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It  was shown prev ious ly  that  in r a t s  of the s a m e  population t he r e  a r e  cons iderable  d i f ferences  in the level  
of initial alcohol consumption and,under the influence of s t r e s s o r s , b o t h  the n u m b e r  of individuals p r e f e r r i n g  
alcohol and the doses  of alcohol consumed by an imals  with a m a r k e d  initial p r e f e r ence  for  it a r e  i nc rea sed  
[2, 3, 6]. However ,  the m e c h a n i s m  of this phenomenon has not been explained. At the s ame  t ime,  alcohol is 
known to modify  the r eac t iv i ty  of  the neurochromonal  t r i g g e r  component  of the s t r e s s  reac t ion ,  namely  the 
hypothalamico-hypophyseal  n e u r o s e c r e t o r y  sys t em (HHNS) [7]. 

Accordingly,  to study the ro le  of cent ra l  s t r e s s - r e a c t i v e  m e c h a n i s m s  in the development  of an inclination 
for  alcohol,  it was decided to compare ,  in the s a m e  exper iment ,  individual at t i tudes of an animal  toward  a lco-  
hol with the reac t iv i ty  of i ts  HHNS under  ex t r ema l  conditions, md the r e su l t s  of this invest igat ion a re  desc r ibed  
below. 

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 60 noninbred ma le  albino r a t s  weighing 200 �9 10 g, kept eight  in a cage, 
under  o rd ina ry  animal  house conditions. To de te rmine  the init ial  atti tude of the an imals  toward  alcohol, they 
were  kept for  10 days in spacious individual cages  in which they had f ree  a cce s s  to food and to two graduated  
feeding bowls containing 5% ethanol solution and water .  The quantitative c r i t e r ion  of choice was the so -ca l l ed  
coeff icient  of alcohol p re fe rence ,  o r  the ra t io  between the volmne of alcohol solution consumed daily by the 
animal  and the total  volume of alcohol solution and wa te r  consumed during the s ame  per iod.  Animals  s t a t i s t i -  
ca l ly  significantly p r e f e r r i n g  alcohol o r  wa te r  were  se lec ted  for  the r e m a i n d e r  of the exper iment .  As an ex-  
t r e m a l  fac tor  for  a s s e s s m e n t  of  individual r eac t iv i ty  of  the HIHNS of  the se lec ted  an imals  hypo thermia  was 
used; m o r e  than all o ther  ex t r em a l  s i tua t ions ,hypothermia  can induce pathological  changes connected with an 
inadequate r e sponse  of the hypotha lamico-hypophysea l  sy s t em [1]. F o r  this  purpose ,  on the 2nd day of the 
expe r imen t ,  a f t e r  m e a s u r e m e n t  of the i r  r ec ta l  t e m p e r a t u r e ,  the se lec ted  an imals  we re  placed in r e s t r a i n t  
cages ,  r e s t r i c t i n g  the i r  m o v e m e n t s  cons iderably ,  and these  were  p laced  in a da rk  t e m p e r a t u r e - c o n t r o l l e d  
c h a m b e r  with a t e m p e r a t u r e  of -4~  during the per iod  of daylight (from 10 a .m.  to 4 p .m.) .  The an imals  
were  r emoved  a f t e r  1 and 6 h, t he i r  t e m p e r a t u r e  was again de te rmined ,  a f t e r  which they were  decapi ta ted.  
Equal  number s  of  r a t s  chosen in the f i r s t  pa r t  of the exper imen t  not exposed to cooling and of the group of in-  
t ac t  an imals  (control) we re  decapi ta ted  at the s ame  t ime .  The bra in  and pi tui tary gland were  fixed in Bouin 's  
fluid and 96% ethanol solution and embedded in paraff in  wax. Sections (5-7 p) were  s ta ined with pa ra ldehyde-  
fuchsine by the G o m o r i - G a b e  method  and with toluidine blue by N i s s l ' s  method.  The s tate  of the I-IHNS was 
a s s e s s e d  quanti tat ively on the bas i s  of the usual  his tophysiological  c r i t e r i a :  the number  of neurons  containing 
different  amounts  of n e u r o s e c r e t o r y  m a t e r i a l  in the supr~aoptic and pa r aven t r i cu l a r  hypothalamic nuclei (SON 
and PVN respec t ive ly)  [4] and the quantity of  neu rosec re t i on  in the median  eminence  (ME) and in the pr inc ipa l  
p o s t e r i o r  lobe (PPL) of the neurohypophysis ,  in conventional units on a f ive-point  sy s t em [5]. 
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TABLE 1. Ef fect  of  Hypothermia  (-4~ on P e r c e n t a g e  of  Different  Types  of Neurons  in Hypo-  
thalamic  N e u r o s e c r e t o  W Nucle i  o f  Rats Pre ferr ing ,  under Condit ions of  F r e e  Choice ,  5% 
Ethanol Solution (A) o r  Water (W) (M �9 m; n =  5) 

Type of neuron 
Intact i 
animals 
(control) 

Experimental animals 

before cooling after cooling for I h after co0iing for 6 h 

A I w A I w A I w 

la 
lb 
lc 
2 
3 

49,0+_ 5,1 
19,0• 
18,04-1,9 
8,04-1,5 
6,04-1,3 

46,04-4,0 
18,0• 
15,0__1,5 
9,04-1,3 

12,04-2,1" 

Supraoptic nucleus 

50,0:L 5,7 75,04- 5,2" 
21,0=t=3,2 5,04-1,6" 
13,04-2,5 1,0• 
9,04-1,1 0 
7,04-1,7 19,04-2,1" 

65,04-4,2* 
27,04-2,45 
3,0• * 

0 
5• 1,7 "1" 

42,0--+6,0 
3,04-1,5" 

0 
0 

55,04-5,1" 

70,04-4,25 
I3,0• 
5,04-0,85 

0 
12,04-0,85 

la 
lb 
1B 
2 
3 

25,04-2,8 
45,0-+-3,6 
20,04-2,8 

5,04-1,7 
5,0+_0,8 

Paraventricular nucleus 

29,0• 
42,04-2,7 
t8,04-3,0 
2,0• 
9,0__ 1,7 

26,04-2,5 
46,04-2,1 
16,0• 
5,0• 1,1 
7,04-0,8 

68,0• 
23,0• 
2,0_+1,5" 

0 
7,04-2,1 

47,04-4,2 $ 
32,04-2,9 
11,04-2,1 
2,04-0,4 ~ 
8,O4-1,7 

45,0___4,9* 
7,04-3,0* 

0 
0 

48,0___4,2" 

62,0• ~" 
15,0• 1,3 :I: 
9,0• 

0 
14,0• 

*Di f f erences  compared  with control  s ignif icant (P-<0.05). 
t D i f f e r e n c e s  for  c o m p a r i s o n  of  A and W under these  exper imenta l  condit ions s ignif icant (P-< 
0.05). 
~Di f f erences  for c o m p a r i s o n  with control  and between A and W signif icant  (P -< 0.05). 
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Fig. I Fig. 2 

Fig. I. Body temperature of rats preferring (unshaded col- 
umns) and rejecting (shaded columns) alcohol, studied after 
exposure to hypothermia (-4~C) for 6 h. Ordinate: above) 
coefficient of preference for alcohol, below) body temperature. 

Fig. 2. Content of neurosecretory material in PPL of neuro- 
hypophysis of rats with preference (black column) and aversion 
(obliquely shaded columns) for alcohol, investigated after ex- 
posure for 1 and 6 h to hypothermia (-4~ Index for intact 
animals  (unshaded column) taken as  100%. A b s c i s s a ,  t ime;  
ordinate ,  quantity of  n e u r o s e c r e t o r y  mater ia l .  

E X P E R I M E N T A L  R E S U L T S  

The re su l t s  showed that an imals  which, if  a l lowed free  choice ,  pre ferred  e i ther  a lcohol  or  water,  differed 
in thoir  r e s i s t a n c e  to hypothermia .  There  is  a dist inct  rec iproca l  re lat ionship  between the degree  of  pre f -  
e r e n c e  of  the an imals  for a lcohol  and their  ability to maintain  t empera ture  h o m e o s t a s i s  under condit ions of  
hypothermia  (Fig.  1). 

When the s tate  of  the HHNS of  the exper imenta l  rats  was studied under these  exper imenta l  condit ions  
the fol lowing re su l t s  w e r e  obtained.  No s ignif icant  d i f ferences  w e r e  found in the morpho log ica l  picture of  the 
HHNS in animals  with pre ference  and avers ion  for a lcohol ,  when tes ted  immedia te ly  after  10 days'  f reedom of  
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choice between 5% ethanol solution and water  (Table 14 Fig .  2). The s tate  of the HHNS of these  animals  l ike -  
wise did not differ  s ignif icantly f rom that  of the in tact  an imals  of  the control  group.  The only exception was 
a significantly l a r g e r  number  of dystrophic  type 3 neurons  in SON of r a t s  p r e f e r r i n g  alcohol.  

In r a t s  invest igated a f t e r  exposure  to hypothermia  for  different  t imes ,  cons iderable  changes were  ob-  
s e r v e d  in the morphologica l  picture  of the HHNS, evidence that  this  e x t r e m a l  f ac to r  has  a s ignif icant  ef fec t  on 
i ts  functional act ivi ty.  F o r  instance,  by compar i son  with an imals  not exposed  to hypothermia ,  a cons iderable  
dec rease  in the quantity of  neurohormones  deposited in ME and P P L  was found in r a t s  studied 1 h a f te r  i n t ro -  
duction into a constant  t e m p e r a t u r e  cham be r  at - 4 ~  as  r e f l ec t ed  in a reduct ion in the quantity of  n e u r o s e c r e -  
t o ry  m a t e r i a l  s tained with para ldehyde-fuchsine;  the difference was quanti tat ively m o r e  m a r k e d  in the animals  
p r e f e r r i n g  alcohol (Fig. 2). In SON of the an imals  exposed to hypothermia ,  a cons iderable  inc rease  was ob-  
s e rved  in the number  of  type la neurons act ively  secre t ing  neurohormones ,  and a sharp  dec rease  or  even the 
vi r tual  d i sappearance  of  neurons  of types  lc  and 2, c h a r a c t e r i z e d  by a high content of n e u r o s e c r e t o r y  m a t e r i a l  
as an index of predominance  of neurohormone synthesis  ove r  secre t ion .  However ,  whereas  in animals  p r e -  
f e r r i ng  alcohol, in addition to the  changes desc r ibed  above, the re  was also a dec rease  in the number  of type 
lb  neurons ,  c h a r a c t e r i z e d  by a high level  of both synthesis  and secre t ion  of neurohormones ,  in the r a t s  with 
avers ion  fo r  alcohol the number  of these cel ls  not only was not reduced,but,  on the con t ra ry ,  it was actual ly  
higher than in the intact  an imals .  Meanwhile, in SON of the r a t s  with p re fe rence  for  alcohol,  a cons iderable  
number  of type 3 neurons with dystrophic  f ea tu res  cha r ac t e r i s t i c  of functional exhaust ion of the n e u r o s e c r e t o r y  
p roce s s ,  appeared.  The r e sponse  of PVN under  these  conditions was m a r k e d  only by act ivat ion of sec re t ion  of 
neurohormones ,  which was e x p r e s s e d  as a m a r k e d  inc rease  in the number  of type la  neurons among them and 
a cor responding  dec rease  in the number  of other  types of cel ls .  However ,  indices cha rac te r i z ing  the intensi ty 
of  this p r o c e s s  were  significantly higher under these  conditions in an ima l s  p r e f e r r i n g  alcohol than in r a t s  
p r e f e r r i n g  wate r .  

Even m o r e  m a r k e d  d i f fe rences  in the reac t iv i ty  of  HHNS were  found in an imals  p r e f e r r i n g  alcohol and 
wa te r  a f t e r  exposure  to hypo the rmia  for  6 h. Under these  conditions, in the P F L  of r a t s  with p r e f e r ence  for  
alcohol,  against  the background of m a r k e d  congest ion of the blood v e s s e l s ,  only single endings of f ibers  of the 
hypotha lamico-hypophysea l  t r a c t  containing palely s ta ined granules  of n e u r o s e c r e t o r y  m a t e r i a l  could be found. 
In the endings of f ibe r s  t e rmina t ing  in ME,  no granules  of n e u r o s e c r e t o r y  m a t e r i a l  vis ible  by l ight -opt ica l  
methods  could be seen .  In P P L  of r a t s  p r e f e r r i n g  water ,  m o s t  endings of f i be r s  of the hypotha lamico-hypo-  
physeal  t r a c t  at this  t ime  of observa t ion  also contained no n e u r o s e c r e t o r y  m a t e r i a .  However ,  a definite amount  
of  s to red  n e u r o s e c r e t o r y  m a t e r i a l  was st i l l  p r e s e r v e d ,  main ly  in the  fo rm of granules  homogeneously  s ta ined 
with para ldehyde- fuchs ine ,  densely  fil l ing the l a rge  and giant endings (Her r ing ' s  bodies) .  Neurons  whose cy to -  
p l a sm contained visible g ranu les  of  n e u r o s e c r e t o r y  m a t e r i a l  were  v i r tua l ly  absent  f rom PVN and, m o r e  e s -  
pecia l ly ,  SON of r a t s  with p r e f e r e n c e  fo r  alcohol.  Mos t  neurons  showed dystrophic  f ea tu res  c h a r a c t e r i s t i c  
of  functional exhaust ion of the n e u r o s e e r e t o r y  p r o c e s s .  The nuclei  of these  ce l l s  were  reduced  in s ize ,  often 
deformed,  and the outl ines of  t he i r  cy top lasm were  indist inct  because  of i ts  w e l l - m a r k e d  vacuolat ion.  Type 
3 neurons  with s i m i l a r  cytological  c h a r a c t e r i s t i c s ,  but f a r  fewer  in number ,  were  found in SON and PVN of 
r a t s  with p r e f e r e n c e  fo r  wate r .  However ,  m a n y  neurons  of  types  lb  and l c ,  continuing to synthes ize  n eu ro -  
ho rmones  act ively,  could be obse rved  side by side with them in these  nuclei .  

It  can thus be concluded f rom these  obse rva t ions  that  under  conditions of hypothermia  the reac t iv i ty  of 
the HHNS of  r a t s  with p r e f e r ence  and avers ion  for  alcohol differs  significantly.  The p re sence  of morphologica l  
f ea tu res  of  rapid  exhaustion of the hormone-syn thes iz ing  function of neurons  in SON and PVN in r a t s  with 
p r e f e r ence  for  alcohol, toge ther  with d i sappearance  of the i r  r e s e r v e s  in the neurohypophysis ,  a r e  evidence of  
the re la t ive ly  low p r o t e c t i v e - c o m p e n s a t o r y  powers  of the HHNS of these  animals .  The d i scovery  of m o r p h o -  
logical  f ea tu res  of continuation of the act ive synthes is  of hypothalamic neurohormones ,  toge ther  with p r e s e r v a -  
t ion of some of the i r  r e s e r v e s  s to red  in the neurohypophysis ,  in r a t s  with p r e f e r ence  for  wa te r  kept under  
s i m i l a r  exper imenta l  conditions, indicates  that  the i r  HHNS p o s s e s s e s  a higher p ro tec t ive  compensa to ry  po-  
tential .  
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Hypoxemia by itself causes neither respi ra tory  discomfort nor excessive hyperventilation in healthy 
subjects. However, both respi ra tory  discomfort and excessive ventilation soon arise during hypoxemia if the 
subject attempts to ca r ry  out physical work [1]. Attempts to explain these phenomena by a change in afferen- 
ration from vascular chemoreceptors have not proved successful.  Hypoxic work does not affect impulsation 
from vascular chemoreceptors [4]. Removal of the carotid sinuses (for bronchial asthma) does not prevent 
the onset of dyspnea and excessive hyperventilation during hypoxic work [5]. 

Physical exertion is induced by impulses from the sensomotor cortex which spread to the somatic 
muscles via the pyramidal t rac t .  It is shown in this investigation that hypoxemia, induced by mechanical as-  
phyxia, disturbs initially the generation of discharges in pyramidal t ract  neurons. This fact is of definite 
interest  for the analysis of how both resp i ra tory  discomfort and excessive ventilation during hypoxemia are 
provoked by physical exertion. 

E X P E R I M E N T A L  M E T H O D  

Experiments were car r ied  out on 11 cats anesthetized with pentobarbital (40 mg/kg, intraperitoneally). 
N. saphenus and n. tibialis were divided in the region of the groin and knee, respectively, andtheirper ipheral  
ends were placed on bipolar platinum electrodes with an interelectrode distance of 5 ram. These electrodes 
served for stimulation. Peripheral  branches of n. saphenus were placed on similar  electrodes for recording 
antidromic action potentials. Responses of the gastrocnemius muscle to stimulation of n. tibialis were r e -  
corded by bipolar wire electrodes, inserted into the thickness of the muscle by means of a surgical needle. 
The distance between the electrodes was 7-10 nun, Pr imary  responses in the f i rs t  somatosensory region of 
the cortex were recorded by monopolar silver ball electrodes.  The indifferent electrode (steel needle) was 
fixed in the nasal bones. Discharges of the bulbar pyramidal t ract  and bulbar medial lemniscus were recorded 
by monopolar needle electrodes,  inserted from the dorsal surface of the medulla at the level of the obex. 
P r imary  cortical responses,  and discharges of the pyramidal t ract  and medial lemniscus were induced by 
stimulation of the contralateral  forelimb. For  this purpose, needle electrodes with an interelectrode distance 
of 10 mm were inserted beneath the skin of the dorsal surface of the foot. The exposed surfaces of the brain, 
nerves,  and muscles were covered with warm mineral oil. Potentials were recorded before the tracheotomy 
tube, introduced beforehand into the animal, was covered and after covering for 1, 2, and 3-4 rain. 
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