1 m m 2) p laced  above th e  sen so rim o to r co rtex  (Me). T he e lectrodes 
w ere  p lac ed  in  a  lo ca liza tio n  d e fin ed  by  th e  s te reo tax ic  m a p  ( J a sp e r  and  A jm o n e -Ma rsa n  
1954, 1961). F u rth e r  d isk  e lec tro d es  were fixed  on  th e  su p ra o rb ita l  bone of f ro n ta l sinus fo r 
th e  reco rd in g  of eye m o v em e n ts  (EO G ) an d  in to  th e  cerv ica l m uscle fo r th e  d e tec tio n  of 
c h an g e s  in  m uscle to n e . T h e  o u te r  end  of th e  e lectro d es w as so ldered  to  a su b m in ia tu re  p lug , 
w h ich  w ere fix ed  to  th e  c ran ia l bo n e  by  m eans of d e n ta l  c em en t. T he lo ca lizatio n  of th e  elec­
t ro d e  t ip s  w as checked h is to lo g ica lly  a t th e  end o f th e  ex p erim en t.

Aw SWS REM REM

EOG

EMG

Me

Pu

GP

Cau

................ ..

1>и*|| « т к и

i i i i i l i i u m i i i i i i i i i i i i m i i i i i í i i i i i i n i i i m i

4 -

V » * -4 V r '*■ * *

F ig . 1. A c tiv ity  o f ce reb ra l s tru c tu re s  a t  d iffe ren t levels o f  w akefulness. U p p er channel: 
tim e  in seconds. C a lib ra tio n : 300 for E O G , 150 /aY  fo r EM G , 100 in th e  case of Me, G P  
a n d  C au, a n d  50 fiY  in th e  case o f P u  lead. N ote in th e  SW S — R E M  tran s itio n  th e  re ta rd a tio n  
o f th e  a c t iv ity  ch a ra c te ris tic  o f R E M  in Me, as co m p ared  to  its  ap p earan ce  in th e  o th e r s t ru c ­

tu res  an d  a t  th e  sam e tim e th e  occasional sp in d lin g  section  in G P

T h e  ex p erim en t b eg an  4 to  5 w eeks a f te r  th e  o p e ra tio n  b y  w hich tim e th e  anim als h ad  
c o m p le te ly  recovered . T h e  e lec tr ic  cereb ral a c tiv ity  o f  th e  c a t m oving freely  in a sound- 
in su la te d  cage was reco rd ed  th ro u g h  an  a rte fac t-free  cab le  b y  a n  8-channel E lem a-S ch ö n an d er 
p o ly g ra p h  (M ingograph-8); its  oscilloscope o u tp u ts  w ere coup led  to  a  4 -channel FM  ta p e -  
re co rd e r . T he E E G  w as c o n tin u o u s ly  recorded  on p a p e r , w hile an  u n am b ig u o u s period of a t  
le a s t  4 m in u te s  d u ra tio n  o f each  successive stage of sleep w as reco rd ed  on m ag n e tic  tap e . A fte r  
cyclic  f lu c tu a tio n s  d u rin g  a d a p ta t io n  to th e  e n v iro n m en t has ceased, th e  signals of 3 to  4 
sleep  pe rio d s o f each c a t w ere s to red .

F o r co rre lation  a n a ly s is  a  co rre la to r p lug-in  (NE 299 C orall-B ) of th e  NTA 512/A 
m u lti-c h a n n e l an aly zer w as u sed . T he in teg ra tio n  tim e  o f th e  au to co rre lo g ram s was 3.5 m in 
(At =  6.4 m sec; т =  0.82 sec); t h a t  o f th e  c ro ss-co rre log ram s, 2.5 m in (At =  2.56 m sec; 
r =  0.33 m sec) in each  tim e  d o m ain . The corre logram s w ere w r itte n  on a decim al p rin te r  an d  
X Y -rec o rd er. T he m ea su re m e n ts  w ere carried  ou t on  th e  b asis o f c rite ria  d e te rm in ed  according 
to  fo rm er experiences (Sarkadi e t  al. 1971).

T h e  level of w akefu lness w as defined in ag reem en t w ith  d a ta  in th e  lite ra tu re  according 
to  th e  follow ing crite ria  (F ig . 1): 1) A w ake (Aw): low  v o ltag e  fa s t , irreg u lar co rtica l a c tiv ity . 
R a p id ,  h igh , irregu lar EM G . H ig h , coarse w aved E O G  w h en  th e  an im al is m oving  or s ittin g  
w ith  op en  eyes. 2) D row siness: beside th e  ap p earan ce  o f c o rtica l sleep sp ind les th ere  is no 
ch an g e  in  EM G. E ye m o v em en ts , if  any , are h igh an d  coarse  w aved  w hen th e  an im al is s ittin g  
w ith  d ro p p in g  or closed eyes. 3) Slow w ave sleep (SW S): a co rtica l h igh  am p litu d e  a c tiv ity  
o f 2 to  6 c/s is m ixed w ith  one of 8 to  12 c/s. On th e  E M G  th e re  is h a rd ly  an y  change in  v o ltag e ;
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th e  curve  is, how ever, m ore  even  an d  m ore rh y th m ic a l. T h ere  are  p rac tica lly  no eye m ove­
m en ts . The an im al se ttle s  its e lf  com fortab le , b u t can be aw ak ed  easily . 4) F a s t  w ave sleep 
(rap id  eye m ovem en t, R E M ): co rtica lly  low voltage fa s t a c t iv ity  w hich is m ore reg u la r th an  
in w aking  s ta te . T h ere  is a d e fin ite  decrease of a m p litu d e  in  th e  EM C  and  a s lig h t frequency  
slow -dow n. The EO G  show s a m ore or less con tinuous f lu c tu a tio n  of low v o ltage . T he an im al is 
ly in g  re laxed w ith  slack  h ead  a n d  lim bs and  can be aw ak ed  w ith  d ifficu lty  by  re p ea te d  s trong  
s tim u la tio n .

Results

In the m ajority o f  anim als the m ost balanced and longest sleeps were 
recorded in the late afternoon or evening, when, as a rule, 3 to 5 cycles inter­
rupted by a few brief w ake intervals occurred during a period o f 2 to 4 hours 
of continuous sleeping. The duration of one cycle w as on an average 30 m inutes 
w ithin  which SW S varied from 16 to 30 m inutes. The REM stage lasted 10 
to  17 m inutes, but stages o f  4 to 5 m inutes were also recorded in agreement 
w ith P a s s o u a n t ’s data (1970). A total o f 44 SW S and 39 REM stages were 
recorded and processed.

During drowsiness sections of spindles appeared in all structures. In 
som e o f the anim als sp indles o f lower voltage appearing on one or tw o occasions 
could also be observed in  the Aw and REM stages. The a ctiv ity  o f Pu was 
characterized by a re la tively  stable frequency and am plitude w ith hardly any  
spindles. The frequency o f the spindles varied betw een 12 and 17 c/s in Me, 
YL and VPL, while in  the GP it was between 10 and 15 c/s and in the Cau 
9 to 12 c/s. Spindling in VL was not always accom panied by spindling in Me, 
and the opposite case never occurred. In m ost instances spindling in VPL  
coincided with spindling in  the other structures, first o f all in Cau and GP, 
and also appeared som etim es during REM sleep, in th is case alw ays at a 
frequency of 15 c/s. W hile in the other structures the duration of the spindles 
varied between 8 and 12 sec, those in GP reached in one or tw o cats a m axim um  
of 20 to 40 sec. In a single anim al the spindles o f  Cau appeared in all stages, 
but only for a short period.

W ith the excep tion  o f Me the activ ity  o f  every structure was m ixed  
w ith  an activ ity  o f 4 to  6 c/s at all levels o f w akefulness. In slow w ave sleep  
this activ ity  becam e m ore in tensive in every structure w ith the exception  of 
YL and appeared also in Me. Fast wave sections lastin g  from 10 sec som etim es 
even to 90 sec were observed in all SWS stages, w hile slow w ave groups 
appeared in REM on one or tw o occasions and these were localized in one 
o f the cats to the GP alone. In another animal short alternations o f  fast and 
slow w ave sections occurred w ithout an unam biguous d etectab ility  o f  the level 
o f weakfulness.

When passing from one sleep stage into another there was a sim ultaneous 
change in the a c tiv ity  o f  the structures. In five  cats in som e transitions from  
SW S to REM the Y PL  was ahead of Pu and the other structures, or Pu alone
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or to g eth er  with VPL was lagging  behind by 10 to  20 sec in relation  to the  
other structures. On one occasion Me was behind Pu, GP and Cau nuclei by 
10 sec (F ig . 1). Though these find ings were not consistent, the developm ent 
o f  th e  a c tiv ity  which characterizes fast wave sleep seem ed to  be delayed  
m ain ly  in the Pu.

In  cats the autocorrelogram s are m ainly o f the noise typ e, w ith a low  
re la tiv e  power of the rhythm ic com ponents (F ig. 2). In various stages of 
w akefu lness the following changes o f  activ ity  were observed in the structures

F ig . 2 . A utocorre log ram s o f th e  v a r io u s  s tru c tu re s  from  Aw to th e  R E M  s ta te .  In teg ra tio n  
tim e : 3.5 m in. ( d r  =  6.4 m sec; r  =  0.82 sec). F o r  ex p la n a tio n , see te x t

under investigation . In Me an a c tiv ity  of 12 to 14 c/s dom inated in wakefulness. 
In slow  w ave sleep an a c tiv ity  o f 15 to 18 c/s of lower power w as predom inant, 
superim posed on a rhythm  o f 2 to  3 c/s. In fast w ave sleep the correlogram  
w as sim ilar to  that o f the w aking sta te  w ith  a dom inant frequency identical 
w ith  th e  fast com ponent o f  SW S. In Y PL in wakefulness an a c tiv ity  of 11 to 
14 c/s m ixed with a very  slow  subharm onic com ponent was predom inant, 
in  SW S the fast com ponent was less m arked than before, w hile in REM  
again  th e  15 to 20 c/s rhythm  dom inated. In VL th e  strongly n o ise-typ e activ ity
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was preponderant in all stages, w ithin which a 4 to 5 c/s rhythm was detected  
in the waking state . In  SW S this rhythm  was replaced by one of a frequency  
o f 8 to 10 c/s and in REM by a more marked a c tiv ity  o f  5 to 7 c/s.

The shape o f  correlograms o f these three structures were alm ost identical 
in wakefulness and in fast w ave sleep, though their dom inant frequency was 
faster in REM. In SW S there was a striking increase in correlability o f  slow  
cortical activ ity  w ith the sim ultaneous appearance of fast rh ythm icity  in 
the VL.

Changes in the correlograms o f Cau were sim ilar to those o f VL but for a 
sign ificantly  more coherent activ ity . The dom inant frequency in w akefulness

Mc & Cau Pu & Cau

Fig. 3. Two cross-correlogram  series show ing th e  ch an g es in the  m u tu a l re la tio n s  o f  the  
ac tiv ities  o f th ree  s tru c tu re s . N ote  th e  d isap p earan ce  o f phase  differences a n d  th e  d ro p  of 
coherence to  a m in im u m  in SW S. In teg ra tio n  tim e : 2.5 m in  (At =  2.56 m sec; т  =  0.33 sec)

was 3 to  5 c/s, in SW S in a noisy environm ent it was 10 to 14 c/s, and in REM  
5 to 7 c/s. In GP in w akefulness there w as a noise-type and m ixed activ ity  
of 11 to 13 c/s, 5 to 7 c/s and 2 to 4 c/s frequencies. In SWS these w ere associ­
ated w ith  a 0.5 to  1 c/s frequency while all th ese were replaced in  REM  by a 
fairly coherent 5 to  7 c/s activ ity . The a c tiv ity  o f Pu was sim ilar to  th a t of 
GP, though w ith a more d istinct fast com ponent. In SWS a 2 to 3 c/s rhythm ic­
ity  was observed. In REM  a more coherent 4 to  7 c/s activ ity  dom inated.

The only difference betw een the correlogram s of GP and P u in  wake­
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fu ln ess  and in SWS w as th e  more marked slow  com ponents in the GP during 
sleep . In REM the autocorrelogram s of VL, Cau, GP and Pu were practically  
th e  sam e.

Figure 3 is an exam p le of changes o f  the cross-correlograms. In  41 cases 
a p h ase  difference was fou n d , out of these 11 were observed in w akefulness, 
9 in  SW S and 21 in R E M . The phase differences either ceased in SW S or 
w ere significantly sm aller than  in the w aking state. In a single anim al the 
a c tiv it ie s  were synchronous in all the in vestiga ted  structures at all levels of 
w ak efu ln ess, while in another animal a phase shift was found betw een  two  
stru ctu res in SWS, w ith  synchronous activ ités in Aw and REM on th e  other 
han d .

T he activity in V P L  and VL was m ost often  synchronous w ith  th at of 
th e  o th er structures, w ith o u t change in the phase relations com pared to  the 
o th er  structures or b etw een  them selves, or w ith  a minimum and generally  
n o t unam biguous change. T here was alm ost alw ays a phase shift in the rela­
tio n s  o f  the GP, Cau and P u . W ithin these three structures — when in v estig a t­
in g  th e  phase shifts changing w ith the deepening o f sleep in each cat —  it was 
fou n d  th a t the degree o f phase-lag of Cau increased (or the degree o f  its adv­
ance decreased) in relation to  the other tw o structures, while its advance to 
Me decreased. At the sam e tim e the phase difference between the activ ities  
o f  P u  and GP also increased.

In  SWS the cross-coherence between the activities of the structures 
gen era lly  decreased. This w as particularly pronounced in the relationships 
am on g Cau, GP, Pu and V P L . The least con sisten t was the change o f cross­
coherence in the various sta g es between Me and the other structures.

On transition into R E M , in animals in  w hich the stage-specific a ctiv ity  
appeared  somewhat sooner or later, this deviation  was not related  to  the 
d irection  o f change o f p h ase-sh ifts between these same structures.

Discussion

In  cats during behavioural inhibition a characteristic cortical rhythm  
o f 12 to  16 c/s frequency appears which is ascribed to active suppressive or 
in h ib ito ry  processes. D uring these periods, the anim al is often fix ed  in  some 
u n u su a l tonic posture and after the cessation  o f the inhibitory stim ulus, 
sim u ltan eou sly  with the appearance of the sleep spindles, it assum es a relaxed  
p o sitio n  (G rastyán  et al. 1959; D o n h o f f e r  and L issá k  1962; R oth  et al. 
1967; S a r k a d i  and T om ka  1971). In  the w aking sta te  of cats, during internal 
in h ib itio n  or behavioural im m ob ility , the accom panying som atic and v iscero­
m otor sym ptom s of the sp ind lin g rhythm  appearing above the sensorim otor  
co r tex  w ill be in qualitative agreem ent w ith  th ose observed during drowsiness
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and slow  w ave sleep (Ch a s e  and H a r p e r  1971). According to H o w e  and 
St e r m a n  (1972), a rhythm  corresponding to  the waking phase appears also 
in the V PL  and disappears on phasic m otor activ ity , while the rhythm s 
corresponding to the sleep spindles appear prim arily in the VL and to  a lesser 
degree in the centrum m edianum  in SW S. In this way the spindle rhythm  
reflects presum ably an active inhibitory function which is directed at the  
suppression o f the potential m otion con ten ts or m otion possibility o f  a given  
situation  or state. According to this w ould the morphology o f the cortical 
spindles and the appearance o f the sp indles in the subcortical structures be 
variable. Our finding o f a coincidence in tim e o f the VPL spindles w ith  spindles 
in the other structures, particularly in Cau and GP, would indicate th at these  
spindles reflect the appearance —  on specific  pathw ays —  of a suppression  
of m uscle tone and potential m otor in ten tion s still vigorous in drowsiness and 
slow w ave sleep. This m ight be related to the fact that there is a close overlap  
of spindle frequencies betw een Mc, V PL  ami VL, as well as betw een GP and 
Cau, and the overlap is the slightest betw een the first three and the last two  
structures.

I t  has been suggested that the spindle activ ity  reflecting the inhibitory  
phasing function  (“ inhibitory phasing th eory” o f A n d e r s e n  and S e a r s , 1964) 
m ight be in equilibrium w ith  the activ ity  o f  the reticular form ation. A n d e r s e n  
and A n d e r s s o n  (1968) show ed that the lateral thalam ic nuclei and extensive  
areas o f  the cortex are capable of m aintain ing their spontaneous spindle 
form ing capacity  even w ith ou t in tact m esial line and intralam inar structures, 
while the rem oval of the lateral thalam ic nuclei led to the disappearance of 
cortical spindles. The sam e authors (A n d e r s e n  et al. 1967, cit. A n d e r s e n  
and A n d e r s s o n  1968) observed a defin ite decrease in the am plitude o f spindles 
as a result o f a moderate reduction o f cortical tem perature. This decrease in 
am plitude was not accom panied by a change in frequency. W e have made 
the sam e observation w hen studying the effect o f cortical cooling in chronic 
preparations (S a r k a d i  et al. 1972) and cam e to the conclusion th a t in super­
ficial sleep the reticular form ation contributes indirectly to the appearance 
of cortical spindles. In slow w ave sleep, particularly in EEG periods containing  
delta w aves, bursts separated by quiet intervals longer than 200 m sec occur 
in the cells of the thalam ic reticular nucleus (M uk h am e t o v  e t al. 1970), 
while the cells of VL show group discharges deviating from their base rhythm  
just at the tim e of the appearance o f spindles; and this is associated w ith a 
com plete inhibition of the cerebellifugal and corticofugal synaptic transm ission  
(S t e r i a d e  et al. 1969; S t e r i a d e  et al. 1971a, b), or a definite w eakening of 
it ( F il io n  et al. 1971).

T hus, slow wave sleep is a heterogeneous process in which every  cerebral 
structure participates more or less pronouncedly and relatively active ly  or 
passively . This might explain  the fact th at in SW S — as com pared to the Aw
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and R E M  states —  the noise-like nature o f th e  activ ity  of the in vestigated  
stru ctu res was more pronounced and the phase differences and coherences 
b etw een  these structures decreased considerably or disappeared. Ca l v e t  et al. 
(1973) d istinguished a heterogeneous and a hom ogeneous form in the deepening  
of SW S. where the hom ogeneous form is characterized by negative slow 
w aves ind icating an inhibited  sta te , which appear more and more often  and 
over m ore and more exten sive areas of the cortex. This inhibited sta te  is pre­
su m ab ly  produced by an active phasing inhib ition  with an electrical m ani­
fe sta tio n  o f frequent spindling in superficial and occasional spindling in slow- 
w ave sleep .

T hus we m ight say that in cerebral electrical activ ity  the transient phe­
nom ena are the equivalents o f tem porary control processes accom panied by  
a ctiv e  connections, while the average phenom ena are characteristic o f  more 
or less continuous functional sta tes. The REM  sta te  seem s to be such a h om o­
geneous sta te  in which the ow n internal and the m utual coherence of the a c tiv ­
ities o f  th e  investigated  structures is reestablished though in a quality  w hich  
is d ifferen t from that in Aw: the dom inant a c tiv ity  of every structure is more 
rapid; th e  rhythm ic activ ities o f  YL, Cau, GP and Pu are identical in th is  
sta te  on ly ; the phase-shift o f Cau to  Me has decreased and to the GP and Pu  
has increased.

T h e m ajority o f efferent projections com ing from the basal ganglia  
orig inate in the globus pallidus and end in th e  ventro-anterior and v en tro ­
lateral nuclei o f the thalam us from  where th ey  are projected in the d irection  
of th e  m otor cortex. The globus pallidus participates functionally  not on ly  
in p ostu ra l and m otor reflexes, but also in the voluntar or instrum ental m otions  
of lim b s ( D e L ong  1971). It m ay further be assum ed th at the direct role o f  the  
globus pallidus is decisive prior to  the onset o f  m ovem ent ( D e L o n g  and  
E w a r t s  1971). This m ight be the result o f the synthesis of a large am ount of 
in form ation , since the injury o f  GP affects m ost seriously the perform ance of 
discrim in ative conditioned m otor reactions (G a m b a r i a n  et al. 1970) and the  
restorab ility  o f avoidance conditioned  reflexes (Ch e r k e s  et al. 1972), th a t is, 
processes which contain m otor inhibition. The so called “ arrest” behaviour  
con sists dom inantly o f m otor inhibition and in its  developm ent the caudate  
nucleus p lays a decisive role ( K l in g b e r g  and K u n z  1972). According to  our 
resu lts, th e  rhythm  o f the putam en approches unanim ously the activ ities of 
the o th er striatum  nuclei on ly  in REM sleep, w hen m uscle tone reduced to  a 
m inim um . In this w ay it m ay be assum ed th at the slow- rhythm ic a ctiv ity  
of corpus striatum  during REM  reflects a sta te  o f continuous m otor inh ib ition  
ex ten d in g  also to  the m uscle tone. Such a sta te , how ever, can durably ex ist  
only  in d ep en d en tly  o f external stim uli and in tegrative functions. Since, 
according to  our results the a c tiv ity  of and electrical relations betw een the  
in v estig a ted  structures differ during REM sligh tly , but detectably  from th ose
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in wakefulness, it m ay be assumed that during REM the internal, intrinsic 
activ ity  o f the various structures is recorded, but w ithout the integrative  
influences and functions present in the wakeful s ta te .
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EFFECT OF CHOLINESTERASE INHIBITORS ON THE 
SUSCEPTIBILITY TO PENTETRAZOLE OF THE MOUSE
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L. G y ö r g y  and  Margit D ó d a

IN ST ITU TE OF E X P E R IM E N T A L  M EDICINE, H UNGARIAN ACADEMY OF SCIENCES, BUDAPEST 

(R eceived  F e b ru a ry  11, 1974)

S u sce p tib ility  o f  m ice to p en te trazo le  is in creased  by physostigm ine  an d  p a ra- 
oxone a n d  d ecreased  b y  neostigm ine. O x o trem o rin e  en h an ces th e  effect o f p e n te trazo le  
in low doses an d  in h ib its  i t  in high doses.

T he se izu re -fac ilita to ry  action  of p h y so stig m in e  is in h ib ited  by  th e  an tic h o lin ­
ergic d rugs a tro p in e  an d  m ecam ylam ine as well as by  th e  am ine ox idase  in h ib ito rs  
n ialam ide and  tran y lcy p ro m in e .

In the developm ent o f  epileptic seizures a role has been ascribed to the  
cholinergic neurotransm ission processes o f the central nervous system . One 
of the com pounds m ost often used for producing m odel epilepsy is pentetra- 
zole. This drug decreases the cerebral acetylcholine level in the rat (G ia r m a n  
and P e p e u  1962; S l a t e r  1971) and the guinea p ig ( B e a n i  et al. 1969) but 
does not influence it in the mouse (Consolo  et al. 1972). This a ctiv ity  o f  
pentetrazole is connected  to its effect enhancing acetylcholine liberation  
(M itchell  1963; B elesliiv  et al. 1965). An inh ib itory  action o f the drug on 
acetylcholinesterase has also been described (M a h o n  and B r in k  1970). The 
acetylcholine level o f  the rat brain is decreased also by electroshock ( R ich ter  
and Cr o ssl a n d  1949), whereas the repeated application of pentetrazole in ­
creases the acetylcholinesterase activ ity  (Mo d a k  and S t a v in o h a  1972).

There is som e disagreem ent concerning the influence o f cholinesterase 
inhibitors on seizure susceptib ility . W hen injected  into the cerebral ventricle, 
di-isopropyl fluorophosphate (D FP; F e l d b e r g  and S h er w o o d  1954) and 
physostigm ine ( B e l e s l i n  et al. 1973) elicit seizures in the cat. A sim ilar effect 
has been observed after D F P  and tetraethylpyrophosphate (T E PP) in the dog  
( E d e r y  1962), as well as after the injection o f D F P  into the carotid artery- 
in the rabbit ( F r i e d m a n  et al. 1949). W illiam s  and R u s s e l  (1941) have shown  
physostigm ine to inhibit the petit mal-like EEG  m anifestations induced by 
hyperventilation in hum ans when applied in low doses but to enhance them  
in high dosage. P hysostigm ine inhibits the E EG  m anifestations evoked in 
this w ay also in the cat ( D arrow  et al. 1944), in which species it also inhibits
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the appearance of penicillin-induced spike potentials ( F u n d e r b u r k  and Ca se  
1951). According to our earlier data, physostigm ine injected intracerebrally  
causes trem or in the m ouse; seizures, how ever, occur seldom and after large 
doses on ly . In sum, the data  on the influence o f cholinesterase inh ibitors on 
seizure susceptib ility  are contradictory (see also Ma c h n e  and U n n a  1963).

O n ly  few authors h ave investigated  how cholinesterase inhibitors  
w ould m odify the su scep tib ility  to convulsants. According to the data o f  H y d e  
et al. (1949), the effect o f  convu lsants applied top ica lly  on the cerebral cortex  
o f  th e  cat is not influenced by intravenous D F P , and decreased b y  p h yso­
stig m in e  and neostigm ine. B ay'liss  et al. (1957) showed that D F P  did not 
in flu en ce  the pentetrazole sen sitiv ity  o f rats. In this same species, W orum  
and PÓRSZÁSZ (1968) dem onstrated  physostigm ine to  increase the su scep tib il­
ity  to  electroshock. In the m ouse, the electroshock threshold is not in fluenc­
ed b y  physostigm ine (Ch e n  et al. 1968).

O f  th e  centrally  a c t in g  ch o lin om im et ics ,  p ilocarpine e levates  t h e  e lec tro ­
s h o c k  th resh o ld  in the  rat ( W orum  and P órszász  1968), and th e  sa m e  effect  
has b e e n  observed  after large d oses o f  oxo trem or in e  in the m ouse (Ch e n  et al. 
1968).

In an attem pt to  obtain  further data on the role played by cholinergic  
transm ission  in seizure a c tiv ity , we have investigated  how cholinesterase  
in h ib itors influenced the su scep tib ility  o f the m ouse to pentetrazole convu l­
sion s. A fter having proved the seizure-facilitatory effect o f cholinesterase  
in h ib itors, we studied the ty p e  o f cholinergic receptor on which th is effect is 
brought about and the in fluence of various anticholinergic com pounds on 
th e  facilita tion . Assum ing an interaction  to  ex ist between the am ines o f the  
cen tral nervous system  the in fluence o f am ine oxidase inhibitors on th e  effect 
o f cholinesterase inhibitors w as also in vestigated .

Methods

T h e  ex p erim en ts were p e rfo rm e d  on Swiss m ice of b o th  sexes. The an im a ls  w ere p laced  
in in d iv id u a l  p lastic  cages 30 — 60 m in p rio r to  th e  e x p e rim e n ts  an d  tre a te d  in  a ran d o m ized  
w ay .

P e n te traz o le , in th e  fo rm  o f  a  so lu tion  of 5 ing /m l, w as in jec ted  in to  th e  ta i l  v e in  o f th e  
a n im a ls , acco rd ing  to  th e  m e th o d  o f Or l o f f  e t  al. (1949). T he dose causing to n ic  convu lsions 
w as e x p re ssed  in te rm s of m l/10  g o f b o d y  w eigh t. T he co m pounds in v es tig a ted  w ere  in jec ted  
su b c u ta n e o u s ly  (s.c.), in tra p e r ito n e a lly  (i.p .) o r in tra ce re b ra lly  (i.cer.) acco rd ing  to  H a l e y  
a n d  M cCorm ick  (1957).

T h e  re su lts  were e v a lu a te d  w ith  tw o- an d  th ree -w a y  analysis o f v a ria n ce  (A N O V A ).
T h e  d rugs used were as fo llow s: a tro p in  su lp h a te  (P h .H g .V I.) ; m ecam y lam in e  (E G Y T ); 

n e o s tig m in e  brom ide (S tig m o san , C hino in); n ia lam id e  (N u red a l, E G Y T ); o x o trem o rin e  o x a la te  
( I n s t i tu te  o f E x p erim en ta l M edicine, H u n g a rian  A cad em y  of Sciences); liq u id  p a ra f in  (P h .H g . 
V I.); p a rao x o n e  (C hinorto, C hino in ); p en te tra z o le  (T e traco r, C hinoin); phy so stig m in e  sa licy la te  
(P h .H g .V I .) ;  tran y lcy p ro m in e  su lp h a te  (S m ith  K line  a n d  F ren ch ). The doses m en tio n ed  refer 
to  th e  correspond ing  salts .
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Results

Susceptib ility  to pentetrazole seizures w as not influenced by 0 .0 3 — 0.2 
mg/kg o f physostigm ine s .c ., or if  so, to a very  slight extent only (T able I). 
Since even higher closes were not more e ffectiv e  but caused m uscular fascic­
ulation, it was assum ed th at the peripheral actions of the drug m ight inter­
fere w ith its central effects. To elim inate th is  factor we injected th e  drug
i.cer. and found th at by this route o f adm inistration , it augm ented the pen­
tetrazole effect constantly  and very considerably (Table I).

Table 1

In fluence o f  physostigm ine on pentetrazole seizure threshold in  the mouse. C onvulsan t doses
o f  pentetrazole in  m l/10 g 

M ean  +  S .E .

Compound and dose,
"‘e/Fg

mg/anima) i.cer.

Route of 
adm inistration

T im e of 
trea tm en t n

Dose of 
pentetrazole

NaCl S.C. 30 m in 33 0.21 0.015

Physostigm ine, 0.03 S.C. 30 m in 32 0.19 0.015

Physostigm ine, 0.20 S.C. 30 m in 32 0.18 0.008

NaCl i.cer. - 1 0 m in IS 0 .1 9 ± 0 .0 1 4

Physostigm ine, 0.002 i.cer. 10 m in 15 0.14 0.005

Physostigm ine, 0.005 i.cer. 10 m in 15 0.12 0.009

B y  th e  s.c. ro u te  on ly  0.2 m g/kg p h y so stig m in e  w as effective (p 0.05) 
By th e  i.cer. ro u te  b o th  doses were e ffec tiv e  (p  <  0.01)

Our assum ption concerning the peripheral effect o f physostigm ine was 
indirectly corroborated by the finding th at neostigm ine, a drug not penetrating  
into the central nervous system , instead o f facilitating inhibited th e  convul­
sions induced by pentetrazole (Table LI).

Table II

In fluence o f  neostigmine on penletrazol seizure threshold in  the m ouse.
C onvulsant doses o f  pentetrazole in m l/10 g 
M ean  +  S .E . Twelve mice in  each group

Compound and dose, 
mg/kg s.c.

T im e of 
tre a tm en t

Dose of 
pentetrazole

NaCl — 30 m in 0.19 ±0 .0 1 4

N eostigm ine, 0.15 — 30 m in 0.18 ±0 .006

N eostigm ine, 0.20 — 30 m in 0 .30±0.017

N eostigm ine in  a dose of 0.2 m g/kg w as e ffec tiv e , p <  0.01
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T h e influence o f the anticholinergic agents atropine and m ecam ylam ine  
on th e  seizure-potentiating effect of physostigm ine is shown in T able III . 
T he e ffec t o f i.cer. injected physostigm ine was abolished by 2 mg/kg o f atropine  
and decreased by 2 m g/kg o f  m ecam ylam ine.

Table III

In f lu e n c e  o f  atropine and m ecam ylam ine  on the se izure-facilita lory effect o f  physostigm ine  
in the mouse. C onvulsan t doses o f  pentetrazole in m l f l O  g.

M ean +  S .E . P hysostigm ine  treatm ent: 0 .005  mg/mouse, i.cer.

1st treatment, 
s.c., —60 min

2nd treatment, 
i.cer., -10 min it Dose of 

pentetrazole

NaCl NaCl 10 0.17 ±  0.011
NaCl Physostigm ine 10 0 .11±0.010

A trop ine, 2 m g/kg NaCl 10 0 .19±0.014

A trop ine, 2 m g/kg Physostigm ine 10 0 .18± 0 .014

N aC l NaCl 20 0 .2 1 ± 0 .0 l0

NaCl Physostigm ine 20 0 .12± 0 .010

M ecam ylam ine, 2 m g/kg NaCl 20 0.20 +  0.010

M ecam ylam ine, 2 m g/kg Physostigm ine 20 0 .17±0.010

A tro p in e  abolished, m ec am y lam in e  inh ib ited  b u t  d id  n o t  abolish, the  effect o f p h y äo . 
s t ig m in e

T h e re  w as an  in te rac tio n  in  b o th  cases, p <  0.01

O ne m g/kg of paraoxone, given three hours prior to the adm inistration  
of p en tetrazo le , was found to  augm ent the seizure susceptib ility  o f  m ice; 
th is e ffe c t  o f  paraoxone was counteracted by atropine (Table IV).

D im in u tion  of the cerebral catecholam ine and serotonin level facilitates  
(Ch e n  e t al. 1954), and its augm entation  in h ib its ( P rocop et al. 1959), the

Table IV

In f lu e n c e  o f  atropine on the seizure-facilitalory effect o f  paraoxone in the mouse. 
C onvulsant doses o f  pentetrazole in  m l/10 g.

M ean  ■ S .E .  Twelve mice in  each group

1st treatment, 
s.c., —180 min

2nd treatment, 
s.c., -120 min

Dose of 
pentetrazole

P araffin NaCl 0 .19± 0 .019

Paraoxone, 1 m g/kg NaCl 0 .11±0.005

P ara ffin A tropine, 5 m g/kg 0 .22±0.015

Paraoxone, 1 m g/kg A tropine, 5 m g/kg 0.23 +  0.020

In te r a c t io n ,  p <  0.01. P a ra o x o n e  was effective, a tro p in e  in h ib ited  its effect
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appearance o f seizures. Thus, we have in vestigated  the influence o f  am ine  
oxidase inhibitors elevating the cerebral am ine level on the p hysostigm ine- 
induced facilitation . As seen from T able Y , the tw o amine oxidase inh ib itors, 
tranylcyprom ine and nialam ide, com pletely  inhibited  the seizure-potentiating  
a ctiv ity  o f physostigm ine in doses not in fluencing the susceptib ility  to  pen- 
tetrazole.

Table V

In flu en ce  o f  tranylcyprom ine and n ia lam ide on the seizure-facililatory effect o f  physo stig m in e  
in the mouse. Convulsant doses o f  pentetrazole in m l/10  g . M ean  ±  S .E . P hysostigm ine treatm ent : 

0.005 mgfmouse i.cer. Twelve mice in each group

1st treatment i.p. Time of 
treatment

2nd treatment, 
i.cer., —20 min

Dose of 
pentetrazole

NaCl —80 m in NaCl 0.18 +  0.012

NaCl — 80 m in Physostigm ine 0.11 +  0.008

T rany lcy p ro m in e , 10 m g/kg 80 m in NaCl 0 .1 6 ± 0 .0 0 6

T rany lcy p ro m in e , 10 m g/kg — 80 m in Physostigm ine 0 .2 0 ± 0 .0 1 2

NaCl — 24 hours NaCl 0 .1 8 ± 0 .0 1 2

NaCl 24 hours Physostigm ine 0.12 ± 0 .0 0 5

N ialam ide, 100 m g/kg 24 hours NaCl 0 .1 8 ± 0 .0 1 1

N ialam ide, 100 m g/kg — 24 hours Physostigm ine 0.21 ± 0 .0 0 6

P h y so stig m in e  was effective in  b o th  series o f experim en ts . I ts  effec t w as in h ib ited  
b y  tran y lcy p ro m in e  an d  n ia lam ide, p <  0.01

Since atropine inhibits the seizure-facilitatory effect o f cholinesterase  
inh ib itors, the muscarine receptors o f  the central nervous sy stem  m ay be 
assum ed to  play a part in this effect. T hus, we investigated  how oxotrem orine, 
a drug o f specific muscarinic a c tiv ity  and devoid o f n icotine-like action  
( H a s l e t t  1963), would influence seizure susceptib ility . The resu lts o f  these  
experim ents are shown in Table V I. A s seen, low doses (0 .01— 0.02 mg/kg) 
of oxotrem orine increased seizure su scep tib ility , medium doses were ineffective  
and high doses (0 .1— 0.6 m g/kg) inhibitory.

D iscussion

According to our experim ents, cholinesterase inhibitors increase the 
su scep tib ility  o f the m ouse to pentetrazole convulsions b y  th e ir  central 
action . N eostigm ine, a drug possessing exclusively  peripheral a c t iv ity , in ­
h ibits the effect o f pentetrazole. A sim ilar, i.e . peripheral, a c t iv ity  o f  physo­
stigm ine is assum ed to dim inish the drug’s own facilitatory action  o f central
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Table VI

In flu en ce  o f  oxolrem orine on  the pentetrazole seizure threshold in  the mouse. C onvulsant doses 
o f  pentetrazole in  m l/lO  g. M e a n  ■ S .E . F ive-day exp erim en t, with 5 anim als in  each group  

on the f i r s t  three days and with 7 a n im a ls  o n  the 4th and 5th days

Day of Oxotremorine treatment, mg/kg, i.p., 30 min before pentetrazole
experi­
ment 0.0 0.01 0.02 0.05 0.1 0.2 0.4 0.6

l 0.14 0.11 0.13 0.16 0.19** 0.21**
± 0 .010 ± 0 .0 1 0 ± 0 .0 1 0 ± 0 .016 ± 0 .0 1 0 ± 0 .0 1

2 0.11 0.11 0.14** 0.16** 0.18** 0.19**
± 0 .002 ± 0 .002 ± 0 .0 0 5 ± 0 .0 0 4 ± 0 .0 0 8 ± 0 .0 0 3

3 0.12 0.12 0.14 0.15* 0.16** 0.21**

±0.003 ±0 .01 ± 0 .0 1 ± 0 .003 ± 0 .0 0 7 ± 0 .0 0 5

4 0.15 0.10** 0.11** 0.13 0.17*

± 0 .008 ± 0 .0 0 1 ± 0 .0 0 2 ± 0 .0 0 4 ± 0 .0 0 7

5 0.15 0.15 0.18** 0.14 0.24**

± 0 .003 ± 0 .0 0 5 ± 0 .0 0 3 ±0.002 ± 0 .0 0 7

A N O V A -D unnett te s t .  T h e  values s ig n ifican tly  d iffe rin g  from  contro ls n o t  t r e a te d  
w ith  oxotrem orine  (0.0 m g /k g ): * <  0.05, ** p <  0.01

origin. This is w hy physostigm ine is defin itely  e ffective  after i. cer., but only  
slig h tly  after s.c. ap p lica tion . It should be n o ted  that physostigm ine elicits 
m arked tremor when in jected  i. cer; this occurs rarely after s.c. adm inistration  
and is difficult to  ev a lu a te  because of the m uscular fasciculation (M o ln ár  
et al. 1967).

The two groups o f  cholinom im etics produce different central nervous 
effects: nicotine causes convulsions whereas oxotrem orine and arecoline 
evoke tremor. It has b een  assum ed that tw o ty p e s  of cholinergic receptors, 
i.e . muscarinic and n ico tin ic  (M and N), are p resen t in the central nervous 
system  ( P f e i f f e r  et al. 1967). The first ty p e  is in h ib ited  by atropine, and the  
second type by m ecam ylam ine.

The question arises o f  what type o f receptor m ight be involved  into  
th e  facilitatory action  on pentetrazole convulsions o f  cholinesterase inhibitors 
w hich elevate the endogenous acetylcholine lev e l in  the brain. According to  
our results, m ecam ylam ine decreases and atrop ine abolishes the effect of 
physostigm ine. A ccordingly , both N and M receptors must figure in the  
facilita tion . In the k now ledge of the convulsant action  of nicotine, one does 
not have to add an y th in g  particular to its  e ffec t exerted on N -receptors. 
A ccordingly, the n icotin e-lik e  activity o f cholinesterase inhibitors and of  
endogenous acetylcholine p lays a part in the fac ilita tio n . The role of m uscarinic
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receptors in the developm ent o f seizures is more debated. A ccording to  Cox  
and P o t k o n j a k  (1970), oxotrem orine causes convulsions in th e  rat; in our 
experim ents, this was seen to  occur exclusively  after reserpine pretreatm ent 
( P h an  et al. 1974). Carhachol elicits convulsions after i.cer. in jection  in the 
m ouse. The compound has a dual site of action (M and N ); still th ese seizures 
are prevented by atropine ( D ecsi  et al. 1963). Atropine inh ib its th e  seizure- 
facilitatory action; thus w e assum e that central M receptors are also playing  
a part in th is  action of th e  cholinesterase inhibitors. This assum ption  is cor­
roborated by the finding th a t low doses o f oxotrem orine, a drug o f prim arily  
M a ctiv ity , diminish the con vu lsan t dose o f pentetrazole, ju st like th e  cholin­
esterase inhibitors do. L arge doses of oxotrem orine inhibit pentetrazole con­
vulsions. These results are in  accordance w ith  the observation o f  Ch e n  et al. 
(1968) w ho found low doses o f oxotrem orine (0.25 mg/kg as fum arate salt) 
to dim inish, and high doses (2.0— 4.0 m g/kg !) to  elevate, th e  electroshock  
threshold. The mechanism o f  the anticonvulsant action o f oxotrem orine was 
not analyzed in the present experim ents; th is action m ay be a consequence  
of the ergotropic stim ulatory action of the com pound. This action  is marked 
in the cat and manifest i t s e lf  w ith a rage reaction and with signs o f  sym pathetic  
excitation  (G yörgy  et al. 1971a). The effect is latent in the m ouse: after re­
peated adm inistrations th e  drug counteract the gradual decrease o f  spontane­
ous m otility  (György  et al. 1971b); while the hyperm otility-inducing effect 
of am phetam ine is augm ented  by trem orine pretreatm ent in the mouse 
(unpublished data). E rgotropic excitation , on the other hand, is known to 
dim inish seizure su scep tib ility  ( P rocop  et al. 1959).

As regards seizure facilita tion , the m onoam ines and acety lch o lin e are 
probably o f  antagonistic a c tiv ity  in the central nervous system . (A dm inistra­
tion o f am ine oxidase inh ib itors counteracted the potentiating effect o f  physo- 
stigm ine). Since amine ox id ase inhibitors e levate the level o f  th e  catechol­
amines and of serotonin, it  is an open question which of the am ines m ight be 
figuring in the above antagonism . Experim ents in this d irection are now  
in progress in this laboratory.
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EFFECT OF DROPFRIDOL ON THE ELECTRICAL 
ACTIVITY OF RABBIT ATRIAL CELLS

By

D . G a k C IA -B a RRETO a n d  I .  P o L U N IN

LABORATORY OF PHARMACOLOGY, INSTITUTE OF CARDIOLOGY. HAVANA, CUBA 

(R eceived  M arch 9, 1974)

In trac e llu la r  reco rd ings of ra b b it  r ig h t  a tr ia l  tissue were o b ta in ed  u n d e r the 
in fluence of th e  neu ro lep tic  agen t d roperido l. A sh o rten in g  of action  p o te n tia l  d u ra tio n , 
d V /d t, o ccu rred , th e  r a te  o f discharge d im in ish ed  and  th e  h e a rt sto p p ed  a f te r  long 
exposure  to  th e  d rug . In  la te n t  pacem aker cells, th e  am p litu d e  of d iasto lic  d ep o la riza ­
tio n  an d  ov ersh o o t decreased . In  c o n tra s t, tru e  p acem ak e r cells increased  in a m p litu d e ; 
th e ir  a u to m a tism  was no t affected  by the  d ru g .

I t  is concluded  th a t  h igh co n cen tra tio n s  o f  o r long exposure  to , th e  d ru g  cause 
e x it b lockade o f im pulses gen era ted  a t  th e  sin u s node.

Droperidol is a neuroleptic drug. Its pharm acological properties have  
ex ten sive ly  been studied ( J a n s s e n  et al. 1963, 1965a, b). Its cardiovascular  
effects include a slight lowering of blood pressure as a result o f  peripheral 
vasodilatation  (S h a p e r  et al. 1963; T o r u n c h a  et al. 1972), a lack o f influence  
on the m echanical properties (To r unc h a  et al. 1974), and an antiarrhythm ic  
effect in ectopic ventricular rhythm s ( D a h l g r e n  1970; Long  et al. 1967). 
Its action on heart cell membranes was studied  by intracellular recordings by 
H a u s w i r t h  (1968). This author observed a slow ing of the rate of increase and 
a shortening o f the duration o f the action poten tia ls with a prolonged functional 
refractory period, w ithout any significant change in resting poten tia l and 
m em brane resistance. As an explanation, these effects were a ttr ib u ted  to  
inhibition  o f the N a +-transporting system  o f the cell membrane. K e r n  et ál. 
(1971) confirm ed these results by voltage-clam p m easurem ents and th e y  re­
ported a progressive reduction o f the am plitude o f  the action p otentia l. This 
research was conducted in non-autom atic tissu e and, in both cases, prolonged  
exposure to the drug or high dosage resulted in com plete and irreversible 
im pulse arrest.

W ith the purpose o f determ ining w hether th is effect of droperidol was 
due to a disturbance o f im pulse form ation or to  a conduction blockade, it was 
decided to  study the action potentials o f autom atic  atrial cells and their  cor­
relation w ith those encountered in non-specialized conducting tissue.
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Methods

T h e  r ig h t  a tr iu m  from  ra b b its  o f  b o th  sexes k illed  b y  a blow on th e  neck w as em p lo y ed . 
T he a r e a  l im ite d  by  th e  a tr ia l  s e p tu m , th e  c ristae  te rm in á lis ,  th e  base o f th e  su p erio r v en a  
cav a  a n d  th e  coronary  sinus, w ere e x p lo red  w ith  f lo a tin g  m icro-electrodes o f less th a n  0.5 tip  
d ia m e te r  a n d  a resistance  b e tw een  20 an d  50 M egaohm s. T y ro d e  so lu tion  of th e  follow ing 
c o m p o s itio n  w as used: NaCl, 124; KC1, 3.0; CaCl2, 2 .5; N a H C 0 3, 15.0; MgCl2, 1.2; N a H 2P 0 4, 
1.2; g lu co se , 5.5 mM. T he so lu tion  w as aereated  w ith  9 5 %  0 2 and  5%  CO„, th e  te m p e ra tu re  
w as m a in ta in e d  a t  31 — 32 °C. A u to m a tic  cells of th re e  ty p e s  (Valla d ares  a n d  P o l u n in  
1972), a ll w ith  m ark ed  d iasto lic  d ep o la riz a tio n , and n o n -a u to m a tic  cells w ere o b se rv ed  before 
a n d  a f te r  a d d itio n  of droperido l to  th e  b a th in g  so lu tion . In  som e cases, i t  w as possib le to  follow 
th e  c h a n g e s  caused  b y  th e  d ru g  in  one  cell th ro u g h o u t th e  exp erim en t, in o th ers  an  av erage  
o b s e rv a tio n  o f a t  least 10 cells w as reg iste red .

D ro p e rid o l (Jan ssen  P h a rm a c e u tic a , Beerse, B e lg iu m ) was em ployed. T he s to ck  so lu­
tio n  c o n ta in e d  ta r ta r ic  acid, o f a  p H  b e tw een  3 and  4. T e s t  so lu tio n s co n ta in ing  1 0 dro p erid o l 
w ere o b ta in e d  by  add ing  a p p ro p ria te  am o u n ts  of th e  s to c k  so lu tion  to  th e  ty ro d e  so lu tion  
in th e  b a th .

Results

T h e  influence of d roperido l  on the  shape  o f  th e  action po ten t ia l  o f  a u to  
m a t ic  cells af te r  10 and 30 m in u te s  of  exposure  o f  th e  tissue to  a co n cen tra t io n  
o f  1 0 “ 3 M of the  d rug  is i l lu s t ra te d  in Fig. 1. T h e  am pli tude  of th e  ac t ion  po-

c

500 msec

30 min

F ig . 1. In tra c e llu la r  reco rd ings o f  p acem ak er (T .P .) , l a te n t  pacem aker cells (L .P .) ,  and  
n o n -a u to m a t ic  cells (N .A .), u n d e r  th e  influence of 10~5 M droperidol. C: C ontro l, b e fo re  d ru g

te n tia l increased in the cells in the central part o f the sinus node, described  
b y  H o f f m a n  and Cr a n e f i e l d  (1960) as true pacem aker cells, and as group I 
b y  V a l l a d a r e s  and P o l u n i n  (1972). In con trast, the action poten tia l o f  
la te n t pacem akers or group II  decreased in height. N on-autom atic cells re­
sponded  w ith a dim inished action  potential and w ith  a marked delay o f  the
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increase (see Fig. 1). D iastolic depolarization decreased, and in som e cases 
was abolished only in la ten t pacemaker cells, w hile no significant change of 
th is param eter was observed in true pacem aker cells. All the p otentia ls were 
shortened in duration w ith the duration o f exposure to  the drug. The frequency  
of discharge also decreased with tim e, until a to ta l arrest had occurred after 
60 m inutes in latent and non-autom atic cells. In true pacemakers it  w as pos­
sible to register activation  for more than 90 m inutes.

Table I

Parameters o f  atrial fib re  action potentials under the influence o f droperidol

Cell H P., O.S., D.D.A., A.P.D., R.R.,
typ. 11 mV mV mV msec V/ sec

T .P .
26

C 5 3 .0 ± 1 .4 7.0 ± 0 .2 1 1 6 .0 ± 0 .5 266 ±  9.2 180 ±  6.4

I) 5 0 .8 ± 1 .8 8 .9 * ± 0 .I8 1 5 .6 ± 0 .3 174**±  3.5 172 ±  7.0

L .P .
40

C 8 4 .0 ± 1 .7 22.2 ± 1 .1 9 .2 ± 0 .2 226 ± 1 1 .4 221 ± 1 1 .2

1) 7 8 .9 ± 2 .1 16 .3*± 1 .2 7 .0 ± 0 .2 1 108** ±  7.2 1 3 2 * * ±  8.0

N .A.
46

c 8 7 .3 ± 2 .1 25.4 ±  1.4 — 186 ±  9.0 328 ± 1 2 .7

D 8 I .2 ± 1 .8 16.7*± 1.1 101**±  7.1 183**±  8.1

R .P .:  re s tin g  p o te n tia l;  O .S.: o vershoo t; D .D .A .: d iasto lic  depo la riza tio n  a m p litu d e ; 
A .P .D .: ac tion  p o ten tia l d u ra tio n ; R .R .: ra te  o f rise  o f  phase  О; T .P .: tru e  p a ce m a k e r; 
cells; L .P .: la te n t  p acem ak e r cells; N .A.: n o n -a u to m a tic  cells; C: control v a lu e s ; D : a fte r  
10-5M d ro perido l

* p <  0.05 from  con tro l v a lue ; ** p <  0.01 fro m  con tro l value

R esults for 26 m easurem ents on true pacem aker cells and 40 other types  
o f autom atic atrial cell, and 46 w ithout autom atism , can be seen on T able Í. 
Th ese observations were made after 20 m in u tes exposure to the drug at a 
concentration o f 10 _ä M.

Discussion

Prolonged exposure o f non-autom atic tissu e  to droperidol at high con­
centrations resulted in in excitab ility  preceded b y  a marked decrease in am pli­
tude, duration and rate o f  increase of the action  potential. A u tom atic  latent 
pacem akers seem ed to  undergo similar changes and in addition tended  to lose 
their diastolic depolarization. In contrast, th e  action potentials from  true 
pacem aker cells gained in am plitude and did not alter their diastolic depolariza­
tion . A lthough no proof could be obtained th a t these changes had occurred 
sim ultaneously in all three types o f cell because only one m icro-electrode was
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used , w e still assumed it in v iew  of the stab ility  o f  th e  results and the random iz­
a tion  o f  m easurem ents.

T h e relationship o f  th e  different functional structures of the heart is well- 
k n ow n  ( P a e s  de  Ca r v a l h o  e t al. 1959; W a g n e r  e t al. 1966; H ogan  and D avis  
1968; S t r a u s s  and B ig g e r  1972) and it is generally  accepted that th e  sensi­
b ility  o f  the response o f  m yocardial cells differs and that the sinus node is 
the le a st  labile of the structures involved (G e l b a n d  et al. 1972; T e n  E ick 
et al. 1971).

T h u s, droperidol exerts a depressive effect on latent pacemakers and non­
a u to m a tic  atrial tissue, sim ultaneously  reliev in g  the true pacem aker cells 
from  an inhibitory in fluence.

Considering that true pacem aker cells retain  their autom atism  th e  n eigh­
bouring  structures becom e inexcitab le, the im m ediate cause o f cardiac arrest 
w ould  seem  to be due to  an ex it blockade o f th e  sinus node im pulse.

It is concluded that droperidol causes ex it blockade of impulses generated  
at th e  sinus node.
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(R eceived  Ju n e  21, 1973)

T he m ech an ism  of th e  depolarizing  ac tio n  o f v e ra tr in e  was in v es tig a te d  on the  
frog  sa rto riu s  m uscle.

1. V e ra tr in e , ap p lied  a f te r  the  rem oval o f ch loride  ions from  th e  ex trace llu la r 
space, caused  th e  m uscle to  depolarize u n ch an g ed .

2. A fte r rem o v a l o f ex trace llu la r p o tass iu m , 0.1 mM of v e ra tr in e  d id  no t de­
polarize du rin g  th e  2 3 hours o f ob se rv a tio n  or, if  so, on ly  du ring  a co n sid erab ly  longer
period  of tim e  th a n  in  R inger’s so lu tion  co n ta in in g  2.5 mM of p o tass iu m .

3. T he c h a ra c te ris tic  depolariz ing  effec t o f  0.1 mM v e ra tr in e  fa iled  to  com e ab o u t 
in  h y p e rto n ic  so lu tions o f d iffe ren t com position  (n o rm al R inger +  150 mM NaCl; 
no rm al R in g er 300 mM sucrose; norm al R in g e r 300 mM glucose) in sp ite  of 
p e rsisting  fu n c tio n in g  of th e  sp ike-channel u n d e r  th ese  conditions.

4. A single e lectric  stim u lu s app lied  in  a n  ap p ro p ria te  p h ase  o f th e  la ten cy  
period  be tw een  v e ra tr in e  a p p lica tio n  and  th e  d ev elo p m en t o f d e p o la riza tio n , was 
found  to  tr ig g e r th e  ap p ea ran ce  o f v e ra tr in e  d ep o la riza tio n .

In previous experim ents it has been show n that veratrine does not de­
polarize the m uscle in a sodium -free (choline) Ringer. In fact, the muscle 
previously depolarized w ith  veratrine in normal Ringer will be fu lly  repolariz­
ed in choline-R inger, in sp ite o f the continued presence o f  veratrine. The 
depolarizing effect o f veratrine is counteracted by tetrodotoxin  (1 0 -7 g/ml) 
in a reversible w ay (V a rg a  et al. 1972a). These observations and the data 
in the literature on neural structures show  th a t the depolarizing effect of 
veratrine is a sodium -dependent process in th e  skeletal m uscle. In  accordance 
w ith  this, w e  observed an increase of N a-in flu x  and of [Na], under the effect 
o f veratrine (Var g a  et al. 1972b). All th is proves the role p layed b y  sodium  
ions in the depolarizing action o f veratrine. On the other hand, the role of  
potassium  and chloride ions is not quite clear.

The role o f  C l-  transport was first raised by S h a n e s  et al. (1953) who 
studied the characteristic changes of n egative after-potentials upon the effect 
o f x'eratrine. On the other hand, S p e r e l a k i s  and P a p p a n o  (1969) found an 
unaltered depolarizing effect o f veratrine on heart cells kept in chloride-free 
m ilieu (tissue culture) as compared to th a t observed in chloride-containing  
m ilieu. The role o f  potassium  was first em phasized by R acq  (1939), and 
later S h a n e s  (1952) show ed th at K -efflux from  the nerve increased under the 
effect of veratrine. W e too observed a transien t increase in the rate coefficient
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o f  K -efflu x  in the frog sartorius upon the effect o f the drug. H ow ever, the 
potassiu m  content ca lcu la ted  for the dry-substance o f the m uscle remained 
unchanged  and it was o n ly  the concentration o f potassium  which dim inished  
in  proportion to the w ater u ptake (Varga  et al. 1972b). On the basis the above 
d a ta  it  seemed interesting to  com plete our previous investigations concerning 
vera tr in e  depolarization w ith  the experim ents to be reported below .

M ethods

T h e  experim ents w ere p e rfo rm e d  on th e  sa rto riu s  m uscle  o f th e  frog R a n a  esculenta , 
b e tw e e n  A pril, 1971, and  M ay, 1973. Seasonal a lte ra tio n s  w ere observed  on ly  a few  w in ter 
fro g s . T h ese  observations, p e rh a p s  u se fu l in connection  w ith  th e  m echanism  of th e  depolariz ing  
e f fe c t o f  v e ra tr in e , will be p u b lish e d  elsew here. T he m uscle w as p rep ared  u n d e r th e  m icroscope, 
t h a n  k e p t  in  R inger’s so lu tion  fo r  30 m in , and only those  m uscles w ere used  in  th e  ex p erim en ts  
th e  f ib re s  of which h ad  re m a in e d  in ta c t.  In tac tn e ss  o f  th e  p re p a ra tio n s  w as checked  a t  the  
e n d  o f  th e  experim ent m ic ro sco p ica lly  and on th e  basis o f reco v erin g  of m em b ran e  p o ten tia l 
a s  w ell as by  controlling e le c tr ic a l ex c itab ility .

T h e  experim ents w ere p e rfo rm e d  on pa irs of m uscle. A  g re a t n u m b er o f o b se rv a tio n  
h a d  re v e a le d  considerable in d iv id u a l  dev ia tio n s in la ten cy  a n d  m ag n itu d e  of th e  d ep o la riza ­
t io n ,  th e  h e ig h t of the  a m p litu d e  o f  osc illa tion , its  freq u en cy , e tc . F o r these  reasons on ly  resu lts  
o b ta in e d  on pairs of m uscle can  b e  com pared  re liab ly .

T h e  sarto rius m uscle w as s tre tc h e d  to  4/3 o f its  slack  len g th  and  fixed  in a sep a ra tin g  
c h a m b e r ,  o rig inally  c o n stru c ted  fo r  se p a ra tio n  of th e  pelv ic  p a r t  o f th e  m uscle , p ra c tic a lly  free 
o f e n d -p la te s  (P ezard and  Ma y  1937), from  its d is ta l, so -called  n eu ra l, p a r t  (G e s z t e l y i and  
K o vá cs  1970). In  add ition , th e  se p a ra tin g  ch am b er allow s a con tin u o u s re co rd in g  of th e  
p o te n t ia l  difference betw een th e  tw o  p a r ts  of th e  m uscle, se p a ra te d  w ith  a ru b b e r  d iap h rag m . 
T h is  l a t t e r  n o t only sep ara tes  th e  so lu tio n s  on th e  tw o  sides b u t ,  in an  ideal case, also in su la te s  
e le c tr ic a l ly  th e  surface of th e  m u sc le  m em brane  p u lled  th ro u g h  it. T hus, in  p ra c tic e , i t  is th e  
m e a n  p o te n tia l  difference of th e  f ib re s  o f th e  tw o m uscle p a r ts  w hich  can  be reco rd ed  from  
th e  in c u b a tio n  solutions (G e s z t e l y i  1973). The p o ten tia l w as m easu red  b y  m ean s of the  
a m p lif ie r  o f  a K eith ley  604 ty p e  e le c tro m e te r. The o u tp u t  signal o f th e  am p lifie r w as reco rded  
fro m  a D IS A  U niversal In d ic a to r  oscilloscope by  m eans of a  p h o to reco rd er. T h e  slow  (7.5 
m in /d iv )  h o rizo n ta l deflection  c o rre sp o n d in g  to th e  b eam  of th e  oscilloscope w as en su red  by  
m e a n s  o f  a n  ex ternal g en era to r c o n s tru c te d  for th is  p u rpose .

S in ce  we explicitly  w a n te d  to  s tu d y  the  effect o f v e ra tr in e  on th e  m uscle m em b ran e , 
th e  d ru g  w as alw ays applied  on  th e  a n eu ra l p a r t  o f th e  m uscle  in  th e  sep a ra tin g  ch am b er. 
T h e  v e r a t r in e  spikes of the  a n e u ra l m uscle  p a r t  could p ass th ro u g h  th e  ru b b e r m em b ran e  from  
one c o m p a r tm e n t  of the  se p a ra tin g  c h am b er to th e  o th e r  p a r t  o f th e  m uscle. To p re v e n t  th is , 
th e  n e u r a l  m uscle p a r t was in c u b a te d  in  N a-free (choline) R in g er. T he so lu tions w ere changed  
a t  10— 15 m in  in tervals on b o th  th e  a n eu ra l and  neu ra l p a r ts .

In tra c e l lu la r  p o ten tia l m e a su re m e n ts  were carried  o u t  w ith  m icroelectrodes o f the  
L in g -G e ra rd  type  ( L i n g  an d  G e r a r d  1949). The tip  p o te n tia l  o f th e  e lectrodes w as u n d e r 
— 5 m V , i ts  resistance betw een  5 a n d  10 M ohm  ( A d r i a n  1956). T h e  m em brane  p o te n tia l  was 
m e a su re d  w ith  a K eith ley  604 ty p e  e lectrom eter. T he m em b ran e  p o ten tia l w as d e te rm in ed  
on th e  b a s is  o f 5— 10 m easu rem en ts  in  each  case.

T rig g e rab ility  by  an e le c tr ic  s tim u lu s  of th e  v e ra tr in e  d ep o la riza tio n  w as s tu d ie d  by  
m ea n s  o f  a D IS A  M ultistim  a p p a ra tu s .  A s s tim u la tin g  e lectrodes, p la tin u m  p la tes , 3.5 X 0.3 m m  
in  size a n d  p laced  parallel a t  a d is ta n c e  of 6 m m , w ere used . T he am p litu d e  of th e  im p u lse  w as 
2 .5 -fo ld  o f th e  voltage co rrespond ing  to  th e  stim ulus th resh o ld , th e  im pulse w id th  w as 0.1 m sec.

C om p o sitio n  of th e  so lu tio n s  u sed  is show n in  T ab le  I ;  th e ir  p H  w as 7.0 a n d  th e ir  
t e m p e ra tu r e  betw een 20 and  23 °C.

A  v e ra tr in e  p rep ara tio n  m a d e  b y  M erck w as used  in  th e  experim en ts . I ts  v e ra tr id in e  
c o n te n t ,  d e te rm in e d  by a p ro c ed u re  p rescrib ed  b y  th e  fa c to ry  w as 33 .3% . The o th e r  2/3 of 
th e  a lk a lo id  p rep ara tio n  was c ev a d in e  ( V a r g a  e t al. 1972a). T he tw o alkalo ids hav e  an  iden tica l 
d e p o la r iz in g  effect on skeletal m u sc le  ( F a l k  1961; V a r g a  e t al. 1972a).

C h o lin e  chloride (R ean a l), u se d  fo r rep lacem en t o f sod ium , w as recry sta llized  tw ice  
befo re  a d m in is tra tio n . T e tro d o to x in  (T T X , Sankyo) as well as d -tu b o cu ra rin e  (Sigm a C hem ical 
Co.) w a s  recry sta llized  th ree  tim es. A ll so lu tions were fresh ly  p re p a re d  before use.
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Results

I n v e s t i g a t i o n  o f  t l te  d e p o l a r i z i n g  e f f e c t  o f  v e r a t r i n e  i n  c h lo r id e -J ' r e e  m i l i e u .  

In these experim ents we studied  whether the rem oval of [Cl](i w ould  cause 
any significant change in th e  exten t and tim e-course of the veratrine-induced  
depolarization. As known from the results o f H o d g k in  and H o ro w icz  (1959), 
the m uscle will be depolarized on an abrupt dim inution o f the chloride content 
of the R inger’s solution. This depolarization is a reversible one soon followed  
by repolarization even in chloride-free Ringer. Thus, when the m em brane

F ig . 1. In v estig a tio n  of th e  dep o la riz in g  effect o f v e ra tr in e  in [C l~]0-free m ilieu . B o th  m em ­
bers o f th e  m uscle p a ir  w ere p laced  sep ara te ly  in a  se p a ra tin g  cham ber. T h e  a n e u ra l p a r t  of 
one m uscle (A) was e q u ilib ra te d  in chloride-free (su lp h a te )  R inger (T able  I ,  E ), th e  neural 
p a r t  in cho lin e -su lp h ate-R in g er (T able  I ,  F) for 90 m in before v e ra tr in e  tr e a tm e n t.  T h e  aneural 
p a r t  o f th e  contro l m em ber (B ) o f  th e  m uscle pa ir w as k e p t, sim ilarly  for 90 m in , in  a solution 
co n ta in in g  80 mM N a, 1 mM  Ca a n d  121 mM Cl (T able I, G), while the  n eu ra l p a r t  in  a solution 
o f sim ilar com position b u t  co n ta in in g  choline in stead  o f N a (T able I, H). E x p e r im e n t reference:

37/46-111

potentia l had returned its original value, the sulphate-R inger in the aneural 
part was replaced by a sulphate-R inger containing 0.1 mM o f  veratrine. 
A typical experim ent is show n in F’ig. 1.

As seen from F ig . 1, the depolarizing effect o f veratrine to o k  place in 
a chloride-free m ilieu, too . There was no difference either in th e  tim e of ap­
pearance or the ex ten t o f  depolarization in the average o f 9 experim ents.

The potential change seen in the “ control” , i.e. chloride-containing, 
Ringer differed from the characteristic pattern observed in norm al Ringer
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Table I

C omposition o f  the solutions

Solutions
K+ c i - Na+ C.a2 ' ПРО2 - н . р о , - s o j  - Choline T R IS

buffer
Sucrose Glucoee

mM

A N orm al R inger 2.5 121.1 120 1.8 2.15 0.85

В N a +-free (choline) R inger 2.5 123.6 1.8 1.08 0.43 120

С K +-free R inger 121.1 122.5 1.8 2.15 0.85

D K +- and  N a +-free (choline) R inger 123.6 1.8 * 120 5

E Cl “ -free (su lphate) R inger 2.5 80 8 1.08 0.43 48 113

F Cl“ - and  N a+-free  R inger 2.5 8 1.08 0.43 48 80 113

G R inger w ith  reduced N a + and Ca2 + 
con ten t 2.5 121.1 80 1.0 2.15 0.85 41.6

H N a +-free R inger w ith  reduced 
Ca2+ con ten t 2.5 123.6 1.0 1.08 0.43 121.6

I H yperton ic  solution contain ing  
270 mM  NaCl 2.5 271.1 270 1.8 2.15 0.85

J H yperton ic  solution 270 mM choline 2.5 273.6 1.8 1.08 0.43 270

К H yperton ic  solution contain ing  
300 mM sucrose 2.5 121.1 120 1.8 2.15 0.85 300

L N a +-free h yperton ic  solution contain ing  
300 mM sucrose 2.5 123.6 1.8 1.08 0.43 120 300

M H yperton ic  solution con tain ing  
300 mM glucose 2.5 121.1 120 1.8 2.15 0.85 300

N N a +-free hyperton ic  solution 
con tain ing  300 mM glucose 2.5 123.6 1.8 1.08 0.43 120 300

* T R IS  base was a d ju s ted  w ith  o rth o -phosphoric  acid  to  p H  7.0 a t 22 °C
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under the effect o f veratrine. Comparison o f curve В in Fig. 1 with the control 
curves shown in Figs 2— 6 revealed a striking difference in both the m agnitude  
and character o f the first w ave o f  oscillation. This difference was probably  
due to  the fact that the am ount o f  ionized calcium  was lower (1 mM, see 
H o d g k i n  and H o r o w i c z  1959) in  the sulphate-R inger applied on m uscle A 
(Table I, E) than in normal R inger’s solution . The sam e w as true for the sodium

2 6 3

F ig . 2. In v e stig a tio n  of th e  depolariz ing  effec t o f v e ra tr in e  in  К -free m ilieu. O ne m em b er 
o f th e  m uscle p a ir w as e q u ilib ra ted  in К -free R inger (an eu ra l p a r t:  C; neural p a r t:  D , T ab le  I) 
fo r 90 m in  (low er curve). The a n eu ra l p a r t  o f  th e  con tro l m uscle (up p er curve) w as k e p t  in 
no rm al R in g er (T able  I, A), th e  n eu ra l p a r t  in cho line-R inger (T able I, B), b o th  fo r  90 m in. 
To p re v en t th e  possib le d is tu rb in g  effec t o f p o tassium  traces , th e  ag ar bridges w ere p re p a re d  
w ith  К -free. and  n o t w ith  n o rm al R in g er so lu tion  in these  experim en ts. E x p e r im e n t

reference : 37/3

content; we therefore applied 1 mM CaCl., and 80 mM Na also in the R inger’s 
solution  o f the “ control” m uscle (B).

D e p o l a r i z i n g  e f f e c t  o f  v e r a t r i n e  i n  К - f r e e  R i n g e r ’s  s o l u t i o n .  In som e ex ­
ploratory experim ents, the aneural part o f the m uscle in the separating cham ­
ber w as kept in К -free R inger’s solution  (Table I, C) for 30—60 m in before 
veratrine treatm ent. In tw o out o f seven experim ents no depolarization  
occurred under the effect o f 0.1 mM veratrine w ith in  80 and 120 m in, respec­
tiv e ly . In further fiv e  experim ents a depolarization was though observed but 
th is occurred after 58 +  27.2 min on the average, in contrast to the average  
la tency  o f 25.3 +  10.4 min seen in the case of the other member o f th e  m uscle 
pair incubated in normal Ringer.

In v iew  o f the wide scattering o f  the results, in further experim ents the 
duration o f incubation in К -free Ringer was prolonged to 90 min. In  addition , 
unlike in the exploratory experim ents, the neural part serving as reference 
basis w'as also immersed into К -free Ringer. A characteristic record o f an 
experim ent performed in th is w ay can he seen in Fig. 2.
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As seen from  F ig . 2 , by the 14th m in veratrine had induced a well- 
d efin ed  depolarization in  the muscle k ep t in Ringer solution containing 2.5 
mM potassium  w hile a depolarization o f on ly  about 5 mV could be observed  
in  th e  muscle kept in  К -free Ringer for 90 m in , even in the 180th min of in ­
cu b ation . The effect o f  К -free Ringer antagon izing veratrine depolarization  
w as reversible; a depolarization equal in m agnitude to the control developed  
18 m in after su b stitu tion  o f the К -free so lu tion  with veratrine-containing  
norm al Ringer. In 11 sim ilar experim ents, veratrine depolarization developed  
in  21.5 +  13.7 min in  th e  control m uscles, w hile in the muscles preincubated  
in К -free Ringer no depolarization was seen  in  any case during observations 
for 120— 240 m in (m ean, 163 +  28.3 m in). Comparison o f the tw o curves 
dem onstrated  in F ig . 2 reveals a considerable difference in the oscillation  
reaction  o f the control m uscle and the m uscle pretreated in К -free Ringer. 
T he cause of this d ifference which was observed  in every experim ent, has not 
been investigated .

W hen evaluating the experim ents, one w ill naturally be faced by the  
qu estion  of whether th e  developm ent o f veratrine depolarization was retarded 
and inhibited  by the absence of potassium  ions or by the hyperpolarization  
due to  their absence. Therefore, we measured th e  membrane potentia l by means 
o f intracellular m icroelectrodes in 430 superficial sartorius m uscle fibres 
in cu b ated  in К -free R inger solution for 60 m in. O f the 430 fibres investigated , 
336 w ere hyperpolarized w ith  23.9 A  8.3 mV and 94 depolarized w ith  27.5 •- 
— 13.9 mV on the average. H yperpolarization, once it had developed, remained  
p ractica lly  unchanged for 4— 5 hours. This fin d in g , and also our data on the 
ratio o f  hyperpolarized to  depolarized fibres differ from the results o f A k i y a m a  

and G r u n d f e s t  (1971). The discrepancy m ay h ave been due to the different 
experim ental conditions. The authors m entioned  prepared and isolated  fibres 
from  th e sem itendinosus m uscle of Rana p ip ie n s  and used this specim en for 
fo llow ing changes in resting  potential caused b y  the К -free solution. In con­
trast, our m easurem ents w ere performed on th e  superficial fibres o f the sarto­
rius m uscle of R. esculenta. The fact, how ever, th a t the membrane potential 
even  o f the superficial fibres was of opposite direction and changed within  
w ide lim its means th a t th e  residts for p o ten tia l changes m easured on the  
superficia l fibres were a p r io r i  inadequate for answering the above question. 
T herefore, we used G e s z t e l y i ’s method (1973) and in seven further experi­
m ents follow ed the p o ten tia l change of the aneural muscle part kept in K-free 
R inger’s solution w ith  respect to the neural one. Under these conditions a 
hyperpolarization averaging 5.5 +  2 mV w as found which developed in about 
60 m in  and lasted w ith o u t change for hours.

Effect o f  hypertonicity on veratrine depolarization. The observations con­
cerning the dependence o f  veratrine depolarization on sodium concentration  
are q u ite  unequivocal ( U l b r i c h t  1969). In  fu ll accordance w ith  th is,
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U l b r i c h t  and F l a c k e  (1965) as well as U l b r i c h t  (1969) found th e  after- 
potentia l increasing effect o f  veratrine to  becom e even more m arked when 
the sodium  concentration o f the Ringer solution was raised to  th e  2— 3-fold. 
These authors applied the N a-rich solution for the short period o f 15 sec, in 
order to  avoid the side-effects o f  the hypertonic solution. It seem ed therefore 
desirable to em ploy solutions o f  high sodium  concentration in  our exper- 
m ents. As known from  th e results o f H o d g k i n  and H o r o w i c z  (1957),

F ig . 3. E ffec t of h y p e rto n ic ity  on  v e ra tr in e  dep o la riza tio n . One m em b e r (low er curve) 
o f th e  m uscle pa ir w as e q u ilib ra ted  in h y p e rto n ic  so lu tion  (an eu ra l p a r t :  I ;  n e u ra l p a r t :  J ;  
T ab le  I )  fo r 45 m in  before v e ra tr in e  t re a tm e n t. T he an eu ra l p a r t  o f th e  c o n tro l m u sc le  (upper 
cu rv e) w as k e p t in n o rm al R in g er (T able  I ,  A), th e  neu ra l p a r t  in  c h o lin e -R in g e r (T ab le  I ,  B) 

for th e  sam e p erio d . E x p e rim e n t reference: 35/78-11

although an unchanged action potentia l can be dem onstrated  in skeletal 
m uscle after treatm ent w ith  hypertonic solutions, but the m echanical re­
sponse fails to occur. I t  w as therefore hoped th at in m uscle in cu b ated  in a 
sodium -rich solution the m echanical answer som etim es d isturbing th e  record­
ing  w ill be absent and, on th e  other hand, th at the depolarization  will be 
more marked owing to  th e  high sodium  concentration.

In these experim ents, 150 mM NaCl w as added to  norm al Ringer’s 
solution , and the aneural part o f the m uscle placed into the separating  chamber 
was treated  w ith it  for 45 m in. After th is pretreatm ent, a hyp erton ic  solution  
containing 0.1 mM veratrine was applied on the aneural part. A  typ ica l ex­
perim ent is shown in F ig. 3.

As seen from Fig. 3, th e  otherwise characteristic p o ten tia l change failed 
to  develop under the effect o f  veratrine in the m uscle incubated  in hypertonic 
solution during the 120-m in observation period. This inh ib itory effect o f the 
hypertonic solution w as reversible since, when in the 120th m in th e  muscle 
had been transferred in to  isotonic R inger’s solution sim ilarly  containing  
0.1 mM of veratrine, the depolarizing effect reappeared in ten  o f  experim ents.

8 * Acta Physiologien AcaJemiae Scientiarum Hungaricae 45,1974



2 6 6 E . VARGA et al.

Further experim ents w ere performed w ith  a solution  made hypertonic  
w ith  300 mM of sucrose, in order to  decide w hether it  was really the hypertoni­
c ity  and  not the au gm en ted  sodium  concentration  w hich had antagonized  
th e  e ffec t of veratrine.

A s seen from F ig . 4 , depolarization in th e  control m uscle began w ith a 
characteristic  oscillation w a v e  b y  the 29th m in o f treatm ent w ith 0.1 mM 
o f  veratrin e. No sim ilar p o te n tia l change was observed  during the 140-min

0.1 mM v era trine  in hypertonic Ringer
(300 mM s a c c h a ro s e  ♦ NR ) __________  j _ 0.1 mM veratrine

F ig . 4 . In v e s tig a tio n  o f th e  d e p o la r iz in g  effect o f v e ra tr in e  in  h y p e rto n ic  so lu tion . O ne 
m e m b e r  (low er curve) o f th e  m u sc le  p a ir  was e q u ilib ra ted  in  h y p e rto n ic  R in g er so lu tion  
(a n e u ra l  p a r t :  K ; neural p a r t :  L , T a b le  I )  for 45 m in  before  v e ra tr in e  tre a tm e n t.  T he an eu ra l 
p a r t  o f  th e  con tro l m uscle (u p p e r  c u rv e )  w as k ep t in  n o rm a l R in g e r  (T able  I, A), th e  neu ra l 
p a r t  in  cho line-R inger (T able I .  B ) fo r  th e  sam e period o f tim e . E x p e r im e n t reference: 35/67-11

o b servation  period in the so lu tio n  made hypertonic w ith  sucrose. H owever, 
w hen  th e  muscle was taken  o u t  from  the hypertonic and put into an isotonic  
so lu tio n , a characteristic depolarization  and oscilla tion  developed after 8.5 min 
(sev en  experim ents).

Sim ilar results were o b ta in ed  in six further experim ents in which the  
R in ger’s solution was m ade hypertonic w ith 300 mM of glucose. A typ ica l 
record is  shown in F ig. 5.

A s seen from Fig. 5, th e  characteristic veratrine depolarization developed  
in b o th  members of the m u scle  pair by the 8th  and 13tli m in, respectively. 
B y  th e  38 th  min o f the ex p erim en t, the aneural part o f  one m em ber o f the  
m uscle  pair was transferred in to  a hypertonic so lu tion  (Table I, M) containing  
th e  sam e am ount of veratrine. O scillation im m ed iate ly  stopped and, though  
slo w ly , a repolarization to o k  p lace . This process, to o , proved reversible since 
retu rn in g  the muscle in to  th e  veratrine-containing iso ton ic  solution resulted  
in depolarization  and o sc illa tion  b y  the 11th m in.
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C a n  th e  d e v e l o p m e n t  o f  v e r a t r i n e  d e p o l a r i z a t i o n  b e  t r i g g e r e d  b y  e l e c t r i c  s t i m ­

u l u s  ?  As stated  in our first experim ents, the neural m uscle section  was 
depolarized considerably sooner (5.7 +  2.5 m in in the average o f  24 experi­
m ents) then the aneural part not containing neural elem ents (14 +  7 min 
in the average of 167 experim ents). This observation had already raised  the 
possib ility  that the cause o f the difference m ight be the spike d evelop ed  on,

F ig . 5. E ffec t o f h y p e rto n ic ity  on  v e ra tr in e -in d u ce d  d ep o lariza tion . B o th  m em b e rs  o f  the  
m uscle  p a ir  w ere in norm al R in g er so lu tio n  before v e ra tr in e  tre a tm e n t. E x p e r im e n t reference :

34/116

and propagated from, the p ost-syn ap tic  mem brane under the effect o f  veratrine, 
which spike could possibly trigger the otherwise slowly developing veratrine  
depolarization. This assum ption was substantiated  by the observation s of 
U l b r i c h t  and F l a c k e  (1965) as w ell as M e v e s  (1966).

In the course o f these experim ents, on one member o f the m uscle pair 
we determ ined the tim e necessary for the developm ent o f the depolarizing  
action  o f veratrine. D epolarization  was considered to begin at th e  appearance  
o f the first high depolarization w ave. Then th e  other member o f  th e  m uscle  
pair w as treated in a sim ilar w ay , w ith the difference th at an electric im ­
pulse was given to the m uscle through the external electrodes during the 
la ten cy  period betw een veratrine treatm ent and developm ent o f th e  expected  
depolarization.

One o f such 15 experim ents is shown in F ig. 6.
As shown by the lower curve in F ig. 6, no depolarization occurred in 

the control muscle up to  th e  29th  min. Thereafter, a characteristic depolariza­
tion w ave o f nearly 30 mV appeared, follow ed by a characteristic oscillation . 
On the other member o f the m uscle pair depolarization and oscilla tion  induced  
b y  the stim ulus given in th e  11th— 12th min o f veratrine trea tm en t. Thus, 
this observation unequivocally  showed th a t veratrine depolarization  can in 
fact be triggered by an external stim ulus. H ow ever, som e extern a l stim uli
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ap p lied  in various phases o f  the latency period w ere ineffective. This usually  
occurred  in cases w hen th e  external stim ulus had  been applied w ithin the first 
quarter of the la ten cy  period  of the control m uscle. In such cases it  was 
th e  sum  of action p o ten tia ls  elicited by the ex tern a l stim ulus which could be 
recorded , in addition to  th e  characteristically prolonged after-potential due 
to  th e  presence of vera tr in e . This was fo llow ed b y  an interval of som e length

0.1 mM veratrine

F ig . 6. E ffec t of e lectrica l s t im u lu s  on  the  la te n cy  p e r io d  o f v e ra tr in e  d ep o la riza tio n . For 
e x p la n a tio n , see te x t. E x p e rim e n t re fe ren ce : 33/99

and  th en  by spontaneous depolarization and oscilla tion  at about th e  same 
tim e as in  the control m u sc le . Thus, the d evelop m en t of veratrine depolariza­
tion  can  be triggered b y  an external stim ulus applied  at the appropriate point 
o f  tim e .

Discussion

T he results described above showed th e  m uscle depolarizing effect of 
0.1 mM  of veratrine to  be id en tica l in chloride-free or normal Ringer’s solution. 
A ccordingly , no sign ificance can  be ascribed to  chloride ions in the depolarizing  
e ffec t o f  veratrine.

I t  was further dem onstrated  that on th e  effect o f 0.1 mM veratrine  
no depolarization occurs in  muscles incubated  in  К -free Ringer or, i f  so, 
th e n  after a considerably longer period o f tim e only. The question arises 
w h eth er  it  is the presence o f  [K ]0 to w hich im portance has to  be ascribed  
in  th e  mechanism o f v era tr in e  depolarization or is it  the hyperpolarization  
due to  potassium  defic ien cy  w hich antagonizes th e  veratrine effect ? According  
to  d a ta  in the literature, th e  hyperpolarized m em brane exhibits a decreased  
se n s it iv ity  to veratrine, and  w hat in more, th e  veratrine action already de­
v e lo p ed  w ill cease upon th e  effect of a su itably strong anelectrotone ( F l e c k e n -
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s t e i n  and R ich ter  1953; U lbr ich t  1969). It is, how ever, questionable  
w hether the hyperpolarization measured by us was really su ffic ien t for antag­
onizing the depolarizing effect o f veratrine. In the lack o f any direct evidence, 
w e are reduced to  assum ptions for the tim e being.

The results described unequivocally  prove that the depolarizing effect 
o f veratrine on m uscles treated  w ith hypertonic solutions o f d ifferent com po­
sition  can be counteracted in a reversible w ay. This observation  is especially  
in teresting in the light o f  the findings o f  H o d g k in  and H o r o w ic z  (1957) 
w ho proved that action poten tia l can be generated on m uscle fibres incubated  
in hypertonic solution. T his was observed also under the con d ition s o f  our 
experim ents. The question  is w hether the fact that action p o ten tia l can be 
generated on the m em brane and, at the sam e tim e, veratrine does not de­
polarize could he explained by the n on-identity  o f the sod ium -channel, in­
vo lv in g  in veratrine depolarization, w ith the spike-channel? In our opinion, 
another explanation is also possible. According to U l b r ic h t ’s (1972a, b) 
convincing conclusions, no пеле channels w ill be open up m ade th e  effect 
o f veratrine but the spike-channel will undergo certain m odifications. To ex­
plain our observations on the basis of th is theory, we m ay assum e that a 
h yperton icity  m ay render im possible the m odification o f the sodium -channel 
which m odification would otherw ise be brought about by the veratrine effect.

According to our find ings, the depolarizing effect o f veratrine is counter­
acted  by any of the three different hypertonic solutions applied. This raises 
the question whether the changes in w ater content would not deserve special 
atten tion  in future in vestigation s into the m echanism  of A'eratrine depolariza­
tion . In this respect, the pertaining literature fails to give d irectly  utilizable  
inform ation. We have already called a tten tion  to  the fact th a t th e  Avater 
con ten t o f the m uscle w ill be augm ented upon the effect of veratrine treat­
m ent (Varga  et al. 1972b). In the present experim ents, 0.1 mM veratrine in 
isotonic Ringer’s so lution  caused a 16.1 : 4.8%  increase in th e  Avet Aveight 
o f th e  muscle during 60 min (m ean of 40 experim ents). On th e  other hand, 
th e  w et weight dim inished by 2 2 —25%  in various hypertonic solutions 
during the 90-min pretreatm ent (eight pairs o f muscle each). N o swelling  
under the effect o f Aeratrine Avas observed in such a m ilieu. T hus, it  seems 
on the basis of these data th at veratrine will depolarize the m uscle in the case 
Avhen the Avet w eight o f the m uscle increases, i.e. in the case o f a Avater uptake. 
W hether this water uptake is causally associated Avith the m echanism  of 
depolarization, or is ju st an accom panying phenom enon, can n ot y e t be 
ansAvered.
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ACTION OF POLYMETHYLENE-BIS- 
TRIMETHYLAMMONIUM COMPOUNDS AND THEIR 

AFFINITY TO SKELETAL MUSCLE CHOLINORECEPTORS

B y

A . F . D a n il o v  and Y. Y . L a v r e n t i e v a

P H A R M A C O L O G IC A L  L A B O R A T O R Y , SEC H E N O V  IN S T IT U T E  O F  E V O L U T IO N A R Y  P H Y S IO L O G Y  
A N D  B IO C H E M IS T R Y , A CAD EM Y O F  S C IE N C E S , L E N IN G R A D , U S SR

(R eceived Mai 13, 1974)

1. T h e  e ffec ts  o f p o ly m e th y len e-b is-tr im e th y lam m o n iu m  analogues (BTM ) 
w ith  3 to  20 m e th y len e  groups betw een th e  tw o  n itro g en  a tom s w ere s tu d ied  on  th e  
frog’s rec tu s  a b d o m in is  m uscle. T ype of a c tio n , a c tiv ity  and  a ffin ity  c o n s ta n t (K a) 
o f th e  co m p o u n d s w ere de term ined .

2. T he re la tio n  be tw een  th e  ty p e  o f a c tio n  of th e  com pounds on  a skeletal
m uscle and th e ir  a ff in ity  c o n s tan t (K a) to  th e  ace ty lch o lin e  recep to r w as estab lish ed . 
T he co m pounds w ith  a low K a (BTM -4 B T M -6; K a =  3.3 10 X lO5) p roved  to  be
w eak a n ta g o n is ts ;  co m pounds w ith  in te rm e d ia te  K a v a lue  (BTM -7 BTM -14; K a
=  3.3 X101 — 2.1 x lO 6) w ere p a rtia l ag o n is ts ; a n d  th e  com pounds w ith  h igh  K„ 
values (BTM -15 BTM -20; K 0 =  6.7 X 10e — 2.9 X lO 7) ac ted  as s tro n g  an tag o n is ts .
T he affin ity  c o n s ta n t  o f  th e  agonist BTM -3 w as n o t  d e te rm ined .

3. T he re su lts  o b ta in e d  show ed th a t  a n y  BTM  com pound  b o u n d  stro n g ly  enough 
to  th e  re ce p to r e x e r ts  an  acety lcho line-like  a c tio n . In  o th e r w ords, th e  d issociation  
co n stan t o f  a n  ag o n is t-recep to r com plex h a s  to  be  n e a r th e  o p tim u m . T he com pounds 
read ily  fo rm ing  a  d ru g -recep to r com plex are  s tro n g  a n tag o n is ts , w hile th o se  w ith  a 
sligh t a ffin ity  a re  w eak  an tagon ists.

4. T he m ech an ism  w hereby  a ffin ity  c o n s ta n ts  m odify  th e  ty p e  of a c tio n  of a 
com pound on  th e  ace ty lcho line  recep to r, is d iscussed .

A trim ethylam m onium  structure o f th e  cationic group o f mono- and 
bis-quaternary com pounds was found to  be th e  best for depolarizing skeletal 
m uscles (B a r l o w  and I ng  1948; I ng 1949; H olton  and I ng  1949; A r ie n s  
and D e G root 1954; B a rl o w  1955; Ca v a l l it o  1967; B a rl o w  et al. 1971). 
Strong agonists such as polym ethylene h ave a lepto ( B ő vet  et al. 1951) 
structure with an in tercationic chain on the whole length or, at least, in the  
neighbourhood o f th e  cationic group (Ca v a l l it o  and G r e y  1960; D anilov' 
et al. 1966, 1968, 1972a, h). This chem ical character m ay provide optim al 
conditions for th e  quaternary nitrogen atom  to  approach the anionic site  
of the receptor and “ neutralize” its charge (V a n  R ossum  and A r ie n s  1959; 
A r i e n s  et al. 1964). The direct bond o f a m ethonium -cationic group w ith a 
pachi-structure leads to  a decrease or loss o f  the depolarizing properties, 
even i f  the m iddle part o f the chain rem ains in lepto form. The result is the  
sam e if  the vo lu m e o f the cationic group is increased ( B arlow  et al. 1971). 
There are, how ever, m etlm nium  com pounds w ith  lepto-structure which are 
devoid o f depolarizing property. For exam ple, a non-depolarizing typ e of 
action is produced bv the higher hom ologues o f alkyltrim ethylam m onium
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( P h i l l i p o t  and D a l l e m a g n e  1951; A r i e n s  et al. 1956; P at o n  1961), by the 
polym ethylene-b is-trim ethylam m onium  series ( B a rl o w  and Z o l l e r  1964), 
and b y  penta- and hexam ethylene-b is-trim ethylam m onium  ( P a t o n  and 
Za i m i s  1949; T h e s l e f f  and U n n a  1954; B a r l o w  and Zo ller  1964). The 
non-depolarizing property o f  higher hom ologues o f these series m ay be ex ­
p la in ed  b y  the fact th a t th ese  com pounds form a stable com plex w ith  the  
receptor ( P aton  1961).

I t  is not clear w hy p enta- and hexam ethylene-b is-trim ethylam m onium  
h ave no depolarizing effect. Earlier we had suggested  (D a n il o v  1968) th a t an 
a g on ist m ust strongly adsorb to  the receptor. In order to check th is su p ­
p o sitio n  the type of action  o f  polym ethylene-b is-th im ethylam m onium  (BTM) 
com pounds has been stu d ied  on the frog rectus abdom inis m uscle. The 
a ff in ity  constants of the com pounds were also determ ined. The resu lts ob­
ta in ed  are presented in th is paper.

M ethods

T h e  rec tu s abdom inis m uscle  o f th e  frog  R a n a  tem poraria  w as used. N ine or ten  m uscles 
w ere m o u n te d  in an organ h a th  co n ta in in g  200 m l o f fro g -R in g er’s so lu tion  a t  20— 22 °C. N eo­
s tig m in e  in  a co ncen tra tion  o f 2 X 1 0 ~ 6 g /m l w as ad d ed  to  th e  so lu tion  w hich was b u b b led  w ith  
a ir. T h e  a b il i ty  of each co m p o u n d  to  p roduce  m uscle co n tra c tio n  was exam ined . A cety lch o lin e ­
like c o m p o u n d s  were added  a t  d iffe re n t co n cen tra tio n s  an d  th e  co n trac tio n s p ro d u c ed  were 
re c o rd e d  iso ton ica lly  and read  on a m illim e tre  scale. C um u la tiv e  dose-response  cu rv es (A r ie n s  
1964) w ere  p lo tte d  and th e  c o n c e n tra tio n  req u ired  to  p ro d u ce  h a lf  o f th e  m ax im u m  c o n c e n tra ­
tio n  (E C 50; D 2 in te rm s of A r i e n s  [1954]) was ca lcu la ted .

Som e of th e  com pounds s tu d ie d  p ro v ed  p a r tia l  agon ists , therefore  th e  m ax im u m  re ­
sp onse  w as expressed  as a f ra c tio n  o f  th e  m ax im u m  response p ro d u ced  by  0.1 N  KC1. T his 
f ra c t io n  w as ch arac te ris tic  o f th e  in tr in s ic  a c tiv ity  (A r ie n s  1954, 1964) or e fficacy  (St e p h e n ­
son  1956) o f  th e  com pounds.

S ince depolarizing d rugs a re  ab le  to  p roduce  d esen sitiza tio n , and  th is  w as, in  fa c t, 
e x p e c te d  in  those  experim en ts  w h ere  th e  doses w ere ad d ed  cu m u la tiv e ly , th ere fo re  w ith  d rugs 
like B T M -7 , BTM-11 and  BTM -14, th e  m ax im u m  response an d  th e  EC 50 v a lue  were d e te rm in e d  
also b y  a  no n -cu m u lativ e  tec h n iq u e . In  these  ex p erim en ts  th e  d rugs was w ashed  o u t  a f te r  each  
c o n c e n tra t io n  tes ted  and  an  in te rv a l  o f 30 m in  w as k e p t before th e  n e x t c o n c e n tra tio n  was 
a d d e d .

I n  a n o th e r  series o f e x p e rim e n ts  th e  a ffin ity  c o n s ta n t (K fl) was also d e te rm in e d  o n  th e  
re c tu s  m uscle . Since all th e  c o m p o u n d s te s te d  e x cep t BTM -3 p ro v ed  p a r tia l  ag o n is ts , th e ir  
K a v a lu e s  w ere de term ined  by  th e  m eth o d s of St e p h e n s o n  (1956), an d  of B a r l o w  e t  al. 
(1967). I n  cases where th e  m ax im u m  response was less th a n  0.5, th e  a ffin ity  c o n s ta n t  o f th e  
c o m p o u n d s  w as de term ined  b y  b o th  m eth o d s  (see B a r l o w  e t  al. 1967). I f  the  m ax im u m  response  
a m o u n te d  to  0.5 or higher, th e  a f f in i ty  c o n s tan t o f th e  p a r tia l  agonists w as d e te rm in e d  by 
th e  m e th o d  of B arlow e t al. (1967). T é tram é th y la m m o n iu m  (TM A) or ace ty lch o lin e  (ACh) 
w ere u se d  as full agonists. M uscle c o n tra c tio n  was reg is te red  20 m in  a fte r  th e  a d d itio n  o f a 
p a r t ia l  a g o n is t and 10 m in a f te r  th e  a d m in is tra tio n  of TM A or ACh. T he K a v a lu e  of BTM -3 
w as n o t  de te rm in ed , th is  co m p o u n d  being  a full ag on ist. T he an tag o n istic  a c t iv ity  was 
s tu d ie d  in  9 — 10 m uscles s im u lta n eo u s ly . T he v a lu e  fo r A 2 (Sch ild  1957) th a t  c o n c e n tra tio n  
o f th e  c o m p o u n d  w hich d oub led  th e  co n cen tra tio n  of ACh to  p roduce th e  sam e resp o n se  as 
in  th e  ab sen ce  of th e  an tag o n is t, w as also e s tim a ted . T he a n ta g o n is t was left in  c o n ta c t  w ith  
th e  tis su e  fo r 20 m in, while th e  a g o n is t (ACh) for 10 m in. T he K a value for th e  co m p o u n d s 
s tu d ie d  w ere calcu la ted  fro m  th e  v a lu es o f A 2.

T h e  com pounds BTM -3, B T M -4, BTM -5, BTM -7, BTM -8 an d  BTM -9 (see T ab le  I) 
w ere sy n th e tiz e d  by  I. Y a. K v it k o  (T echnological In s t i tu te ,  L en ingrad ). T he co m p o u n d s 
B TM -11 to  BTM-20 were k in d ly  su p p lied  b y  Prof. R . B. B a r l o w . In  ad d itio n , h e x am éth o n iu m  
(B T M -6) a n d  d écam éthon ium  (B T M -10) were used .
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Results

T y p e  o f  a c t i o n .  O f the whole BTM series, only BTM-3 proved a full 
agonist. The other com pounds did not contract the m uscle or failed to  produce 
a m axim um  response. The com pounds w ith  the shortest (except BTM-3) 
intercationic chain (BTM -4, BTM-5, BTM -6), or with the lon gest inter- 
cation ic chain (BTM -15— BTM-20) were antagon ists. The com pounds BTM-4, 
BTM-5 and BTM-6 turned to  he weak antagon ist (A2 =  1—3 x l 0 ~ 4 M) and 
the com pounds BTM-15 and BTM-20 very strong ones (A2 from 10 ~? M to 
3.5 X 1 0 ~ 8 M). H owever, the com pounds w ith  7 to  14 m ethylene groups in 
the in ter-cationic chain possessed acetylcholine-like properties. A ll o f  them  
proved to  be partial agonists. The highest m uscle contraction w as produced  
by BTM -12. The average m axim um  response w ith  th is com pound w as 0.84. 
A decrease or increase o f the num ber o f m eth y len e groups in the in terca ti­
onic chain was accom panied by a lowering o f  the m axim um  response (Table I).

Table I

Cholinom im etic and cholinolylic activ ity  o f  po lym ethylene-b is-trim ethy lam m onium  
com pounds on fro g  rectus abdom in is muscle

(C H ,)3 -  N  -  <CH3)n -  N  -  (C H ,)S

C o m p o u n d n e c „ M ax.
resp . A , к.

BTM -3 3 1 .2± 0 .12x l0 -‘ (9) 0.96
BTM -4 4 3 .1 ± 0 .6 x l0 -‘ (9) 3.3±0.14 xlO 3 (9)
BTM 5 5 1.2±0.1xl0-* (9) 8.3±0.15 xlO 3 (9)
BTM 6 6 1.0±0.04x 10-1 (9) 1.0 ±0.009 X  101 (9)
BTM 7 7 1.2± 0 .09x l0 -‘ (9) 0.42 3.3±0.9 x l0 ‘ (3)
BTM-8 8 4.0±0.24x 10-5 (9) 0.34 6.0±0.0 xlO 1 (2)
BTM- 9 9 1 .3± 0 .12x l0 -5 (10) 0.37 4.8±1.5 xlO* (3)
BTM 10 10 5.1 ±0.46 X  10-e (11) 0.72 8.2 ±  2.1 xlO 1 (4)
B T M -11 11 4.1 ±0.13 X  10-6 (10) 0.71 4.6± 1.7 XlO1 (?)
BTM 12 12 3.3±0.25 X  10~° (12) 0.84 1.4±0.3 xlO 5 ( 5 )

BTM-1 3 13 3.8±0.4 X10-« (9) 0.62 3.4±0.6 XlO5 (4)
BTM 14 14 2.9±0.51xl0-« (?) 0.30 2.1 ±0.15 X  10ß (2)
BTM-15 15 1.5±0.08x 10-7 (9) 6.7 ±  0.07 X  10fi (9)
BTM-1 6 16 1.3±0.02 X  10-G(10) 7.8±0.05 X  10" (10)
BTM-1 7 17 3 .4 5 ± 0 .2 x l0 -8(10) 2.9±0.04 X  107 (10)
BTM-1 8 18 3.5±0.38 X  10~8 (9) 2.86±0.07 X  107 (9)
BTM-20 20 1 .0 ± 0 .7 6 x l0 -7(10) 1.0±0.4 xlO 7 (10)

N u m b ers in d ica te  m ean  va lues +  s ta n d a rd  e rro r . T he n u m b er o f e s tim a tio n s  is show n 
in  p a ren th eses
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T he agonistic effect m ay lead to  in activ a tio n  (desensitization) o f the 
receptors (Th e s l e f f  1955; K atz and T h e s l e f f  1957; Gi s s e n  and N a s t u k , 
1966;  R a n g  and R it t e r  1970). Using the cum ulative dose—response m ethod  
an in activa tion  o f th e  receptors can be exp ected .

I t  is also know n th a t , as a result o f th e  influence of the com pounds 
w ith  different structure, th e  rate and th e  degree of desensitization o f the  
receptors m ay be different (R a n g  and R it t e r  1970). Therefore, th e  rate o f  
w eak in g  o f the e ffec tiv ity  o f  the studied com pounds m ight be d ifferent as well. 
I t  w as im possible to  exclude the possib ility  th a t th e  decrease o f the stim ulating  
e ffec t o f  higher BTM hom ologous resulted from  a more rapid developm ent 
o f stronger desensitization . For this reason, th e  compounds from BTM-11 
to  B T M -14 and BTM-7 w ere studied under conditions where a discrete d ose-  
response was registered, i.e . the m uscle w as w ashed out after application  
o f each  concentration o f th e  com pound. U nder th ese conditions on ly  a slight 
receptor desensitization w as observed.

T he results o f these experim ents are presented  in Table II. The m axim um  
responses to all partial agonists was som ew hat higher than the m axim um  
responses observed w ith  th e  cum ulative dose—response m ethod. H ow ever, 
th e  d ifference did not prove significant. In  add ition  it was of the sam e degree 
for BTM -7 and for the com pounds with a longer intercationic chain.

H ence, if  an in activa tion  of receptors took  place, it still did not explain  
th e  decrease or loss o f  acetylcholinom im etic a c t iv ity  of the higher hom ologues 
o f th e  series.

A f f i n i t y  o f  th e  c o m p o u n d s  to  th e  r e c e p t o r .  A s expected (S t e p h e n s o n  
1 956;  P a t o n  1961) w ith  th e  increase o f th e  num ber of m ethylene groups,

Table II

A cetylcholinom im etic  action o f  some po lym ethylene-bis-trim ethylam m onium  com pounds  
determ ined by cum ulative and non-cum ula tive  techniques

Compound

Cumulative curve Non-cumulative curve

E C st
Maximum
response

(MR)
E C S0

Maximum
resp o n se

(MR)

BTM - 7 1.2±0.09x 10-4 0.42 3.5±0.3 XlO-5 0.43
BTM 11 4.1 ±0.13 X 10-6 0.72 2.5±0.2 XlO“6 0 . 8 0

BTM 12 3.8±0.40X IO“6 0.84 i .6 ± o . i ix io - 6 0 . 8 6

BTM 1 3 3.3±0.25x 1 0 - 6 0.62 1 .2±0.07xl0-6 0 . 7 6

BTM 1 4 2 .9 ± 0 .5 1 x l0 -6 0.30 9 .9± 0 .16x l0 -7 0.36

the a ffin ity  constant o f the com pounds also increased (K a; Table I). M oreover, 
there w as a great difference in the value o f K a o f th e  extrem e mem bers o f the  
series; K a o f BTM-17 and o f BTM-18 w as higher by four orders than  those
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o f  BTM -4, BTM-5 and BTM -6. Such a degree o f  increase in K t, can be reached, 
w hen the addition o f one m ethylene group leads to  a twofold increase o f  K a. 
I t  is apparently caused b y  an increase in the Van-der-W aals forces. B u t a uni­
form increase in K 0 along w ith  the lengthening o f intercationic chain  did not 
alw ays occur, and som etim es even  a decrease o f  K n was observed. T he decrease 
o f the K (, o f BTM-20 as com pared w ith  th at o f  BTM-18 m ight have been caused  
b y  an excessive rise in th e  hydrophobic property o f the m olecule and by a 
decrease o f its water so lu b ility . It is also possible that, in sp ite o f  the f le x i­
b ility  o f  the molecule, th e  distance betw een the cationic groups o f  BTM-20 
did not correspond to  the m utual disposition  o f  the anionic sites o f  th e  neigh­
bouring receptors ( K h r o m o w - B o r i s o v  and M i c h e l s o n  1966). The pronounced  
inconsistency  concerning changes in K a w as also observed w ith  com pounds  
BTM -10, BTM-11 and BTM -13, i.e. partial agonists w ith a m axim um  response  
o f m ore than 0.6. The m ethod used for the defin ition  of K a o f  such  partial 
agonists m ay not have been quite adequate, but there could be no doubt 
concerning the correctness o f  the K a values for the other com pounds, especially  
for antagonists.

T hus, the type o f  action o f the BTM com pounds on the frog rectus abdo­
m inis m uscle was m odified together w ith the change o f K a. The com pounds 
w ith  low  K a proved to be weak antagonists. An increase in the va lu e  for K a 
w as accom panied w ith a change in the character o f the m olecule and weak  
antagonists (BTM-4 to BTM-6), partial agonists (BTM-7 to BTM -14) and 
strong antagonists (BTM -15 to  BTM-20) were produced. T he m axim um  
response increased gradually up to 0.84 (BTM -12) and with th e  com pounds  
BTM -13 and BTM-14. it decreased to  0.62 and 0.30. respectively.

D iscussion

The affin ity  constant (K a) is defined as the ratio o f the rate constant 
o f association  (K ,) and dissociation  (K 2):

K,
K ,

Theoretically, an increase o f K a can be the consequence o f  an increase  
o f or a decrease o f  K 2, or o f  a sim ultaneous increase o f Kj and decrease of 
K 2. The rate o f association o f the am m onium  ion with a cholinoreceptor is 
apparently  determ ined by the strength  o f ionic attraction o f th e  cationic  
group to  the anionic site  o f  a receptor. Since the structure o f  th e  cationic  
groups o f  the com pounds studied  is the sam e, therefore the strength  o f  their 
ionic attraction  can not differ essentia lly . It  is d ifficult to understand, wrh y  the
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ad d itio n  of m ethylene groups to  the in tercation ic  chain should lead to  an 
increase in K r  W ith th e  in crease  of the num ber o f m ethylene groups a decrease 
o f  K a is expected. In  th e  gu inea pig ileum , th e  K j values for alkylm ethyl- 
am m onium  com pounds d id  n o t change con sid erab ly , but the dissociation  
co n sta n ts  decreased b y  2 5 0 %  on lengthening o f  th e  alkyl radical ( P a t o n  

1961).
One m ay consider th a t  th e  increase in  K a accom panying the lengthening  

o f th e  intercationic chain  in  th e  BTM series is a resu lt o f the decrease o f  the  
dissocia tion  constant b u t n o t  o f  the increase in  K r

The “ occupation” th e o r y  does not consider th e  influence of the a ffin ity  
on th e  typ e of action o f a com pound and from  th e  p o in t o f view  o f th is theory, 
th e  efficacy  (“ intrinsic a c t iv ity ” ) does not depend on the association and dis­
socia tio n  constants ( A r i e n s  1954; S t e p h e n s o n  1956; A r i e n s  et al. 1957; 
A r i e n s  and S i m o n i s  1968). According to th e  rate theory  ( P a t o n  1961, 1964, 
1972; P a t o n  and W a u d  1961), the type o f  action  o f a compound on the re­
cep tor  is defined by th e  d issociation  constant o f  th e  drug-receptor com plex. 
F or all th at the higher th e  K 2, the higher th e  e fficacy . A com pound w ith  a 
low  K 2 value is an a n ta g o n ist, w ith  an in term ediate va lue it  is a partial agonist. 
On th e  grounds of th e  rate  th eory , the loss o f  acetylcholinom im etic properties 
o f  com pounds from BTM -15 to  BTM-20 is easy  to  understand. These com pounds 
p ossess the highest a ff in ity  to  the receptors and form , apparently, the most 
sta b le  com plex with th e  receptors. It is also understandable that the m axim um  
response to the com pounds BTM -13 and BTM -14 is lower than that to  BTM -12. 
H ow ever, on the basis o f  th is  theory it  is d ifficu lt to  explain the absence of 
acetylcholinom im etic p rop erties of the com pounds BTM -4, BTM-5 and BTM -6, 
as th e ir  K„ values are th e  sm allest and th e y  seem  to  form the least stab le  
co m p lex  M’ith the receptors.

I t  is also d ifficult to  understand the su ccessive  increase of the m axim um  
response to the com pounds from  BTM-7 to  BTM -12 w ith the increase o f the 
num ber o f m ethylene groups in  the intercationic chain  and tvith the successive  
increase in K a.

The acety lcholinom im etic  property o f th e  BTM was observed in the  
com pounds Math a m od erate  (but not m inim al) K a. This was in agreem ent 
w ith  our earlier find ing  ( D a n i l o v  1968) th a t th e  depolarizing actionis char­
a cteristic  of such am m onium  compounds w hich  are able to  absorb enough  
to  a cholinoreceptor o f  subsynap tic  m em brane w ith  Yan-der-W aals forces 
or w ith  other short-radius bonds. The sta b ility  o f  the adsorption, how ever, 
is n o t excessive. Such a dependence of the ty p e  o f  action upon the life o f a 
drug—receptor com plex is understandable p rovided  the dissociation constant 
is one o f  the factors w h ich  exert an influence on it .  The dissociation constant 
affects the ability o f  th e  m olecule to induce a transition  o f the receptor into  
th e  “ excited ” state (p o ss ib ly , the transition to  conform ation which opens the
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ionic channels), anil the quantity  o f free receptors and the num ber o f  com ­
pound-receptor com plexes which are formed in a tim e-unit, as it was supposed  
by the k inetic theory.

The process o f the transition of a receptor from the resting s ta te  into  
the “ exc ited ” one seem s to  take some tim e. T he life o f an agonistic receptor  
com plex m ay correspond to  the duration o f  th is  process. This in teraction  
depends on the dissociation constant o f the com plex. Since the ion ic  forces 
are too  short-acting, th ey  can not bring about th is interaction. T h ey  have  
to be supplem ented w ith  a necessary q u an tity  o f  short-radius forces or bonds, 
e.g. b y  Van-der-W aals forces. I f  they  are still n o t strong enough, th e  “ ex c ite ­
m ent” of the receptor fails to occur. In th is  case the com pound is deprived  
of its  cholinom im etic property. BTM-4, BTM -5 and BTM-6 are the com pounds  
of such typ e. The addition of m ethylene groups to  the in tercation ic chain  
(BTM -7, BTM -8, etc.) leads to an increase o f  the life-tim e of a com plex  pro­
vid ing a longer period for the developm ent o f  th e  “ excitem ent” .

The stronger the relation between the period of existence o f  a drug- 
receptor com plex and the tim e needed for transform ing the receptor from  
the resting state in to  a com plete “ excitem en t” , the stronger is th e  cholino­
m im etic activ ity ; and the m axim um  response increased with the com pounds  
from BTM-7 to BTM -12. O f course, not on ly  th e  com pounds w hich are able 
to adsorb enough to a cholinoreceptive surface can be agonistic but also 
those which have a lepto-structure.

The trigger role o f  the receptor in depolarization of the p ostsyn ap tic  
mem brane lasts for som e tim e and occurs independently  of the fact w7hether 
or not the receptor—agonist com plex ex ists . In  the first case the receptor  
rem ains occupied and does not function, w hile in the second case it  is ready  
to repeat com plex form ation with the agonist and to produce “ e x c ita tio n ” .

The further course o f  events will be lim ited  and determ ined b y  the dis­
sociation constant in accordance with P a t o i n ’s  rate theory. I f  a com pound  
is able to  “ ex c ite” the receptor, then depolarization of the postsyn ap tic  
mem brane takes place on ly  in those cases w hen a necessary num ber o f recep­
tors is excited  sim ultaneously. Therefore, a m inim al number of free receptors 
is necessary. During the action of higher hom ologues of the BTM series, in 
the period o f equilibrium , the number o f occupied receptors becom es so great, 
th at not enough new com plexes are form ed in a tim e unit and therefore  
a threshold depolarization o f the postsynaptic  mem brane can not be reached  
although the com bination  o f a molecule w ith  a receptor leads to “ ex c ita tio n ” 
of a receptor. Before the equilibrium is a tta in ed  in the system , th e  m ajor part 
of the receptors is free, therefore the threshold  depolarization is n ot yet  
reached. This is probably due to the fact th a t the m olecules of the com pound  
added to  the in tact tissue fail to  reach th e  receptors sim ultaneously. E x ­
citation  o f the receptors at different tim es does not produce threshold  de-
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p olarization . This hypothesis seem s to  contrad ict the observation th a t the 
sh o rtest com pound, BTM -3, proved to  be a fu ll agonist. This com pound, 
u n lik e th e  others from this series, m ight in teract w ith  cholinoreceptive surface 
so as tétram éthylam m onium  (TMA) does, i.e . b y  a single cation ic group. 
A ll th ree  m ethyl radicals o f  the cationic group m ay  adsorb to the hydrophobic  
area o f  th e  anionic site o f  th e  receptor.

I f  the second cationic group of a longer m olecule comes into ion ic in ter­
action  w ith  the neighbouring receptor or w ith  th e  negatively  charged group 
of a cholinoreceptive surface w hich is not th e  anionic site o f th e  receptor  
( G i l l  1959), then probably on ly  tw o m ethyl radicals of one or tw o cation ic  
groups adsorb to  the anionic site  o f the receptor, and the firm ess o f  th e  ad­
sorp tion  m ay be insufficient (BTM-4, BTM -5, BTM -6) if  it  is not in tensified  
by th e  V an-der-W aals forces o f  the chain. The im portance o f the adsorption  
of one m eth y l radical is ob viou s i f  we com pare the activ ity  o f ACli w ith  its 
ter tia ry  analogue [(CH3).,N— CKL— CH2— О— CO— CH3] on the iso lated  
e lectrop lax  preparation ( R o s e n b e r g  et al. 1960) and on the frog rectus ab­
dom in is m uscle ( F r u e n t o v  1962) at pH  7.0. A t this pH the com pound is 
co m p le te ly  ionized at the expense o f the add ition  o f hydrogen proton. N ever­
th e less , it  proved to be 200 tim es weaker than  ACh, owing apparently to  the  
ab sen ce o f  one m ethyl radical in its cationic group. The second cation ic group 
o f th e  com pounds BTM-4, BTM -5, BTM-6 changed the property o f th e  m ole­
cules so th at they fail to  exert an acetylcholinom im etic a c tiv ity . Sim ilar  
fin d in g s have been published concerning alkyl-trim ethylainm onium  com ­

pounds [(CH.j)3N — (CH2)„CH3; S t e p h e n s o n  1956: P a t o n  1961; A r i e n s  

1964]. Moreover. butyl-TM A  and pentyl-TM A were the strongest agon ists.
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OESTROGEN CONTAINING ORAL CONTRACEPTIVES 
AND ANTITHROMBIN III ACTIVITY
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H a j n a  L o s o n c z y , J . H a d n a g y  and  I. G á t i

DEPARTM ENT OF O BSTETRICS AND GYNAECOLOGY, A ND DEPARTM ENT OF M E D IC IN E , 
U N IV ER SITY  M EDICAL SCHOOL, PÉCS

(R eceived  M ay 20, 1974)

A to ta l  o f 67 w om en ta k in g  oral co n tra ce p tiv e s  co n ta in ing  d iffe re n t agen ts 
w as stu d ied  an d  co m p ared  to  h e a lth y  co n tro ls . C o n tracep tiv e  d rugs c o n ta in in g  oestrogen  
caused a  decrease in a n tith ro m b in  I I I  (AT I I I )  a c tiv ity . T his decrease  w a s  m ore fre­
q u e n t in w om en ta k in g  pills o f h igh  o estrogen  c o n te n t (100 /j g) an d  w as m o re  co n sis ten t 
w hen using  serum  in  th e  presence of h ep arin . T h e  phenom enon m ay  serve  a s  a  screening 
m eth o d  revealing  a  te n d e n cy  to  decrease  o f A T I I I  a c tiv ity . T he d ecrease  in AT I I I  
a c tiv ity  in  itse lf does n o t necessarily  m ean  th rom boem bolism , b u t  in  th e  p resence 
of o th e r p red isposing  fac to rs  i t  m ay  becom e an  im p o rta n t cause o f th ro m b o s is .

J o r d a n  (1961), w hen reporting on the occurrence of pulm onary em bol­
ism  in a wom an who had oestrogen-progestagen therapy for endom etriosis, 
suggested  that the use o f  these horm onal agents m ight predispose to  throm bo­
em bolic episodes. Since then, num erous cases o f venous and arterial throm ­
botic disease have been reported ( K il p a t r ic k  et al. 1968; K ö h l e r  1971; 
G a s z n e r  et al. 1974) and sta tistica l studies (Ma r k u s h  and S i e g e l  1969; 
D o l l  and V e s s e y  1970; ^ e st e r h o lm  1971) showed that the incidence of 
throm boem bolic disturbances increased in those taking the pill. T he m anner 
in w hich oral contraceptives cause throm boem bolic disease is not com pletely  
understood.

In the present in vestigation , AT III  activ ity  in plasm a and serum  of 
wom en taking contraceptive pills o f different com position has been  studied  
and com pared to that o f healthy  controls w ho had never taken oral contra­
ceptives or had any form o f steroid treatm ent.

Methods

T ab le  I show s our m a te ria l. O f th e  67 w om en, 31 w ere tak ing  In fe c u n d in ® , a p ill w ith  
a h igh  oestrogen  co n te n t, a n d  36 B ise cu rin ® , a p ill w ith  less oestrogen.

T he trh o m b in -in ac tiv a tin g  cap ac ity  o f p lasm a  an d  serum  was e s tim a te d  a f te r  in c u b a ­
tio n  w ith  a  th ro m b in  so lu tion  o f c o n s ta n t a c tiv ity , acco rd ing  to  th e  m ed h o d  o f RÁK (1969). 
In  a d d itio n  to  th is basic a c tiv ity , AT I I I  w as d e te rm in ed  in th e  presence of 0.25 IU /m l h e p a rin  
w hich  n o rm ally  increases th ro m b in  in ac tiv a tio n . H ow ever, according to  o u r  p re lim in a ry  
re su lts , w ith  sam ples o f a  decreased  basic  AT I I I  a c tiv ity  a pa rad o x ica l re a c tio n  occurs in
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t h a t  h e p a r in  causes a f u r th e r  d ecrease  in  th ro m b in  in a c tiv a tio n  (R ákóczi e t  al. 1974). T h is 
p h e n o m e n o n  m ay, in  som e cases, p recede  th e  decrease  in  b a s ic  a c tiv ity  observed  in  w om en 
ta k in g  o ra l co n tracep tiv es.

T h e  X2 te s t teas u sed  to  assess th e  significance o f  th e  resu lts .

Results

T he changes o f p lasm a AT III  a ctiv ity  in  our m aterial are sum m arized  
in T ab le II. In the control group a decreased b asic  a ctiv ity  was found in  one 
case and in 3 cases a p aradoxica l heparin effect occurred. In the plasm a of

Table I

Patients

Group
No. of 

patients
Mean age, 

years
Mean duration of drug 
administration, months

C o ntro l 33 27
(19 36)

—

In fe c u n d in ®
2.5 m g  nore thynodre l +  
0.1 m g  m estranol 31 26

( 2 1 - 3 5 )
5

( 2 - 2 0 )

B ise c u rin ®
1.0 m g  ethynodiol d ia c e ta te  +  
0.05 m g  e thyniloestrad io l

36 28
( 2 0 - 3 8 )

8
( 2 - 1 4 )

Table II

A n tith ro m b in  I I I  activ ity  in  p la sm a

Group Normal Decreased
Paradoxical 

Heparin effect

C o ntro l 32 1 3
n  =  33 97%

X2 =  4.8; p <  0.05
3 % 9 %  \

In fe c u n d in ® 23 6 5
n  =  29 7 9 %

X 2 =  3.5; p !=« 0.05
21% 17%  X2 =  4.2 

p  =  0.05

B ise c u rin ® 34 2 10 /
n  =  36 9 4 % 6 % 28%

w om en taking In fecu n d in ®  basic AT III a c tiv ity  decreased in 6 cases out o f 29. 
T his w as sign ificantly  d ifferen t from the control group at the 5% level, and  
w as on the borderline o f  sign ificance from th e  controls and of the B isecurin®  
group. There was no d ifference in  the basic AT I I I  a ctiv ity  betw een th e  B i­
secu rin ®  group and th e  controls, whereas th e  paradoxical effect o f heparin  
w as m ore frequent in  th e  B isecurin®  group.
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The results were more consisten t with serum AT I II  (Table III ) . W hile 
its activ ity  was normal in  all th e  controls and except for one single case in 
the B isecurin®  group, it  decreased in 13 out o f 29 cases in the Infecundin®  
group. The difference was h igh ly  significant as com pared to  the controls, 
and significant at the 1% leve l vs. the Bisecurin®  group. The sam e tendency  
could he observed in respect o f  the paradoxical heparin reaction w hich is

Table III

A n tith ro m b in  I I I  activity in  serum

Control Normal Decreased

Control
n  =  26

26
100%

X3 =  13.9; p <

0

0.001

In fecu n d in ®  
n  =  29

16 13
55%  45%

X3 =  9 .2 ; p  <  0.01

Paradoxical 
heparin effect

n% _X2 =  115.4; p  <  0.00

16
55% X3 =  3.8 

p  <c 0.05

B isecu rin ®  
n =  20

1
5%

supposed to  be an earlier and more sensitive sign than  the decreased basic 
a ctiv ity  o f AT III .

F ig. 1 dem onstrates an individual case observed continuously  before 
starting, during use, and after discontinuation o f B isecurin® . D uring the first 
cycle after starting the p ill, basic activ ity  decreased som ew hat b u t rem ained  
in the normal range, whereas th e  heparin effect becam e paradoxical. In  the

--------- Ser  um  ♦ h e p a r i n  Incu b a t io n  time min

---------  Serum

F ig . 1. Serum  AT I I I  a c t iv ity  in a w om en before, d u rin g  a n d  a f te r  tak in g  th e  pill
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seco n d  cycle, both basic AT I II  activ ity  and heparin effect show ed a severe 
disturbance in th rom bin-inactivation . A fter having d iscontinued the pill, 
in  th e  first cycle th ere  w as already a rebound effect both  in  the reaction to  
h ep arin  and in basic a c t iv ity . The original va lu es, observed before the pill, 
w ere restituted in the 3rd cycle .

Discussion

T he mechanism lea d in g  to  throm botic phenom ena during the use of 
oral contraceptives is n o t understood. M any changes in coagulation  factors 
h a v e  been reported in  p a tien ts  tak ing oral contraceptives; th ey  include changes 
in  procoagulants, in p la te le ts , and in the v e lo c ity  o f blood flow . Increases in 
c lo tt in g  factors I, II , V I , V II , IX  and X  ( H o d g e s  1968; D u g d a l e  and Masi

1971), and a decrease in  fib rin o ly tic  a ctiv ity  have been reported ( D ugdale  
an d  M a s i  1971; A s b e c k  e t  al. 1971).

P latelet function m a y  also be effected and especially  p la te let aggregation  
is accelerated  (P o l l e r  e t a l. 1969; D u g d a l e  and Ma s i  1971).

Changes in the v e lo c ity  o f  blood flow  and lesions o f  the vascular intim a  
are b elieved  to be im p ortan t factors in predisposing to  throm bosis form ation. 
E n d o th e lia l proliferation and  subintim ai fibrosis have been observed in the 
arter ies o f  some w om en w h o  w hile on the p ill died o f  pulm onary throm bo­
em b olism  ( I rey  et al. 1970). The d istensib ility  o f  peripheral veins increases 
an d  th e  linear ve loc ity  o f  ven ou s flow  is reduced in w om en receiving oral 
con tracep tives (Go o d r ic h  and  W ood 1964).

R ecently , several au th ors (F agerhol  et al. 1970; v o n  K a u l l a  et al. 
1971; Z u c k  é ta l. 1971; L a r s s o n -Cohn et al. 1972; Zu ck  and B e r g i n  1973) 
h a v e  suggested the im p ortan ce o f  the decreased AT III  a c tiv ity  in the develop­
m e n t o f  throm boem bolic ep isod es. AT III , an alpha-2-globulin  o f  a molecular 
w e ig h t o f  about 65.000 is  th e  m ain physiological c lo ttin g  inhibitor (A b i l d - 
g a a r d  1967) acting on th rom b in  (A b il d g a a r d  et al. 1970) as w ell as on the  
a c tiv a te d  factor X  (X a), w h ich  is the principal enzym e in blood coagulation  
(M a r c i n i a k  1973).

Individuals w ith  a con gen ita l deficiency o f  AT III  have a tendency  
to  throm boem bolism  ( E g e b e r g  1965). Low antithrom bin I I I  values are 
freq u en tly  observed in  p a tie n ts  w ith throm boem bolic disease (v o n  K aulla  
1967), in  dissem inated in travascu lar coagulation (L asch  et al. 1961) as well 
as in  severe liver cirrhosis (M a n n u c c i  et al. 1973). A ntithrom bin III  con­
cen tra tes  injected in tra v en o u sly  prior to throm boplastin  adm inistration  
p rev en t intravascular c lo tt in g  (Ma n n  et al. 1969).

W e have now found th a t  th e  pills contain ing oestrogen cause a decrease 
in  A T  I I I  activity. This decrease is more frequent in  wom an taking pills of
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a high oestrogen con ten t, and more consistent w hen  using serum in the presence  
o f heparin. The phenom enon m ay serve as a screening method for revealing  
a tendency to the decrease o f AT III a c tiv ity . Som e authors have reported  
a connection betw een the dose o f oestrogen and th e  degree of decrease in serum  
AT III  activ ity  ( H o w ie  and P r entice  1973). The so-called “ low dose pro­
gestagen p ill” , which is probably devoid o f  th e  risk of throm bosis, did not 
lead to any reduction in the AT III level. F urther studies have in fact shown  
that such pills increase the AT III level ( B e r g s j ö  et al. 1972).

The decrease in AT III  activ ity  in itse lf  does not necessarily lead to  
throm boem bolism . A fall o f  AT III activ ity  on ly  means a loss o f protection  
against the consequences o f  throm bin traces present in the circulation . This 
loss o f protection together w ith  a rise induced b y  oral contraceptives in the  
a ctiv ity  or concentration o f various clotting factors does not im ply a form ation  
o f intravascular clots, but it m ight generate a certain propensity to  it . If, 
however, the hom eostatic equilibrium  is further disturbed by prolonged stasis, 
vascular endothelial dam age, fever, postsurgical hypercoagulability, etc ., 
intravascular clottin g  m ay well be precipitated. In  such instances th e  increased  
AT III  activ ity  m ay becom e an im portant factor in the m anifestation  of 
throm bosis.
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(R eceived  M arch 29, 1974)

An a p p a ra tu s  h a s  b een  co n stru c ted  fo r th e  q u a n ti ta t iv e  re co rd in g  o f drug- 
in d u ced  or e lec trica l stim u lu s-ev o k ed  tu rn in g  b e h av io u r in  th e  r a t .  I t  d iffe ren tia te s  
be tw een  ro ta tio n s  in  d iffe re n t d irec tio n s and p ro v id es a com plete  re co rd  o f  th e  an im al’s 
tu rn in g  beh av io u r w i th o u t  th e  need fo r superv ision . I t s  e lectron ic  c o m p o n e n t consists 
o f logic u n its  w h ich  a re  com m ercially  p ro d u ced  as beh av io u ra l p ro g ram m in g  equ ip ­
m en ts .

Unilateral lesions in the nigrostriatal dopam inergic p ath w ay  o f the rat 
induce m ild asym m etric posture ( A i n d é n  et al. 1966a; U n g e r s t e d t  1971) 
w hich can be converted in to  vigorous rotation toward the lesioned  side of the 
brain b y  adm inistration o f am phetam ine ( U n g e r s t e d t  and A r b u t h n o t t  

1970; M a r s d e n  and G u l d b e r g  1973; C h r i s t i e  and C r o w  1971, 1973) or 
ephedrine (C h r i s t i e  and C r o w  1971). U nilateral dam age to th e  norepinephrine- 
containing pathw ays o f  the dorsal m esencephalic tegm entum  produces contra­
lateral asym m etry w hich is potentiated  by am phetam ine in to  an active 
rotation  toward the non-lesioned side (M a r s d e n  and G u l d b e r g  1973). Since 
the unilateral lesions o f  these structures cause dopam ine and norepinephrine 
depletion  ( A n d é n  et al. 1966a, b; F a u l l  and L a v e r t y  1969), and because 
am phetam ine causes th e  release o f these catecholam ines from  the central 
neurons (C a r l s s o n  1970), ipsilateral and contralateral turn ing behaviour 
induced or potentiated  b y  am phetam ine and ephedrine are caused b y  dopamine 
and norepinephrine release by the non-lesioned side o f the brain.

M easurement o f  th is am phetam ine-induced turning behaviour is impor­
tan t when the effect o f  various drugs on the function o f th e  catecholam ine- 
containing neurones is studied. An electrom echanical apparatus for quanti­
ta tiv e  estim ation o f th is  behavoiur has been described b y  U n g e r s t e d t  and
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A r b u t h n o t t  (1970). H ow ever, w ith their apparatus the animals m ust be 
ob served  constantly i f  th e  d irection  of the rotation  is an im portant variable. 
B a r b e r  et al. (1973) h ave im proved  this apparatus to  differentiate au tom ati­
ca lly  betw een rotations in  d ifferent directions.

W e have worked ou t a sim ilar method for th e  sim ultaneous m easure­
m en t o f  clockwise and counter-clockw ise turning behaviour and to provide

f l i p - f l o p  A
p h o to c e l l  A • c o u n t e r  A

— c o u n t e r  0

p h o t o c e l l  В f l i p - f l o p  В

Fig. 1. B lo ck  d iag ram  of th e  e le c tro n ic  u n it

a com p lete  record o f the d irection  of rotations w ith ou t the need for super­
v ision . The advantage o f th is  apparatus over th a t described by B a r b e r  et al.
1973) is th at its electronical u n it can be built b y  using  logic units which are 

com m ercia lly  produced as behavioural program m ing equipm ents (e.g. M assey 
D ick in son  Co.; Digi B it logic packages of BRS Foringer, etc.). In addition, 
th e  m eth od  allows a q u a n tita tiv e  evaluation o f turn ing behaviour elicited  
b y  subcortica l electrical stim u la tion s (G r a s t y á n  e t al. 1968; S z a b ó  1972).

T he apparatus consists o f  tw o main com ponents, v iz. (a) an electronic  
unit (F ig . 1), and (b), an exp erim en tal cage in w hich the anim al is harnessed  
and con n ected  through a co a x ia l cable to a freely ro ta tin g  holed disk (F ig . 2). 
The co a x ia l cable is about 1 m  in length and can be used to  connect the stim ­
ulator w ith  the brain when intracranial electrical stim ulations are applied. 
Since coax ia l cables cannot be tw isted  around their longitudinal axis but bend  
easily  in  each direction, the harnessed animal m ove rather freely in the 
cage. T h e electronic unit con ta in s tw o photocells, tw o  Schm itt triggers and 
tw o b istab le  m ultivibrators (“ m em ory unit” ) w ith sta tic  reset. The outputs of 
the electron ic unit are fed in to  a two-channel chart recorder and th ey  can  
also be used to operate electrom echanical or decadic counters giving sep­
arate to ta ls  of the num ber o f  clock-wise and counter-clockw ise turnings.

T he tim ing sheet o f  th e  electronic unit is show n in Fig. 3. W hen the 
holed ro ta tin g  disk (Fig. 4) m oves clockwise, it in terrupts first the light beam  
a c tiv a tin g  photocell A and th en  photocell B. W hen th e  rotating disk m oves
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c lo ck w ise  m o v e m en t 

p h o to c e ll  A

c o u n te r - c lo c k w is e  m o v em en t

J

V— г  A -------
1---------n  i

1 :
1
1

!
j

F ig. 3. T im ing  shee t o f th e  e lectron ic  un it

••I. ta Physio logien  A cadem iae Scientiarum  H u n g a rica e  4 5 ,1 9 7 4

Fig. 2. Schem a o f th e  a p p a ra tu s
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counter-clockw ise, the ou tp u t o f photocell В w ill be at first zero, and then  
after a delay the ou tp u t o f  photocell A w ill decrease. The photocells are fixed  
in such  a m anner th a t the tw o  beams let through  the holes o f the rota tin g  disk  
are in terrupted con secu tively , and in reversed order i f  the direction o f rotation  
is reversed . The outputs o f  the photocells operate Schm itt triggers to  obtain

F ig . 4. R o ta t in g  d isk  a n d  o p tim u m  position  of th e  p h o to ce lls  in  resp ec t to[the[holes o f th e  d isk

amphetamine

F ig. 5. T u rn in g  b e h av io u r o f s a t ia te d  (filled circles) a n d  food  deprived  (open circles) r a t  
a fte r  5 m g /k g  am p h e tam in e  g iven  follow ing u n ila te ra l lesions o f globus pallidus. Solid  line : 
tu rn in g s  to w a rd  th e  lesioned  side o f  th e  b ra in . D o tte d  lin e : tu rn in g  tow ard  th e  n o n -lesioned

side of the  b ra in

a sudden change in vo ltage o f  the output signal w hen no sufficient am ount 
of ligh t arrives to the photocells (Fig. 3). The o u tp u t of each Schm itt trigger  
is con n ected  to  the in p u t o f a direct-coupled b istab le  m ultivibrator (F ig . 2, 
flip -flop  A and flip-flop B ), respectively . The sta tic  reset of flip-flop A is g iven
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by p h otocell В through Schm itt trigger В and that o f flip-flop В is provided  
by Sch m itt trigger A. W hen no light arrives to  photocell A, the sta tic  reset 
of flip -flop  В does not operate. Therefore, th is flip-flop can he se t  b y  the  
Schm itt trigger В when th e  light beam for photocell В is also in terrupted  as 
the ro ta tin g  disk m oves clock-w ise. In the case o f counter-clock-wise rotation , 
flip-flop  A  will respond, since only th is m ultiv ibrator does not receive a static  
reset signal when the rotating  disk interrupts the light beam  w hich activa tes  
photocell B . Therefore, flip -flop  A can he set at the m om ent when no su ffic ien t 
am ount o f  light arrives to  photocell A.

The apparatus has been found to  be conven ient and reliable in routine  
use. Spurious counts recorded m ay, how ever, he w henever the anim al —  and 
thus th e  rotating disk —  stops in such a position  th at one photocell is covered  
but the lig h t beam belonging to the other photocell is not yet in terrupted  
and th e  rotating disk oscillates due to head m ovem ents. The num ber o f  such  
false cou n ts can he m inim alized if  the rota tin g  disk has not more th en  four 
holes and th e  photocells are fixed  so th at l/1 6 th  of a turn is needed for in ter­
rupting b oth  beams con secu tively . This photocell arrangement is show'n in 
Fig. 4.

A typ ica l result obtained  w ith the apparatus is shown in F ig . 5. A fter  
unilateral pallidal lesions, dl-am phetam ine (5 m g/kg intraperitoneally) induces 
turning tow ard the lesioned  side o f the brain, hut the number o f th ese  drug- 
induced turns of the sam e rat considerably decrease following food deprivation  
for 24-hours.
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A  co n d itio n e d  a v o id a n ce  resp on se  h as b een  e lab orated  in  a u to m a t ic  sh u ttle  
b o x es  in ra ts  a n d  the  e ffe c t  o f  p o st-tr ia l n ico tin e  trea tm en t on  lea r n in g  p erform an ce  
w as m easured . T h e a u im als w ere in d iv id u a lly  q u a lified  as poor or go o d  lea rn er  accord ­
in g  to  their  f ir s t  d a y , i .e . p r e tre a tm en t, p erform an ce. N ico tin e  in a d o se  o f  0 .0 5  m g/kg  
had no sig n if ica n t e ffe c t , w h ile  in  d oses o f  0 .1 0 — 0.20  m g/kg  i t  fa c il ita te d  th e  a cq u is i­
tion  o f  th e  co n d itio n e d  resp o n se , h o w ev er , o n ly  in th e  group o f  g o o d  lea rn ers .

N icotine is claim ed by m any authors to  enhance acqu isition  o f new 
behaviour in anim als. Its  learning-facilitating effects seem s, how ever, to be 
dependent on m any experim ental variables. The dose applied ( B ä t t i g  1969; 
E r i c k s o n  1971), the interval betw een adm inistration and experim ent ( E s s m a n  

1969), the fact w hether the n icotine was given before or after tra in ing  ( E r i c k ­

s o n  1971), the strain o f the anim als ( B ő v e t  et al. 1966) and the learning para­
digm  itse lf ( G a r g  1969) are relevant in determ ining or m odifying th e  behavi­
oural effect. In our experim ents carried out for testing som e o f th e  above 
m entioned results concerning the nicotine effect on avoidance conditioning, 
we encountered a further factor w hich seem ed to be crucial in determ ining  
the drug’s effect, nam ely the anim als individual learning cap acity .

A tota l o f 100 m ale L ong-E vans hooded rats was used. T he anim als 
were conditioned in  autom atic shuttle  boxes according to B ő v e t  et al. (1966). 
T hey were given 75 trials per session on 5 consecutive days. In each trial, the 
intertrial interval (15 sec) was follow ed by a 15 sec conditional ligh t stim ulus 
(CS) overlapping a 5-sec scram bled foot-shock (1 mA). The rats avoided the 
shock by running in to  the adjacent com partm ent within 10 sec after the onset 
o f the stim ulus. N icotine hydrogene tartrate dissolved in saline w as injected  
in doses of 0 .05, 0.10, or 0.20 m g/kg intraperitoneally im m ed iate ly  after the 
daily sessions (doses are expressed as base). N icotine was adm inistered post- 
tria lly  to control its effect on m em ory consolidation. In the course o f  sta t­
istica l evaluation anim als were divided into tw o groups according to  their 
performance in the first session, before the first nicotine in jection . A 7% per­
formance criterion halved the population; those performing above th e  criterion 
on the first day were qualified as good learners, the others as poor learners.
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Experim ental days

F ig . 1. E ffect o f n ico tin e  on  p e rfo rm an ce  of poor le a rn e rs . O rd in a te : pe r cen t o f con d itio n a l 
re a c tio n s  w ith in  th e  session . C o n d itio n a l reac tion  m ea n s  p ass in g  in to  th e  safe co m p a rtm e n t 

of th e  sh u ttle  b o x  u p o n  o n se t of cond itional l ig h t  s tim u lu s. M ean +  S .E .

оa.

1------------------1-----------------1------------------1----------------- г
1 2  3 6 5

Experimental days

F ig . 2. E ffec t of n ico tin e  o n  le a rn in g  perform ance of goo d  lea rn ers . F o r  fu r th e r  e x p la n a tio n
see Fig. 1
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N o preselection  w as app lied . A n im als  were ra n d o m ly  assigned  in to  th e  co n tro l 
o r  one of the  tr e a te d  groups 3 d a y s  before th e  f i r s t  session and  qu a lified  as 
good o r poor le a rn e r  only  fo r s ta tis t ic a l  e v a lu a tio n . T h e  7%  crite rio n  w as 
chosen  because ta k in g  th is  v a lu e  th e  whole p o p u la tio n  could be h a lv ed , 49 
resp ec tiv e ly  51 an im als  were q u a lif ied  as poor o r good  learners on th e  basis  
o f  th e  f irs t day  p erfo rm an ce , i.e. acco rd ing  to  th e ir  le a rn in g  cap ac ity  d isp lay ed  
b efo re  th e  f irs t t r e a tm e n t ,  w h ich  to o k  place a f te r  th e  f ir s t  session.

As Fig. 1 show s, n ico tine  fa iled  to  fa c ilita te  th e  lea rn ing  p e rfo rm an ce  
o f  th e  poor le a rn e rs . M oreover, an im als tr e a te d  w ith  0.05 or 0.20 m g/kg  
show ed a sligh tly  low er avo idance  level th a n  th e  c o n tro ls , b u t  th is  d ifference 
w as n o t sig n ifican t s ta tis tic a lly . O n th e  o th e r h a n d , n ico tin e  tre a tm e n t w ith  
h ig h e r doses im p ro v ed  th e  p e rfo rm an ce  of th e  good le a rn e rs , i.e. o f th e  an im als  
d isp lay in g  an ab o v e-av erag e  p e rfo rm an ce  a lre a d y  on  th e  f irs t d ay  (F ig . 2; 
0.001 <C P <C 0 - 0 1  acco rd ing  to  S tu d e n t’s i- te s t co m p a rin g  th e  groups tr e a te d  
w ith  0.10 or 0.20 m g /kg  n ico tin e  to  th e  co n tro ls ; t  w as ca lcu la ted  from  th e  
poo led  d a ta  o f th e  2 n d  to  th e  5 th  day . W ith  th e  an im als  tre a te d  w ith  0.05 
m g /kg  of n ico tine , th e  d ifference observed  w as n o t  s ig n ifican t).

A t p resen t we can n o t give an y  com p reh en siv e  e x p lan a tio n  o f th e  u n ­
ex p ec ted  find ing . A ccord ing  to  som e d a ta  ( O r s i n g h e r  an d  F u l g i n t i  1971, 
1973) n ico tine e lic its  its  b e h a v io u ra l effect th ro u g h  c e n tra l and  p e rip h e ra l 
sy m p a th e tic  s t im u la tio n . I f  th e  po o r lea rners a re  fearsom e, o v e rs tim u la te d  
in d iv id u a ls , an  a d d itio n a l e x c ita tio n  b ro u g h t a b o u t  b y  n ico tine w ill on ly  
d e te rio ra te  th e  co n d itio n a l reflex  perfo rm ance, w h ile  in  o thers th e  sam e s t im ­
u la tio n  m ay im p ro v e  it.
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SELF-STIMULATION AND ADRENOCORTICAL 
ACTIVITY IN YOUNG RATS
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(R eceived  D ecem ber 30, 1973)

Stress re sp o n se  a n d  se lf-stim u latio n  b e h a v io u r  o f 12 to  17-day-o ld  r a t s  were 
in v estiga ted . S tre sso rs , su ch  as a re  in tra p e rito n ea l in je c tio n  of h is tam in e  in  a  dose of 
4 m g/kg b.w. o r e le c tr ic  foo tshock , increased  p lasm a  co rticosterone  level 20 m in  a fte r  
ap p lication  in  a n im a ls  o ld er th a n  15 days. S e lf-s tim u la tio n  could be e lic ited  in  th e  m edial 
fo reb ra in  b u n d le  (M F B ) as early  as on th e  1 4 th — 15th  d ay  of life. S e lf-s tim u la tio n  for 
20 m in  in 15 to  17 -day-o ld  ra ts ,  and  20-m in “ p ass iv e”  e lectrical s t im u la tio n  o f M FB 
w ith  sim ilar s tim u lu s  p a ra m e te rs  in  12 to 14-day-old  an im als  caused a s ig n ific a n t increase  
in  p lasm a c o rtico s te ro n e  level. Since b o th  th e  s tre ss  response  and  se lf-s tim u la tio n  b e h a v ­
io u r appear a t  th e  sam e age it c an  be assum ed  t h a t  th e  b ra in  s tru c tu re s , a n d  th e  con­
n ec tio n  betw een b ra in  s tem  an d  h y p o th a la m u s in  p a r tic u la r  invo lved  in to  th e  o rg a n iz a ­
tio n  of stress re sp o n se  a n d  se lf-stim u lation , a re , e ith e r  iden tica l a t  le a s t in  p a r t ,  o r  d is­
p lay  a parallel p o s tn a ta l  d ev elopm en t. D irect e lec trica l s tim u la tio n  of th e  h y p o th a la m ic  
s tru c tu re s  is c ap a b le  o f a c tiv a tin g  th e  h y p o th a la m o -p itu i ta ry -a d re n o c o r t ic a l  system  
also in  12 to 14 -d ay -o ld  anim als.

In  th e  last y ea rs  sev e ra l find ings su g g ested  an  in te ra c tio n  to  e x is t b e tw een  
th e  h y p o th a lam o —p itu ita ry -a d re n o c o r t ic a l  sy s tem  an d  se lf-s tim u la tio n . I n ­
c reased  a d ren o co rtica l a c t iv i ty  was o bserved  d u rin g  se lf-s tim u la tio n  in  ra ts  
( U r e t s k y  et al. 1966; S a d o w s k i  e t al. 1972) a n d  m onkeys ( M c H u g h  e t al. 
1967), b u t a d ecreased  one in  ca ts  ( E n d r ô c z i  e t al. 1967). O n th e  o th e r  h an d , 
co rtico ste ro id  t r e a tm e n t  o r ad ren a lec to m y  in flu en ce  th e  ra te  o f se lf-s tim u la tio n ; 
th e  frequency  decreases a f te r  in jec tion  o f th e  ho rm one and  tra n s ie n t ly  rises 
fo llow ing th e  rem o v a l o f  th e  adrenals ( H a r t m a n n  an d  K o l t a y  1971). O n th e  
basis o f th e  d a ta  m e n tio n e d  above th e  h y p o th a la m o -p itu i ta ry -a d re n a l  system  
has been  supposed  to  p la y  a m o d u la to ry  role in  th e  o rg an iza tio n  o f  se lf-s tim u ­
la tio n  behav iou r.

In  ra ts , h o w ev er, th e  responsiveness o f th e  h y p o th a la m o -p i tu i ta ry -  
a d re n a l axis is q u e s tio n a b le  as fo r as th e  f i r s t  tw o  weeks of life a re  concerned . 
T h e  d ifferen t s tre sso rs  (cold, ad rena line , h is ta m in e , e th e r, e lec tric  sh o ck , etc.) 
u sed  fo r te s tin g  a d re n a l fu n c tio n  p ro v ed  to  be  effective a t  d iffe re n t ages 
( I r w i n  e t al. 1950; J a i l e r  1949, 1950; E n d r ô c z i  an d  T ó t h  1955; R i n e f r e t  

a n d  H a n e  1955; B a c o  an d  F i s c h e r  1956; E s k i n e  1957; G r é g o i r e  1957; 
S c h a p i r o  et al. 1962; B a c a  an d  C h i o d i  1965; H a l t m e y e r  e t al. 1966; L e v i n e  

e t al. 1967; Z a h r o w  e t  al 1968; M i l k o v i c  a n d  M i l k o v i c  1969; G r a y  1971). 
D irec t electrical s t im u la tio n  o f th e  r a t ’s tu b e r  c inereum  e lic ited  A C T H  release
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o n ly  from  th e  10th  d a y  o f  life on ( E n d r ő c z i  e t al. 1957). Since ea rlie r e x p e ri­
m e n ts  have  heen show n t h a t  th e  14 to  15 day s p o s tn a ta l  rep resen t th e  y o u n g est 
age  in  ra ts  w hen th e  se lf-s tim u la tio n  can be in d u c e d  in  th e  la te ra l h y p o th a la m ic  
re g io n  ( H a r t m a n n  1970), th e  p resen t ex p e rim en ts  w ere carried  o u t in  o rd e r to  
a n a ly se  how th e  fu n c tio n  o f  th e  h y p o th a lam o —p itu ita ry -a d re n a l  sy s tem  w ould 
be  in fluenced  b y  h is ta m in e -in d u c e d  or e lec tric  s tre s s , la te ra l h y p o th a la m ic  self- 
s t im u la tio n a n d th e  ,,p a ss iv e ”  electrical s t im u la tio n  o f  th e  sam e b ra in  s tru c tu re s . 
I n  ad d itio n , th e  e x p e rim e n ts  aim ed a t rev ea lin g  possib le  co rre la tio n s betw een  
th e  tim e  o f th e  f irs t  a p p e a ra n c e  of se lf-s tim u la tio n  an d  stress response  in  young  
r a ts .

Methods

T h e  ex p erim en ts w ere c a rr ied  o u t on 12 to  17 -day-o ld  R -A m ste rd am  ra ts  o f b o th  sexes. 
T h e  d a te  o f b ir th  w as reco rd ed  w ith  a n  accuracy of 8= 12 h o u rs . To ensure hom ogeneity  o f w eights 
a n d  ra te s  of d ev elopm en t o n ly  l i t te r s  of 8— 10 per cage w ere  used . E ach  l i t te r  w as housed  
in d iv id u a lly , in a ir -co n d itio n ed  ro o m  w ith  12-hour lig h t a n d  d a rk  periods. S ta n d a rd  lab o ra to ry  
fo o d  p e lle ts  (LA TI. G ödöllő) a n d  w a te r  were availab le  a d  lib itu m . F rom  th e  sev en th  d a y  of life 
o n  th e  offsprings w ere h a n d le d  fo r som e m inutes ev ery  d a y . O f th e  you n g est r a ts  on ly  those  
w ith  op en ed  eyes w ere u sed .

Im p lan ta tion  o f  electrodes. T h is  procedure  w as p e rfo rm e d  in each age-group  on  th e  d ay  
b e fo re  th e  te s t. The an im a ls  w ere  an aesth e tized  w ith  p e n to b a rb ita l  (N em b u ta l) a n d  th e  h ead  
f ix e d  w ith  a special h e ad -h o ld er ap p lied  to  a s te reo tax ic  a p p a ra tu s . A b ipo lar s ta in le ss  steel 
e le c tro d e  in su la ted  ex cep t fo r th e  t ip  was in tro d u ced  in to  th e  m edial fo reb ra in  b u n d le  (M FB ) 
in  th e  a n te ro -la te ra l h y p o th a la m u s  a n d  fixed  to  th e  sk u ll w ith  acry la te . A fter th e  o p e ra tio n  
th e  r a t s  w ere p laced b ack  to  th e ir  cage.

T h e  ste reo tax ic  c o o rd in a te s  w ere checked in e v e ry  age-g ro u p  by  m aking  sev era l e lec tro ­
ly t ic  lesions in  various h y p o th a la m ic  areas and lo ca tin g  th e m  in  frozen sections.

E stablishm ent o f  s tim u lu s  param eters. E arly  in  th e  m o rn in g  on th e  d a y  a f te r  o p e ra tio n  
th e  a n im a ls  were tra in e d  to  p re ss  a  lev e r for rew ard in g  b ra in  s tim u la tio n  (0.1— 0.2 sec tra in  of 
re c ta n g u la r  0.2 m sec im p u lses a t  a  freq u en cy  of 100 H z). T h e  a m p litu d e  o f im pulses w as a d ju s t ­
ed  in d iv id u a lly  to  a v a lu e  s lig h tly  h ig h er th a n  th e  th re sh o ld  o f se lf-stim u lation . T h is te s t  las ted  
5— 10 m in  and  served to  d e te rm in e  th e  p a ram ete rs  a d e q u a te  for stim u la tio n . T he y o u n g est 
r a t s ,  12 to  13-day-old ones u se d  in  th e  experim ents w ere also  tra in e d , b u t  th e y  d id  n o t d isp lay  
a n y  p e d a l p ressing; on ly  sea rc h in g  beh av io u r w7as o b se rv ed  u p o n  s tim u la tio n  in  som e cases.

E xperim en ta l test. T h e  e x p e rim e n ts  were p e rfo rm e d  on  th e  day  follow ing o p e ra tio n  
b e tw e e n  12.00 and 14.00 h r. T h e  r a t s  o f each age-group w ere  d iv id ed  in to  fo u r g ro u p s w ith  a t  
le a s t  tw o  anim als from  each  l i t te r .

G ro u p  I: In ta c t  an im a ls . A fte r  th e  in tra p e rito n ea l in je c tio n  of 0.1 ml physio log ical NaCl 
th e  r a t s  sp e n t 20 m in  in  th e  te s t-b o x  an d  were im m e d ia te ly  d e ca p ita te d  a fte rw ard s.

G roup  I I :  H is ta m in e - tre a te d  an im als. A dose o f 4 m g /k g  b.w . of h is tam in e  (P e rem in ® ?  
C h in o in ) w as in jec ted  in tra p e r i to n e a lly . A fter 20 m in sp e n t in  th e  te s t-b o x  th e  ra ts  w ere d ecap i­
ta te d .

G roup  I I I :  O p e ra ted  c o n tro ls . T he cables w ere c o n n ec te d  to  th e  im p la n te d  e lectrodes, 
b u t  no  s tim u la tio n  was a p p lied . T h e  an im als were p laced  in to  th e  te s t-b o x  fo r 20 m in  a n d  th e n  
d e c a p ita te d .

G roup  IV /A: S e lf-s tim u la tin g  anim als. A fter 20 m in  se lf-s tim u la tio n  w ith  th e  in d iv id ­
u a lly  a d e q u a te  s tim u lu s p a ra m e te rs  de term ined  in  th e  m o rn in g  session th e  r a ts  w ere d e ca p i­
ta te d .

G ro u p  IV /B : T his su b -g ro u p  included  younger (12 to  14-day-old) an im als  w ho show ed 
no p e d a l  p ressing . T he a n im a ls  w ere  stim u la ted  e x te rn a lly  w ith  stim u lu s p a ra m e te rs  s im ilir  
to  th o se  used  in G roup IV /A , a n d  d esig n ated  as “ p a ss iv e ly ”  s tim u la te d  ra ts . T he an im a ls  w ere 
d e c a p ita te d  a fte r  20 m in.

In  o rder to check th e  e ffec tiv en ess of h istam in e , som e o f th e  13-, 15- a n d  17-day-old  
a n im a ls  w ere su b jected  to  a n  e le c tr ic  footshock (5 m A , 5 sec) as a stressor. T h ey  w ere d e ca p i­
ta te d  a f te r  20 m in  sp en t in  th e  te s t-b o x .
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Corticosterone determ ination. T he blood collected after decapitation was centrifuged and  
plasma corticosterone level determined with the spectrofluorimetric method of PURVES and  
S ir e t t  (1965).

Histological control. The b ra in s  w ere fixed  in 10%  fo rm o l. L o ca liza tio n  of e lectrode  w as 
m ad e  in  frozen sec tio n s according to  th e  m eth o d  o f Gu zm an -F l o r e s  e t  al. (1958). O nly an im a ls  
w ith  accu ra te  e lec tro d e  lo ca liza tio n  w ere included  in to  th e  s ta tis t ic a l  ev a luation .

Statistical e v a lu a tio n  was m a d e  according to  S tu d e n t’s t- te s t .

Results

S e l f - s t i m u l a t i o n  b e h a v i o u r

In  full ag reem en t w ith  o u r  earlier resu lts  12- to  13-day-old  ra ts  d id  n o t  
show  se lf-s tim u la tio n . O nly  tw o  ou t of th e  10 an im als  o f 14 days p ressed  th e  
p ed a l, b u t even  th o se  w ith  v e ry  low' freq u en cy  o n ly . F ro m  th e  age o f 15 d a y s  
on every  r a t  p ressed  th e  le v e r  for rew ard ing  s tim u la tio n  an d  th e  freq u en cy  o f  
pedal-p ressing  g radua lly  in c rea sed  w ith  increasing  age (я« 2 0 0 —600 responses 
p e r hour; T ah ié  I).

Table 1

Frequency o f  self-stimulation in  yo u n g  rats

A g e  in days No. of 
animals

Mean of pedal- 
pressing per 

20 min

Minimum and 
m axim um  of 
pressings per 

20 min

14 2 77 54 an d  100
15 8 90 66 an d  109
16 8 113 75 and  187
17 8 124 75 and  194

E f f e c t  o f  i n t r a p e r i t o n e a l  h i s t a m i n e  i n j e c t i o n

T w en ty  m in  a fte r in tra p e r ito n e a l h is tam in e  in je c tio n  th e  p lasm a c o rtic o ­
ste rone  level d id  n o t change in  12 to  13-day-old  an im als  w hen com pared  w ith  
N aC l-trea ted  con tro ls (G ro u p  I I  v s .  G roup I). A s lig h t, b u t  no t s ig n if ic a n t 
increase w as fo u n d  in  1 4 -d ay -o ld  ra ts . T he e lev a tio n  o f  p lasm a co rtico ste ro n e  
level becam e sig n ifican t a t  th e  age of 15 d ay s , a n d  w as m ore p ronounced  in  
o lder an im als (Table I I ) .

E f f e c t  o f  e l e c t r i c  f o o l s  h o c k

In  o rd e r to  exclude th e  possib ility  th a t  y o u n g  ra ts  are insensitive to  th e  
h is tam in e  dose applied 13-, 15- and 17-day old an im a ls  w ere stressed  w ith  an  
electric  fo o tsh o ck . There w as no  sign ifican t d ifference  in  changes of p lasm a co r­
ticosterone  level follow ing h is tam in e  in jec tio n  o r e lec trica l stress (T able I I ) .
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Table II

Effect o f  intraperitoneal h istam ine  (4 m g/kg b.iv.) and electric footshock on 
plasm a corticosterone level (jug/100 ml plasma)

M ea n  +  S .D .

Age in 
days

Group I , i.p. phys. 
NaCl

G roup I I ,  i.p. histam ine 
[electric footshock]* P

12 6.6 +  1.3 (8) 7.2 +  1.0 (8) N .S.
13 6 .5 + 1 .2  (8) 6.5 +  1.5 (8) 

[6 .9 + 1 .9  (6)]*
N .S.

14 8.3 +  0.7 (8) 1 0 .3 + 2 .0  (9) 0.05 <  p  <  0.1

15 7.7 +  1.5 (8) 1 2 .3 + 2 .4  (8) 
[12.1 +  2.1 (6)]*

< 0 .0 1

16 7 .8 + 1 .7  (8) 1 4 .0 + 2 .0  (8) < 0 .0 0 1

17 8.3 +  1.3 (8) 19.0 +  3.0 (8) 
[1 8 .0 + 1 .8  (6)]*

< 0 .0 0 1

In  b rack e ts : n u m b er o f an im als
* p lasm a corticosterone  level a f te r  e lectric  footshock
N.S.: n o t significant

E f f e c t  o f  i i p a s s i v e , '‘ s t i m u l a t i o n  a n d  s e l f - s t i m u l a t i o n

W h en  com pared  w ith  th e  o p e ra te d  b u t  no t s tim u la te d  g ro u p , b o th  
“ p a s s iv e ”  e lec trical s t im u la tio n  a n d  se lf-s tim u la tio n  o f M F B  sig n if ican tly  
in c re a s e d  p lasm a co rtico s te ro n e  level (G roup  IV  v s .  G roup  I I I ;  T ab le  I I I ) .  
T a b le  I I I  also show s th e  p la sm a  c o rtico s te ro n e  level o f tw o  se lf-s tim u la tin g  
1 4 -d a y -o ld  ra ts . T he p la sm a  co rtic o s te ro n e  level of th e  16 to  17 -day -o ld  oper-

Т аЫ е III

Effect o f  “passive” stim ula tion  and  self-stim ulation  in  M F B  on p lasm a  cortico­
sterone level (p.g/100 m l p la sm a ) in  young rats 

M ea n  +  S .IJ.

Age in 
days

Group I I I ,  operated 
control animals

G roup IV , stim ulated 
animals P

12 7 .5 + 1 .5  (8) 11.9 +  1.5 (8)* < 0 .0 1
13 7.9 +  1.7 (8) 11.1 +  1.4 (8)* < 0 .0 1

14 9.0 +  2.4 (8) 13.6 +  2.4 (8)* 
12.8 an d  14.4 (2)

< 0 .0 1

15 10.1 +  2.7 (8) 14.1 +  2.0 (8) < 0 .0 5

16 9 .9 + 0 .7  (8)** 1 2 .9 + 2 .5  (8) < 0 .0 5
17 10.7 +  1.6 (8)** 2 0 .0 + 2 .5  (8) < 0 .0 0 1

In  b rack e ts : n u m b er o f an im als 
* “ passively”  s tim u la te d  an im als
** sign ifican tly  h ig h er (p <  0.05) vs. G roup I  (see T able  I I )
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ated  control animals w as sign ificantly  higher than th a t o f  the N aC l-treated  
controls (Group I), presum ably because o f the stressor effect o f the electrode  
im plantation  performed on the day before.

Discussion

D ata concerning the age at which stress response o f  rat’s h yp oth a lam o-  
pitu itary-adrenal system  appears are contradictory. In our investigations an 
elevation  of plasm a corticosterone level after i.p . histam ine injection  could be 
first observed in 14- to  15-day-old, and a long-term  stressor effect o f  the opera­
tion  in 16-day-old anim als. The possibility th at one o f  the com ponents of 
h yp oth a lam o-p itu itary-ad ren al system  in younger rats fails to secrete the  
required hormone (C R F, ACTH , corticoids) can be excluded. S c h a p i r o  e t al. 
(1962) suggested th at i.p . ACTH injection increases plasm a corticosterone level 
in the rat from the first d ay  o f  life. It was also show n th at the p itu itary  gland  
secreted ACTH as early as in the first postnatal w eek ( J a i l e r  1951; S c h a p i r o  

1962). H i r o s h i g e  and S a t o  (1970, 1971) revealed the em inentia m ediana to  
contain  CRF in 2-day-old  rats, but the increm ent o f the CRF a ctiv ity  after 
stress became sign ificant on the 14th postnatal day only. According to  our 
own data the electrical stim u lation  of MFR region elicited  a sign ificant increase 
o f  plasm a corticosterone leve l in age-groups in w hich histam ine or the electric 
footshock proved to be in effective. These data and the ineffectiveness o f  both  
stressors renders it  im probable that it is only the low  sen sitiv ity  o f  younger  
rats to histam ine w hich is responsible for the absence o f elevated  plasm a corti­
costerone level; rather, th e  findings indicate a lack  o f other m echanism s in ­
volved  in the stress response in adults. A lthough the structures through which  
histam ine elicits its stressor effect are not accurately known it  can be supposed  
from the ineffectiveness o f  electric footshock th at the afferent p athw ays from  
brain stem  to hypothalam us are im m atured at th is age. Some other findings 
also support th is assum ption . The circadian rhythm  o f the h yp oth a lam o-  
pituitary-adrenal system  in the m aintenance o f w hich the subcortical structures 
and connections p lay an im portant part ( G a l i c i c h  et al. 1965), also appears 
at the third postnatal w eek  in the rat ( H i r o s h i g e  and S a t o  1970). The im m a­
tu rity  of m esencephalic-basal forebrain connections in rats before 14 to  15 
days o f age was dem onstrated  b y  E n d r o c z i  and H a r t m a n n  (1968) in studies 
on the appearance and m aturation  of evoked potentials in brain stem  and fore­
brain.

On the other hand, th e  im portance o f  brain stem —forebrain connections 
in the organizaton o f self-stim ulation  behaviour was em phasized b y  m any  
authors ( D e u t s c h  and H o w a r t h  1963; E n d r o c z i  et al. 1967; etc .). The pres­
ent observations, according to  which 14 to 15 days represent the youngest age
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at w hich  pedal-pressing self-stim ulation  w ill develop in M FB, can also be 
exp la in ed  with the m atu ration  o f this connections.

On the basis o f  th e  coincidence that b oth  self-stim ulation  behaviour and 
stress response o f h yp oth a lam o-p itu itary -ad ren a l system  to  intraperitoneal 
h istam in e injection or electric  footshock appear on the 14 to  15th  postnatal 
d a y  one can assume th a t brain structures and connections in vo lved  in  the 
tw o  processes either com e to  m aturity parallelly  at identical poin t o f  tim e, or, 
th a t  th e  same structures p la y  a part both in  self-stim ulation  and stress m echa­
n ism .
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Recensiones

Zsuzsa H ollán

H aem oglobinok és liaem oglobinopathiák

280 pag es , w ith  128 figures an d  24 tab les .
A k ad ém ia i K iadó , B u d ap es t 1972

In  th e  preface of h e r boo k  th e  au th o re ss  p o in ts  a t  th e  in creas in g  gap se p a ra tin g  basic 
fro m  clinical research , a lth o u g h  th e  u n fa m ilia r ity  w ith  th e  re su lts  o f basic  resea rch  is a  h in d er- 
ance in d iagnostic  and th e ra p e u tic  w ork . One of th e  a im s of th e  book  is to  b rid g e  o v er th is 
g ap , a n d  th is  in ten tio n  is ta c k le d  in  an  ex em plary  w ay. T he book  alloys th e  m o s t a b s tra c t  
m o lecu lar-b io log ical d a ta  w ith  p ra c tic a l o b se rv atio n s seem ingly  in sig n ifican t a t  f i r s t  sigh t.

C h ap te r 1 deals w ith  th e  s tru c tu re , developm en t an d  fu n c tio n  of th e  haem o g lo b in  
m olecu le , and  th e  second one w ith  its  po lym orphism . T h ey  su m m arize  th e  p e r tin e n t  k n o w l­
edge in  such a w ay  as to  m ak e  i t  u n d e rs tan d a b le  even  fo r re ad e rs  w ith o u t a n y  p a r tic u la r  
e x p e rtn ess  in  e ith e r biology or h aem ato lo g y .

C h ap te r 3 describes th e  h aem o g lo b in o p a th ies , am ong th e m  th e  ra re  cases o f b e ta -tlia la s -  
sae in ia  recognized by th e  a u th o re ss  in  H u n g ary .

C h ap te r 4 deals w ith  lab ile  haem oglob ins; these d e v ia tio n s  ra re  form s are  o f  im p o rtan ce  
in b o th  resea rch  and p rac tice  as th e y  lead  to  h aem oly tic  an aem ia . M ainly  on th e  basis  o f own 
in v es tig a tio n s , th e  p a th o m ech an is in  o f inclusion fo rm atio n  is described  to g e th e r w ith  th e  c lin­
ical course  and  tre a tm e n t o f lab ile-h aem o g lo b in  disease.

C h ap te r 5 d iscusses th e  h aem o g lob inopath ies causing  congen ita l cy an o sis , and 
М -haem oglobin  disease. C h a rac te ris tic s  o f th e  cases o bserved  in  H u n g a ry  a re  desc rib ed  in  d e ta il. 
I t  is rea lly  exciting  to follow  th e  d isco v ery  of a new haem o g lo b in -an o m aly  s ta r tin g  fro m  cya­
nosis as th e  only sym ptom .

C h ap te r 6 describes th e  h aem o g lo b in o p a th ies  causing  p o lyg lobu lia , d iseases w h ich  have 
been  recognized in  th e  la s t  y e a rs . C o rrect diagnosis in these  cases is o f  im p o rta n ce  n o t  only 
fo r th e  fa te  of p a tie n ts ; th e  a u th o re ss  w as th e  f irs t to  o b ta in  ev idence  of th e  a lp h a -ch a in  being 
coded  b y  a t  least tw o genetic  lo cu s-p a irs  also in h u m an  h aem oglob in . T his is a  d isco v ery  of 
con sid erab le  m olecu lar-genetic  sign ificance.

C h ap te r 7 deals w ith  th e  g eo g raph ica l d is tr ib u tio n  of h a em o g lo b in o p a th ie s  a n d  w ith  
p o p u la tio n -g en e tic  p rob lem s. A ll th e  h aem o g lob inopath ies, w h ich  concern  sev e ra l m illion 
in d iv id u a ls , a re  b e ta -ch a in  v a r ia n ts .  T he s tu d y  of these  d e v ia tio n s  h a s  c re a te d  geographic  
h aem ato lo g y , a b ran ch  of im p o r ta n t  in  fu tu re  an th ro p o lo g ica l research .

F in a lly , C hap ter 8 show s th e  p e rspec tives o f genetic  re sea rc h . T he idea  does n o t  seem  
u n re a l th a t  ju s t  these  o r s im ila r m olecular-b io logical a n d  genetic  resea rch  w ill lead  to  th e  
e la b o ra tio n  of a causal th e ra p y  o f h e re d ita ry  diseases b y  m ean s of a tran s fe r  o f n o rm a l genetic  
in fo rm a tio n  (“ genetic  en g in eerin g ” ).

T h is m onograph  on  h aem o g lo b in s and  haem o g lo b in o p a th ies  fills a re a l g ap  a n d  its 
re ad in g  is en joyable  from  b eg in n in g  to  end.

T he book is in d ispensab le  fo r th e  clinician and  all those  in te re s ted  in  m o lecu la r b iology 
an d  genetics. T he b e au tifu l i llu s tra tio n s  deserve p a r tic u la r  m en tio n ; th e y  g re a tly  c o n tr ib u te  
to  th e  value  of the  te x t.

Ib o ly a  N agy
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К . L issák  (E d .)

H orm ones and Brain Function

P u b lish in g  H o u se  of th e  H u n g a rian  A cad em y  of Sciences, 
B u d a p e s t,  a n d  P len u m  Press, N ew  Y o rk  1973. 529 pages

T h e  volum e p re sen ts  th e  M a x  K e is s  m em oria l le c tu re  an d  fo rty -fiv e  p a p ers  delivered 
d u r in g  th e  Second C ongress o f  th e  In te rn a tio n a l S o c ie ty  o f P sych o n eu ro en d o crin o lo g y  o r­
g a n iz e d  b y  Professor K . L i s s á k , a n d  held  in B u d a p es t, H u n g a ry , fro m  J u ly  1 to  3 , 1 9 7 1 .

A n ou tstan d in g  a sse m b ly  o f  in te rn a tio n a lly  re sp e c te d  sc ien tists  re p o rts  on  som e of th e  
m o s t  c rucia l aspects o f th e  e x c itin g  field  of p sy ch o n eu ro en d o crin o lo g y  in  th is  vo lum e. The 
a d v a n c e s  disclosed are o f re m a rk a b le  im portance . S ta r tin g  w ith  th e  n e o n a ta l  a n d  on togenetic  
a s p e c ts  o f th e  b ra in —p i tu i t a r y  sy s te m , i t  has been  fa sc in a tin g  to  lea rn  o f th e  u n co m m itted  
n a tu r e  o f its  em bryonic m a t r ix  a n d  th e  role of p e r in a ta l  h o rm o n a l actio n s in  d e te rm in in g  its  
d e v e lo p m e n t and su b seq u e n t s e x u a l po lariza tion  o r d is tu rb an c es  in  m a tu r i ty .  Sections I I ,  
I I I ,  IV  an d  V deal w ith  th e  c o n tro l,  b iosynthesis, a n d  re lease  o f p i tu i ta ry  h o rm ones: p sycho­
p h a rm a c o lo g y , and n e u ro ch e m ic a l bases of drug a c tio n s ; h o rm o n a l in flu en ces o n  b ra in  fu n c­
t io n s ;  a n d  clinical n eu ro en d o c rin o lo g y . R eports on  th ese  to p ic s  a n d  o th e r  c lin ical a reas of 
r e s e a rc h  show th e  c u rre n t s t a tu s  a n d  concepts of th e  fie ld  a n d  th e  v ig o u r w ith  w hich  th e  So­
c ie ty  a tte m p ts  to fu lfil i ts  m iss io n  o f bringing p sy c h ia try  a n d  neuro en d o crin o lo g y  to g e th e r 
to  e n su re  an  im proved a p p ro a c h  to  th e  tre a tm e n t o f  m e n ta lly  d is tu rb ed  p a tie n ts .

T h e  papers and  b ib lio g ra p h ie s  will be m ost h e lp fu l to  w orkers in  th is  fie ld , a n d  th e  very  
w e ll p ro d u c ed  volum e is a  re fe re n ce  bo o k  ind ispensab le  in  e v e ry  se lf-respecting  m ed ical lib ra ry .

B. F lerkó

E . B r o m s e r , A. K l e in z e l l e r  (E ds)

Current Topics in Membranes and Transport

V olum e 4. A cad em ic  Press, N ew  Y o rk , L ondon  1973.
X X I I  +  351 p ag es , w ith  21 f ig u res  a n d  14 tab le s .

P r ic e : US $ 28.50; £  13.70

T h is  volum e is d e d ic a te d  to  th e  m em ory  of A h a ro n  K a t z ir -K a tc h a lsk y  (1913— 1972). 
T h e  b io g rap h ica l ap p ra isa l is w r i t te n  b y  S. R . Ca p l a n ; i t  co n ta in s th e  b ib lio g rap h y  of th e  
p r in c ip a l  p u b lica tions o f K a t c h a l s k y  on  m em b ran e  p h en o m en a.

T h e  four ch ap te rs  o f  th e  v o lu m e  contain : T he G en e tic  C ontro l o f M em brane  T ran sp o rt 
b y  C o so ly n  W . Sla y m a n ; E n z y m ic  H ydro lysis of V a rio u s C om ponen ts in  B io m em b ran es and 
R e la te d  System s b y  M a n h e n d ra  K u m a r  J a in ; R e g u la tio n  o f Sugar T ra n s p o rt  in  E u k a ry o tic  
C ells b y  H ow ard  E . M o rg a n  a n d  C arl F . W h it f ie l d ; S e c re to ry  E v e n ts  in  G astric  M ucosa 
b y  R ic h a rd  P. D u r b in . T h e  v o lu m e  ends w ith  an  a u th o r  a n d  su b jec t index .

T h is  4 th  volum e o f th e  se ries  C u rren t Topics in  M em b ran es a n d  T ra n s p o rt  will be an  
im p o r ta n t  source of in fo rm a tio n  fo r  a ll research  w o rk ers  in te re s te d  in  b io logical t ra n s p o r t  in 
th e  f ie ld s  o f b iochem istry , b io lo g y  a n d  physiology.

K . L issá k

Olga H u d lick á

M uscle Blood Flow , Its R elation  to M uscle M etabolism and Function

Sw ets a n d  Z e itlin g e r  N . V., A m ste rd a m  1973. V I I I  +
219 p a g es , 47 figures. P rice: D u tc h  F I 54.—

I n  th e  six chap ters  o f  th e  m o n o g rap h , th e  a u th o rs  d iscuss in  C h ap te r  1, th e  A n a to m y  
a n d  h is to lo g y  of m uscle c irc u la tio n ; C hap ter 2: B asic  m ech an ism s re g u la tin g  m uscle  blood 
f lo w : a d a p ta t io n  of m uscle b lo o d  flo w  to  system ic c irc u la to ry  changes; C h ap te r  3: H u m o ra l 
m e c h a n ism s  affecting m uscle c irc u la tio n ; C hapter 4: N e rv o u s  re g u la tio n  of m uscle c ircu la tio n ;
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C h ap te r 5: Muscle m etab o lism  and blood flow ; C h a p te r  6: D istu rb an ces o f m uscle c ircu la tio n . 
T he vo lum e concludes w ith  a b u n d an t re fe ren ces a n d  a n  a u th o r  an d  su b jec t in d ex .

T he m o nograph  p ro v ides a large n u m b e r o f re fe ren ces from  th e  las t c e n tu ry  u p  to  1972. 
T he book  will be in te re s tin g  for p h y sio lo g is ts , b io ch em ists  and  p a th o p h y sio lo g ists .

K .  L i s s a k

T . K a w a i

Clinical Aspects of the P lasm a Proteins

Ig a k u  shoin  L T D , T o k y o , and S p ringer-V erlag , B erlin , H eidelberg , New Y o rk  1973.
X V I +  464 pages, w ith  278 fig u res , 90 ta b le s  an d  20 colour p la te s .

Price: DM  1 3 6 . - ;  U S $ 52.40

T h is  book is th e  p a r tly  revised  E n g lish  ed itio n  of th e  m o nograph  “ T he P la sm a  P ro ­
te in s , T h e ir  F u n d a m e n ta l and  Clinical A sp ec ts”  p u b lish ed  in Jap an ese  in  y e a r 1969. T he f irs t 
p a r t  discusses th e  fu n d a m e n ta l and physio log ica l p ro p e rtie s  o f p lasm a p ro te in s , b u t  th e  m ost 
s ig n ifican t p a r t  deals w ith  th e  p a th o p h y s io lo g y  of th e  p lasm a  p ro te in  ab n o rm a litie s . T h ey  
are w ell-know n to cause  functional d iso rd e rs  o f th e  tissu es and , inversely , th e  pa th o lo g ic  
changes o f tissues m a y  re su lt in p lasm a  p ro te in  a lte ra tio n s .

T he book consists o f four sections. Section  I ,  In tro d u c tio n  d iscusses in C h a p te r  1 the 
F u n d a m e n ta l S tru c tu re  o f P ro te ins, a n d  in C h ap te r 2 th e  G eneral P rinc ip les o f P ro te in  F ra c ­
tio n a tio n . Section I I ,  P ro p e rtie s  of In d iv id u a l P la sm a  P ro te in  C om ponents. In  C h ap te r  3, 
P la sm a  P ro te in s  In c lu d e d  in the  A lbum in  F ra c tio n  are  d iscussed ; in C h ap te r 4, P la sm a  P ro te in s 
In c lu d ed  in th e  a ,-F ra c tio n ;  in C h ap te r 5, P lasm a  P ro te in s  In c luded  in th e  a 2-F ra c tio n ; in 
C h ap te r  6, P lasm a  P ro te in s  Included  in  th e  ^ -F ra c tio n ; in C h ap ter 7, F ib rin o g en  a n d  its  De­
g ra d a tio n  P ro d u c ts ; in C h ap te r 9, G ly co p ro te in s an d  L ip opro te ins . Section I I I  d eals w ith  the  
M etabolism  of th e  P la sm a  P ro te ins. C h a p te r  10, G enera l S u rvey  of the  P lasm a  P ro te in  M e tab ­
olism ; C h ap te r 11, S yn th esis  of th e  P la sm a  P ro te in s ;  C h ap te r 12, B odily  D is tr ib u tio n  o f the  
P la sm a  P ro te in s ; C h a p te r  14, E x te rn a l Loss o f  th e  P la sm a  Pro te ins. Section  IV discusses 
th e  D iagnosis and  P atho g en esis  o f P la sm a  P ro te in  A b n orm alities. C h ap te r 15: D iagnostic  
A pp ro ach es in P la sm a  P ro te in  A b n o rm a litie s ; C h a p te r  16, V aria tio n s in th e  M easurem en t 
o f  th e  P lasm a  P ro te in s , C hapter 17, I n te rp re ta t io n  o f  Serum  P ro te in  P a t te rn s ;  C h ap te r  18, 
P la sm a  P ro te in  C hanges in M a ln u tritio n a l C o n d itio n s; C h ap te r 19, P lasm a  P ro te in  Changes 
in P ro te in -lo sin g  C ond itions; C h ap te r 20, P la sm a  P ro te in  Changes in H e p a tic  D isorders; 
C h ap te r  21, P la sm a  P ro te in  Changes in A cu te  P h ase  R esponses; C h ap ter 22, P la sm a  P ro te in  
C hanges in P o lyc lonal H y p e rim m u n o g lo b u lin em ia ; C h ap te r  23, P lasm a  P ro te in  C hanges in 
M -P ro te inem ic  T y p e; C h ap te r 24, A b n o rm a l P lasm a  P ro te in s ; C hap ter 25, D efect D y spro te in - 
em ias; C h ap te r 26, H y p e rlip o p ro te in em ia ; C h ap te r 27, P lasm a  P ro te in  C hanges in  P re g n a n t 
an d  F e ta l P eriods. E ac h  section is co m p le te  w ith  a b u n d a n t  references. T he v o lu m e en d s w ith  
a su b je c t index.

T he volum e will be a very v a lu a b le  source o f  references for w orkers in th e  clinical 
la b o ra to ry , clinical p a th o lo g y  and b io ch em is try .

K . L issak

B . J ir g e n so n s

Optical Activity of Proteins and Other M acromolecules

M olecular Biology, B io ch em is try  an d  B iophysics, Vol. 5. S econd , 
rev ised  and  en la rg ed  edition . S p rin ger-V erlag , B erlin , H eidelberg , New Y o rk  1973.

IX  -f- 199 pages, w ith  71 figu res. P rice : DM 59.80; US $ 23.10

W ith  th e  ap p lic a tio n  of physical m e th o d s  in th e  s tu d y  of th e  s tru c tu re  o f  p ro te in s  and 
o th e r  biological m acrom olecu les, g re a t  ad v an ces  h a v e  been m ade in p ro te in  ch em istry . P a r­
tic u la rly  th e  o p tica l ro ta to ry  d ispersion  (O R D ) p ro v ed  successful in solving s tru c tu ra l  p rob ­
lem s. T h e  purpose  o f  th e  m onograph  is to  in tro d u c e  th e  read er in th e  use o f  spec tropo lari- 
m etric  m eth o d s an d  to  th e ir  ap p lica tio n s in  th e  p ro b lem s of m olecular biology. T h e  f ir s t  ed ition
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o f  th e  m o n o g rap h  was p u b lish ed  b y  Springer-V erlag  in  1969, u n d e r  th e  t it le :  O p tica l R o ta to ry  
D isp e rs io n  o f P ro te in s an d  O th e r  M acrom olecules. D u rin g  th e  la s t  ten  y ears, o p tic a l ro ta to ry  
d isp e rs io n  an d  c ircu lar d ich ro ism  (C D ) hav e  e s tab lish ed  th em se lv es fu lly  as lead in g  m eth o d s  
in  th e  s tu d y  o f con fo rm atio n a l tra n s it io n s  o f p ep tid e s , p ro te in s , a n d  va rio u s o th e r  ly o p o ly m ers 
in  so lu tio n .

T h e  co n ten ts  o f th e  v o lu m e are  as follows. C h a p te r  I ,  T h e  R ealm  of P ro te in s . S tru c tu ra l  
F e a tu r e s .  T h e  Phenom enon  of O p tic a l A c tiv ity . H is to rica l H ig h lig h ts . C h ap te r I I ,  T h e  P h e n o m ­
e n a  o f  O p tica l A c tiv ity . T erm s a n d  D efin itions. T h eo re tic a l C onsiderations. T he D ru d e  an d  
M o ff i t t  E q u a tio n s . C h ap te r I I I ,  P o la rim e te rs  a n d  S p ec tro p o la rim ete rs . T he M easu rem en t of 
O p tic a l  A c tiv ity . C h ap te r IV , O p tica l A c tiv ity  o f A m ino  A cids, P ep tid e s, an d  P ro te in s . C hap­
te r  V , T h e  O p tica l R o ta to ry  D isp e rsio n  of P o ly am in o  A cids a n d  P ro te in s . M easu rem en ts  
in  th e  V isib le  and  N ear U ltra v io le t  S p ec tra l Zones. C h a p te r  V I, T he F a r  U ltra v io le t  C o tton  
E f fe c ts  o f  S y n th e tic  P o ly am in o  A cids. C h ap te r V I I ,  T h e  C o tto n  E ffec ts o f C o n fo rm atio n s 
o f  P ro te in s .  C h ap te r V I I I ,  C o tto n  E ffec ts  an d  C on fo rm atio n s o f N onhelical P ro te in s . C h ap te r 
I X ,  O p t ic a l  A c tiv ity  o f S tru c tu ra l  P ro te in s . C h ap te r  X , O p tica l A c tiv ity  o f N u c leo p ro te in s , 
a n d  H is to n s .  C hap ter X I ,  O p tica l A c tiv ity  o f G ly co p ro te in s a n d  L ip opro te ins . C h a p te r  X I I  
C o n c lu d in g  R em arks.

T h e  vo lum e ends w ith  a  l is t  o f references a n d  a  su b je c t index .
T h e  boo k  is a  v e ry  im p o r ta n t  re ference w o rk  fo r w o rk e rs  an d  p o s tg ra d u a te  s tu d e n ts  

o f  m o le c u la r  biology, b io ch e m is try  a n d  b iophysics.
K . L issá k

T . A n d o , M. Y a m a sa k i, K . S u zu k i

Protam ines: Isolation, Characterization, Structure and Function

M olecular B io logy , B io ch em istry  a n d  B io p h y sics , Vol. 12. 
S pringer-V erlag , B erlin , H eidelberg , N ew  Y o rk  1973.

I X  +  114 pages, w i th  24 figures. P rice: DM  4 8 .— ; U S $ 19.70

T h e  h is to ry  of n u c leo p ro te in s d a te s  back  to  o v er a  cen tu ry . In  th e  n u c leo p ro te in s 
n u c le ic  a c id s  com bine in  som e m a n n e r  w ith  p ro te in s. T h ey  are  fo u n d  in  m o st liv in g  cells. 
T h e  t e r m  “ p ro tam in e”  w as g iven  b y  M ie s c h e r  (1874), b u t  he  fa iled  to  observe  th e  p ro te in  
n a tu r e  o f  p ro tam in e , and  a f te r  20 y e a rs  K ö ssél  a n d  his co llab o ra to rs  fo u n d  com plexes o f n u ­
cleic a c id  w ith  various k inds o f  p ro ta m in e . P ro ta m in e  w as considered  im p o r ta n t  in  v iew  o f 
i ts  o c c u rre n c e  in  cell nuclei. I t  p ro v e d  to  h av e  th e  s im p le st am in o -ac id  com position  am o n g  th e  
p ro te in s . A f te r  th e  second W orld  W a r , a  rem ark ab le  p ro g ress  w as m ade in  ch em ica l m e th o d s  
a n d  te c h n iq u e s , w hich rev o lu tio n iz ed  th e  field  o f p ro te in  c h em istry . The Ja p a n e se  re sea rc h  
g ro u p  o f  T o k y o  un d er th e  lead ersh ip  o f P rofessor T . A n d o  w7as able to  ad d  new  p o in ts  to  th e  
re su lts  co n cern in g  th e  chem ical s tru c tu re  o f p ro tam in es . T h e  s tu d ies  o f th is  group  h av e  e s ta b ­
lish ed  a  g en era l m eans of d e te rm in in g  th e  p rim ary  s tru c tu re  o f each  co m ponen t o f p ro ta m in e .

T h e  co n ten ts  o f th e  vo lum e a re : C h ap te r I ,  In tro d u c tio n . C h ap te r I I ,  D is tr ib u tio n  o f  
N u c leo p ro tam in es  an d  P ro ta m in e s . C h ap te r  I I I ,  P re p a ra t io n  of N u c leo p ro tam in es an d  
P ro ta m in e s .  C hap ter IV , C om position . C h ap te r V, M olecu lar W eigh t. C h ap te r V I, C hem ical 
S tr u c tu r e  o f  N ucleopro tam ines a n d  P ro ta m in e s . C h ap te r  V I I ,  H e tero g en eity  o f P ro ta m in e s  
a n d  H o m o g en eo u s  M olecular Species o f  P ro tam in es. C h a p te r  V I I I ,  C hem ical S tru c tu re  of 
H o m o g e n eo u s  M olecular Species o f  P ro tam in es . C h a p te r  I X ,  P h y sica l S tru c tu re  o f N u c leo ­
p ro ta m in e s  a n d  P ro tam in es. C h a p te r  X , P ro p e rtie s  a n d  F u n c tio n s .

T h e  vo lu m e ends w ith  a b u n d a n t  references a n d  w ith  a  su b je c t index . I t  w ill be in te re s tin g  
fo r m o le c u la r  b iologists, b io ch em ists  a n d  b iophysicists .

K . L issá k
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V . N e u h o f f  (E d .)

Micromethods in Molecular Biology

M olecular Biology, B io ch em istry  and  B iophysics , Vol. 14.
Springer-V erlag , B e rlin , H eidelberg , New Y o rk  1973.

XV +  428 pages, w ith  275 figu res an d  23 tab les.
P rice: DM 98.— ; U S $  40.20

The book c o n ta in s  co n trib u tio n s b y  G. F . B a iir , P . D o r m e r , J .  E . E d ström , U . L e e - 
m an n , G. M., L e h r e r , F . R uch , H . G. Z im m e r ; i t  is a tr e a su ry  of selection o f u p -to -d a te  
p rac tica l m eth o d s o f  m olecu lar b io logy, based  on th e  a u th o rs  ow n experience in w hose la b o ­
ra to rie s  the  m e th o d s  described are p e rfo rm ed  ro u tin e ly .

The c o n te n ts  o f  th e  book are as follow s. C h ap te r 1: M icro-E lectrophoresis on  P o ly a c ry l­
am ide  Gels b y  V . N e u h o f f ; C h ap te r 2: M ic ro -D ete rm in a tio n  o f A m ino Acids a n d  R e la te d  
C om pounds w ith  D en sy l Chloride b y  V . N e u h o f f ; C h ap te r  3: M icro -D eterm ination  o f P h o sp h o ­
lip ids by  V. N e u h o f f ; C hap ter 4: M icro-D iffusion  T ech n iq u es  b y  V. N e u h o f f ; C h a p te r  5: 
C apillary  C en trifu g a tio n  by  V. N e u h o f f ; C h ap te r 6: M icro-E lectrophoresis fo r N N a  an d  
D N A  Base A nalysis b y  J .  E dström  E . an d  V. N e u h o f f ; C h a p te r  7: D e te rm in a tio n  o f th e  D ry  
M ass o f Sm all B iological O bjects by  Q u a n tita tiv e  E lec tro n  M icroscopy by G. F. B a iir ; C h a p te r  8: 
T he C onstruc tion  a n d  Use of Q u a rtz  F ib e r F ish  Pole B a lan ces  b y  G. M. L e h r e r ; C h a p te r  9: 
M icropho tom etry  b y  H . G. Z im m e r ; C h a p te r  10: C y to flu o ro m e try  b y  F. R ush  a n d  U. L e e - 
m a n n ; C hap ter 11: Q u a n tita tiv e  A u to ra d io g ra p h y  a t  th e  C ellu lar Level by  P . D o r m e r ; 
C h ap ter 12: M icro-D ialysis by  V. N e u h o f f ; C h ap te r 13: M icro-H om ogenisation  b y  V. N e u - 
h o f f ; C hapter 14: W e t W eight D e te rm in a tio n  in th e  L ow er M illigram  R ange by  V. N e u h o f f , 
C h ap te r 15: M icro-M agnetic  S tirre r b y  V. NEUHOFF: C h a p te r  16: P ro d u c tio n  o f C ap illary  
P ip e tte s  by  V. N e u h o f f . The vo lum e is com plete w ith  a su b je c t index.

T his book is a v e ry  im p o rta n t h e lp  and  reference w o rk  in th e  daily  w ork  o f m olecu lar 
b iology lab o ra to rie s .

K . L is s á k

P. R. St e w a r t , D. S. L etiiam  (E d s)

The Ribonucleic Acids

Springer-V erlag , B erlin , H eidelberg , N ew  Y o rk  1973.
XV +  268 p ag es , w ith  56 figures a n d  14 tab les.

P rice: DM 45.40; US $ 20.50

T his vo lu m e is based  on a p o s tg ra d u a te  course o rg an ized  by th e  U n iv ersity  o f C an b erra  
“ to  a tte m p t to  p ro v id e  a co m prehensive , th o u g h  n o t ex cessive ly  d e ta iled  o u tlin e  o f  b io logical 
roles of R N A ” .

The e leven  c h a p te rs  o f the  b o o k  deal w ith  th e  m o st im p o r ta n t  basic know ledge re la te d  
to  ribonucleic ac id s (R N A ), w ith  th e  a im  of su p p ly in g  th e  p o s tg ra d u a te  s tu d e n t w ith  d irec tiv e s  
in the  v as t l i te ra tu re  on RNA . T he c h a p te rs  give th e  w hole m a te ria l of th e  course.

C hap ter 1: R N A  in R e tro sp ec t b y  D. S. L e t iia m , P . R . Ste w a r t  an d  G D . Cl a r k - 
W a l k e r ; C h a p te r  2: T ran scrip tio n  b y  G. M. P o ly a ; C h a p te r  3: N uclear R N A  by  H . N a o r a ; 
C hap ter 4: M essenger R N A  by A. J .  H o w e l l s ; C h a p te r  5: T ran sfe r R N A  a n d  C y to k in in s 
by  D. S. L e t iia m ; C h ap te r 6: R ib o so m al R N A  b y  L. D a lg o rn a  an d  J .  Sh in e ; C h a p te r  7: 
T ran s la tio n  o f M essenger R N A  b y  G. D . Cla rk -W a l k e r ; w ith  an  A ppendix  on th e  In h ib ito rs  
o f T ran sla tio n  b y  Р . R . St e w a r t ; C h a p te r  8: M ito chondria l R N A  b y  P. R . St e w a r t ; C h a p te r  9: 
C hloroplast R N A  b y  P . R . W i i it f e l d ; C h ap te r 10: V ira l R N A  by  A. J .  G ib b s  a n d  J .  J .  
Sk e h e l ; C h a p te r  11: Iso la tion , P u rif ic a tio n  an d  F ra c tio n a tio n  of R N A  by P . R . St e w a r t ; 
S u b ject In d ex .

T he bo o k  is a useful basic t e x t  for p o s tg ra d u a te  s tu d e n ts  o f bio logy, b io ch e m is try , 
b iophysics an d  physio logy , b u t will be a good in tro d u c tio n  fo r every b o d y  in te re s te d  in  th e  
problem s of m o lecu la r  biology.

K . L issá k
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E . K . F . B a u t z , P . K a r l s o n , H . K e r st e n  (E ds)

Régulation of Transcription and Translation in Eukaryotes

S p ringer-V erlag , B erlin , H e id e lb erg , New Y ork  1973.
V II  +  349 pages, w ith  131 figures.

P rice : DM  6 8 . - ;  U S $ 27.90

T h e  volum e co n ta in s  th e  p ro ceed ings o f th e  2 4 th  M osbach C olloquium  held  in  A pril, 
1973, in  M osbach, G erm an y , u n d e r  th e  ausp ices o f  th e  G esellschaft fü r  B iologische Chemie.

T h e  18 papers p re sen te d  b y  a g ro u p  of in te rn a tio n a lly  o u ts tan d in g  sc ien tis ts  a re  p o in ted  
in  f iv e  m a in  ch ap ters : C hrom osom e S tru c tu re  a n d  F u n c tio n , T ran sc rip tio n  I, T ra n sc irp tio n  I I ,  
T ra n s la tio n  I ,  T ran s la tio n  I I .  E a c h  p a p e r  w as fo llow ed b y  discussions w hich  g re a tly  increase 
th e  v a lu e  o f th e  book. In s te a d  o f a  b ro a d  to p ic  th e  su b je c ts  discussed a t  th e  S y m p o siu m  were 
c o n c e n tra te d  on a few asp ec ts  o f gene expression  in  reaso n ab le  d e ta il. D r B a u tz  p o in te d  o u t 
t h a t  “ th e  sym posium  w as c o n c e n tra tin g  on  fo u r q u e stio n s , w hich are m o st b asic  to  an  u n d e r­
s ta n d in g  o f th e  m echan ism  o f t ra n s c r ip tio n  a n d  tra n s la t io n  an d  for w hich  f ra g m e n ta ry  b u t  
n o n th e le s s  reliable e x p e rim e n ta l re su lts  hav e  becom e availab le  w ith in  th e  la s t  few  years. 
T h ese  a re  th e  s tru c tu re  o f c h ro m a tin , th e  sy n th es is  o f m essenger R N A , th e  s tru c tu re  o f the  
a c t iv e  rib o so m e, an d  th e  ro le o f in a c tiv a tio n  fa c to rs  in p ro te in  sy n th esis” .

T h e  book p resen ts  an  in fo rm a tiv e  su rv ey  o f w h a t is know n p re sen tly  a n d  also w h a t 
we n e e d  to  know  in o rder to  u n d e rs ta n d  th e  m o lecu la r m echanism s b y  w hich  gene expression  
is re g u la te d .  T his very  im p o r ta n t  source o f in fo rm a tio n s  w ill be an  in d isp en sab le  read in g  for 
b io c h e m is ts  and  bio logists in te re s te d  in th e  re c e n t p ro b lem s of m olecular b io logy.

K . L issá k

H. P r ec h t , J .  Ch r is t o p h e r s e n , H . H e n s e l , W . L a rch er  (E d s)

Temperature anti Life

Springer-V erlag , B erlin , H e id elb erg , New Y ork 1973.
X X  -f- 779 pages, w ith  263 figures. P rice : DM  142.— ; U S $ 58.30

T h e  p re sen t vo lum e is a rev ised  a n d  en la rg ed  E n g lish  version  of th e  G e rm an  book 
“ T e m p e ra tu r  u n d  L eben”  by  H . P r e c h t , J .  Ch r is t o p h e r s e n , H . H e n s e l . T h e  m ain  th em e  
of th e  b o o k  is the  a d a p ta tio n  of o rg an ism s to  ch an g in g  tem p e ra tu re s . T he p re se n t  book  was 
w r i t te n  w ith  th e  c o n trib u tio n s  b y  K . B r ü c k , D. M. Ga t e s , B. H a v s t e e n , U . H e b e r , I. L. 
I n g r a h m , H . D. J a n k o w sk y , H . L a u d ie n , K . N a p p -Z in n , A. P is e k , P . P a t h s , K . A. Sa n - 
t o r iu s , A. V e g is ; i t  p re sen ts  a  com p le te  su rv ey  o f th e  w hole su b jec t of th e rm o reg u la tio n  of 
liv in g  o rg an ism s, m icroorgan ism s, p la n ts  a n d  h o m eo th e rm ic  organism s in c lu d in g  m an . E ach  
c h a p te r  concludes w ith  a b u n d a n t  l ite ra tu re  an d  th e  vo lum e ends w ith  a su b je c t index .

T h e  book is v ery  im p o r ta n t  especially  for b io log ists w orking in m icrob io logy , b o tan y , 
zoo logy  a n d  m edicine, an d  in te re s te d  in th e rm o reg u la tio n .

K . L issá k

W . W ie s e r  (E d .)

Effects o f Temperature on Ectotherm ic Organisms

Ecological Im p lic a tio n s  a n d  M echanism s o f C om pensation . 
Springer-V erlag , B erlin , H e id elb erg , N ew  Y ork  1973.

X I  +  298 pages, w ith  126 figures. P r ic e : DM  66 .— ; US $ 27.10

T h e  book  con ta ins th e  P roceed in g s o f a S y m p o siu m  held  a t  O bergurg l, A u s tr ia , from  
4 to  8 S e p tem b e r, 1972. T he co n cep t on  w hich  th e  S ym p o siu m  was based  on th e  w it ty  d ra ft  
“ th e re  a re  tw o  sides to  th e  coin m ech an ism  and  eco logy” . T he n early  s ix ty  p a r tic ip a n ts  p re ­
se n te d  26 p a p e rs  in th e  fields o f m ech an ism , ecology a n d  cold resistance.
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T he book  is an im p o r ta n t  source of in fo rm atio n s an d  references for re sea rch  w orkers 
and p o s tg ra d u a te  s tu d e n ts  in physio logy , zoology and  ecology, in te res ted  in the  field  o f  th e rm o ­
reg u la tio n .

K . L issak

H . B a r t e l s , K . R ie g e l , J .  W e n n e r , H . W ulf

Périnatale A tm ung

Physio logische G ru n d lag en  u n d  th e ra p e u tisc h e  K onsequenzen .
S p ringer-V erlag , B erlin , H eidelberg , N ew  Y ork  1972.

X II  -f- 101 p a g es  w ith  50 figures. P rice: DM 22.— ; US $ 7.

T he oxygen needed b y  th e  fe tu s  is tran sp o rte d  th ro u g h  th e  m ate rn a l re sp ira to ry  system , 
m a te rn a l blood and th e  p la c e n ta  before i t  reaches th e  fe ta l b lood. T here  are d ifferences in  the  
process o f gas-exchange in  th e  lu n g  and  p lacen ta . To u n d e rs ta n d  th e  d ra m a tic  physio log ical 
changes tak in g  place w hen  f e ta l  c ircu la tio n  and  b re a th in g  are  sw itch ing  over fro m  th e  in tr a ­
u te rin e  ty p e  to  th a t  ex is tin g  in  e x tra u te r in e  life, th e  a n a ly s is  o f th e  de ta ils  o f gas tra n s p o r t  
in m a te rn a l and  fe ta l b lood is o f a v ita l  im p o rtance .

T he f ir s t  ch ap te r  o f  th is  book  is a review  of th e  p h y sio logy  of g a s - tra n sp o rt  in  th e  lung 
and  b lood, analyzing  th e  b u ffe r  c ap a c ity  o f th e  b lood, th e  role o f c ircu la tion  in  g a s- tra n sp o rt , 
and  th e  reg u la tio n  of re sp ira tio n . T he second ch ap te r  d eals w ith  p u lm o n a ry  v e n tila tio n  during  
p reg n an cy , th e  functions o f m a te rn a l and  fe ta l blood in v e n tila tio n ; th e  m ech an ism  of gas 
exchange in the  p lacen ta . T h e  d e ta ils  of u te rin e  b lood flow  are also d iscussed . A sep ara te  
c h ap te r  is d evo ted  to th e  p ro b lem s of gas exchange a n d  gas tra n s p o r t  in th e  p la c e n ta  during  
labour. T he m ost d e ta iled  p a r t  o f th e  book analyzes th e  fa c to rs  o f gas exchange in  th e  im m edia te  
p o s tn a ta l  period  and th e  f i f th  c h a p te r  sum m arizes th e  special de ta ils  o f t r e a tm e n t  ind ica ted  
in v a rio u s  cases of p e r in a ta l  re sp ira to ry  failure.

W ith o u t oxygen, th e re  is no h um an  life. W ith o u t  t ra n s p o r t,  th e re  is no oxygen  for 
th e  h u m an  fetus. W ith o u t a d e q u a te  th e ra p eu tic  m easu res, th e re  is no fu tu re  fo r th e  new born  
suffering  from  re sp ira to ry  fa ilu re . T he book deals w ith  th e  u p -to -d a te  answ ers to  th e  m ajo rity  
of q u estio n s re la ted  to th e  p ro b lem s m entioned  above. I t  is th ere fo re  an  ex ce llen t a n d  indis­
pensab le  guide for th o se , w ho  hav e  to  tak e  th e  re sp o n sib ility  for h u m an  life in u te ro , and 
also im m ed ia te ly  a fte r  it.

G. I llei

K . E c k o l d t , C. P f e if f e r , R . W in t e r  (E ds)

Physiologie und Pathophysiologie des W arm ehaushalts

E rg eb n isse  der experim entelle  M edizin, Vol. 11.
V erlag  V o lk  u n d  G esundheit, B erlin  1973. 257 pages.

P rice: M 28.15

T h e  volum e c o n ta in s  th e  co n trib u tio n s p re sen te d  a t  a sym posium  o rg an ized  jo in tly  
by  th e  Physiological a n d  th e  P a th o p h y sio lo g ical Societies o f the  G erm an D em o cra tic  R e­
p ub lic  in M ay, 1971. T he c o n tr ib u tio n s  covering a w ide field  are p u b lished  in e x te n so  w ith  the 
p e rta in in g  lite ra tu re , b u t  w ith o u t th e  discussions. I t  is re g re tta b le  th a t  tw o  y e a rs  elapsed 
betw een  th e  sym posium  a n d  th e  pub lica tion  of its  v a lu a b le  m ate ria l. N everth e less , th e  volum e 
is u sefu l as a source o f in fo rm a tio n  on th e  w ork p e rfo rm ed  in th e  G erm an D em o cra tic  R e­
public  in th is  field. In a d d itio n , som e co n trib u tio n s from  o th e r  socialist co u n trie s  a re  included.

Sz. D o n h o ffe r
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E . S ch önbaum , P . L o m a x  (E ds)

The Pharm acology of Therm oregulation

P ro c e ed in g s  of a sa te llite  sy m p o siu m  held in co n ju n c tio n  w ith  th e  f ifth  In te rn a tio n a l  Congress 
o n  P h a rm aco lo g y , San F ran c isco  1972. S. K arger, B asel, M ünchen , Paris, L o n d o n , N ew  Y ork, 

Sydney  1973. X IV  +  583 pages, w ith  159 fig u res an d  44 tab les .
P ric e : DM  1 6 9 . - ;  £ 23.80; U S $ 58.30

A s p o in ted  o u t in  th e  p re fa c e , th e  title  o f th is  v o lu m e fails to  in d ica te  th e  w ide range 
o f th e  co n trib u tio n s  w hich  co v er beside pharm aco log ica l a sp ec ts  m an y  o th e r  p ro b lem s of the 
p h y sio lo g y  an d  p a th o p h y s io lo g y  of th e rm o reg u la tio n , in c lud ing  clinical o b se rv a tio n s . In 
a d d it io n  to  th e  fa irly  ex ten siv e  re fe ren ces listed  in  th e  in d iv id u a l c o n trib u tio n s , a cu m u la tiv e  
l is t  o f  re ferences (1227 item s), a n d  a  useful su b jec t in d ex  of 16 pages enhance  th e  v a lu e  of the  
v o lu m e . D iscussions are n o t  in c lu d e d  in detail. T h e  m ain  p o in ts  w hich  arose in  th e  course 
o f th e  d iscussions have  been  su m m ariz ed  b y  th e  e d ito rs  in  5 pages. T he c o n trib u tio n s  m ain ta in  
a  h ig h  level th ro u g h o u t th e  w ell e d ite d  and finely  p ro d u c ed  volum e.

Sz. D o n h o ff e r

V. S igusch

Ergebnisse zur Sexualm edizin

W issenschafts-V erlag , K ö ln , B ase l, M ünchen, P a ris , L o n d o n , N ew  Y ork , S idney  1973. 
2nd E d itio n . 186 p ag es , w ith  26 figures a n d  10 tab les . P ap e rb ack .

P rice : DM 12.— ; U S $ 4.05

R esearch  of sexual b e h a v io u r  h ad  begun in th e  f ir s t  decades of th is  c e n tu ry ; i t  gained 
in d ep e n d en c e  as a new  b ra n c h  o f science in the  fo rties. B efore W orld  W ar I I  its  m ain  fields 
w ere  b io lo g y , zoology, e n d o crin o lo g y  an d  n eu rophysio logy ; n o w ad ay s , th e  th eo ry  a n d  practice  
o f se x u a lity , d e term ined  b y  social re la tio n s and  g ro u n d ed  biologically , is th e  com m on  w ork 
o f p h y s ic ia n s , sociologists a n d  psycho log ists .

F ro m  th e  m iddle 50’s up  to  1970 th e  leading p e rso n a lity  of G erm an sexology w as H an s 
G i e s e ; h is co n trib u tio n s w ere esp ec ia lly  im p o rta n t in  th e  fie ld  o f p sy ch o p a th o lo g y . A qu ite  
new , ex is ten tia llis tic -p h en o m en o lo g ica l school w ith  m a n y  p sy c h ia tr is ts  has dev elo p ed  a round  
G i e s e . T h e  a u th o r  of th e  p re se n t b o o k  was also a p u p il o f th is  school, an d  now he is th e  leader 
o f th e  D e p a r tm e n t of Clinical Sexo logy  a t  th e  U n iv e rs ity  o f F ra n k fu r t  am  M ain. In  h is book, 
he  g iv es a su rv ey  of m odern  sexual-p a th o lo g ica l, p h y sio log ica l an d  sociological know ledge 
a n d  th e  ta sk s  of sexual m ed ic ine . H is s ta rtin g  p o in t is th e  fa c t th a t ,  while th e  n u m b e r of 
p a t ie n ts  w ith  sexual p rob lem s, co n flic ts  and  b eh av io u ra l d is tu rb an ces  is e x tre m e ly  h ig h  and 
c o n tin u o u s ly  increasing , sex u a l-m ed ica l ed ucation  a n d  ex p e rtn ess  o f th e  m ed ical s tu d e n ts  
a n d  p h y s ic ia n s  is still one-sided  a n d  im perfect.

C h a p te r  1 of th e  book  su rv e y s  th e  rea lity  of th e  c rea tio n  of sexual m edicine  as an  in ­
d e p e n d e n t  b ra n ch  of science in  th e  lig h t of th e  m ost re c e n t re su lts . I t  ou tlines th e  26 item s of 
th e  a u th o r ’s tw o-sem ester u n iv e rs ity  lec tu res w hich d eal w ith  th e  p rob lem  acco rd in g  to  d i­
d a c tic  p o in ts  o f view , w ith o u t a im in g  a t  com pleteness. As s ta r tin g  basis th e  a u th o r  lay s  down 
sev en  th es is  concerning th e  re la tio n sh ip  of m edical science a n d  sexuality .

1. T he h isto ry  of m edicine  is a t  th e  sam e tim e, th e  h is to ry  of a struggle  ag a in s t sex u a lity .
2. In  m edicine, se x u a lity  m ea n s  m alady , a b n o rm a lity , perversitie s  an d  crim inology.
3. M edicine regards s e x u a lity  as f irs t  and  fo rem o st a  re p ro d u c tiv e  fu n c tio n .
4. M edical science ignores th e  p leasure-g iv ing  fu n c tio n  of sexual life.
5. M edical science does n o t  s tr iv e  a fte r  su sce p tib ility  to  sex u a lity , a f te r  th e  e m a n c ip a ­

tio n  o f  se x u a lity ; i t  a im s a t  i ts  “ co n se rv a tio n  by  e lim in a tio n ” .
6. T h e  sexual m o rals o f m ed ic in e  are oppressive , rig id ly  in sisting  u p o n  tra d itio n s .
7. A  s tu d y  of se x u a lity  w ith in  th e  fram e o f m ed ical sciences is n o t d e s irab le , and 

se x u a l m ed ic ine  does n o t ev en  e x is t.
T h ese  theses a c tu a lly  o u tlin e  th e  p re jud ic ia l sy s te m  developed  w ith in  m ed ic in e  and  

e x is tin g  e v en  a t  p re sen t; a t  th e  sam e  tim e, the  th es is  serve  as w ork ing  h y p o th es is  fo r th e  
c re a tio n  o f sexual m edicine.
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C h a p te r  2 d eals w ith  th e  physiology and  p sy ch o lo g y  o f sexuality , d iffe re n tia tin g  th e  
ë e n ita l  a n d  e x tra g e n ita l  sex u a l reac tions of fem ales a n d  m ales. The hum an  sex u a l-p sy ch o ­
logical re ac tio n s  a re , o f  course, d ifferen t in th e  tw o sexes. I t  is especially d ifficu lt to  a p p ro ac h  
th e  p ro b lem  of fem ale  o rg asm . No sim ilar reac tio n  o c cu rs  in anim als. In w om en th e  o rg asm  
is n o t coup led  w ith  such  a w ell-defined physio logical e v e n t  as is the  e jacu la tio n  o f m ales. 
F u r th e r  d ifferences be tw een  th e  tw o sexes can  be fo u n d  in  1. th e  runn ing-up  cu rv e  o f sexual 
e x c ita tio n ; 2. su b jec tiv e  experience  of th e  o rgasm ; 3. c o n te n t  o f the  orgasm ; 4. d u ra tio n  of 
the  re fra c to ry  p e rio d  follow ing orgasm ; 5. sen sa tio n  o f sa tis fac tio n  caused b y  co n secu tiv e  
orgasm s. F em ale  o rgasm  p re su m ab ly  tak es p lace e n tire ly  w ith in  the  nervous sy s te m , a n d  its 
m echan ism  is o f psycho log ical n a tu re .

A t th e  end  o f th is  c h a p te r  th e  a u th o r describes som e ow n experim ents to  d e m o n s tra te  
th e  d ifferences in  th e  re ac tio n s  o f th e  tw o sexes. T he e m o tio n a l and  au tonom ic re a c tio n s  evoked  
b y  p sy ch o sex u al s tim u la tio n  by  m eans of sex film s a n d  d iap o sitiv es are co m p ared  in m ale 
and  fem ale g ro u p s. T he re su lts  re fu te  th e  m y th  p ro p a g a te d  even  to d ay  concern ing  th e  u n lik e  
c h a ra c te r  o f p sy ch o sex u al e x c itab ility  in  th e  tw o sexes. T h e  an tisex u al, dual m o ra ls  o f  c iv ilized  
co u n tries  p u n ish es m ore severe ly  and  suppresses m o re  s tro n g ly  the  sexual m a n ife s ta tio n s  
o f girls th a n  th o se  o f boys o f  sim ilar age. No sexual in te re s t  an d  desire were allow ed to  develop  
in th e  w om an; m o st girls o f th e  trad itio n a l e d u ca tio n  becam e frigid. The m o th e r  opposing  
sex u a lity  d am ag es th e  se x u a lity  of her son, w hich  lea d s  to  hom osexuality  an d  o th e r  d is tu rb ­
ances o f sex u a l b e h av io r; a n d  she passes her ow n f r ig id ity , her own em otional im m a tu r i ty  
to h e r d a u g h te r .

C h ap te r  3 describes th e  in v estig a tio n s p e rfo rm e d  w ith  sociological m e th o d s  of 
V. S ig u s c h , G. Sc h m id t  a n d  H . Gie s e . The basis o f se x u a l sociology has been la id  dow n  by 
A. C. K in s e y  in  h is book on A m erican  sexual b e h av io u r . A fter K in se y , co m p reh en s iv e  in ­
v e s tig a tio n s  h av e  been  s ta r te d  also in E urope; in  1953 L. F r e id e b u r g  p u b lish ed  th e  re su lts  
o f a  G erm an  analy sis  sim ila r to  th e  K in se y  re p o rt. S ig u s c h  th en  describes th e  sex u a l b e h a v i­
o u ra l p a tte rn s  o f th re e  c lasses o f society, based  on a n a ly se s  perform ed on w o rk ers  a n d  u n i­
v e rs ity  s tu d e n ts  be tw een  th e  age of 20 and  21 as well as o n  secondary  class s tu d e n ts  be tw een  
16 a n d  17 y ears  o f  age. In v e stig a tio n  of th e  la t te r  age  g ro u p  is of special s ig n ificance  since 
y o u th  to d a y  also w ittin g ly  em phasizes the  p e cu lia r  ch ara c te ris tic s  of th e  t ra n s it io n  from  
ch ildhood  to  ad u lth o o d . T h e  special cu ltu re  o f th e  y o u n g , th e ir  con ten tions a n d  sy s te m  of 
va lue  fo rm  th e  so-called  “ y o u th  cu ltu re” , the  sex u a l s ta n d a rd s  o f w hich are desc rib ed  in  d e ta il.

T he closing p a r t  o f  th e  book deals w ith  sex u a l d ev ia tio n s ; it is the  com m on  w o rk  of 
G. Sc h m id t , E . S ch orsch  an d  V. S ig u sc h . S c h o r sc h  ou tlin es the  re la tio n sh ip  o f sexual 
d ev ia tio n s  a n d  th e  g en era l a tt i tu d e  to  illness as fo llow s.

1. A ccord ing  to  th e  tra d itio n a l p sy ch ia tric  c o n c e p t an y  dev ia tion  in sex u a l b e h av io u r 
is a b n o rm a l an d  p a th o lo g ica l.

2. A sexual d e v ia tio n  is n o t necessarily  an  a b n o rm ity  or illness b u t, f i r s t  o f a ll, such 
a ra re  b e h av io u r w hich  o ffends th e  m oral law s o f th e  society .

3. Som e sex u a l d ev ia tio n s  are only v a r ia n ts  o f  sex u a l behav iour, w ith  in ta c t  p e rso n ­
a lity .

4. Since sex u a l d e v ia tio n  does no t necessarily  m ean  a p sy chopatho log ica l sy n d ro m e , 
th e  m ere ex is ten ce  of a sex u a l dev ia tio n  does n o t m e a n  an  in d ica tio n  for t r e a tm e n t.

5. W hen  th e  in d iv id u a l experiences his sex u a l d e v ia tio n  as an  “ illness” , th is  aw aren ess 
o f  m a la d y  is o ften  a re ac tio n  to  th e  in to lerance  o f  th e  en v iro n m en t, or, th e  m a n ife s ta tio n  
of th e  in te rn a liz a tio n  o f th e  o p era tiv e  m orals.

6. T re a tm e n t o f sex u a l d ev ian ts  should  a im  a t  l ib e ra tin g  the  d ev ia tio n s s e x u a lity  and  
n o t a t  freeing  th e m  from  it.

F in a lly , ta k e n  in to  acco u n t th e  po in ts m e n tio n e d  abo v e , th e  au th o rs  m ak e  suggestions 
fo r a re fo rm  of th e  c rim in al sexual law . T his d e to u r  also show s th a t  th e  b o rd e rs  o f  sexual 
m edicine as an  in d e p e n d e n t b ranch  of science can  be  o u tlin e d  only by  m eans o f a com plex 
ap p ro ach .

T h e  boo k ‘s co n stru c tio n  shows the  a u th o r’s e n d e a v o u r  to bring in h a rm o n y  th e  con­
cep tions o f  p sy ch o p h y sio lo g y , psychoanalysis, d y n a m ic  p sy c h ia try  and  p e rso n alis tic  p sy c h o l­
ogy. A t th e  sam e tim e  it  show s th e  co m plex ity  o f ap p ro ac h in g  sexual p ro b lem atics  a n d  calls 
a tte n tio n  to  th e  p re ju d ice s  o f the  m edical an d  lay  a t t i tu d e .

A . Sta rk
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ACTA P H Y S IO L O G IC  A

TOM 45 - ВЫП. 3 - 4  

РЕЗЮМЕ

ДИСК-ЭЛЕКТРОФОРЕТИЧЕСКОЕ ИССЛЕДОВАНИЕ БЕЛКОВ СЫВОРОТКИ 
МАТЕРИНСКОЙ КРОВИ, КРОВИ ПУПОЧНЫХ СОСУДОВ и околоплодной

жидкости
Г. ТАН, Г. ИЛЛЕИ и И. ЧЕХ

У 25 беременных женщин исследовали диск-элетрофорезом белки сыворотки во 
время беременности и через восемь недель после родов. Кроме того, анализировали состав 
белков амниотической жидкости и крови пупочных сосудов (артериальной и венозной). 
Количественные и качественные изменения, белков материнской крови, имевшие место во 
время беременности, отсутствовали в крови пупочных сосудов, в амниотической жидкости 
и в сыворотке крови той же женщины через восемь недель после родов. Считают, что коли­
чественные изменения белков, характеризующие беременность, сводятся к повышению 
содержания быстрых и медленных постальбуминов и трансферринов. В половине случаев 
в сыворотке материнской крови были обнаружены две белковые фракции (протеин! бере­
менности и протеин2 беременности) в области альфа-2-глобулин, не представленные ни у 
одного вида животных.

ЭФФЕКТ ПРОСТАГЛАНДИНА Е, НА СОСТАВ СВОБОДНЫХ ЖИРОВЫХ КИСЛОТ 
В СЫВОРОТКЕ КРОВИ КРОЛИКОВ

М. Л. МИХАЙЛОВ

Исследовался эффект простагландина Е, на состав свободных жировых кислот в 
сыворотке крови кроликов с помощью газовой хроматографии. Было установлено, что 
уровень ненасыщенных жировых кислот (линолевой, нефтяной и арахидоновой кислот 
повышался. В то же время пропорция насыщенных жировых кислот (за исключением 
стеариновой кислоты) уменьшалась. Результаты обсуждаются на основании известных 
метаболических эффектов простагландина Е,.

ДЕЙСТВИЕ ТЕНОТОМИИ НА СОСТАВ ЛИПИДОВ МЫШЦ С РАЗЛИЧНЫМИ 
БИОЛОГИЧЕСКИМИ ФУНКЦИЯМИ

Л. ХЕЙНЕР, Й. ДОМОНКОШ и М. ВАРГА

Через одну и две недели после тенотомии у крыс исследовали состав липидов тони­
ческой m. soleus, промежуточного типа (содержащей тонические и тетанические волокна) 
m. gastrocnemius и тетанической m. vastus lateralis. Через одну неделю после операцииколи- 
чество триглицеридов и фосфолипидов возросло только в тонических мышцах. Это во­
зрастание было более выражено после двух недель. В это время количество вышеупо­
мянутых липидов возрасло также в мышце промежуточного типа. С другой стороны в те­
танической мышце состав липидов не изменился значительно даже через две недели после 
тенотомии. Количественные изменения фосфолипидов тоже могли быть обнаружены в 
тонической мышце через две недели после тенотомии: возросло содержание жирного 
альдегида холин-фосфатидов и не-холин-фосфатидов. Описанные изменения фосфолипидов 
в тонической мышце после тенотомии могли быть предотвращены выполненной одновре­
менно с тенотомией денервацией.



ВЛИЯНИЕ ПОВЫШЕННОГО ВЕНОЗНОГО ДАВЛЕНИЯ КРОВИ НА 
ВНУТРИПОЧЕЧНУЮ ГЕМОДИНАМИКУ

Г. КЁВЕР, Л. Г. ХАРШИНГ и Л. ХАРШИНГ

В экспериментах на собаках под нембуталовым наркозом было исследовано дей­
ствие повышения венозного давления на внутрипочечную циркуляцию крови. Венозное 
давление повышали до 30 мм рт. ст. путем частичного пережатия вены на левой стороне 
почки. Общий ренальный кровоток (TRBF) измерялся путем сбора вытекающей крови. 
Почечный, кортикальный и медуллярный кровоток измерялись экстракцией Rb из ткани 
(Rb—RBF). TRBF не изменялся, в то время как Rb— RBF уменьшался пропорционально 
уменьшению разницы артериально-венозного давления. Причем снижение кровотока, в ме­
дуллярном веществе было большим, чем в кортикальном. В контроле не было обнаружено 
такой разницы между TRBF и Rb—RBF. Было также установлено снижение OFR, коли­
чества мочи и выделения натрия. Как показала экстракция Rb, редукция кровотока может 
объясняться перераспределением крови из нутриционных капилляров в ненутриционные. 
Калькуляция сопротивления сосудов позволило предположить, что перераспределение 
кровотока может быть локализовано, главным образом, в постгломерулярном сегменте 
юкста-медуллярной циркуляции.

ВЛИЯНИЕ ГИПОКСИИ НА ТЕРМОРЕГУЛЯТОРНУЮ ТЕПЛОПРОДУКЦИЮ И 
ТЕМПЕРАТУРУ ТЕЛА У НОВОРОЖДЕННЫХ И МОЛОДЫХ МОРСКИХ СВИНОК

М. ФАРКАШ и С. ДОНХОФФЕР

На морских свинках в возрасте менее чем 48 часов, 3—6 дней, 7—9 дней, 10—20 дней 
и 30— 60 дней при внешней температуре (Та) 20°С исследовали изменение температуры в 
толстом кишечнике (Та) и теплопродукции (V02), выдерживая животных при 12% 0 2 и при 
8% 0 2. Для сравнения использовались данные, полученные в аналогичных условиях на 
взрослых морских свинках. Экспозиция при 12% 0 2 не вызывала изменений V02 ни в 
одной из возрастных групп животных, однако после окончания экспозиции величина V 02 
значимо возрастала в группах от 7 дней. При экспозиции 12% 0 2 средние величины из­
менений теплопродукции (/102), зарегистрированных в отдельных наблюдениях, показали 
значительное повышение теплопродукции в группах 3—6 дней и 7—9 дней. Было устано­
влено, что распределение А  О, при экспозиции 12% 0 2 статистически отличается у групп 
животных в возрасте менее 10 дней от более старших возрастных групп. И наоборот, при 
экспозиции 12% О, имелось значительное снижение Тс во всех возрастных группах. Эта 
реакция была менёе выражена в группах 3—6 и 7—9 дней по сравнению с младшими и 
старшими группами животных. Во всех возрастных группах Т2 возрастала в высшей сте­
пени значимо после окончания экспозиции. Распределение А Т С в возрастных группах 
3—6 дней и 7—9 дней значимо отличалось от такого в группах менее чем 48 часов, 10—20 
и 30— 60 дней, но не было обнаружено различий в распределении А Т С между тремя послед­
ними возрастными группами. При экспозиции 8% 0 2 как Тс, так и V02 снижались в высшей 
степени значимо. После окончания экспозиции V 02 возрастал выше предэкспозиционного 
уровня. Также имело место быстрое сопутствующее возрастание Тс. При экспозиции 
животных в 8% О, .:1VО, была значительно меньше в двух самых младших группах, чем в 
старших группах новорожденных. Распределение А  0 2, вычисленное для трех младших 
групп, взятых вместе, отличалось от такового в общей группе новорожденных от 10—20 
дней и от 30—60 дней. Наибольшая А Т С наблюдалась при экспозиции 8% 0 2 и была почти 
одинаковой в возрастных группах менее чем 48 часов и в группе 10—20 дней, обе из кото­
рых значимо отличались от других возрастных групп. В последующие за окончанием 
экспозиции 15 мин А Т С была значимо выше в самой младшей группе, чем в других. В дру­
гих группах новорожденных величина А Т С была идентичной, несмотря на то, что во время 
предшествующей гипоксии имело место ее падение, и уровень Тс к моменту окончания 
гипоксии значительно отличался в этих группах. В противоположность крысам и кроли­
кам, у которых отличия между новорожденными и возрослыми животными имеют тенден­
цию к постепенному стиранию, у морских свинок А Т С животных в возрасте менее чем 48 
часов напоминает таковую в группе 10—20 дней гораздо больше, чем в группах 3—6 или
7—9 дней. Терморегуляторная система по-разному реагирует на холод и гипоксию во



время неонатального периода. Тогда как падение Тс в ответ на холод было меньшим в 
возрасте менее чем 48 часов, падение Тс в ответ на гипоксию было значительно большим 
чем в группах животных в возрасте 3—6 и 7—9 дней.

ДЕЙСТВИЕ ФИЗИОЛОГИЧЕСКИХ ДОЗ ВАЗОПРЕССИНА И ОКСИТОЦИНА НА 
ИЗБЕГАТЕЛЬНОЕ И ИССЛЕДОВАТЕЛЬСКОЕ ПОВЕДЕНИЕ КРЫС

X. ШУЛЦ, Г. КОВАЧ и Г. ТЕЛЕГДИ

Было изучено действие малых доз вазопресснна (30 мЕд,кг) и окситоцина 
(30 мЕд кг) на активное и пассивное избегания и на исследовательскую активность. Ни 
вазопрессин, ни окситоцин не оказывали какого-либо влияния на выработку активного 
избегания, в то же время его угашение задерживалось вазопрессином и ускорялось под 
влиянием окситоцина.

Анализ реакции пассивного избегания электрошока (PSAR) позволил установить, 
что вазопрессин укорачивает PSAR в повторных испытаниях. Окситоцин не оказывал 
влияния на PSAR. Исследование поведения «открытого поля» показало, что вазопрессин 
значительно снижал только величину дефекации.

ВЛИЯНИЕ ПОВРЕЖДЕНИЯ RAPHE СРЕДНЕГО МОЗГА НА ДНЕВНЫЕ И 
ВЫЗВАННЫЕ СТРЕССОМ ИЗМЕНЕНИЯ СОДЕРЖАНИЯ СЕРОТОНИНА В 
ОТДЕЛЬНЫХ ОБЛАСТЯХ ЛИМБИЧЕСКОЙ СИСТЕМЫ И НА ФУНКЦИЮ 

АДРЕНАЛОВОЙ СИСТЕМЫ У КРЫС

И. ВЕРМЕШ, Г. ТЕЛЕГДИ и К. ЛИШШАК

На животных с повреждением raphe среднего мозга определялся уровень серотонина 
в среднем мозге, гиппокампе, своде, миндалевидном ядре и гипоталамусе, а также содер­
жание кортикостерона плазмы в 8, 16 и 24 часа.

Последующее электролитическое повреждение ядер raphe среднего мозга привело к 
исчезновению дневных колебаний содержания серотонина в мозге и кортикостерона плаз­
мы. Уровень серотонина снизился на 50—75% во всех исследованных областях мозга, а 
уровень кортикостерона плазмы увеличился примерно в три раза, по сравнению с обычным 
утренним уровнем.

Стрессовая реакция на эфир и электрический шок у животных с повреждением raphe 
среднего мозга были облегчены и возращение к исходящему уровню — замедлено. Уровень 
гипоталамического серотонина был более низким, чем у контрольных, и не изменялся на 
стресс.

Работа позволяет предположить, что ядра rap h e  среднего мозга ответствены за рит­
мические колебания содержания серотонина в лимбической системе, которая находится в 
реципрокной связи с гипофизарно-надпочечниковой системой.

УРОВЕНЬ 3Н-МЕЛАТОНИНА В ЦЕРЕБРОСПИНАЛЬНОЙ ЖИДКОСТИ И 
СОСУДИСТОМ СПЛЕТЕНИИ ПОСЛЕ ВНУТРИВЕННОГО ПРИМЕНЕНИЯ 

РАДИОАКТИВНЫХ СОЕДИНЕНИЙ

Б. МЕШШ и Г. П. ТРЕНТИНИ

Взрослым самцам крыс внутривенно вводили 3Н-мелатоннн и ;‘Н-М-ацетил- 
серотонин (NAS). В различные интервалы времени от 1 мин до 12 часов измеряли радио­
активность цереброспинальной жидкости (CSF), плазмы, сосудистого сплетения, гипо­
таламуса и среднего мозга. Была обнаружена высокая активность CSF. Пик активности 
наступал через 5 мин после инъекции, но значительная активность имела место и через 12 
часов. Активность ткани сосудистого сплетения (на 100 мг) была в 3— 12 раз выше, чем



остальных тканей мозга. Как показала перфузия мозга физиологическим раствором, высо­
кий уровень радиоактивного мелатонина в сосудистом сплетении не был связан с содержа­
нием крови органа. Подобно мелатонину 3H-NAS имел одинаковую концентрацию в 
сосудистом сплетении и в CSF.

Делается заключение, что сосудистое сплетение поглощает индоламины из крови и 
выделяет их в CSF.

АКТИВНОСТЬ CORPUS STRIATUM КОШКИ ВО ВРЕМЯ ЕСТЕСТВЕННОГО 
СНА; КОРРЕЛЯЦИОННЫЙ АНАЛИЗ

А. ШАРКАДИ, Д. Т. ТРАМ АН, А. НАДЬ и И. ТОМКА

На 9 кошках в условиях хронического эксперимента проводили авто- и кросс- 
корреляционный анализ активности сенсомоторной коры (Мс), вентрального заднела­
терального ядра (VPL) и вентролатерального ядра (VL) таламуса, каудатум (Саи), бледного 
шара (GP) и подушки (Pu) во время естественного сна.

Частота веретенообразных волн во время поверхностного и медленно-волнового сна 
была 12— 17 кол/сек в сенсомоторной коре и в двух ядрах таламуса, от 10 до 15 кол/сек в 
бледном шаре и от 9 до 12 кол/сек в каудатум. Активность подушки характеризовалась до­
вольно стабильной частотой и амплитудой как при бодрствовании, таки во время медленно­
волновой стадии сна.

Было обнаружено, что в каждой из исследованных структур при всех состояниях 
медленный и быстрый компоненты активности значительно отличались по их силе и связи. 
Практически, только в Мс имела место доминантная медленно-волновая активность 2 —3 
кол/сек. Изменения активности Мс и VPL были однотипными при различных состояниях, 
в то же время активность VL была похожей на активность первых двух структур а также 
на активность с. striatum. Во время REM-стадии сна была зарегистрирована идентичная 
активность VL, Cau, ОР и Pu. VPL и VL активности обычно были синхронными с активнос­
тями других структур, фазовые отношения обычно были постоянными или изменялись 
незначительно. Фазовые отношения активностей GP, Саи, и Pu почти всегда были вза­
имосвязаны и изменялись однонаправленно по мере углубления сна. Наименьшие значе­
ния показателя взаимной согласованности активностей различных структур, особенно 
с. striatum, наблюдались во время SWS-стадии в механизмах сна

Обсуждается возможное функциональное значение веретено-образной волновой 
активности, медленных волн и базальных ганглиев в сна.

ВЛИЯНИЕ ИНГИБИТОРОВ ХОЛИНЭСТЕРАЗЫ НА ЧУВСТВИТЕЛЬНОСТЬ МЫШЕЙ
К ПЕНТЕТРАЗОЛУ

Л. ДЬЁРД Ь и М. ДОДА

Физостигмин и параоксон увеличивают чувствительность мышей к пентетразолу в 
то время как неостигмин уменьшает ее. Малые дозы оксотреморина усиливают действие 
пентетразола, а большие — тормозят.

Антихолинергические средства атропин и мекамиламин тормозят облегчающее 
судорожную готовность действие физостигмина. Аналогичным эффектом обладают инги­
биторы аминоксидазы ниаламид и транилципромин.

ЭФФЕКТ ДРОПЕРИДОЛА НА ЭЛЕКТРИЧЕСКУЮ АКТИВНОСТЬ КЛЕТОК
ПРЕДСЕРДИЯ КРОЛИКА

Д. ГАРЦИА-БАРРЕТО и И. ПОЛУНИН

Электрическая активность ткани правого предсердия кролика зарегистрировалась 
внутриклеточными электродами при действии нейролептического агента дроперидол. Было 
установлено, что продолжительность потенциала действия, dV/dt, сокращалась, частота 
разрядов снижалась и сердце останавливалось после длительного влияния вещества. Ампли­



туда диастолической деполяризации и «overshoot» уменьшались в скрытых «pacemaker» 
клетках. Противоположно, в настоящих «pacemaker* клетках амплитуда повышалась, 
и соединение не оказывало влияния на их автоматизм.

Результаты показывают, что высокая концентрация или длительное влияние дро- 
перидола вызывает блокад импульсов, генерированных в синусном узле.

ДЕПОЛЯРИЗУЮЩЕЕ ВЛИЯНИЕ ВЕРАТРИНА НА СКЕЛЕТНУЮ МЫШЦУ

Е. ВАРГА, И. ГЕСТЕЙИ и  М. ДАНКО

Механизм деполяризующего действия вератрина исследовался на портняжной 
мышце лягушки.

1. После удаления внеклеточных ионов хлорида вератрин продолжал оказывать 
деполяризующее действие на мышцу.

2. После удаления внеклеточного калия 0,1 мМ вератрина не вызывал деполяриза­
ции в течение 2 — 3 часов наблюдения, а если вызывал, то только в течение значительно 
более долгого периода времени, чем в растворе Рингера, содержащем 2,5 мМ калия.

3. Деполяризующее действие 0,1 мМ вератрина не проявлялось в гипертонических 
растворах различного состава (обычный раствор Рингера +  150 мМ NaCI; обычный 
раствор Рингера +  300 мМ сахарозы; обычный раствор Рингера +  300 мМ глюкозы) 
несмотря на то, что в этих условиях функция генерации спайков не нарушалась.

4. Единичный электрический стимул, примененный в соответствующую фазу ла­
тентного периода между аппликацией вератрина и развитием деполяризации мог послу­
жить триггером появления вератриновой деполяризации.

ДЕЙСТВИЕ И СРОДСТВО К ХОЛИНОРЕЦЕПТОРАМ СКЕЛЕТНЫХ МЫЩЦ 
СОЕДИНЕНИЙ ПОЛИМЕТИЛЕНА-БИС-ТРИМЕТИЛАММОНИУМА

А. Ф. ДАНИЛОВ и В. В. ЛАВРЕНТИЕВА

1. На прямой мышце живота лягушки исследовали действие аналогов полиметиле 
на-бис-триметиламмониума (ВТМ), содержащих отЗ до 20 метиленовых групп между двумя 
атомами азота. Определяли тип действия, активность и константу сродства (Ка) соеди­
нений.

2. Была установлена связь между типом действия соединений на скелетную мышцу 
и между константой сродства к ацетилхолиновым рецепторам. Соединения с низким зна­
чением Ка (ВТМ-4 —ВТМ-6; Ка =  3,3— 10X Ю3) оказались слабыми антагонистами, соеди­
нения со средним значением Ка (ВТМ-7 —ВТМ-14; Ка =  3,3х 104—2,1х 10“) были частич­
ными агонистами, а соединения с высоким значением Ка (ВТМ 15 - ВТМ-20; Ка=  6,7х 10“ — 
2,9x10’) действовали, как строгие антагонисты. Константу сродства агониста ВТМ-3 не 
определяли.

3. Результаты показали, что любое соединение ВТМ, которое достаточно прочно 
связывается с рецептором вызывает ацетилхолиноподобный эффект. Другими словами, 
константа диссоциации комплекса агонист-рецептор должна быть близка к оптимуму. 
Соединения, легко образующие комплекс вещество-рецептор являются строгими антаго­
нистами, в то время как соединения со слабым сродством — слабые антагонисты.

4. Обсуждается механизм, посредством которого константа сродства изменяет тип 
действия соединения на ацетилхолиновый рецептор.

ЭСТРОГЕНСОДЕРЖАЩИЕ ОРАЛЬНЫЕ КОНТРАЦЕПТИВЫ И АКТИВНОСТЬ
АНТИТРОМБИНА III

И. РАКОЦИ, И. НАДЬ, И. СИГЕТВАРИ, X. ЛОШОНЦИ, Й . ХАДНАДЬ и И. ГАТИ

Было исследовано 67 женщин, принимавших орально контрацептивы различного 
состава, и полученные данные сравнивали с данными здоровых женщин. Эстрогенсодер­
жащие контрацептивы вызывали снижение антитромбина III (AT III). Такое снижение



более часто встречалось у женщин, принимавших пилюли с высоким содержанием эстро­
гена (100 мкг) и было более последовательным если для анализа использовали сыворотку 
крови в присутствии гепарина. Это явление может быть использовано как демонстра­
ционный метод, вскрывающий тенденцию к снижению активности AT III. Само по себе 
снижение AT III активности не обязательно обозначает тромбоэмболическую болезнь, но в 
присутствии других предрасполагающих факторов может послужить в качестве одной 
из важных причин тромбоза.

КОЛИЧЕСТВЕННАЯ РЕГИСТРАЦИЯ ВРАЩЕНИЯ, ВЫЗВАННОГО 
И Л И  ПОТЕНЦИРОВАННОГО АМФЕТАМИНОМ У КРЫС ПОСЛЕ 

о д н о с т о р о н н е г о  ПОВРЕЖДЕНИЯ МОЗГА

И. САБО и Л. НЕМЕТ

Описан аппарат для количественной регистрации поведения вращения у крыс, 
вызванного лекарственными веществами или электрической стимуляцией мозга. Аппарат 
дифференцирует направление ротации и осуществляет полную регистрацию поведения 
вращения, что устраняет необходимость визуального наблюдения. Его электронная часть 
состоит из логических схем, выпускаемых промышленностью.

О БЛ Е Г Ч Е Н И Е  НИКОТИНОМ РЕФЛЕКСА ИЗБЕГАНИЯ: ФУНКЦИЯ 
ИНДИВИДУАЛЬНОЙ СПОСОБНОСТИ К УЧЕНИЮ

Й. И. СЕНЕЙ, Й. БОРШИ и И. КИРАЙ

На крысах с выработанным в специальной клетке (Shuttle-box) с автомати­
ческим управлением избегательным рефлексом исследовался вопрос влияния введения 
никотина на протекание обуславливания. Перед введением никотина животные были 
разделены на хорошо и плохо обучавшиеся подгруппы по результатам первого дня тре­
нировки. Никотин в дозе 0,05 мг/кг не оказал значительного влияния. В то же время 
такие дозы препарата, как 0,10—0,20 мг/кг облегчали появление условнорефлекторных 
ответов в группе хорошо обучавшихся животных.

САМОРАЗДРАЖЕН ИЕ И АДРЕНОКОРТИКАЛЬНАЯ АКТИВНОСТЬ У МОЛОДbIXj
КРЫС

Г. ХАРТМАНН, М. Ф ЕКЕТЕ и К. ЛИШШАК

Изучены ответ на стресс и самораздражение у крыс в возрасте от 12 до 17 дней. 
Стрессоры, как введенный внутрибрюшинно гистамин (4 мг/кг веса тела), или электри­
ческий удар на ноги, через 20 мин повышали уровень кортикостерона в плазме у крыс, 
старше 15 дней. Самораздражение можно было помучить биполярными электродами в ме­
диальном пучке переднего мозга (MFB) только с 14- 15-ого дня жизни. 20-минутное само­
раздражение у крыс в возрасте от 15 до 17 дней, и 20-минутная пассивная электри­
ческая стимуляция MFB с подобными импульсными параметрами, значительно повышали 
уровень кортикостерона в плазме у животных в возрасте от 12 до 14 дней. Так как, как 
ответ на стресс, так и самораздражение, появлялись в том же возрасте, авторы предпо­
лагают, что мозговые структуры, и, главным образом, связи между стволом мозга и гипо­
таламусом, включенные в организацию стрессового ответа и самораздражения, частично 
те же, или они показывают параллельное постнатальное развитие. Прямое эле­
ктрическое раздражение гипоталамических структур может активировать гипоталамо- 
гппофизарно-адреналовую систему и в возрасте от 12 до 14 дней.
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