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Several hypotheses have been proposed to 
explain the entrance of lipids into the arterial 
wall in the process of atherogenesis. Virchow 
suggested that the deposition of fat is sec- 
ondary to the pathological alteration of con- 
nective tissue cells and ground substance of 
the vascular wall ( 1 ) . This old idea seems t o  
have gained importance in recent years. Fa- 
ber(2) noted that alteration in the histo- 
chemical staining of arterial mucopolysac- 
charides is the earliest demonstrable feature 
of atherosclerotic lesions. He found that an 
increased output of carbohydrate-sulphuric 
acid esters plays a significant role in deposi- 
tion of cholesterol in the vascular wall. Alt- 
schuler and Angevine(3) suggested that a 
process of ionic exchange between circulating 
cations and partially depolymerized chon- 
droitin sulphuric acid may play a role in de- 
position and fixation of lipids. I t  is, there- 
fore, apparent that depolymerization of meso- 
dermal connective tissue ground substance is 
involved in the pathogenesis of atherosclerosis. 
This hypothesis is supported by more recent 
experimental work on cholesterol fed animals. 
Not only was hypercholesterolemia in rabbits 
associated with elevated serum hexosamine 
levels, but also increased metachromatic and 
P.A.S. positive materials were observed in and 
subjacent to atheromatous lesions (4). The 
above alterations of connective tissue ground 
substance also may be investigated by S3; 
uptake technic. It has been shown that radio- 
active sulphate may be incorporated into the 
aorta of animals and that the estent of uptake 
closely parallels intensity of staining for acid 
mucopolysaccharides. I t  was assumed that 
the principal substance incorporating S:"' i n  
the aorta was chondroitin sulphate ( 5 .6 ) .  A 
recent report(7) on s:j5 uptake in the a o r t a  
of cholesterol-fed rabbits seems to conG rm 
previous findings based on histochemical 
methods. Katz and Stamler( I ) ,  however, 
question the relevancy of rabbit cholesterol- 

induced aortic lesions for understanding the 
pathogenesis of human disease. They con- 
sider the chick as a more suitable experimental 
animal and give arguments in favor of this 
statement. Their advice, therefore, has been 
followed in selection of material for this work. 
The purpose of the present experiment was 
to study the effect of cholesterol feeding on 
uptake of S3' by the aortic wall mucopolysac- 
charides in cockerels. 

illaterials and methods. Cockerels of 
IYhite Rock-Broiler strain used for this study 
were obtained from a commercial hatchery 
when 8 days old and immediately confined to 
thermostatic brooders. The  birds were kept 
in groups of 8 to 10 per brooder and received 
routine chicken food with tap water as de- 
sired. When the birds were 2 weeks old cho- 
lesterol ( 2 % )  and cottonseed oil ( 5 % )  were 
added to the diet and this treatment continued 
during an 8 week period. Isotope was admin- 
istered 24 hours before birds were killed. Ra- 
diosulphate ( S3" in H2S04, Atomic Energy, 
Canada) was injected subcutaneously in dos- 
age of 1 mc/kg of bird's body weight. The 
dose was dissolved in 5 ml of distilled water 
together with 40 mg of sodium sulphate(8,9). 
The cockerels were anesthetized, killed by de- 
capitation and the blood collected. Serum 
and livers were used for determination of 
lipids. From each bird, aorta and femur were 
carefully dissected for isotope study. Bone 
was studied to compare S 3 c 5  uptake of the 
aorta with that of a tissue (bone) having spe- 
cifically high sulphate-fixing capacity. Aortas 
were studied for S25 radioactive mucopolysac- 
charides following the method described pre- 
viously ( 1 0 , l l )  . The bones were dissolved by 
the nitric-perchloric acid wet-digestion pro- 
cedure described previously( 12) .  The final 
ixecipitate of barium sulphate obtained after 
processing the tissues was transferred to plan- 
chettes and counting carried out using a thin 
mica window Tracerlab G-M tube. A Tracer- 
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‘I’ARLF: I. Henim and Liver Lipids i n  Cholesterol 
Fed Corkerels, after 8 Weeks of Feeding. 
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lab Superscaler S.C. 18A was used for read- 
ing Results were expressed in counts per 
minute (c.p.m. j . Total cholesterol was de- 
termined following the method of Albell et al. 
(13 ) .  For the study of lipid phosphate the 
samples were extracted with alcohol-ether 
and analysis carried out by the method of 
Zilversmit and Davis( 14). Total cholesterol/ 
phospholipid ratio (the C/P ratio j was ob- 
tainedi by calculation. 

Before the beginning of choles- 
terol diet body weights averaged 220 g and 
23;! g in control and cholesterol fed groups of 
birds respectively. At the end of experiment 
respective weights were I680 g and 1570 g. 
Table I records data on determination of li- 
pids in serum and livers of cockerels. Both 
totail cholesterol and phospholipids are in- 
creased in cholesterol fed birds. significant 

Results. 

TABLE IT. Uptake of S3j by Bone and Radioac- 
tivi t,y of Ssa Sulphated Mucopolysaccharides of 

Aortas (S.M.) i n  Cockerels. -- -- 
Control Cholesterol 

diet diet 

No. of birds 16 1 6  
S” in  bone, c.p.m./100 942 _t 43* 987 & 47 

SS5 in 13.M. fraction of 
mg dry wt (720-1 305) t (71 3-1276) 

762 2 45 1612 2 106 
:mrt,i, c.p.rn./lOO mg (537-999) (1 162--2362) 
dry w t  

rise of C/P ratio, which is considered as a de- 
cisive factor in atherngenesis of cockerels ( 1 5 ) 
also may be noted. Table TI presents the re- 
sults of measuring of S‘i5 uptake by the frac- 
tion of aortic tissue considered to contain 
sulphated mucopolysaccharides. Total radio- 
activity of femora of the same birds is also 
recorded. Significant difference between the 
2 groups of cockerels is apparent as far as 
aortic S35 uptake is concerned. There is no 
marked difference in S35 uptake by the bones 
of these birds. 

Discussion. Increased S35 uptake by the 
sulphated mucopolysaccharides of the aortic 
wall in cholesterol fed cockerels was found in 
this experiment. This finding is in agreement 
with previous work on alteration of vascular 
wall ground substance associated with clinical 
and experimental atherosis. The fact that 
cholesterol feeding does not influence S S 5  up- 
take by bones is significant. It means that 
the changes in lipid metabolism produced 
under described experimental conditions do 
not necessarily result in increase of the SS5  
uptake by all tissues with sulphate-binding 
capacity . 

Cockerels were fed during an 
8 week period with cholesterol (2% j and cot- 
tonseed oil ( 5 % )  enriched diet. Parallel to 
increase of serum and liver lipids and C/I’ 
ratio, there was a significant rise of S”5 up- 
take by the sulphated mucopolysaccharides of 
the aorta. 

Summary. 

Technical assistance of M. Solony and J. Michiels is 
gratefully acknowledged. 
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Schoenheimer and co-workers reported the 
first critical experiments on facilitatory effect 
of bile salts on cholesterol absorption in vari- 
ous animals( 1-3). Using serum or liver choles- 
terol levels as indicators of quantitative dif- 
ferences between bile acids, these workers 
found that gIycocholate had the greatest effect 
in enhancing cholesterol absorption, while 
cholic acid and desoxycholic acid were less ef- 
fective (2,3).  Member e t  nl. ( 4 )  reported that 
cholate or glycocholate fed with cholesterol 
to rabbits increased blood and aorta choles- 
terol levels, while dehydrocholate. hyodesoxy- 
cholate, and desoxycholate were ineffective. 
In chronic feeding experiments with rats. 
Swell and co-workers(5) found that blood 
cholesterol levels were elevated by inclusion 
of cholate or taurocholate in high fat-high 
cholesterol diets; desoxycholate was less ef- 
fective, while dehydrocholate was without 
noticeable effect. Correlation of these data 
with in vitro studies on comparative effects of 
different bile salts on cholesterol esterase ac- 
tivity(6) led to the suggestion that the ob- 
served effects of dietary bile salts were due 
to their requirement as cofactors for choles- 
terol esterase activity. Another explanation 
is that due to hydrotropic properties of these 
substances ( 7 ) ,  dispersion of cholesterol and 
its tranfer into the mucosa is increased. Re- 
cently, Swell and coworkers (8) demonstrated 
that bile salts are involved in passage of cho- 
lesterol from the intestinal lumen into the 
mucosa. Further, these authors suggested 

*This work supported by grants from Life Tn- 
surance Medical Research Fund, and Nat. Heart Inst. 

that a specific type of bile salt was involved, 
since dehydrocholate was ineffective in pro- 
moting transfer of cholesterol into the intes- 
tinal mucosa, while taurocholate increased 
both mucosal and lymph cholesterol levels( 8 ) .  
Other workers have suggested that accumula- 
tion of cholesterol in blood and liver when bile 
salts are fed is related to depressed rate of 
cholesterol catabolism or excretion (9,lO). The 
purpose of the present investigation was to 
determine directly, using changes in lymph 
cholesterol levels, the comparative effects of 
various bile salts on intestinal absorption of 
cholesterol in the rat. 

Methods and materials. Male rats of Car- 
worth Farms strain with thoracic duct lymph 
fistula were prepared and handled as de- 
scribed previously ( 1 1 ) . Following a fasting 
period of 18-24 hours, the animals were given 
3 ml of aqueous test emulsion intragastrically 
( 1 I). Control and test emulsions contained 
50 mg of albumin, 50  mg of cholesterol and 
288 mg of oleic acid/3 ml of 0.9% saline. In  
addition, the experimental emulsions con- 
tained 4 molar equivalents of one of 7 dif- 
ferent bile acids/mole of Cholesterol fed. 
Commercial samples of li thocholic acid, de- 
oxycholic acid, dehydrocholic acid, sodium 
taurocholate and sodium glycocholate (Nu- 
tritional Biochemicals) were employed. In  
addition, highly purified samples of cho- 
lanic acid,t cholic acid: and synthetic 

t Mann Research Lab., M.P. 163.5OC; sp. rot., + 2 1 O .  
$ We are indebted to Dr. M. Korzenovsky, Eli Lilly 

and Co., for sample of purified cholic acid. 


