
i t s  n o r m a l  inhibi tory effect  on the r e s p i r a t o r y  center .  That is why, despi te  the n o r m a l  composi t ion of the blood 
gases ,  the patient  needs additional s t re tch ing  of the musc les  and additional ar t i f ic ia l  ventilation of the musc le s ,  
which causes  hypocapnia.  The la t te r ,  in turn,  makes  it n e c e s s a r y  to i nc rea se  the hypervent i la t ion st i l l  more .  
However ,  the p r i m a r y  r ea s on  why hypervent i la t ion  is n e c e s s a r y  in pat ients  with p a r a l y s i s  of the r e s p i r a t o r y  
musc l e s  is insuff ic iency of the inhibi tory H e r i n g - B r e u e r  ref lex.  
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Change in the blood cho les te ro l  and t r ig lyce r ide  levels  during se l f - s t imula t ion  and avoidance r e -  
actions were  studied in rabbi ts  of both sexes .  Sel f -s t imula t ion  was accompanied by a significant 
fall in the blood cho les te ro l  and t r i g lyce r ide  levels.  During the avoidance reac t ion  the c h a r a c t e r  
of  changes in the cho les te ro l  level  var ied .  In avoidance reac t ions  of the "aggress ion"  type the 
blood cho les te ro l  was ra i sed ,  whereas  in reac t ions  of  the " fea r"  type it was lowered.  The max i -  
mal  deviat ion of the blood cho les t e ro l  f r o m  its ini t ial  level  in all  types  of  reac t ions  was obse rved  
15-30 rain a f te r  s t imulat ion.  

KEY WORDS: e l ec t r i c a l  s t imulat ion of the hypothalamus;  se l f - s t imula t ion  and avoidance r e a c -  
t ions; lipids. 

In an e a r l i e r  chronic  expe r imen ta l  invest igat ion [8] it was shown that compuls ive  s t imulat ion of the 
emot iogenic  zones of  the hypothalamus through implanted e l ec t rodes ,  giving r i se  to qual i ta t ively different  e m o -  
t ional  behaviora l  r e sponses ,  both negative and posi t ive,  is accompanied  by opposite changes in the blood choles-  
t e ro l  level.  

In the invest igat ion desc r ibed  below, in o rde r  to obtain more  object ive conclusions regard ing  the appea r -  
ance of a posi t ive emot ional  s tate  in the animal ,  the se l f - s t imu la t ion  method was used; according  to most  inves-  
t iga tors ,  this method is a s soc ia ted  e i the r  with the appearance  of an emot ional  s ta te  of  posit ive sign only, o r  with 
predominance  of posi t ive components  in the emot ional  s ta te  [2-5, 15]. The avoidance react ion  was used as the 
c r i t e r ion  of a negative emot ional  s tate.  The c h a r a c t e r  of  changes in the blood cho les te ro l  and, in some cases ,  
the t r ig lyce r ide  levels  we re  invest igated in these  s ta tes .  

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

Exper imen t s  were c a r r i e d  out on 20 adult rabbi ts  of  both sexes  weighing 3-3.5 kg. Bipolar  n ichrome 
e l ec t rodes  0.1 m m  in d i a m e t e r  were  implanted into the brain s t r u c t u r e s  by a r andom method [14] in accordance  
with coordinates  of a s t e reo tax ie  at las  [16]. To obtain a se l f - s t imula t ion  react ion  the e lec t rodes  were inse r ted  
into the region of the l a t e ra l  hypothalamus and media l  fo rebra in  bundle, and to obtain negat ive emot ional  and 
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TABLE 1. 
g lycer ide  Levels  in Rabbits (M ~- m) 

Effect of Self-Stimulation Reaction on Changes in Blood Cholesterol  and T r i -  

Initial 
level 

45,4• 
(30--60) 

11 

Indices of 
lipid metabolism 

Cholesterol, mg~ 

n 
P 

Time oftaking blood after end ofself-stimula~on, min 
3 15 30 60 

33,9• 30,8~3.01 31 ,8 •  38,2• 
(20--50) (20--50,5) (24--50) (30--51) 

II 10 10 l0 
<0,01 <0,01 <0,01 <0,01 

Triglycerides, rag% 

n 
P 

46,36• 
(37--53) 

6 

29,3_2,5 
(23--40) 

6 
<o,ol 

27,7• 
(22--42) 

6 
<O,Ol 

24,2+ 1,0 
(21--28) 

6 
<o,o[ 

30,9"+2,8 
(21--36) 

6 
<021 

Legend. Here and in Table 2, limits of variat ions shown in parentheses .  

behavioral  avoidauce react ions they were inser ted  into the ven t ro-  and dorsomedia l  nuclei of the hypothalamus. 
A sinusoidal current  with a strength of between 10 and 100 ~A and a frequency of between 20 and 60 Hz was 
applied to the e lec t rodes .  

TO teach  self -s t imulat ion skills a s t imula tor  with t ime re lay  [1], giving constant duration of stimulation 
(1 see), was used. To press  the lever  the rabbit used its teeth o r  mouth. 

The avoidance react ion was elicited by the use o f t h e s a m e a p p a r a t u s .  Self-st imulation and avoidance 
sess ions  lasted 30 rain. All the animals took part  in the experiments  for  1 to 2 months. 

Blood f rom the marginal  vein of the ea r  was taken in some cases  before and 3 min after  the end of s t im-  
ulation, and in o ther  cases  3, 15, 30, and 60 rain after  stimulation. The blood cholesterol  concentration was de- 
te rmined by the method in [11] and the t r ig lycer ides  as in [12, 13]. 

To ver i fy  the location of the electrode tips morphological ly the brain was fixed in 10% formalin solution. 
Sections were stained by Niss l ' s  method. 

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

Three typos of react ions were observed during self -s t imulat ion in the rabbits. In some cases  there  was 
only a se l f -s t imulat ion reaction,  in others  a sel f -s t imulat ion react ion accompanied by a food response and, 
finally, relat ively weak sel f -s t imulat ion with a predominant food response.  

The avoidance react ion appearing in the rabbits  af ter  compulsory  contact with the lever  as a ru le  was 
mixed in charac ter ,  as o ther  workers  also have found [4]. Never theless ,  two types of negative emotional  and 
behavioral  reactions could be distinguished: "fear"  and "aggress ion."  Whereas  during a nfearn react ion the 
rabbits usually t r ied to hide in the corner  o r  to squeeze against the floor, in the "agress ion"  reaction the ani- 
mals behaved actively: They s tamped on the floor with the i r  hind limbs, uttered threatening sounds and, when 
the provoking object was shown to them they pounced on it, and even after the end of e lec t r ica l  stimulation, for 
a long t ime they remained in a state of excitation - they stamped with thei r  paws and continued to make th rea t -  
ening noises.  In most  cases ,  however,  the predominant reaction of  the animals was one of "fear ."  

The morphological  control  showed that the electrode tips were located in the la tera l  hypothalamic region 
(at the level of the tuber  einereum) in its dorsal ,  ventral ,  or  la tera l  par ts ,  and also in the lateral  preoptic  r e -  
gion (dorsal part). An avoidance reaction of "agress ion"  type was observed when the electrode tips were located 
in the ventromedial  nucleus of the hypothalamus and on the boundary between the vent ro-  and dorsomedia l  nuclei 
of the hypothalamus. An avoidance react ion of "fear"  type was observed in some rabbits in which the electrode 
t ips were located in the same s t ruc tures ,  but also in the pos te r io r  hypothalamic nucleus, on the boundary between 
the vent ro-  and dorsomedia l  nuclei and the pos te r io r  hypothalamic nucleus, on the boundary between the dorso-  
medial and pori fornical  hypothalamic nuclei, and also in the dorsa l  part  of the medial preopt ic  region between 
the paravent r icu la r  nucleus and the fornix. 

Investigation of the blood-l ipid levels showed that during se l f -s t imulat ion there  was a tendency in most  
rabbits  for  the choles terol  level to fall r ega rd less  of the type of  responses  which predominated.  In some cases  
deviations of the choles terol  concentrat ion f rom its initial level were not observed.  On average,  in 33 exper i -  
ments on five rabbits the choles terol  level before stimulation was 38.6 ~2.1 rag%, compared with 29.7 ~2.18 
rag% 3 rain af ter  the end of se l f -s t imulat ion {P<0.01). 
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TABLE 2. Changes in Blood Choles terol  Level  during Avoidance Reactions in Rabbits 
(M~ m) 

Indices oflipid 
metabolism 

Cholesterol, mg qo 

rl 
P 

Initial 
level 

Time of tatdn$ blood after end of stimulation, min 
3 15 30 60 

48,3• 
(41--58) 

5 
<0,02 

55,2• 1,7 
(48--60) 

5 
<o,oi 

52"+'3,0 
(47--62) 

5 
<o,ol 

;Cholesterol, mg% 

n 
P 

41,4+_2,2 
(35--45) 

5 

39,6___1,6 
(29--50) 

l0 
<O,Ol 

36,4+ 1,6 
(28--52) 

10 
<o,ol 

41,4_+2,6 
(34--55) 

I0 
<0,02 

50,3+2,5 
(38--60), 

10 

44_+ i,0 
(41 --50) 

5 
<0,05 

47,8_+_2,8 
(36--57) 

I0 
<0,05 

Legend. A) Response of "aggress ion  ~ type. B) response  of ~fear ~ type. P calculated 
by compar ison with initial data. 

In the se r ies  of exper iments  on male rabbits with a wel l -marked sel f -s t imulat ion reaction,  the dynamics 
of the blood levels of both choles terol  and t r ig lycer ides  was studied for  1 h af ter  the end of stimulation. Alto- 
gether  11 exper iments  were ca r r i ed  out on five rabbits.  The decrease  in the blood choles terol  concentrat ion 
noted above 3 rain after  se l f -s t imulat ion became more marked with t ime and the minimal level was reached on 
average 15-30 min after  its end; after  60 min the mean choles terol  level was still  lower than initially (Table 1). 

The dynamics of changes in the blood t r ig lycer ide  level also was s imi la r  af ter  se l f -s t imulat ion (Table 1). 

During per iodic  sess ions  of sel f -s t imulat ion considerable fluctuations in the blood t r ig lycer ide  level and, 
to a l e s s e r  degree,  of the choles terol  level were observed in some rabbits.  In rabbit No. 56, for  example, the 
t r ig lycer ide  concentrat ion rose f rom 32 to 244 rag% and the choles terol  level f rom 30 to 62 mg%. Additionally, 
investigation of the blood t r ig lycer ide  level revealed a so-ca l led  rebound effect [4], i .e. ,  af ter  sel f -s t imulat ion 
leading to a marked decrease  in the blood t r ig lycer ide  level, on the following days the i r  level increased  consid- 
erably,  probably on account of a r ise  in the blood sugar  concentrat ion during self -s t imulat ion [6]. No c lear  r e -  
lationship was found between the frequency of se l f -s t imulat ion and the degree of deviation of the blood lipid 
levels.  No difference likewise was found between changes in the blood lipid levels during self -s t imulat ion r e -  
actions obtained f rom different s t ruc tures  of  the hypothalamus,  nor  was any definite corre la t ion observed be- 
tween changes in the blood lipid level and the food response  accompanying self-s t imulat ion.  

Analysis  of the dynamics of changes in the blood cholesterol  concentrat ion during avoidance react ions was 
car r ied  out only in animals with wel l -marked emotional and behavioral  reactions of the ~aggression n o r  ' fear"  
~ p e s .  

Altogether five exper iments  were car r ied  out on male rabbits with "aggress ion"  react ions,  in which the 
blood cholesterol  was significantly increased  as ea r ly  as 3 rain after stimulation (Table 2), and reached a max- 
i m u m  after  15 rain. In some of these rabbits the blood cholesterol  level had fallen to normal  after 60 min. 

In avoidance react ions of the "fear"  type observed in 10 exper iments  on male rabbits,  on the o ther  hand, 
a significant fall in the blood choles terol  level was found 3 rain after  the end of stimulation (Table 2), the lowest 
level being reached after  15 rain. In some rabbits the blood choles terol  re turned to its original  level 60 min 
after stimulation. 

Changes in the blood choles terol  level in the two types of negative emotional and behavioral  avoidance r e -  
actions of the "aggress ion"  and "fear"  types were thus opposite in character .  The dynamics of the changes in 
the blood t r ig lycer ide  level was not so c lear ly  defined. 

In control  exper iments  on five rabbits  with implanted e lec t rodes ,  when blood was taken at the same t ime 
intervals  but hypothalamic stimulation was not applied, the blood cholesterol  level remained vir tual ly unchanged 
- deviations did not exceed 3%. 

Changes observed in the blood cholesterol  level of rabbits  by the use of  the more objective method of r e -  
producing different emotional  states in animals confirmed resul ts  obtained by the wr i te rs  in experiments  on 
dogs [8, 9]. Because of the changes in the blood choles terol  concentrat ion in the two types of negative emotional  
and behavioral  react ions  of  "aggress ion  n and " fear"  it is  possible to use rabbits,  which are  herbivorous  ani-  
mals not consuming exogenous cholesterol ,  as exper imental  objects with which to study changes in lipid metab-  
o l i sm in var ious  emotional  states.  
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The mechanism of the parallel changes in the blood lipid levels during self-stimulation and avoidance re- 
actions of the "fear" type calls for special study. As the present writers [10] and others [7] showed previously, 
chronic (for 4 months) stimulation of negative emotiogenic zones o f  the hypothalamus in unrestrained animals 
with an autonomous miorostimulator, causing the appearance not only of reactions of "aggression" but also of 
"fear" .{accompanied by transient hypolipidemia in the case of short- term stimulation), leads to the development 
of a lasting endogenous rise in the blood cholesterol and triglyeeride concentration. Meanwhile, chronic stimu- 
lation of the positive emotiogenic zones of the hypothalamus in rabbits under the same experimental conditions 
[9] is not accompanied by any significant changes in the blood cholesterol or triglyceride levels. These differ- 
ences are not only of theoretical interest, but also of practical importance for they are vital to the understand- 
ing of the pathogenetic mechanisms of the onset and development of atherosclerosis,  since elevation of the 
blood cholesterol and triglyceride levels is one of the ~risk factors" for the development of this form of cardio- 
vascular pathology. 
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