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It is well  known that  me tabo l i c  disorder, in par t icular  disorders of l ipid metabol i sm,  form the basis of a thero-  

sclerosis. In this metabol i sm the l iver  plays an important  rote. The formation and destruction of phospholipids, 
the formation of fatty acids and also apparent ly  of l ipoproteins,  take p lace  for the most part in the l iver  [14]. 

The i m m e d i a t e  causes of disorders of  l ipid metabol i sm in atherosclerosis are stil l  obscure. There are c l i n -  

i ca l  and exper imenta l  da ta  [2, 4, 9, 10, 11, 17] pointing to the influence of  the higher nervous system on the 

genesis of changes in l ipid metabol i sm and atherosclerosis,  but the mechanism of these influences has not yet  
been discovered. 

Observations have been  made [1] on the markedly  increased secret ion of cholesterol  in the b i l e  after l iver  
desympath iza t ion  in dogs, and on the effect  of  desympath iza t ion  on adiposis of the l iver caused by phlorizin.  In 
the  ava i l ab l e  l i te ra ture  we could not find da ta  on the re la t ive  course of atherosclerosis after nerve section. 

Thus i t  appeared desirable  to us to study the role of  nervous regulat ion of  the l iver  on l ipid metabol i sm and 
on the course of exper imenta l  atherosclerosis; these were the problems of  the present work. 

M E T H O D  

The invest igat ion was carried out  on 27 ma le  rabbits of the same breed,  2 .5-3 kg in weight; 15 of  these 
were used in the exper iments  and 12 served as controls. The  l iver  nerve sections were performed according to 
the method of I. M. Ishchenko [5], with minor variations.  

The operat ion took p lace  under morphine narcosis (1 ml  of  1% solution for each  kg of  weight),  with con-  
tinuous adminis t ra t ion of oxygen. After opening the abdomina l  cav i ty  the tissues of  the hepa to-gas t r ic  l igament  
were laid back and the advent i t ia  removed from the hepa t ic  artery,  portal  vein and common bi le  duct; a 5% so:- 
lution of phenol was appl ied  to these. The advent i t i a  was taken off the lower area of the vein for a dis tance of 
2-3 c m  and then (after  cut t ing the fa lc i form l igament)  also from the anterior  surface between the l iver  and d i a -  
phragm. 

Judging by the da ta  in the l i te ra ture  [3, 7, 8], such an operat ion assures a functional  effect ,  i . e . ,  :it causes 
corresponding changes in carbohydrate  metabol i sm and in the composi t ion of the  blood. 

The control  operat ion consisted of  l apara tomy,  and was done under the same conditions as the par t ia l  d e -  
nervation of the l iver.  

Fourteen days after the operat ion the animats  began to r ece ive  cholesterol  in powder form, mixed with ve -  
getables or in a solution of  sunflower-~eed oil  adminis tered through a tube. Before the operat ion,  14 days af ter ,  
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and then once a month, blood was taken from the ear and the cholesterol content determined by Sackets's method, 
lecithin by Samson's method and the lipeproteins by paper electrophoresis, After the end of the feeding period 
the animals were killed by air embolism, and the aorta fixed in formalin and then stained with sudan III. 

R E S U L T S  

Two series of experiments were conducted. In the first series, four contol and seven experimental animals 
received cholesterol for 110 days, which they ate with shredded carrots (for the first two month, 0.5 and thereafter 
1.0 unit per day). In the second series the animals (eight control and eight experimental) received 0.5 cholesterol 
in 10 ml of  sunflower seed oil for 100-81 days. 

The blood lipid levels showed practically no effect of the partial section of thehepat icnerves .  In the group 
of control rabbits the average cholesterol level 14 days after the operation was 77 mg % ~: 8.3, with variations 
from 144 to 150 rag%; in those with denervated liver, it was 76 rag% ~ 4. 5, with variations from 64 to 110 mg%. 

The average lecithin level in the control group was 96.3 rag% +11, varing from 52 to 195 rag%; in the 
group of  experimental animals the average was 88mg% ~9, varing from 57 to 114 rag%. The percentage o f /3 -  
lipoproteins in the control animals varied from 52 to 80, averaging 62 , 2.82,  and in the experimental group 
varied from 51 to 85, averaging 63 ~ 2.82. Statistical analysis confirmed the absence of difference between the 

T A B L E  1 

Changes in Blood Lipids during the Development of  Experimental Atherosclerosis 

-- m .,-r ,,~ ~ 
>,= 

~o ~ooo 

I 

2 

3 

Series of experi-  
ments 

Group of rabbits 

CoO O verage I ExPri  na 
Variation Variation Average 

level l e v e l  

Cholesterol (in rag%) 

First 150--964 442J: 155 
Second 250--1 100 488J:113 
First [ 342--940 720 • 1 t 1 
Second 300--496 403J:33 

First . . . . .  
Second . . . .  
First . . . .  
Second . . . 
First . . . .  
Second . . . .  

1 First . . . .  
Second . . . .  

2 I First . . . .  
I Second . . . .  

3 I First . . . .  
I Second . . . .  

P 
(%) 

First / 

Second . . 

Lecithin (in m~o) 

95--267 
76--310 
90--279 

114--466 
138--375 
60--428 

161~:32 
t97• 
I63• 
239147 
273146 
199• 

Ratio 

O, 40--0, 72 
O, 36--0.72 
0 , 2 8 - - 0 , 6 0  
0,34--0,81 
O, 29--0,42 
O, 12--1,42 

lecithin 
cholesterol 

0,53:k0,037 
0.51•  
0.44K0,066 
0 ,52 i0 ,065  
0,37• 
0 ,56•  

167--450 
187--920 
192--668 
300--I 400 
267--990 
520--800 

119--224 
162--282 
110--200 
70--577 

133--353 
129--411 

o,26~o,85 
0,25--0,94 
0,24--0,68 
0.11--0,62 
0.26--0,68 
0,20--0,55 

-lipoproteins (in %) 

57--84 I 73:k3,7 
63"89  / 78J:5,1 
72--89 78 ~:4,4 
73--92 80%3 
57--87 8518 
56--100 8 4 t 6  

60--85 
84--100 
56--99 
81--91 
60--184 
84--100 

308:]:37 55 
507:1:79 6 i  
360J::61 37 
685 • 87 81 
543=}=78 74 
631J:43 97 

157=]=13 0 
193-~15 0 
141114 55 
317:~70 96 
257• 22 
254i30  43 

0 ,55~0,06 I 19 
0,44~0,08 I 40 
0,44~0,0561 0 
0,45• I 50 
0,47J:0,13 ] 9 
0,40:~0,04 ] 66 

'69~3,5 87 
89 t3 ,1  88 
71 ~ 4 , 5  55 
88=]=1,2 99 
7 7 t  10 73 
89 + 22 93 
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blood lipid levels in the control and exper imenta l  groups 14 days after the operat ion (P for cholesterol was 23% 
for leci thin 37~ for beta- l ipoprote ins  0). After beginning administrat ion of cholesterol there were in a l l  animals  

as described in the l i terature  [6, 12, 16], heightened levels of  cholesterol ,  leci thin and beta- l ipoprote ins ,  with a 
lowering of the lec i th in /choles te ro l  ratio. The data of  al l  experiments are  summarized in Table  1. 

In the first series of  experiments no substantial difference was de tec ted  in blood l ipid levels between the 
control  and exper imenta l  animats.  In the second series, review of  the data  gave the impression of  a higher blood 

T A B L E  2 

Indicat ion of Aortic Atherosclerosis 

Degree of indicat ion,  
atherosclerosis 

Marked . . . . .  ' .  , . 
Moderate . . . . . .  
Weak . . . . . .  
Very weak . . . . .  

Total  

Series of experiments 

first second 

group of rabbits 

1 

7 8 

J 

1 
4 
3 

lipid level  in the exper imenta l  animals than in the con-  
trols, especia l ly  in blood cholesterol  and tS-lipoproteins, 
However, i t  was possible to confirm this s ta t i s t ica l ly  for 
cholesterol  only 3 months after the beginning of feeding 
(blood cholesterol in the controls being 403 mg%~33, and 

in the exper imenta l  animals  631 mg% :~4.3), and for 8 -  
- l ipoproteins 2-3 months after the beginning of  feeding 

(the percentage of B-l ipoproteins  at two month was 80 
~:3 in the contxols and 88~1.2 in the exper imenta l  an i -  

mals; a t th ree  months i t  was 84~6 and 89:~2.2 respect ive-  
ly). T h e l e v e l o f  lec i th in  at  two ~abnths also turned out 

to be higher in the exper imenta l  animals  (317 my% ~:70) 
than in the controls (239 my% ~:47). However, the m a g -  

nitude of the lecithin/cholesterol ratio did notdif fer  sub- 
s tant ia l ly  between the exper imenta l  and control  animals  
during the ent ire  course of observations. 

Thus one can speak of  some tendency to an in ten-  
s i f icat ion of the usual changes in l ipid metabol ism at tendant  upon cholesterol  overfeeding in animals  with dis-  

turbed neural regulat ion of  the l iver ,  in those cases where cholesterol  is administered in sun f lower-seed oil. 

It was natural ly  expected that in this group of rabbits,  ana tomica l  changes in the aorta  (par t icu lar ly  in the 
second" series) would show a tendency to aggravation.  

In Table  2 are shown the data on the re la t ive  ind ica t ion  of a therosclerot ic  changes in a l l  animals.  It is 
apparent  that par t ia l  section of the l iver  nerves not only did not lead to greater  ana tomica l  changes in the aorta,  
but on the contrary dis t inct ly inhibited the deve lopment  of  exper imenta l  atherosclerosis in the animals  in both 
the first and second series of experiments.  Thus i f  out of the 12 animals  in the control  group ~he indica t ion  of  
atherosclerosis could be described as marked in five, modera te  in six and weak in only one, then out of  the 15 

exper imenta l  animals  in not a single one were there marked indications of atherosclerosis; in two rabbits the ind i -  
cat ion was modera te ,  and in the remaining 13 weak or very weak. These facts indica te  that the disturbance of 
neural regulat ion of the l iver  markedly  influences the course of exper imenta l  atherosclerosis,  in such a way as to 
hinder the deposit ion of lipids in the aort ic wall.  This act ion apparent ly  is not connected with the inf luence of 
this l iver  operat ion on l ipid metabol ism.  

The tendency to aggravated hypercholes terolemia ,  and increased percentage of /3- l ipoprote ins  in par t icular ,  
in the group of rabbits receiving cholesterol  in sunflower-seed o i l  should lead to the intensif icat ion of a theroscler-  
otic changes in the aorta, 

The mechanism of  the described inhibi t ion in t be ' deve lopmem of exper imenta l  atheroselerosis under con-  
ditions of  disturbed neural regulat ion of  the l iver  is st i l l  obscure. It should be noted, however, that some cases 

are known in which there is no para l le l  deve lopment  of  cho les temlemia  and exper imenta l  atherosclerosis. Cor-  
tisone, for example ,  aggravates choles terolemia  and inhibits the deve lopment  o f  atherosclerosis [13]. 

In conclusion we feel i t  impera t ive  m report some facts received when the present work had a l ready  gone 
to press. 

His tological  investigations,  k indly  conducted by A. E. Seranova at  various intervals (from 24 hours to 12 
days) after par t ia l  section of the nerves of the l iver ,  have indicated that there is destruction only of individual  
nerve fibers in the liver. Leukocytic  inf i l t rat ion is seen in the connect ive  tissue of  the porta hepatis,  vascular 

advent i t ia  and around the nerve stems; hypertrophy of the fibroblastic e lements  is noted in the epineurium of  the 
nerve stems, with prol iferat ion and hypertrophy of the cel ls  of  Schwann. 
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It may be suggested that in all likelihood the inhibition of experimental atherosclerosis in our experiments 
depended mainly on the irritation of the neural conductors of the liver. 

SUMMARY 

The author studied the effect of liver denervation on the lipid metabolism and the intensity of anatomical 
changes in rabbit aortas during cholesterol administration. Animals in which laparatomy was performed under 
the same conditions as denervation served as controls. Some animals received cholesterol in sunflower-seed oil, 
others - mixed with, vegetables. Some tendency to intensification of the usual changes occurring in the lipid 
metabolism following alimentary cholesterol load was detected in animals after liver denervation when choles- 
terol was administered in sunflower-seed oil. Liver denervation considerably inhibited the development of ana- 
tomical changes in the aorta irrespective of the method of cholesterol administration. The mechanism of this 
inhibitory effect is still obscure. Additional histological investigations of A. E. Seranova have demonstrated 
destruction of only individual nervous fibers. Leucocytie infiltration is seen in the connective tissue of the porta 
hepatis, vascular adventitia and around the nerve stems; hypertophy of the fibroblastic elements is noted in the 
epineurium of the nerve stems with proliferation and hypertrophy of the Schwann cells. 

It may be suggested that inhibition of experimental atheroselerosis in the aforementioned experiments 
depended mainly on the stimulation of the nervous conductors of the liver. 

L I T E R A T U R E  C I T E D  

1. Gaisinskii, B. E., Problems of Neuropathology [in Russian] 7, 120 (1928). 
2. Ganelina, I. E. et al., TeL Arkh. 30, 6, '/2 (1958). 
3. Daudova, G. M., Materials on Evolutionary Physiology [in Russian] (Moscow-Leningrad, 1956) Vol. 1, p. 109. 
4. Dzidzigui r, T. D., Byull. ~ksp. Biol. i Med. 47, 2, 32 (1959) 
5. Ishchenko, I. M., Medichn. Zhurn. 6, 3 ,707 (1936). 
6. Lovyagina, T. N. and Sinitsina, T. A., Atherosclerosis and Coronary Insufficiency [in Russian] (Moscow, 1956) 

p. 18. 
7. Medvedeva, N. B., Medichn, Zhurn. 6, 2, 315 (1936). 
8. Moiseeva, O. I., Candidates dissertation: The Role of the Liver in Regulating Blood Composition [in Russian] 

(Leningrad, 1952). 
9. Khomilo, P. S., Byull. ~ksp. Biol. i. Med.,43___, 6, 18 (1957). 
10. Tsibekmakher, T. D., TeL Arkh., 2..~7, 1, 48 (1955). 
11. Shkhvatsabaya, I. K., Byull. ~ksp. Biol. i Med., 41, 4, 39 (1956) 
12. Reinish, Z.,  Chekhoslovatsk. Med. Obozr. 2, 1,501 (1956). 
13. Chakravarti, R. N. and Mukerji, B., Indian J. Med. Res. 44, 67"/(1956). 
14. Dury, A., Am. I. Physiol. !87, 66 . 
15. Fischer, A., Physiologic und experimentetle Pathologic der Leber (Berlin, 1959). 
16. Lemaire, A., Cottet, J., Presse med. 63, 1339 (1955). 
17. Scherber, D. A., and Marcus, M., Circulation 16,491 (1957). 
18. Wertheimer, E., Pflug. Arch. ges. Physiol. 213, 280 (1926). 

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical l i t e r a t u r e  m a y  w e l l  b e  a v a i l a b l e  in English t rans la t i on .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 

436 


