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Disorders of l ip id  metabol i sm and par t icular ly  that of cholesterol  p lay  an important  role in a number of 
pathologic  processes, such as atheroselerosis of  Mood vessels, l ip id  nephrosis, cutaneous xanthomatosis and 
others [1, 7, 8]. 

The work of  8. ,% Khalatov [7, 8], A. A. Znachkova [3]- P. D. Gorizontov ~2], N. T. Shutova [9] et  al 
has shown that there  is increased diminution of cerebral  cholesterol and a rise in blood cholesterol level  on 

emot ional  exci ta t ion,  oxygen starvation, intoxicat ion and destructive processes in the brain. On the basis 
of these facts S. `% Khalatov concluded that  a number of hypercholester inernic conditions were of cerebral  
et iology.  

It was la ter  shown that prolonged narcot ic  inhibi t ion led to a decrease in blood serum cholesterol  and 
its increase in the brain [4, 6]. 

St imulat ion of the carotid sinus by bac ter ia l  f i l t ra te  of enteric bacil lus [5] and e lec t r ic  s t imulat ion of 
the brain [10, 11] led to a rise in blood cholesterol .  

In' the present work invest igat ion of  the blood cholesterol  levels (using the Engelhardt-Smirnova micro-  

method) during changes in the  functional  s t a t e  of the cerebral  cortex and subcortical  structures was under- 
taken. 

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

2 series of experiments  were carried out on 10 rabbits. Following th r i ce - repea ted  est imat ion of blood 
serum cholesterol in 4 rabbits its l eve l  was determined on formation of a condit ioned reflex to defensive re-  

flex inhibit ion of  respiration. The intervals between determinations in the course of the whole invest igat ion 
did not exceed 5 days. 

The sound of a met ronome served as the condit ioned stimulus. Unconditioned inhibit ion of  respiration 

was produced by s t imulat ion of the nasal mucosa by threshold doses of COz admi t ted  under a cer tain pressure 
onto a ref lector .held by means of a mask near  tile an imal ' s  nose. The distance between the reflector  and the 
nose was 5 ram. The mask and ref lector  did not cover the an imal ' s  eyes, nose or ears and did not restrict its 
movel~ enLs. 

The sound of the met ronome preceded  the ac t ion of  CO z by 3-4  seconds. 6 combinations of the st imuli  
with 5 minute  intervals were used during the exper iment ;  the pneumogram, the appl ica t ion  of s t imul i  and the 
t ime were recorded on a kymograph (Fig. 1, C). 

* Communica t ion  presented at the scient i f ic  conference of the Pediatric Medical  Institute in 1956. 
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Formation of the conditioned reflex passed through ~ e  stage of conditioned reflex increase in the rate 
of respiration and decrease in the amplitude of respiratory movernen~ (Fig. 1, B). The typical form (cessation 
of respiration) of the conditioned reflex (Hgo t, D) was established in rabbits (No. 2 and 4). In two other rabbits 
(No. 3 and 1) the reflex in most cases manifested itself by increased rate and decreased amplitude of respiration 
(Ng. 1, B) and only in 5-7% by cessation of respiration. 

The first series included 2t7 exped.me~ts using a conditioned stimulus and 168 blood serum cholesterol 
estimations. X~ae animals were kept under observation for 8 months. 

RESULTS 

During the formation of the conditioned reflex, asearly as 10~15 days after the beginning of the experi- 
ments (60-8~1 combinations) all the rabbits showed a 25-30% decrease of blood serum cholesterol. On further 
prolonged work with the animats the average content of cholesterol decreased by 50% (Table 1) as compared 
with the average initial level. The maximal decrease noted towards the end of the procedure amounted to 
80% in some cases. 

A comparison of the number of positive responses to the conditioned stimulus (increase in respiratory 
rate with decrease in amplitude, cessation of respiration) and the degree of decrease of blood serum cholesterol 

shows that in the case of rabbit No. 3 the conditioned 
reaction appeared in a smaller percentage of eases 
than tn other rabbits and the decrease in blood serum 
cholesterol in the same rabbit was insignificant 
(Table 2). 

Therefore the decrease in cholesterol content 
is in direct ratio to the extent to which the 
conditioned reflex is pronounced. 

On prolonged and continuous work with the 
animals disturbances of conditioned reflex activity 
were observed, which manifested themselves in a de- 
crease of positive responses to the conditioned sti- 
mulus. These disturbances as a rule corresponded 
with minimal blood serum cholesterol levels. Towards 
the end of a two-months interval following termination 
of experiments using a conditioned stimulus the blood 
serum cholesterol remained decreased in 2 rabbitsl 
in two others the cholesterol level exceeded the ori-  
ginal value by 60-75% 

In the second series of experiments the blood 
serum cholesterol levets were studied in rabbits under 
conditions of dietary cholesterol "loading" against 
a background of conditioned reflex activity. 

Figure 1. Respiration in rabbit during various periods Observations were carried out successively on 
of the formation of conditioned reflex. Records (from 3 groups of animal~ In each group there were 2 expert- 
above down): respiration, beginning of stimulation, mental and 2 control rabbits which received cholesterol 
time marker in seconds; the figures refer to the serial in equal amounts. In the first and second groups, 
number of combination of stimtflL M -  metronome experiments using a conditioned stimulus were begun 
in A, B, C, D. on the experimental animals after 4-6 feeds of 

cholesterol when its level had risen 3-4-fold as com- 
pared with the initial content. 

First g r o u p ~  Experimental rabbits No. 1 and 4 and control rabbits No. 5 and 6 were given 0.5 g 
crystalline cholesterol in 40 mI milk. The increment of cholesterol in the blood serum towards the end of 
feeding found in the experimental rabbits was 5 and 8 mg % respectively. In the course of the same period of 

feeding the cholesterol increment in control rabbits was 164 and 166 mg % 
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TABLE 1 

changes in Cholesterol l,evels in Rabbits During Formation of Conditioned Reflexes 

I_ Blood serum cholesterol Number of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6ii-d-:a-v  . . . . . . .  
Iof3deter-~ Dur iJg(o~di t iomdref lex  activity . . . . . . . . . . . . . .  " ......... �9 " | ' I Avcrage of 3 using 

a~ minations . . . . . . .  �9 . ...... .--- " �9 �9 conditioned ~lAverage of 17 IMlmmal ~vltntmal determinations 
Initial / determinations I in l in  %of I I-~-~.~-,---ii]~-~o(- stimulus 

�9 In %of  n ,  0 �9 " �9 Initial rag~176 | In~ 1 . . . .  ~ g'~ iintttal / o I 
z, t lng "/o ',initial / | t o~ I 

37 
25 
50 
2,1 

21 
19 
33 
1 3 

56 
76 
66 
54 

10 
10 
20 
5 

27 
40 
40 
20 

22 
44 
80 
14 

59 
176 
160 

58 

57 
54 
52 
54 

TABLE 2 

Manifestation of Conditioned Reflex in % of Total Number of Stimulations 

NO. of 
rabbits 

I 
2 
3 
4 

Respiratory Cessation of Presence of 
changes respiration conditioned 

77.8 
36 
70.6 
40.6 

5.5 
60 
4.1 

54.7 

reaction 

83.3 
(,)6 
74.7 

i 9 5 . 3  

Absence of 
response 

16.7 
4 

25.3 
4.7 

The average blood serum cholesterol content in rabbits No. 1 and 4 during feeding was 62 and 32 mg~7~ 

the average content in control rabbits No. 5 and 6 was 217 and 141 mg~ Details of conditioned reflex activity 
in tile experimental  rabbits are given in Table 4. 

Sec_._oo!ld group. Experimental rabbits No. 2 and 3 and control rabbits No. 7 and 8 received 38 doses(0.5 g) 

of cholesterol over a period of 70 days. By file end of feeding (Table  3) the increment  of blood serum chole- 

sterol in experimental  rabbits No. 2 and 3 and 85 and 431 rag% respectively. In control rabbits No. 7 and 8 

the increment  was equal to 246 and 573 rag% The  average blood serum chole~sterol content during feeding 
was 64 and 258 rag% in expcrimerttal rabbits. In control animals it was 162 and 393 rag% 

Thus, in 3 out of 4 experimental  rabbits (from file first and second groups) ingestion of cholesterol agains! 

the background of conditioned reflex activity did not result in hypercholesterinemia,  and the cholestewI in-  

crement towards the end of feeding was insignificant.  In one experimental  rabbit (No. 3), as well as in the control 
rabbits, hypercholesterinemia was clearly evider~t. It must be remarked that the degree of manifestation of the 
conditioned reflex was much less ill rabbit No. 3 than in the other rabbits (Table 4). 
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TABLE 3 

Blood Serum Cholesterol Content 

No, of 

rabbit 

12 
4~ 
9 

10 

Initial 

28 
15 
39 
24 

14 
20 
21 
86 

21 
35 
40 
60 

Blood cholesterol content in mg % [ verage ~ ~ 
~ e ~ - d  I-~cr-emmem-'- A-v~age(0f A - -  o 
| of towards end 11) during ~ncremenl 

du in I feeding of feeds feeds [fee~in~ / Z  ~ 

36 8 62 34 
20 5 32 12 

203 , 164 217 178 
190 166 141 117 

30 
53 

206 
396 

106 
466 
286 
633 

16 
33 

185 
310 

85 
431 
246 
573 

75 
77 

241 
302 

64 
258 
162 
393 

6l 
57 

220 
218 

43 
223 
122 
333 

34 64 
34 64 
28* 53 
28* 53 

19 36 
19 36 
19 36 
13" 26 

38 70 
38 70 
38 70 
38 70 

TABLE 4 

Manifestation of Conditioned Reflex in % of Total Number of Stimulations 

No. of 
rabbit 

12 
4~ 

Respiratory 

changes 

92 
34 

68,0 
68.0 

Cessation of 
respiration 

3 
66 

9.3 
29.3 

Presence of 
conditioned 

reaction 

95 
100 

77.3 
97.3 

Absence of 

response 

22.7 
0.3 

56 
76, 1 

40 
0.7 

96 
76.8 

4 
23.2 

Number of experi- 
ments using a 
conditioned 
st~nulus 

18 
19 

24 
24 

28 
27 

Following a three-months interval experiments were repeated on rabbits No. 1 and 4. A new pair of 
control rabbits (No. 9 and 10) was taken, and the animals were fed egg yolk. Four egg yolks were mixed with 
milk and the volume made up to 160 ml. A single feed consisted of 40 ml of mixture of milk with one egg yolk 
(0.3 g cholesterol), Each rabbit received 19 yolks in the course of 36 days, Results of the experiments are 
presented in Tables 3 and 4. By the end of feeding the blood cholesterol increment in the experimental rabbits 
No, 12 and 4 z was 16 and 33 rag% During the same period the control rabbit No. 9 showed a cholesterol incre- 
ment of 185 mE%and rabbit No, 10 showed an increment of 310 rag%over a considerably shorter period (13 
feeds). The average blood serum cholesterol content in experimental rabbits No. 12 and 42 during feeding was 
75 and 77 mgOh the average cholesterol content in control rabbits N9, 9 and 10 was equal to 241 and 302 rng%, 
It is thus seen that ingestion of egg yolks against the background of conditioned reflex activity did not lead to 
the development of hypereholesterinemia in rabbits, No changes in the conditioned reflex activity of rabbits 
could be observed during administration of cholesterol. A more or less constant level of such activity was main-. 
tained, 
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In summary, the results of the pre.~ent series of experiments indicate d~at during r reflex activity 
the blood ~erum cholesterol increment w~q insignifica~lt in 5 out of 6 ca.~ca by the end of the feeding and there 
was no development of hypercholestcrinemia in rabbits (Fig. 2). During the same period in 8-10-fold rise in 
blood .~emm cholesterol was observed in control rabbits (Fig. 2). It must also be noted that the level of blood 
serum chok:sterol during feedi.g was in inverse relation to the extent of conditioned reflex manifestation. 

rabbit 

46 

/6 

1 5  ~ ~ ~,q 4e/(/ 2 7  3 d 

A 
[~ E• 

J 
/ d 4 /J ~,r ~: ,'g 2 7  J ,~' 

[3 
[ ]  Control 

Figure 2. Cholesterol increment in blood serum of rabbits during in- 
gestion of cholesterol A) In('rement towards end of feeding (in rag%); 
13) average increment during feeding (in rag%). 

Thus, rabbit No. 3 showed development of hypercholesterineruia on feeding, and exhibited a weak type of 
nervous system with the lowest number of positive responses to the conditioned stimulus. 

Upon cessation of observations the experimental and control rabbits were sacrificed and a histologic 
examination of the blood vessels with respect to lipids was carried out. It was found that both the experimental 
and control animals showed primary lipoidosis of the vessels despite the low blood serum cholesterol in the 
former grogp. The data obtained, with their evidence of primary deposition of lipids within the blood vessel 
wall in rabbits, pose tire question whether it is possible for vascular lipoidosis to, develop at r, ormal blood 
cholesterol levels in the presence of altered nervous regulation. 

SUMMARY 

Development of a conditioned reflex to inhibition of respiration in the rabbit is accorupanied by 
a decline of blood cholesterol. Feeding cholesterol to aniruals in a stateof conditioned reflex activity did not 
result In hypereholesterinemia, while in control.animals cholesterol feeding caused a rise of blood serum 
cholesterol. The cerebral cortex and subcortical formations are ttius participating in the regulation of chole- 
sterol metabolism. 

Preliminary data demomtrating deposition of lipoids in vascular walls of experimental rabbits, point to 
the possibility of vascular lipoidosis being caused by altered nervous regulation, the cholesterol blood level 
being normal. 
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