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The reports in the literature on the effect of heparln on the serum cholesterin and phosphollpid contents 
are contradictory. Herzsteln (1954) et al. [11], and Raynaud and his co-workers [16] consider that heparin does 
not affect the level of cholesterln and phosphollpids in the blood, whereas other workers [7, 4] have found that 
hepartn raises the serum cholesterin level of patients with xanthomatosis and atherosclerosis. 

Graham et al. [10] showed that heparln causes conversion of higher classes of llpoproteins with a flotation 
rate Sf 10-30 into lower (Sf 5-10) and so on, as a result of which, in the author's opinion, there is Inhibition of 
the development of experimental atherosclerosis in rabbits fed on cholesteri.x. 

No less contradictory are the experimental results [9, 12, 13, 14, 15] on the effect of heparln on the develop- 
ment of atherosclerosis, although the majority of authors conclude that hepartn inhibits the development of athero- 
sclerosis In experimental a rdmais. 

It !s possible that the diffe.rence in the experimental results of the various workers Is due to the use of dif- 
ferent doses of heparin. For this reason we set out to Investigate the effect of large and small doses of heparin on 
the level of the blood cholestetin and phosphollplds and on the development of atherosclerosis In rabbits during 

prolonged feeding with cholesterin. 

EXPERIMENTAL METHOD 

Experiments were performed on 53 chinchilla rabbits weighing 2100-2600 g. All the rabbits were kept un- 
der Identical conditions and on the same diet. Atherosclerosis was produced by N.N. Anlchkov's method of feed- 
lng the animals for 100 days with a solution of cholesterin in sunflower oil (at the rate of 0.2 g of cholestertn per 

i kg body weight). 

Heparin was injected Intravenously every day in different doses Into the experimental animals (28 rabbits): 
15 rabbits received heparin In a dose of 30 rag, seven rabbits received 60 mg and six rabbits 3 rag. The controls 

(23 rabbits) received cholesterin only. 

In order to ascertain the effect of heparln on the content of endogenous cholesterln and lecithin, two rab- 
bits were injected every day with 30 mg of hepartn Intravenously. 

Every 25 days the serum cholesterin content was estimated by the Engel'gardt-Smtrnova method [6] and the 
phosphollptds by the sulfite-hydroqulnone method [2] with extraction by Bloor's method [8]. 

When 100 days had elapsed the animals were killed by air embolus of the lungs. At postmortem examina- 
tion the aorta and heart were extracted. The aorta was fixed in 10~ formalin solution and then stained with Su- 

dan III in toto. 
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The degree of the athero.~cler~!c changes in the aorta was de~lg~ated by ~ signs (0 - no ch,~lge~: * - slight 
change~; ,+ - m o d e r a t e  change.~; +** - s e v e r e  Changes, and **** - v e r y  severe ch~nge~). 

A ~tUdy of the effect of ~ ~ing~e Inject ion of heparln on the blood lipids of rabbits was carried out at var i -  
ous periods of chole*tertn feed,:ng. From 5-6 ml of blood was taken from the margtn~l ve~a of the rabblt'~ ear  
before t a d  30 mln,~tes. I - 2  and 3 hottr, ~fter the lntraveno~** Injection of hepa~In. 

EXPERIMENTAL RESULT:S 

After a single inject ion of hepatir~,tn not one of the 22 cases was any Increase In the choles~.ertn level  ob-  
served. 

In four cases there was a reff~ction In the cholesterln cnntent by about 1 0 ~  which we regard ~s within the 
normal l i m l u  of variation of the cholesterin level .  In 18 cases, the reduction In the cholestertn varied between 

12.5 and 32% of the original  valce.  

The fal l  In the blood chcle~e~1n content  was observed 30 minutes after the Inject ion of heparln and lasted 
for three hours. In some cases, after an Irdtial  fal l  In the eholesterln level  It was observed to ~tse at the end of 
file second hour of the exper iment ,  to f a l l  again at the end of the third hour. The effect  of a single Inject ion of 

hepartn on the leve l  of the blc~d cholesterln Is shown In the form of curves in Figure 1. 

/0 
.3 

~-I0  

O 
U 

'~ -Zg 
u 
0 

U 

N -30 
g 

0 # / /z  / 2 z * 

Time after in ject ion (in hours) 

Fig. 1. Change in the blood cholesterin of rabbits after a single in t raven-  
ous Inject ion of heparin. The curves represent the changes in the choles-  
terln content in percentages of  the Ini t ia l  level;  the dotted lines show the 

normal  ltmir~ of variat ion of the blood cholesterin. 

Mention mus t  be made  of the relat ion between the degree of the reduction in the cholester inemla and its 

in i t i a l  level:  the higher the Ini t ia l  blood cholestertn level  the greater  the degree of its fall .  The magnitude of 

the fal l  In the blood cholesterIn level  did not depend on the dose of heparin used. 

The leci thin  content  fel l  after in ject ion of heparln (Figure 2) to approximate ly  the same ex ten t  as the 

cholestertn content,  so that the value of the coeff ic ient  lec l th ln /choles ter ln  was prac t ica l ly  unchanged. 

Thus, a single Inject ion of hepartn Into rabbfts with a l imentary  hypercholester tnemla led to a reduction tn 
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Time after lnjectibn (in hours) 

Fig. 2. Change in the blood lecithin level of rabbits after a single Intraven- 
ous Injection of heparin. The curves represent the changes in the lecithtn 
content in percentages of their initial value; the dotted line.~ show the nor- 
mal limits of variation of the lecithin level. 
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the level of cholesterin and lecithin in the blood without any essential change in the lecithin/cholesterin ratio. 

Prolonged administration of heparln was well tolerated by the animals. No difference was observed In the 
weight of the rabbits of the control grc, up receiving cholesterln alone, and the animals'of the experimental 
group receiving cholesterin and heparin. One rabbit only, receiving heparin in a dose of 60 rag, died on the 27th 
day of the experiment from gastrointestinal hemorrhage. 

Towards the end of the experiment all the animals of the control group developed hypercholestetinemi a, 
sometimes reaching very high figures, In rabbit No. 3, for instance, the blood cholestetin level rose to 2560 rag%. 
The average val~,e of the cholesterinemia in this group was 1071.5t 113.3 (Figure 3). Besides the development 
of hyperCholester~r:emia, in all the rabbits the blood lecithin content also rose. Its average value was 630.7~ 65.7. 
The degree of:increase in the blood phospholipid content was considerably less than that of cholesterin, so that 
the leeithin/cho!esterin ratio fell from 2.3 to 0.5910.028 (average values). 

Prolonged administration to  rabbits of both large and small doses of heparln did not prevent the develop- 
merit of hypercholesterinemla. In the group of rabbits receiving Small doses of cholesterin and heparin the aver- 
age level of the blood cholesterin was higher (1295i209) than in ~he control group (Figure 3). The average val- 
ues of the blood lecithin content were 690195.7. The value of the lecithin/cholesterin coefficient in these rub o 
bits was the same as in the animals of the control group. 

In rabbits receiving large doses of hepatln (60 and 30 rag), the average level of the blood cholestertn at 
the end of the experiment was 980.7t51.1 and 749• (see Figure 3), i.e., somewhat lower than in the control 
group, but the difference was not significant. Injection of large doses of heparin did not affect the rise in the 
blood lecithin content. The average lecithin level was 688t75.1 and 474149.6. The mean values of the leci- 
thln/cholesterin ratio in these groups of rabbits were slightly higher than in the control group (0.7t0.09 and 
0.75t0.06)0 but this difference also was not significant. 

The administration to rabbits of heparin alone in a dose of 30 mg intravenously'had no effect on the level 

of endogenous chole~terln and lecithin~ 
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Fig. 3. Development of hypercholesterlnemfa In various groups of rabbits after 
prolonged feeding with cholesterln: 1) ehole~terin - control; 2) heparln - con- 

4) cholesterin + heparin 30 rag; 5) chol- 
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t~ol; 3) cholesterfn + heparln 60 mg; 
esterln § heparin 3 mg. 

It should be mentioned that In the control group and in the group of rabbits receiving cholesterin and hep- 
arln In a dose of 30 rag, the blood cholesterin content of three animals either did not rise at all (rabbit No. 9) qr 
rose only slightly in the last month of feeding (rabbits Nos. 4 and 52). 

There are reports of such "cholesterin resistant" rabbits as these in the articles by S.~L Leltes [3], and T.A. 
Slnitsyna and T.N. Lovlagina [5]. 

Atherosclerotic changes In the aorta were shown In varying degree In all the experimenfs, except in rabbit 
No. 9 In which, as mentioned above, no Increase In the blood cholesterin level was observed in spite of prolonged 
feeding with cholesterin. 

Large atherosclerotle patches were sie.,~zted mainly In the region of the arch of the aorta and smaller ones 
around the orifices of the intercostal arteries. In cases of well-marked atherosclerosis lipoid deposits were ob- 
served throughout the whole extent of the aorta. 

The Degree of Atherosclerosls of the Aorta In the Various Groups of Rabbits 

Agent applied 

Cholesterin (control) 
Cholesterin, heparln 

60 mg 

30 mg 
3 mg 
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On comparing the degree of atherosclerosis of the aorta with the magnitude of the hypercholesterinemla a 
parallel trend can be observed between them In the majority of cases. However, in some cases, the degree of 
atherosclerosis ofthe aorta did not correspond to the height of the hypercholesterlnemla. In rabbit No. 82 for in- 
stance, with a blood c,holesterin level of 1800 mg % tile degree of Hpoidosis of the aorta was Insignificant (+), 
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whtl~ In r~bb~t~ Nos, 33 and 34, wl~h hyp, rchole~terinem[a of 500 and 5.~0 mg % the degtee of atherom~to.~ of 
~he ~orta w~ very severe ( ~ 0 .  

On cemp~,dag the d~gree of athero~clerods of the aorta in the different grc~ap~ of rzbbft~ (see tabI~.) it Is 
cIea~ ~h~t the ~vtng of ~mall do~ of hepcqln did ~ot prevent the development of atherosclerosls. Of the six 
rabblt.~ tn thts g~'oup, in four the athetosclemsis of the aorta was very severe (*r247247 

In mo~e than ha~ the rabbits of tJ~e control group (in I3 out of 23) a severe degree of athem~clero~h of 
the aorta we.~ ob~erved (*~,+ and ***)' In the rematnt~,g rabbits the degree of involvemen~ of the aorta ~::~ 
moderate (§ e~ slight (+). Meanwhile, in t~.e group of rabbit~ receiving large doses of hep~tin (60 and 30 rag) 
in ~ddi~iot~ to c~o~e~terin, out of 22 animals the~e was a severe degree (++*) of athe~o~clerosis of the aorta in 
only three, ~nd ~ e  rem~q~t~g 19 r~bb~tz showe~ a me,crate  (§247 or slight (*) degree of atherosclerosi,. 

Administtc~tion of large do~es of hepafln thus Inhibited the development of experimental athetosclerosts in 
rabbits dv.flng prolonged cholesterln feeding. Tl~is action of heparln is difficult to put down to it* effect on the 
blood lipids. 

SUMMARY 

Single administration of various doses of heparin to rabbits with alimentary hypercholesterinemta brought 
about the decrease in the cholesterol and lecithin blood level to the same degree. The value of the lecithln/r 
r coefficient remained almost unchanged. Prolonged introduction of low doses of heparin to rabbits fed 
with cholesterin had no effect on the degree of atheromatosis of aorta and on the blood lipids. Prolonged Intra- 
venous introduction of large doses of heparln (30 and 60 m ~  inhibited the development of aortic atherosclerosts 
in rabbits but had no definite effect on the content of the blood serum liplds. 

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

[I]  N.N. Anlchkov and S.S. Khalatov, Zentralbl. f. allg. Pathol. u. Pathol. Anat. 24, I ,  1 (1913). 

[2]  S.D. BaLak~hovskll and I.S. Balakhovsldi, Methods of Chemical Analysis of the Blood, (Moscow, i953), 

pp,. 292-294. 

[3] 

[4] 
(Moscow, 

[5] 

[6] 

t71 
[S] 

[9] 

[10] 

[11] 

[12] 

D3] 

04] 

[:5] 

06] 

S.M. Lettes, Biokhimita 8, 5-6, 283-292 (1943). 

N.A. Ramer, E.F. Tartakovskaia and M.G. OsiFenkova, Atheroscterests and Coronary Insufficiency* 

1956), pp. 155-175. 

T.A. Sinitsyna and T.N. Loviagina, Do,lady Akad. Nauk SSSR llO, No. 6,  1126-1129 (1956). 

V.A. Engr and L.G. Smir~, ~h~rL Eksptl. BioL I Med. 7, 108-117 (1926). 

D.P. Basu and CoP. Stewart, Edlnbu~g Med. J. 57, 598-599 (1950). 

W.R. Blooh J. Biol. Chem. 24, 227-231 (1916). 

P. Constandinides, G. Szasz and F. Harder. Arch. Pathol. 56, 36-45 (1953). 

D.M. Graham, et al., Circulation 4, 666-673 (1951). 

J. Herz~tetn et at., Ann. Intern. Med. 40, 290-306 (1954). 

A. Horita and T.A. Loomis, J. Expel Med. 100, 381-390 (1954). 

L. Horlick and G.L. Duff, Arch. Pathol. 5'/, 417o424 (1954). 

H.C. Meng and W.S. Davis, Circulation 10, 590-591(1954). 

D.F. Opdyke0 A. Rosenburg, R. Silber, r el., J. Lab. and Clin Med. 45, 270-273 (1955). 

R. Raynaud, LR. d'Eshougue~ and G. Nakache, Presse reed. 63, 1594-1595 (1955). 

m 

*In Ru~laa. 

fi60 


