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PATTERN OF HYPERLIPiDEMIA iN RATS WITH CHRONIC 

RENAL FAILURE 

N~ V. Nikiforova, I. K. Tananaeva, UDC 616.61-008.64-036.12-092.9-97: 
A. L. Pozdnyakov, and I. V. Sokolovskaya 616.153.915.01-074 

The character of the hyperlipidemia was studied in rats  with chronic uremia caused by removal 
of five-sixths of the total weight of kidney tissue. The blood cholesterol and phospholipid con- 
centrations were almost twice the normal level 13-30 days after subtotal nephrectomy in the 
rats  with uremia. The hyperlipidemia was more marked when the blood nonprotein nitrogen 
level was high. The serum triglyceride concentration was not increased. The total concentra- 
tion of serum fl- and pre-fi-lipoproteins, determined nephelometrically, was significantly in- 
creased only ff the nonprotein nitrogen exceeded 80 mg%. Disk electrophoresis of the serum 
lipoproteins of the rats  with uremia revealed a definite increase in the ~-lipoprotein concentra- 
tion and a very small increase in the p-lipoprotein concentration. Postheparin plasma lipolytic 
activity in the rats  with uremia was normal. Massive proteinurla was observed in the experi- 
mental rats ,  but the hypoproteinemia was not significant. 

KEY WORDS: hyperlipidemia; lipoproteins; atherosclerosis; proteinuria; postheparin plasma 
npoi~ic activity. 

There is convincing evidence at the present time in support of a disturbance of lipid metabolism and 
the more rapid development of atherosclerosis in patients with chronic renal failure (CRF), whose life can 
be supported by programed hemodialysis [5, 9]. 

Unlike in man, atherosclerotic changes in the vessels (aorta) do not develop in ra ts  with experimental 
CRF, although in the late stages sclerosis of the media caused by deposition of calcium salts may take place 
[15]. In view of these differences it was decided to investigate the serum lipid concentration and lipoprotein 
spectrum and the postheparin lipolytic activity (PHLA) of the plasma in rats  with long-lasting CRF and to 
compare any posssible changes with the lipid disturbances in patients described previously [2, 5]. There 
are no data in the l i terature on relations between the lipoproteins and PHLA of the plasma in rats  with CRF, 
and only scattered reports of their blood lipid concentration [4]. 

EXPERIMENTAL METHOD 

Experiments were carried out on 44 noninbred male rats weighing initially 140-160 g, 27 of which had 
experimental CRF whereas 17 acted as the control. Experimental CRF was induced by removal of five-sixths 
of the total weight of the kidney tissue in two stages [ii]. Observations were kept fo~ 13-30 weeks after the 
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Fig.  1. Disk  e l e c t r o p h o r e s i s  of 
s e r u m  l ipoprote ins  (LP) of healthy 
r a t s  (3, 4) and of r a t s  with CRF in 
7th month of expe r imen t  (1, 2). 

l a s t  opera t ion .  The  nonprotein ni t rogen concentra t ion in s e r u m  obtained f r o m  blood taken f r o m  the tai l  a f te r  
s t a rva t ion  for  18 h was de te rmined  by A s s e l ' s  method, t r i g l y c e r i d e s  as  in [6], choles te ro l  by the L i e b e r m a n n -  
B u r c h a r d  r eac t i on  a f t e r  ex t rac t ion  with a mix tu re  of  ch lo ro form and methanol  [7], and phospholipids as in-  
o rgan ic  phosphorus  a f te r  ex t rac t ion  in the s a m e  way [3]. The  total  s e r u m  pro te ins  we re  de te rmined  by the 
b iu re t  method and the  total  f l-  and p r e - f i - l i p o p r o t e i n s  nephe lomet r i ca l ly  [1]; the  p l a s m a  PHLA was de te rmined  
as  de sc r ibed  in [2]. Hepa r in  was injected into the f e m o r a l  vein in a dose  of 20 un i t s /100  g body weight. The 
r a t s  were  decapi ta ted  10 min l a t e r  and blood was col lected in tubes with hepa r in  (2 units to 1 ml blood). An 
emuls ion  of soy oil ac t ivated by r a t  s e r u m  was used as the subs t r a t e .  The  p l a s m a  PHLA was es t ima ted  f r o m  
the accumula t ion  of f r ee  fat ty ac ids  (FFA) in the  incubation med ium.  The  s e r u m  l ipoprote ins  we re  f rac t iona ted  
by e l e c t r o p h o r e s i s  in po lyac ry l amide  gel [12]. The  pro te in  concentra t ion in the ur ine  col lected ove r  a per iod 
of 18 h was  de t e rmined  by the sn l fosa l icy l ic  acid method.  P i ece s  of  the s tump of the kidney and the ao r t a  at 
the level  of the a rch  were  examined  morphologica l ly .  Ord ina ry  histological  survey  methods  of staining and 
the  following h i s tochemica l  methods  were  used: staining for  ca lc ium by K o s s a ' s  method,  for  u r ic  acid and 
u r a t e s  by the Schu l t z -Schmid t  method,  for  e las t ic  t i s s u e  with fuchselin,  and for  l ip ids  with Sudan I I I  and IV 
by Go ldman ' s  method.  Neut ra l  mucopo lysaccha r ides  we re  detected by Shabadash ' s  method and acid muco-  
p o l y s a c c h a r i d e s  by staining with a lc ian  blue and toluidine blue at  pH 7.0 and 4.0. 

Depending on the blood ni t rogen l eve l s  the expe r imen ta l  r a t s  we re  divided into two groups:  group 1 with 
a blood nonprote in  n i t rogen of under  80 mg%, and group 2 with a level  of ove r  80 rag%. 

EXPERIMENTAL RESULTS 

As Table i shows, a marked increase in the blood nonprotein nitrogen was observed in the rats with 
experimental CRF and their serum cholesterol (by 2-2.5 times) and phospholipid (by 1.5-2 times) concentra- 
tions also were considerably increased. As the blood nitrogen rose, the two last indices also showed a tendency 
to rise (group 2). The serum triglycerides remained at the normal level. The hyperlipidemia in experimental 
CRF thus differed from the uremic hyperlipidemia in man, which is characterized by an increase in the con- 
centration of the triglycerides only, and by little change in the cholesterol and phospholipid levels [2, 5]. Since 
no hypertriglyceridemia was present in the rats with CRF, the increase in the total serum concentrations of 
fl- and pre-fl-lipoproteins must be attributed to fl-lipoproteins participating in cholesterol transport. During 
disk electrophoresis of serum lipoproteins Of healthy rats (Fig. I), the following principal lipoprotein fractions 
were found (just as by l~arayan [13] also). The fraction closest to the start (pre-fi-lipoporteins) was detected 
inconstantly. Next followed fl-lipoproteins, and then h~;o fractions of ~-lipoproteins: the principal, or ~2- 
lipoproteins, and an intermediate fraction of ~i-lipoprcteins, consisting of two almost confluent subfractions. 
The band preceding the ~2-1ipoproteins was formed by a complex of fatty acids with albumin transporting them. 

The most characteristic change of the lipoprotei1~ spectrum in CRF was a marked increase in the ~2- 
lipoproteins and a small~r increase in the ~i-lipoproh~ins. An increase in the intensity of the fi-lipoprotein 
band also was observed~ but this was smaller and less constant. In rats with CRF most of the cholesterol and 
phospholipids, just as ~ normal rats, is evidently trah ~ported in the ~-lipoprotein fractions. This may explain 
the absence of any signi:i'icant increase in the serum fi lipoprotein concenimation (determined nephelometrically) 
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in the ra ts  of group 1, despite the definite hypercholesteremia.  Only a further increase in the hyperlipidemia 
(group 2) led to a statistically significant increase in the fl-lipoprotein concentration. We know that G-lipo- 
proteins,  the concentration of which r i s e s  in experimental CRF, can penetrate into the subendothelial layer  
of the blood vessels ,  but because of the small size of their  molecules, they are not retained in it, i.e., these 
lipoproteins are not atherogenic. 

In patients with uremic hypertr iglyceridemia the blood concentration of coarsely dispersed pre-f l - l ipo-  
proteins is increased whereas the G-lipoprotein concentration is reduced [2, 5], and this corresponds to the 
atherogenic type IV of hyperlipoproteinemia. It  is thus possible that the absence of atherosclerot ic  changes 
in the aortas of the ra ts  with CRF may be connected with the character  of the hyperlipoproteinemia. Changes 
found after  7 months of the experiment (Fig. 2) affected the elastic framework of the aortic wall and were most 
marked in the subendothelial layer  of the intima and the central zone of the media. Staining for elastin became 
pale or disappeared altogether. The elastic f ibers  swelled and thickened, and sometimes separated. In the 
interstit ial  t issue acid and neutral mucopolysaccharides were deposited. No accumulations of calcium salts 
or  lipids were detected. 

In a previous investigation [2] a definite decrease in the plasma PHLA, which includes the group of 
enzymes participating in t r iglyceride hydrolysis, was observed in patients with CRF. A decrease in PHLA 
was observed in the patients even in the early stages of CRF and it preceded an increase in the plasma t r i -  
glyceride concentration [10]. This may partly explain the uremic hypertr iglyceridemia.  In the present  ex- 
periments the plasma PHLA remained normal in the ra ts  with CRF despite their  high blood nitrogen. Deter-  
minations were made on 15 ra ts  with CRF. The mean blood levels found in these animals were: nonprotein 
nitrogen 103 �9 10.5 rag%, t r iglycer ides  41.1 �9 3.9 mg%, cholesterol 145 �9 7.0 mg%, and phospholipids 183 �9 8.5 
rag%. The normal plasma PHLA was perhaps maintained by an increase in the concentration of G-lipoproteins, 
an apolipoprotein of which is an activator of lipoprotein lipase, the principal enzyme of PHLA [8]. The hyper-  
G-lipoproteinemia in ra ts  with CRF, the normal plasma PHLA, and the absence of hypertr iglyceridemia are 
thus factors  not predisposing to the development of atherosclerot ic  changes in the blood vessels .  

The mechanism of development of uremic hyperlipidemia in ra ts  is not clear .  Since one cause of the 
hyperlipidemin in renal  disease is recognized to be a fall in the serum1 protein concentration due to proteinuria, 
these indices were determined in the ra ts  with CRF. 

As Table 1 shows, the excretion of protein with the urine of the experimental animals was sharply in- 
creased but the hypoproteinemia was not significant (group 1) or absent. It may be that in experimental CRF, 
just as has been postulated for the nephrotic syndrome, the synthesis of serum proteins including G-lipoproteins 
is increased in response to the proteinuria.  As a resul t  the normal blood protein level is maintained and hyper-  
lipidemia develops. 

Because of the massive proteinuria in the ra ts  with CRF a morphological investigation was made of the 
kidney stump. The predominant picture in these experiments was vicarious dilatation of the lumen of the 
tubules, some of which contained calcium phosphate microliths.  There was little change in the glomerular 
apparatus. Only in a few cases was the cavity inside Bowman's capsule enlarged and the basement membrane 
of the capsule i r regular ly  thickened. No inflararaatory reactions of the stroma were observed. A similar 
picture was found by other  workers  [14] who suggest that the proteinuria in experimental CRF develops as a 
resul t  of "overs t ra in  ~ of the basement membranes of the functioning glomeruli. 
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T A U R O C H O L I C  A C I D  

C H O L E S T E R O L  D I E T  

L .  V .  K r y u k o v a  

S Y N T H E S I S  IN DOGS ON A HIGH 

UDC 616.36-092.9-07:616.36-008.839.31-073.9.16 

Synthesis  of asS-labeled taurochol ic  acid was studied in dogs with a gall bladder  fistula kept on 
a h igh-choles te ro l  diet  (2 g /kg ) .  In the f i r s t  per iod (1-2 months) of feeding on a h igh-choles terol  
diet  a marked  inc rease  in the synthesis  of [35S]taurocholic acid was observed .  After  5-6 months,  
in the per iod of development  of the pathological p r o c e s s  in the l iver ,  the synthesis  and secre t ion  
of bile acids and the format ion  of  a choles te ro l  r e s idue  in the bile were  reduced.  The ser tun 
choles te ro l  level  in these  dogs was inc reased  but not significantly.  

KEY WORDS: taurochol ie  acid; h igh-choles te ro l  diet .  

The  digestive t r a c t  plays an essent ia l  ro le  in the synthesis ,  absorption,  and subsequent convers ion of 
choles tero l  [9, 15]. The l ive r  and intest ine a re  evidently the main sources  of endogenous choles terol  [5, 6, 
11, 14]. If choles terol  synthesis  in the l iver  is control led through a sys tem of negative feedback by the quantity 
of choles terol  taken in with the diet,  choles terol  synthesis  in the intestine,  as  has been shown for  ra t s ,  must  
be independent of the amount of exogenous choles terol  ingested [10]. Exogenous choles terol  taken in with the 
diet  has been shown to be conver ted  in the l i ve r  into bi le  acids .  An excess ive  intake of choles terol  is regulated 
by an inc rease  in i ts  convers ion into bile acids and its excre t ion  with the bile, by inhibition of choles terol  syn- 
thes i s  in the l iver ,  by an increase  in the excre t ion  of choles terol  and its der iva t ives  with the feces ,  and by 
r e s t r i c t i on  of its absorpt ion f rom the digest ive t r a c t  [7, 12, 15-19]. These  changes a re  different ly expressed  
in animals  of different  species ,  and this accounts for  the d i f fe rences  in the degree  of development of hyper -  
cho les t e remia  and of accumulat ion of choles terol  by the l ive r  and other  organs  in exper iments  on animals  r e -  
ceiving h igh-choles terol  diets .  Adminis t ra t ion of la rge  doses  of choles terol  to dogs led to a small  inc rease  
in the se rum choles terol  concentrat ion,  to marked  accumulat ion of choles terol  in the l iver  t i ssue,  and the in- 
c reased  format ion  of bile acids [13]. It was concluded that in animals  of this  species  the main regula tory  
mechanism is the convers ion of choles terol  in the l ive r  into bile acids.  However,  it is  not c lear  to what extent  
this  mechanism opera tes  in the p resence  of d i seases  of the l ive r .  

The  object of this investigation was to study synthesis  of labeled taurochol ic  acid in dogs rece iv ing  a 
h igh-choles tero l  diet at in tervals  during the development  of hepatic pathology. 

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

Exper imen t s  were  ca r r i ed  out on seven mongrel  dogs with a gall gladder  fistula and with the common 
bile duct l igated, five of which r ece ived  a diet containing choles terol  {with the addition of bile of the same dog) 
in a dose of 2g /kg  body weight daily for  6 months.  On the day of the exper iment  the dog rece ived  20 pCi  [35S]- 
methionine per  os .  The ra te  of excre t ion  of radioact ive  label in the bi le  and of its incorporat ion into t au ro -  
cholic acid was determined,  and in some exper iments  para l le l  de terminat ions  were  made of the cholic acid 
content in the bile.  In a special  s e r i e s  of exper iments  to de te rmine  the degree  of convers ion of cho les te ro l ,  
enter ing f rom the intestine,  into bi le  acids the method of isotope dilution was used.  F o r  this  purpose,  on the 
days af ter  adminis t ra t ion of [35S]methionine bile was collected for  2-3 h, on the assumption that the quantity 
of radioact iv i ty  excre ted  in 1 ml  does not change to any considerable  degree ,  a f te r  which, when the activity 
of the bile was stable,  the dog was given a choles terol  load and bile continued to be col lected for  5 h and a 
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