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Effect of Beta-Sitosterol on Regression of Hypercholesterosis and 
Atherosclerosis in Chickens.* (24193) 

E. R. DILLER, B. L. WOODS AND 0. A. HARVEY 
(Introduced by 0. K. Rehrens) 

Biochemical Research Division, Lilly Research Laboratories, Indianapolis, Ind. 

Many attempts have been made to initiate 
regression of cholesterol-induced hypercho- 
lesterosis and atherosclerosis. Of the sub- 
stances tested, few were found to be effective 
( 1-6). Beta-sitosterol( 7) and di-hydrocholes- 
terol(8) enhanced regression of hypercholes- 
teremia, whereas only beta-sitosterol reduced 
hepatic cholesterol in the rabbit. Although 
the chicken undergoes regression of choles- 
terol-induced atherosclerosis (9,lO) few studies 
have been made to determine whether this 
process may be facilitated. Beta-sitosterol 
has been demonstrated to be a most effective 
agent for preventing cholesterol-induced hy- 
percholesteremia and atherosclerosis in the 
chicken ( 1 1,12 ) . This report is concerned 
with the effect of beta-sitosterol in diets with 
and without cholesterol on regression of cho- 
lesterol-induced hypercholesterosis and athe- 
rosclerosis in the chicken. 

Methods. Two hundred one-day-old cock- 
erels,+ 50 birds/pen, were fed a broiler ration 
(770 fat, 24% protein, 370 crude fiber) for 
an 8-week growth period. Feed and water 
were allowed ad lib. At the end of the s'- 
week growth period, a random sample of 
birds was bled to determine normal blood 
cholesterol level. The cockerels were then 
placed on an atheroma-inducing diet which 
contained 270 cholesterol in basal diet. The 
basal diet was composed of broiler ration + 
5% cottonseed oil. At the end of 3 weeks, 
i.e., the atheroma induction period, a random 
sample of the population was taken to obtain 
serum, liver, and aorta (aortic arch, thoracic 
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and abdominal aorta), for analysis. The re- 
maining cockerels were then divided into 4 
groups and placed upon the following diets for 
8 weeks: A, 1% cholesterol in basal diet: B, 
1% cholesterol + 4% sitosterol in basal diet: 
C, 4% sitosterol in basal diet: D, basal diet 
only. A representative sample of each group 
was taken after 2 weeks, and remaining birds 
were sacrificed at  the end of 8 weeks. Serum, 
liver, and aorta were collected, and the chick- 
ens were weighed a t  each sampling. Liver 
was removed in toto from each chicken, 
placed in a bottle and quick-frozen. For 
analysis the liver was thawed and homoge- 
nized in a Waring Blendor. Blood was 
drawn by cardiac puncture, placed in a cen- 
trifuge tube, allowed to clot, and centrifuged. 
Serum was collected and quick-frozen. Ad- 
ventitial tissue was removed from aortas prior 
to staining with Sudan IV. Plaque areas were 
visually estimated and graded. -4fter grad- 
ing, the aortas were lyophilized. Each tissue 
was extracted with 1: 1 ethyl alcohol-acetone. 
This extract was used for total and free cho- 
lesterol, phospholipids, and total lipids deter- 
minations. Total and free cholesterol were 
determined by the method of Sperry and 
Webb( 13). For total lipid determinations, 
an aliquot of the alcohol-acetone extract was 
added to chloroform. This mixture was 
treated as outlined by Folch(l4). Total li- 
pids were determined gravimetrically . Lipid 
phosphorus was estimated by the method of 
Fiske and Subba-Row on the residue from 
the total lipid analysis ( 15). 

R e s d t s .  The atheroma-inducing diet eli- 
cited the characteristic rise in total and free 
cholesterol of serum as shown in Table I. 
Associated with this rise of the cholesterol was 
an increased lipid content of the serum. Dur- 
ing the atheroma regression period total and 
free cholesterol and total lipids in serum of 
Group A were maintained at levels attained 
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TABLE I. Effcct of E(+:i.-Si tostcrol on Tz(yrcw;ion of Scwnii Lipicls in the Chicken. 

Time Group Total choI.* Free cliol. F/T Total lipid 

Control 
Iiiduction-3 Irk 
Rcqrrssioii-2 irk A 

1: 
( '  

1 )  
8 w l c  -1 

I :  
" 
1, 

1030 2 73 
1269 273 
539 & 50 
476 * 32 
547 * 65 
li59 
392 -+ 9 3  
382 f. 38 
332 * 36 

* Data c sp res~~c l  ;IS iiig/lOU c'c si('riitii. 

during the atheroma induction period. Dur- 
ing this same period a highly significant de- 
crease i n  the lipids discussed above was 01,- 
served in Groups B. C. and I>. This drop in 
lipids occurred to the greatest extent after 
only 2 weeks on the regression diet: a further 
decrease was seen a t  8 weeks. .4lthough 
there was no significant difference between 
Groups 13. ( * .  and 1). there was a tendency at  
2 and a t  S weeks for serum cholesterol to de- 
crease i n  the following order: Gp C' > Gp 
B ;:, Gp L). Lipid-phosphorus content of se- 
rum w s  not altered in any significant direc- 
tion. 

Total and free cholesterol and total lipid 
concentration of the liver in Group .4 contin- 
ued to rise during the regression period (Table 
I I ) . 'Total and free cholesterol and total lipid 
concentration of Groups B. (', and D mere 
great]>- reduced from the levels found for 
Groiq) -4 cliiring this period. 

During the regression period, total choles- 
terol of the liver was significantly lower in 
Group C than in Groups B and D. At 2 and 
S weeks of the regression period there was no 

t st;llli(l. vrror of  111e311. 

significant difference in total cholesterol be- 
tween Groups B and D. Groups B and C had 
significantly lower free cholesterol than had 
Group D a t  2 and 8 weeks, whereas at 8 weeks 
Group C was significantly lower than Group 
€3. ,Although the most profound drop in he- 
patic total cholesterol was observed during 
the first 2 weeks of the regression period, nev- 
ertheless there was a further reduction in he- 
]xitic cholesterol of Groups B, C, and II dur- 
ing the 2 to 8 week period. The F/T choles- 
terol ratio of Groups B, C, and D approached 
unity with reduction of total hepatic choles- 
terol. There were no significant differences in 
total lipids of Groups B, C, and D during the 
regression period. Liver lipid-phosphorus con- 
tent did not show any definite trends during 
any phase of the experiment. 

Total and free cholesterol content of the 
aortas of Group A continued to increase sig- 
nificantly from the atheroma induction period 
through the regression period (Table 111). In  
Groups €3. C, and D total and free cholesterol 
of the aorta was significantly lower than in 
Group A at the end of this period. 

TART,E IT.  Effect of Rctn-Sitostcrol nn Rcgrrssion of Liver Lipids in the Chicken. 

P-values for 
Tiiiic C;ro11]) Tot:il c+l io l . -  F W I ~  v l i o l .  F/T Total lipid total chol. 

24.2 2 1.Ht 

2i.5 & 1.3 
fi.9 c 2.2 
4.4 & .2!) 
(i.2 & .s2 

4.2 +_ .10 
3.2 & .ox 
3.9 2 .09 

37.4 3.P 

-X Data expressed as mg/g of wet tissue. t Stand. error of irical~ 



REGRESSION OF HYPERCHOLESTEROSIS AND ATHEROSCLEROSIS 815 

TABLE 111. Effect of Beta-Sitosterol on Regression of Aorta Lipids in the Chicken. 

Time Group Total chol." Free chol. F/T Total lipid total chol. 
P-values for 

Induction-3 wk 5.82 2 .32t 3.73 e .18 .65 198 & 10.5 
AI-2 \vk AR$ 

B 7.70 & .76 5.90 .39 .80 169 2 11.2 I3 .05 
C 6.58 2 .51 5.29 2 .39 .81 156 2 12.9 C .- 
D 5.69 & .96 4.30 .59 .77 179 2 23.4 D .9 

Regression-2 wk A 8.08 & .92 5.34 2 .41 .69 136 2 17.6 A P = .05 

9 

2 wk AR-8 wk AR 
8 ~ k  A 10.81 2 1.53 7.10 2 .64 .72 128 2 10.3 A P = 2 5  

B 4.84 2 1.14 3.82 & .68 .84 130 2 15 R .05 
C 3.54 2 .36 3.30 e .41 .89 134 2 13 C .01 
D 3.96 2 .48 3.51 f .44 .87 131 8.9 L> .1 

* Data expressed as mg/g of freeze-dried tissue. t Stand. error of mean. 
$ A1 z atheroma induction ; AR I atheroma regression. 

The groups receiving cholesterol with and 
without beta-sitosterol, Groups A and B re- 
spectively, manifested an increased total and 
free cholesterol a t  2 weeks of atheroma re- 
gression. Group A at 8 weeks had a higher 
total and free cholesterol than a t  2 weeks. 
Group B, on the contrary, showed a signifi- 
cant decrease in total and free cholesterol 
from the levels observed a t  2 weeks. In the 
groups receiving no cholesterol with and with- 
out sitosterol, Groups C and D respectively, 
no significant changes of total cholesterol at 
2 weeks of atheroma regression were observed. 
A t  8 weeks the total cholesterol was signifi- 
cantly lower than a t  the 2-week period. To- 
tal lipid content of all groups showed a ten- 
dency to decrease during the atheroma re- 
gression period. 

Number and degree of atheromas were not 
greatly altered at  2 weeks of the regression 
period, with exception of Group C, which did 
show a decrease (Table IV) . The differences 
were clearly evident a t  8 weeks. During the 

regression phase of the experiment a very 
slow rate of plaque reversal was observed in 
Group A, in spite of an increased cholesterol 
content of the aorta. This decrease in ath- 
eromas may be associated with decreases in 
total lipids. However, decreases in total li- 
pids occurred to the same degree and rate in 
Groups B, C, and D, and in these groups 
atheromas were entirely absent. Total cho- 
lesterol of the aorta at 8 weeks also was 
greatly decreased. 

Discussion. Cessation of cholesterol feed- 
ing with or without sitosterol administration 
in the chicken resulted in the reduction of hy- 
percholesterosis. Regression also has been 
observed in other species fed a cholesterol- 
free diet only( 1,2,7,8). Withdrawal of die- 
tary cholesterol results in a negative balance 
of cholesterol between body tissue and intes- 
tinal lumen. The animal body under these 
conditions may reduce tissue cholesterol by 
converting cholesterol to bile acids and/or by 
excreting cholesterol from the intestinal mu- 

TABLE IV. Influence of Beta-Sitosterol on Regression of Athcromas in the Chicken. 

% distribution of grades 
No. of 7-- -! yo aortas 

Time Group birds 3 2 1 0 w/atheroinas 

Induction-3 wk 
Regression--:! wk A 

B 
C 
D 

8 wk A 
B 
C 
D 

40 
16 
19 
18 
16 
20 
20 
19 
17  

3 
B 
5 
0 

19 

0 
0 
0 

- a 

17 
13 
11 
6 
6 
5 
0 
0 
0 

40 

31 
32 
22 
19 
25 
5 
0 
0 

40 
50 
52 
'is 
56 
65 
95 

100 
100 

60 
50 
48 
28 
44 
35 

5 
0 
0 
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cosa into the intestinal lumen. However. the 
rate of regression may not be maximal be- 
cause excreted cholesterol may be reabsorbed. 
Indeed. when beta-sitosterol was added to a 
cholesterol-free diet. the degree of regression 
was slightly increased. This effect was most 
evident in liver and was paralleled by simi- 
lar changes in serum and aorta cholesterol 
concentrations. Hence. it may be assumed 
that beta-sitosterol in a cholesterol-free diet 
enhanced the reduction of a cholesterol-in- 
duced hypercholesterosis by inhibiting reab- 
sorption of excreted cholesterol. 

Peterson ( 1 1.12) and Pollak ( 16) have re- 
ported that addition of sitosterol to a choles- 
terol-containing diet fed to chickens and rab- 
bits prevented hypercholesteremia. Tn the 
present study. beta-sitosterol added to a 
cholesterol-containing diet caused tissue cho- 
lesterol regression in the chicken. Rate of 
reduction was comparable to that of chickens 
on a cholesterol-free diet. The mode of ac- 
tion of sitosterol presumably is to prevent ab- 
sorption of cholesterol. Inhibition of choles- 
terol absorption may be due to 1) formation 
of relatively insoluble mixed crystals of cho- 
lesterol and sitosterol in the intestinal lumen 
(16.17). 2 )  inhibition of a cholesterol es- 
terase which presumably is required for cho- 
lesterol absorption( 18). or 3 ) competition for 
acceptor sites on or within the intestinal mu- 
cosa( 19.20). Thus. when sitosterol is incor- 
porated into a cholesterol-containing diet. the 
result. in effect, is a cholesterol-free diet. 

Regression of cholesterol and atheromatous 
involvement of the aorta was obtained by a 
cholesterol-free diet, with and without beta- 
sitosterol, or by a cholesterol plus beta-sitos- 
terol diet. A regression of atheromas may oc- 
cur by suspending cholesterol feeding ( 9.2 1 . 
2 2 ) .  ,411 of the treatments mentioned will 
lower previously elevated blood cholesterol 
and other lipids. From these observations i t  
may be concluded that atherosclerosis and 
lipid infiltration of the aorta is dependent 
upon concentration of lipids in blood. Thus. 
blood may be assigned the role of a major 
donor pool of these lipids to the aorta. Lipids 
of the aorta are not excluded from the gen- 
eral turnover of body lipids. Indeed, experi- 

ments with tritium-labeled cholesterol have 
shown that there is a turnover of aortic cho- 
lesterol, albeit slower than in serum and liver 
(23).  The data presented here support this 
observation in that the liver and serum cho- 
lesterol regressed at  a greater rate than did 
that of the aorta. 

Recently Curran and Costello( 24) have 
reported that feeding sitosterols to rabbits 
for 4 weeks led to development of athero- 
sclerotic plaques in rabbits. However, the 
data of Beher. et al.( 7,8) do not support this 
observation. Shipley, et a2.( 25) , have re- 
cently reported that continuous administra- 
tion of beta-sitosterol for a period of 2 years 
did not produce atheromatous involvement in 
the rat, rabbit, or dog. The data presented 
here show that beta-sitosterol when fed with 
or without cholesterol actually resulted in a 
decreased sterol level of the liver, blood, and 
aorta. Indeed, when beta-sitosterol was fed 
alone, sterol concentration in the liver was 
significantly lower than in the group fed a 
sterol-free diet, and the sterol content of the 
serum and aorta was equal to the group fed a 
cholesterol-free diet. 

Surizmary and conclusions. 1. A previ- 
ously elevated cholesterol concentration in 
the liver. serum, and aorta of the chicken 
was reduced by administration of beta-sitos- 
terol in presence or absence of dietary choles- 
terol, or by withdrawal of dietary cholesterol. 
2. Tissue cholesterol concentrations observed 
as a result of these treatments always ap- 
proached the normal values. 3 .  When 4% 
beta-sitosterol was fed in the diet, total sterol 
content of liver was slightly lower than in 
birds fed the basal diet only. Further, totaI 
sterol content of the serum and aorta tended 
to be lower than that of birds fed basal diet 
only. 4. Atheroma regression in the chicken 
was accomplished by administration of beta- 
si tosterol in presence of dietary cholesterol. 
5 .  Atheroma regression in the chicken was 
paralleled by a drop in cholesterol concentra- 
tion of the blood and liver. 

1.  Bainborough, A. R., McMillan, G. C., ~4.iM.x 
-4rch. Path., 1952, v54, 204. 

2. Horlick, L., Duff, G. L., ibid., 1954, v57, 495. 
3. Duff, G. L., Meissner, G. F., ibid., 1954, vS7, 

- _- 

329. 



UNILATERAL ADENECTOMY IN CRETINS 817 

4. Meeker. D. R., Kesten, H. D., Jobling, J. W., 

5 .  Pitt-River, R., Trahler, W. R., Brit. J. Ex#. 

6. Friedman, M., Byers, S. O., Rosenman, R.  H., 

7. Beher, u'. T., Anthony, W. L., Baker, G. D., 

8. Beher, W. T., Baker, G. D., Anthony, W. L., 

9. Horlick. L.. Katz, L. N., J. Lab. and Clin. Med., 

10. Peterson. J. E., Hirst, A. E., Circulation, 1951, 

11. Peterson, D. W., PROC. SOC. E n .  BIOL. AND 

12 .  Peterson, D. Mi., Nichols, C. W. J., Shneour, 

13. Sperry! W. M., Webb, M., J. Biol. Chem., 1950, 

14. Folch, J.. Lees, M., Stanley, G. H. S., ibid., 

ibid., 1933, v10, 337. 

Path., 1937. v38, 97. 

PROC. SOC. EXP. BIOL. AND MED., 195'1, v95, 586. 

Circulation Res., 1956, v4, 485. 

ibid., 1957, v3. 202. 

1949, ~ 3 4 ,  1427. 

v3, 116. 

MED., 1951, vZ3, 143. 

E. A., J. Szrtr., 1952, v47, 57. 

v187, 97. 

1957. ~ 2 2 6 .  49i, 

15. Fiske, C. H., Subba-Row, Y., ibid., 1925, v66, 

16. Pollak, O., Circulation, 1953, v7, 696. 
17. Davis, W. W., Tr. New York Acad. Sc., 1955, 

v18, 123. 
18. Hernandez, H. H., Peterson, D. W., Chaikoff, 

I. L., Dauben, W. G., PROC. SOC. EXP. BIOL. AND MED., 
1953, v83, 498. 

19. Glover, J., Leat, W. M. F., Morton, R. A., 
Biochem. J. ,  1957, v66, 214. 

20. ~ , Green, C., ibid., 1957, v67, 308. 
21. Anitschkow, N., Verhandl. deutsch. path. Ge- 

22. Bevans, M., Davidson, J .  D., Kendall, F. E., 

23. Biggs, M. W., Kritchevsky, D., Circulation, 

24. Curran, G. L., Costello, R. L., PROC. SOC. EXP. 

25. Shipley, R. E., Pfeiffer, R., Marsh, M. M., An- 

375. 

sellsch., 1923, v23, 473. 

A.M.A. Arch. Path., 1951, v51, 288. 

1951, v4, 34. 

BIOL. AND MED., 1956, v91, 52. 

derson, R. C., Circulation Res., 1958, v6, 373. 

Received June 2, 1958. P.S.E.B.M., 1958, v98. 

Unilateral Adenectomy in the Cretin Rat.*t (24194) 
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Compensatory enlargement of the remain- 
ing organ of a paired organ system generally 
occurs following unilateral removal of the 
adrenal ( 1 ) . kidney (2,3 ) , ovary (4) ,  and tes- 
tis( 5 ) .  Factors which alter this response to 
sub-total removal of organ tissues include age, 
diet (6,7). sex. time between operation and 
autopsy. castration( 8 ) ,  hypophysectomy(9, 
10 , l l )  and thyroidectomy(9). Prior studies 
have principally involved the use of adult eu- 
thyroid rats. S o  data, however, have come 
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on Research and Fellowships, Albany Medical Col- 
lege of Union University, and Nat. Inst. of Arthritis 
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to our attention in which compensatory en- 
largement of organs was compared in imma- 
ture hypothyroid (cretin) rats and euthyroid 
controls of the same age. 

Materials and methods. Inbred Vanderbilt 
rats, maintained, ad libitum, on Purina Fox 
Chow (meal) and tap water were used. 
Cretins were obtained by feeding 0.5% 
thiouracilO in Purina Fox Chow to pregnant 
rats and subsequently to them and their lit- 
ters from the 14th-16th day of gestation to 
end of experiment. Controls were maintained, 
with their mothers, on the same regimen with- 
out the thiouracil. Only male control and 
cretin rats whose body weights a t  30 days 
ranged 100 to 109 g and 29 to 36 g, respec- 
tively, and female controls and cretins whose 
body weights were between 83-88 g and 28-35 
g, respectively, were utilized. At 30 days of 

0 Thiouracil was generously supplied by Dr. J. M. 
Ruegsegger, Lederle Labs. 


