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The effect of n-alkanes on the development of a therosc le ros i s  induced by chlolesterol  
feeding was studied in experiments  on rabbi ts .  In doses of 40 and 120 m g / k g  n-alkanes 
led to an increase  in the serum cholesterol  concentration and the lipid content in the 
t issues of the aorta  and also in the degree of the a therosc lerot ic  changes in the aor ta .  
In some animals receiving n-alkanes with the diet c i r rhos i s  of the l iver  developed against 
the background of fatty degeneration. In rabbits receiving n-alkanes the activity of the 
l ipid-mobil izing enzymes was reduced and the content of n-alkanes in the aor ta  and adi-  
pose t issue was increased~ 

A charac te r i s t i c  feature of the 20th century is the increas ing technological use of petroleum products 
and contamination of the external environment by them. 

Assessment  of the likely or possible harmful effect of petroleum products on human health requires  
par t icular  attention to be paid to polycyclic compounds which possess  marked  carcinogenic proper t ies  [4, 
5, 14, 15]o 

The paraffin hydrocarbons,  charac ter ized  by a degree of chemical  res is tance ,  have neither ca rc ino-  
genic nor acute toxic action. There are only isolated repor ts  in the l i te ra ture  of the d iscovery  of hydro-  
carbons in the human liver,  spleen, and lymph glands [16-18]o However, the biological action of the n -a l -  
kanes has been ve ry  incompletely studied. The resul ts  of investigations in the last  3 years  have shown that 
in the t issues of animals rece iv ing  liquid paraffins with their  diet there is a tendency for the level of oxygen 
utilization to fall and for lipids to accumulate in the liver,  with an accompanying slight increase  in the blood 
serum cholesterol  concentrat ion.  By the use of Cl~-labeled octadeeane it has been possible to study both 
the rate  of its absorption by the intestinal mucous membrane  and the periods of its deposition in the t issues  
as well as the dynamics of its metabolism ~nd removal  f rom the body [6]. 

These investigations suggested that n-alkanes might possibly influence lipid metabol ism.  A par t icu-  
lar ly  interest ing aspect  of this problem is the study of the atherogenic proper t ies  of the n-alkanes and, in 
par t icular ,  their  influence on the course  of experimental  a theroscleros iso  

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

Experiments  were ca r r i ed  out on 60 rabbits kept on the ordinary  animal house diet. Atherosc le ros i s  
was induced by the method of Anichkov and Khalatov, by feeding the animals with chloesterol  (0 o2 g/kg body 
weight) which was adminis tered  through a tube as a 10% solution in sunflower oil. The animals were divided 
into four groups. The rabbits of group 1 (control) received only sunflower oil (2 mg/kg),  those of group 2 
received sunflower oil and cholesterol  (0~ g/kg), group 3 received sunflower oil, cholesterol ,  and liquid 
paraffins in a dose of 40 m g / k g  body weight, and the rabbits of group 4 received sunflower oil, cholesterol ,  
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Fig.  1. Blood s e r u m  choles te ro l  concentra t ion in rabb i t s  r ece iv ing  a high lipid diet: I) sunflower 
oil ; II) sunflower oi l+ choles te ro l  ; III) sunflower oil, choles tero l ,  and 40 m g / k g  n -a lkanes  ; IV) sun-  
f lower  oil, choles tero l ,  and 120 m g / k g  n -a lkanes .  

Fig.  2. Aor tas  of rabbi t s  r ece iv ing  a high lipid diet .  F r o m  top to bottom: sunflower oil ;  sunflower 
oil+ cho les te ro l ;  sunflower oil, choles te ro l ,  and 40 m g / k g  n -a lkanes  (stairied with Sudan). 

and liquid paraf f ins  in a dose of 120 mg/kgo The doses  of n -a lkanes  used (calculated pe r  kg body weight) 
were  below the r e c o m m e n d e d  doses  of mine ra l  oil for  use in const ipat ion [3]. Pur i f ied paraf f ins  with a 
solidif icat ion point of 17~ were  used~ The chief  components  of these paraf f ins  were  n -a lkanes :  Cls (8.6~o), 
C16 (11.9%), C17 (13.8%), C1B (13o1%), Cls (12~176 C20 00%), and C21 (7~176 The total content of Ca-C25 n-  
alkanes was 98.8%. The content of a roma t i c  hydrocarbons  was below 0.1%. During the expe r imen t  f requent  
checks were  made of the an ima l s '  body weight and the concentra t ions  of choles te ro l  and f i - l ipoprote ins  in 
the i r  blood s e r u m ,  The exper imenta l  and control an imals  were  sac r i f i ced  at the s ame  t ime  (6-6.5 months 
later)  when mani fes ta t ions  of s eve re  hypocho le s t e r imia  were  p resen t .  Lipids were  ex t rac ted  by Folch ' s  
method [20]. The total lipid content was de te rmined  g rav ime t r i ca l l y .  The f rac t ion  of n -a lkanes  was s e p a -  
ra ted  as descr ibed  p rev ious ly  [6] and the i r  content was de te rmined  by gas ch romatography .  The s e r u m  
choles te ro l  concentrat ion was de te rmined  by E lk ' s  method in the w r i t e r s '  modif icat ion.  Several  indices of 
lipid me tabo l i sm and enzyme act iv i ty  were  de te rmined  in the t i s sues :  total choles te ro l  [3], e s t e r i f i ed  cho-  
l e s t e ro l  [2], phospholipids [19], l ip id-mobi l iz ing  l ipase  [7], bu ty ry lcho l ines t e rase  [81, t r ibu ty r inase  [9], a l -  
kaline phosphatase  [10], k e t o s e - ] - p h o s p h a t e  aldolase [11], and alanine a m i n o t r a n s f e r a s e  [12]. The s ignif i -  
cance of d i f fe rences  between the groups was a s s e s s e d  by Student 's  c r i t e r ion .  The aor ta ,  taken f rom its 
point of bifurcat ion,  was invest igated by di rec t  p l an ime t ry  as desc r ibed  by Avtandilov [1]~ The ao r t a  and 
organs  were  studied his tological ly .  

EXPERIMENTAL RESULTS AND DISCUSSION 

No differences were found in the changes in weight of the experimental and control animals. A sharp 
increase in the blood serum concentrations of cholesterol and fi-lipoproteins, typical of this model, was ob- 
served. Additional administration of n-alkanes in a dose of 40 mg/kg revealed only a tendency toward an 
increase in the cholesterol concentration. With an increase in the dose of n-alkanes to 120 mg/kg, the in- 

crease in the hypercholesteremia was significant (Fig~ i). A tendency was also observed for the serum fl- 

lipoprotein concentration to rise in the rabbits receiving n-alkanes. 

A study of the dynamics of the increase in the serum cholesterol concentration thus revealed a signi- 
ficant influence of n-alkanes on lipid metabolism, and under the conditions of Anichkov's experimental mod- 

el this can be interpreted as a sign of an additional atherogenic action. This conclusion was fully confirmed 
by morphological evaluation of the severity of the atherosclerotic changes. The area and severity of the 

structural changes in the aorta was found in groups of rabbits receiving n-alkanes together with the oily 
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T A B L E  2. Conten t  of To ta l  L i p i d s  in R a b b i t s '  A o r t a  

Group of 
animals 

Lipids administered 
Total lipid con- 
tent (in % of 
weight of fresh 

tissue) 

Sunflower oil 
sunflower oil and cholesterol 
Sunflower oil~ cholesterol, and 

40 mg/kg n-alkanes 
Sunflower oil, cholesterol, and 

I 120 mg/kg n-alkanes 

3,98__.0,21 
9,20~0,39 

10,70__+0,54 

12,30___0,72 

*P<  0.05 c o m p a r e d  wi th  group 2. 
t ' P  < 0:01 c o m p a r e d  wi th  group 2. 

7, 
i~o F 
1~o ~ 2 3 
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F i g .  3. Ef fec t  of n - a l k a n e s  on i n d i c e s  of l i p i d  
m e t a b o l i s m  in the r a b b i t s '  l i v e r :  O) s u n f l o w e r  
o i l ;  1) s u n f l o w e r  oil  + c h o l e s t e r o l  ; 2) s u n -  
f l o w e r  oi l ,  c h o l e s t e r o l ,  and 40 m g / k g  n - a l k a n e s  ; 
3) s u n f l o w e r  oi l ,  c h o l e s t e r o l ,  and 120 m g / k g  n -  
a l k a n e s  ; I) to t a l  l i p i d s  ; II) to t a l  c h o l e s t e r o l ;  
III) f r a c t i o n  of c h o l e s t e r o l  e s t e r s .  

so lu t i on  of c h o l e s t e r o l  (Tab le  1). The g r e a t e r  p a r t  of the c h a n g e s  in 
t h e s e  a n i m a l s  c o n s i s t e d  of f i b r o u s  p l a q u e s  which,  f o r m i n g  cont inuous  
bands ,  c o v e r e d  p r a c t i c a l l y  the whole  s u r f a c e  of the a o r t a  ( F i g .  2).  L i p o i d  
s t a i n s  o c c u p i e d  a c o m p a r a t i v e l y  s m a l l  a r e a ,  e v i d e n c e  of a c o m b i n a t i o n  
of s c l e r o t i c  c ha nge s  wi th  l i po id  i n f i l t r a t i o n .  The a o r t a s  of the a n i m a l s  
r e c e i v i n g  s u n f l o w e r  oil and  c h o l e s t e r o l  w e r e  a f f e c t e d  m a i n l y  wi th  l i po id  
s t a i n s ,  wi th  no p a r t i c u l a r l y  m a r k e d  f i b r o b l a s t  r e s p o n s e .  The i nc idence  
of l e s i o n s  in the a o r t a  in a n i m a l s  r e c e i v i n g  c h o l e s t e r o l  and  s u n f l o w e r  
oil  was  70%, and th i s  was  r a i s e d  to 90% by the a d d i t i o n  of n - a l k a n e s .  

A m a r k e d  i n c r e a s e  in the con ten t  of t o t a l  l i p i d s  was  o b s e r v e d  in 
the t i s s u e s  of the a o r t a  in r a b b i t s  r e c e i v i n g  s u n f l o w e r  oi l  and  c h o l e s t e r o l  
(by 2.3 t i m e s )  o On the a d d i t i o n  of n - a l k a n e s  the i n c r e a s e  in the to ta l  
l i p id  con ten t  was  m o r e  m a r k e d  s t i l l ,  e s p e c i a l l y  if the dose  was  120 r a g /  
kg  (Table  2). The m a r k e d  a t h e r o g e n i c  a c t i o n  of n - a l k a n e s  d u r i n g  the 
p r o d u c t i o n  of e x p e r i m e n t a l  a t h e r o s c l e r o s i s  by  A n i e h k o v ' s  m e t h o d  can  
thus  be  r e g a r d e d  a s  f i r m l y  e s t a b l i s h e d .  F e e d i n g  wi th  c h o l e s t e r o l  and 
sun f lower  oil  a l s o  i nduc e d  a s h a r p  i n c r e a s e  (by m o r e  than 80%) in the 
conten t  of to ta l  l i p i d s  in the r a b b i t s '  l i v e r .  On the add i t i on  of n - a l k a n e s  
the i n c r e a s e  in the to ta l  l i p i d  con ten t  in the l i v e r  was  m o r e  m a r k e d  s t i l l  
and  was  d i r e c t l y  dependen t  on the dose  of n - a l k a n e s .  The  i n c r e a s e  took 
p l a c e  t h rough  f u r t h e r  a c c u m u l a t i o n  of c h o l e s t e r o l  in the t i s s u e s  (F ig .  3)~ 

H i s t o l o g i c a l  e x a m i n a t i o n  showed  tha t  in a n i m a l s  r e c e i v i n g  n - a l -  
k a n e s  not  only  was  t h e r e  a m o r e  m a r k e d  a n i s o t r o p i c  f a t ty  i n f i l t r a t i o n  of 
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the l iver ,  but in individual cases  the p ic ture  of por ta l  c i r r h o s i s  a l so  was observed,  with extensive p r o l i f e r a -  
tion of the in ters t i t ia l  t i s sue .  The mani fes ta t ions  of fat ty  degenerat ion of the l i ve r  co r r e l a t ed  with the t en -  
dency toward a dec rease  in ac t iv i ty  of the l ip id-mobi l iz ing  enzymes  (l ipase and t r ibutyr inase)  in the l i ve r .  
Alkaline phosphatase  ac t iv i ty  in the l i ve r  was signif icantly inc reased .  The addition of n -a lkanes  caused no 
significant changes in the act ivi ty  of k e t o s e - l - p h o s p h a t e  a ldolase,  bu ty ry lcho l ines te rase ,  and alanine ami-  
no t r ans f e r a se  in the blood s e r u m  and l ive r  or  of l ipase  in the adipose t i s sue .  

The r e su l t s  of these expe r imen t s  suggest  that n -a lkanes  lead to sys t emat i c  d is turbances  of s eve ra l  
indices of 'i,~id me tabo l i sm .  A fact  to be c l ea r ly  noted was the marked  accumulat ion of n -a lkanes  in the 
aor ta  and adipose t i ssue,  where  their  content was inc reased  by more  than 500% over  that in the t i s sues  of 
the control  an imals .  

There  is the re fore  r e a s on  to suppose that an impor tan t  fac tor  in the mechan i sm of the a therogenic  
action of n -a lkanes  observed  during the product ion of exper imenta l  a t h e r o s e l e r o s i s  by the method of Anich-  
kov and Khalatov is the accumulat ion of n -a lkanes  in the t i ssues ,  thei r  slight inhibi tory act ion on biological  
oxidation, and the inhibition of enzyme s y s t e m s  mobi l iz ing  l ipids .  

The prac t ica l  s ignif icance of these r e su l t s  is not yet  sufficiently c l e a r .  Invest igat ions in this d i r e c -  
tion a r e  in p r o g r e s s .  
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