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INTRODUCTION 

During the past several years a large number of ex­

perimental and clinical studies have appeared in the liter­

ature which seem to implicate disorders of lipid metabolism 

in the pathogenesis of atherosclerosis. The possibility that 

dietary factors may influence a process long considered an 

inevitable consequence of aging has presented scientists with 

a real challenge. The postulated relationship between diet­

ary intake of fats, serum cholesterol, and the pathogenesis 

of atherosclerosis has been the basis for the prophylactic use 

of diets low in fat and cholesterol lowering factors. 

The fat content of these diets must be extremely low 

if a significant lowering of the blood cholesterol and serum 

lipoprotein fractions is to be realized. However, such a r�g­

id dietary regimen is difficult for a prolonged period because 

it can be relatively unpalatable and becomes quite monotonous. 

When a reduction of blood lipid concentration is desired, an 

easily administered preparation which could decrease the blood 

cholesterol and other serum lipids without dietary restriction 

would be preferable to a strict low fat regimen. Plant sterols 

or sitosterols have been investigated for their possible ef­

fect on lowering blood lipids. This paper will be a review of 

the literature dealing with the effect of sitosterol in bo$t 

animal experiments and clinical trials. 
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REVIEW OF ATHEROSCLEROSIS 

Before we discuss the merits or value of sitosterol, 

let us review ather'Osclerosis; its incidence, etiology and 

pathogene5i:s. 

Atherosclercsis is one form of arteriosclerosis. In 

this form.the larger and medium sized muscu1o-elastic arter­

ies are affected, Of chief interest clinically are the aorta 

and coronary and cerebral vessels, atherosclerosis of whi·ch 

may be manifested by myocardial infarction, aogina pectoris, 

cerebral thrombosis, chronic brain syndrome, and aortic an­

eurysm, to name a ew. Pathologica11y, atherosclerosis is 

characterized by internal fibrosis and lipoidosis (I). 

The ubiquit of atherosclerosis in the· United States 

is generally agreed upon. Keys in 1954 maintained 11the dis­

tinction between normal health and atherosclerosis Is a mat­

ter of degree; differentiation being more quantitative than 

qua Ii tati ve. 11 (2) 

Autopsies done on three hundred young soldiers ki lied 

in action in the KDrean War with an average age of twenty-two 

years, showed gross evidence of coronary atherosclerosis in 

77,3 per cent of the cases (3). According to the National 

Office of Vital Statistics, there were 1,528,717 deaths in 

the United States in 1955, a sizeable portion of which were 
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closely related to atheroselerosis and complications (4). The 

leading eause of death was 'diseases of the heart• which ac­

counted for 584,620 (38°/4) deaths, followed in third place by 

•vascular lesions a fecting the central nervous system• which

accounted for another 174, 42 (11%) deaths, and in seventh 

place was 'generalized arteriosclerosis' which accounted for 

an additional 32,486 (1%) of all deaths. 

Any disease process which is responsible for approxim­

ately 50% of the deaths in the United States each year has 

justifiably stimulated exhaustive research and varying ideas 

as to pathogenesis and etiology (5, 6). All that can be said 

with certainty_ about the etiology and pathogenesis of athero­

sclerosis is that the complete answer is not know•1 no more 

than we know of the etiology and pathogenesis of cancer. 

Two main th4J()ries have been advocated concerning the 

etiology of atherosclerosis; first, the aging process and sec­

ondly, the metabolic theory. The latter is now generally ac­

cepted. The hypot�esis that atherosclerosis is due to an al­

teration in lipid �etabolism is made attractive by various 

lines of reasoning - pathological, clinical, and epidemiologic 

but there is serious lack of direct evidence substantiating 

this hypothesis. Pathologic evidence includes feeding of high 

cholesterol diets to animals with the production of atheroma 

along with analysis of atheroma in man (7, 8). These athero-
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mata were found to be rich in cholesterol and cholesterol 

esters but low in neutral fats. Clinical evidence includes 

the higher incidence of coronary heart disease and athero• 

sclerosis in patients with diabetes mellitus, myxedema, neph• 

rosis and xanthomatosis, all of which are associated with hy· 

perlipemia and hypercholesteremia. Although this association 

seems valid, the association. of fat intake and hypercholester­

emia has not been established (6). Epidemiologic evidence in· 

cludes a lowered incidence of deaths attributable to athero· 

sclerosis in the South African Bantu, Japanese and other soc­

ieties, all of whose diets are low in total fat (9, 10). 

Keys has stated that "no population characterized by 

low serum cholesterol values has yet been found to have a high 

incidence of atherosclerosis or coronary heart disease." (5) 

Ahrens and co-workers have postulated a simplified picture of 

atherosclerosis noting some of the unknown etiologic-factors 

( 11) 

" \, ¢' 
:,t 

"Bad" 
Dietary 

Fat 
-----� 

Abnormal 
• Atherosclerosis ...

Coronary 
Serum Disease 
Lipids 

� � � 
;,t 

Each of the large arrows postulates cause and effect. 

The small arrows represent other contributing factors of var­

ying magnitude, the unkn011«1 factor among them. Among the other 
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factors are, (a) heredity, (b) anatomy of the blood vessel 

wall, (c) arterial blood p·ressure and, (d) endocrine factors 

(6). One of the most difficult problems in ,the study of ath­

erosclerosis is the inability to quantitively measure the ex­

tent of atherosclerosis during life. This difficulty not only 

complicates the evaluation of atherosclerosis In relationship 

to abnormal serum lipids in the diet, but also prevents the 

direct estimation of the effectiveness of any therapy that might 

reverse this process. 

Another important question which arises is whether the 

atheromata are primary irritating events or secondary sequellae 

in the pathogenesis of the lesions (12). Even if the Jipid�de­

posits are primary, it remains to be established whether it is 

a localized disturbence in the arterial wall or if it is a 

local manifestation of systemic alteration of fat metabolism. 

Since coronary heart disease is one of the most important 

clinical manifestat ons of atherosclerosis, Jet us glance at 

some of the various therapeutic approaches to the management of 

this disease so that we may better evaluate the place of sito­

sterol in the overall management of persons with clinical evi­

dence of atherosclerosis. Friedberg (13) enumerates the various 

therapeutic approaches as follows: (a) weight reduction by low 

calorie diet, (b) low fat and/or low cholesterol diet, (c) plant 

sterols or sitosterol, (d) lipotrophic agents, (e) detergents, 
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(f) estrogen, and g) iodides and thyroid extract. Thus we

can see that sitosterol is only one approach to the proposed

management of patients with atherosclerosis.

SITOSTEROL 

Before studying the experimental effects of sitostero1, 

let us first consider the chemistry and pharmacology of sito­

sterol. The sitosterols are the most widely distributed of 

plant sterol or phytosterols (4). The average daily American 

diet contains one-fourth to one-half grams of sitosterol. This 

sterol fraction is now known to contain at least five compon­

ents, alpha 1, alpha 2, alpha 3, beta and gamma sitosterol. 

Beta sitosterol is the main sterol of cotton seed oil, tall oi I 

and wheat germ oi I; gamma sitosterol is the principle sterol of 

soybean oi I. Beta sitosterol has even been obtained from dried 

grapefruit pulp (15. The sitosterols are white, odorless, 

tasteless, slightly waxy, crystalline solids which are insolu­

able in water {16). Davis states that sterols are 11probably 

the most water-i nsoluable  non-saponifi ab le substances occuri 

ng in biological systeais.U (17) Structurally beta sitosterol 

is closely related to cholesterol except for an ethyl group in 

the side chain at C•24 and a saturated ring system in the di­

hydrobeta derivative (18). Beta and dihydrobeta sitosterol are 

the sitosterols with which this paper chiefly deals. The for-
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mulas of cholesterol and beta sitosterol are as follows: 

SI TO !iTt?lfoL 

w,t;. .. t 11ae de•bl.:j� 

The pharmacological action of sitosterols is due to 

interference with absorption of cholesterol from the intes-

tine. The mode of action has presented many interesting the-

·ories. Peterson postulated that sitosterol must interfere

with the absorption of cholesterol since sitosterol has been

found to be practically inert and has been recovered in un­

modified form in the feces of experimental animals (19). Gould

using radioisotope techn.iques. demonstrated that a very small

percentage of sitosterol may be absorbed but it is excreted

at a much faster rate than cholesterol (20). Pollack sug­

gested that sitosterol formed a mixed crystal with cholesterol

in ratio of 1:1 which has much lower solubility than choles­

terol alone (21). Davis confirmed this. stating that these

11 I arge11 cys ta 1 s were not as read i l y absorbed ( 17). Hernandez

and associates used labeled cholesterol and postulated that 

sitosterol competes with cholesterol for the aval lab le esterase 
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essential for absorption of cholesterol (22). Swell and

associates felt that bile and fatty acids along with ester­

ase played a large portion in the mode of action of Interfer­

ence with cholesterol absorption (23. 24). 

In view of the rather obscure and confusing theories 

on the etiology and pathogenesis of atherosclerosis, It is 

difficult to formulate any criterion for evaluation of the 

efficacy of beta sltosterol as a therapeutic agent in the man­

agement of atherosclerosis. Most investigators agree that 

plasma lipids and lipoprotein along with dietary fats play 

some part in the total picture of atherosclerosis. The plas­

ma lipids include: (a) neutral fat, (b) phosphoJiplds such 

as lecithin, spinganyeJin and cephalin, and, (c) cholesterol, 

of which approximately 70% is in the ester form (13). lipo­

proteins are plasma proteins, mainly alpha and beta globulins, 

which provide a means of transportation for the major portion 

of the blood lipids (25, 26). Cholesterol is essential in all 

Jipoproteins but is abundant in some and Jess abundant in 

others. Only 25 to 30% of total serum cholesterol is pres­

ent in alpha lipoproteins, whereas 70 to 75% is found in the 

beta Jipoprotein fraction. Serum Jipoproteins have been sep• 

arated and classified by both ultracentrifuge and electro­

phoretic techniques Gofman and co-workers used the ultra­

centrifuge to class fy lipoproteins into four classes which 
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are designated by Svedberg flotation (Sf) numbers: (a) Sf 0-12, 

(b) Sf 12-20, (c) Sf 20-100, (d) Sf 100-400 (27), Using this

grouping and from o�servations in patients who had survived 

myocardial infarctions, Gofman postulated an atherogenic in­

dex as a possible measure for predicting coronary atherosc)e• 

otic heart disease. He considers the Sf 12-20 class as the 

most atherogenic and feels that cholesterol levels can be mis­

guiding when evaluating the effect of dietary changes on serum 

lipids. However, most investigators disagree with him. Lewis 

and Page analysed the lipoproteins by both ultracentrifuge and 

electrophoretlc methods and classified them according to -S 

flotation fractions (28). They failed to implicate any spec­

ific fraction as atherogenic, however. Barr and associates 

reported a correlation between increased serum bet� lipopro­

tein levels with increased incidence of atherosclerosis (29). 

An extensive joint research project over a three year period 

by Donner Laboratories, Cleveland Clinic, Pittsburg University 

and Harvard Labora�ries, fai Jed to show any advantage of ul­

tracentrifuge measurement of Jipoprotein fraction over the 

simple serum cholesterol measurements (30). In this study, 

serum lipids of approximately 15,000 subjects were studied in 

a period of three years. There were 4,914 men in the age group 

40-59 who were judged to be clinically normal at the time of



entry into the preject and on whom a follow-up was made in 

one or two years. In this latter group, eighty-two developed 

clinical manifestation of disease which could be attributable 

to atherosclerosis. This is about the number which might be 

expected in a random sampling of the population. In this 

study, atherosclerosis, as manifested by coronary artery dis­

ease, was associated with antecedent elevation of serum chol­

esterol, Sf 20-100 and slight elevations of Sf 12-20. 

An elevated total cholesterol to lipid phosphorus ratio 

has been noted In association with atherosclerosis. (31) How­

ever, when the total cholesterol is reduced, the ratio returns 

to normal so that this measurement does not offer any addition­

al information above that of total serum cholesterol determin­

ation. 

Peters analysed serum of apparently normal persons over 

a period of ten years (32). The following table shows his re­

sults: 

Substance Numbers of � Plus or Minus 
Observations Deviations 

Fatty acids (meq/1) 355 12.3 3,37 
Cholesterol (mg%) 312 262.7 35.6 
Lipid 

Phosphorus (mg%) 213 9.6 l.41

Ratio Chol: Ji pi d 
Phos. 214 21 .53 2.48 

Free Fat 209 4.26 1.49 
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Now that we have noted some of the various determina­

tions of serum lipids and lipoproteins, let us examine the 

effect of sitosterol ingestion in both animals and human sub­

jects and the resultant serum changes. 

O. W. Peterson in 1951, was among the first persons to 

experiment with sitosterol in conjunction with cholesterol (19). 

It was known at that time that although cholesterol was readily 

absorbed, plant sterols were not. Peterson showed that.by the 

addition of sitosterols to a high cholesterol and cottonseed 

diet, markedly lower plasma and liver cholesterol levels were 

obtained in chicks, than when fed cholesterol and cottonseed 

diets alone. In 1953, Hernandez showed marked reduction in the 

absorption of cholesterol when sitosterols were added to the 

diets of rats. Simi Jar results were noted in 1954 when a 

greater ratio of sitosterol was used. (33) Pollack in 1953, 

showed in rabbits that mixed sitosterols added to cholesterol 

diets in the ratio 1of 6:1 prevented any absorption of exogen­

ous cholesterol (21). Rabbits fed the same diet but without 

sitosterol developed hypercholesteremia and atherosclerosis. 

Heptinstall and Porter found considerably less athersclerosis 

in rabbits with induced hypertension when sitosterol was added, 

in the ratio of 3:1 to a high cholesterol diet (34). Beher 

showed that beta sitosterol not only minimized 

hypercholester­emia in rabbits and retarded the rate of 

atherosclerotic 
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plaque formation. but could increase the rate and degree of 

regression of these atherosclerotic plaques (35). Roserwan 

failed to show any. reduction in hypercholesteremia in the rat 

when sitosterol was fed in a 1:1 ratio with cholesterol (36). 

Although the majority of animal experiments show fav­

orable results. mos� clinical investigators feel that these 

results do not correlate well with h1.111an atherosclerosis. The 

location of the atheroma, lack of symptoms resulting from the 

atheroma. and production of these lesions by the addition of 

food foreign to the natural diet of these animals, all seem 

to negate the results of animal experiments (11). 

Pollack. after noting the protection against hyperchol­

estereniia when rabbits were fed sitosterols with their regular 

diet. attempted to duplicate his res�lts in humans (37). He 

fed five to 10 grams of mixed sitosterols to twenty-six pa• 

tients for periods of eight days to eight months. The fall in 

serum cholesterol was rather rapid at first, with stabilization 

at a basal level but never under 200 mg%. Pollack used pa­

tients with both elevated and normal cholesteroi levels. The 

higher the origina cholesterol level. the easier it was to 

reduce it, but once basal level was obtained, continued sitos­

terol administration was necessary to maintain this lowered 

level. Pollack observed a definite lowering of the serum chol­

esterol with admin stration of sitosteroJ. 
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Barber and Grant studied twenty-six persons who had el­

ectrocardiographic evidence of myocardial infarction and serum 

cholesterols of gre�ter than 230 mg% (38). Nine grams of beta 

sitosterol were given in divided doses before each meal. Diet 

was unrestricted. The mean serum cholesterol during control 

period was 304 mg% and during therapy was 283 mg%. Total 

serum lipid were 822 mg% initially with a rise to 913 mg% 

during therapy. Cholesterol-lipid phosphorus ratio was rela­

tively unchanged at 27 mg I. Sitosterol produced a fall in 

serum cholesterol values in twenty-five of the twenty-six pa­

tients, but the decrease was minimal as compared with the wide 

variation in cholesterol determination. Moreover, one patient 

died of a myocardial infarct although showing a decreased chol­

esterol value. Barber and Grant felt that a nine gram daily 

dosage was insufficient and added a postscript stating that� 

with higher doses cf sitosterol, more significant results were 

obtained, but did not give further details. 

Joyner and t,uo used the double blind method in studying 

the effect of different concentrations of sitosterols in seven 

patients on regula diets and in two patients on low fat, low 

cholesterol diets (39), The first group was composed of four 

women and three men, all with elevated serum cholesterol levels. 

Doses of six to fifteen grams of sitosterol were given for four 

week periods, followed by four weeks control periods. The mean 
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serum cholesterol levels for the seven patients on regular 

diets were as follows: first control period, 278 mg%; after 

sitosterol administration, 247 mg%; placebo administration, 

278 mg%; and last control period, 272 1119%. The minimum ef­

fective dose was found to be ten grams per day. When sitos­

terol was fed to the two patients on Jow fat diet, further 

lowering of the serum cholesterol levels was noted above that 

which had been obta ned from the diet alone. Electrophoretic 

studies sh4d that the majority of cholesterol reduction was 

in the beta lipoprotein portion with little change in the al­

pha lipoprotein fraction. These lipoprotein changes occurred 

only with lowered serum cholesterol levels, but in one patient 

the beta lipoprotein fraction was reduced In greater degree 

than was the serum cholesterol. 

Kuo in 1�S6, found that in seven patients with evidence 

of atherosclerosis, serum cholesterol, phospholipids and total 

lipid levels fell to nearly normal levels eight to twelve weeks 

after therapy was initiated (40). These patients were given 

thirty to forty-five grams of sitosterol in divided doses whl le 

on restricted fat diets. Three young males with angina were 

freed from symptoms within six months after starting treatment. 

Two patients with intermittent claudication also showed marked 

improvement in claudication time. Two other patients with ab­

normal ballistocardiograms showed improvement on the cardio-

-14-



grams as well as subjective improvement. Three additional pa­

tients were started in the original series but made only token 

efforts at cooperation and with no resultant improvement and 

are not included in the above series of seven patients. 

Best and co-workers in 1954, administered beta sitoster­

ol to nine patients two with normal serum cholesterol levels 

and seven with hypercholesteremia and clinical evidence of ath­

erosclerosis (41). The diets were unrestricted and five grams 

of beta sitosterol was ingested before each meal. Double blind 

technique was used over the thirteen to twenty-nine weeks of 

study. An average of twenty-two weeks of treatment per patient 

included two periods of placebo administration and one or more 

periods of sitoster,ol administration. The effect of sitoster­

ol was noted within one week and in all nine patients there was 

a reduction in the total serum cholesterol, ranging from 6.7% 

to 20% of the control. No tendency to escape was noted, even 

for periods of up to eighteen weeks of continuous administration 

of sitosterol. Apparent spontaneous fluctuations in serum chol­

esterol levels during both placebo and sitosterol administra­

tion emphasizes the necessity for repeated determinations in 

studies of this type. In three patients lipoprotein concentra­

tions were determined by ultracentrifuge technique. Concentra­

tions of Sf 16-30 and 30-100 classes at the end of sitosterol 

administration were approximately one half that of the placebo 

-15-



period. The serum cholesterol-lipid phosphorus ratio was also 

decreased, but seco•dary to the changes in cholesterol levels. 

Similar results were obtained in 1955 in a series of fourteen 

patients (42). Twe ve of these patients had hypercholesteremia 

and/or hyperlipemia. and two had normal cholesterol levels. 

Ten grams of sitosterol per day showed some effect, but a great­

er effect was noted when doses up to fifty grams per day were 

used. The twelve patients with elevated cholesterol levels 

showed a mean fal I 1of 16% while the normals had a mean fat I of 

6.8%. A concomitant reduction of total lipids, neutral fats 

and to a lesser degree, lipid phosphorus, also occurred. No 

loss of weight was noted in any of the subjects, obviating di­

etary changes as the cause of the reduced cholesterol levels. 

A general tendency toward lower levels of Sf 3-10, 10-30, and 

30-100 classes of lipoproteins also occurred, but the authors

felt these changes secondary to lowered cholesterol levels. 

A third series of twenty-four patients with abnormal 

lipid pattern were studied by the same authors (43), These 

patients included eleven persons with previous myocardial in­

farction. The othe1r thirteen had hypercholesteremi a and in­

cluded four persons with essential hyperlipemia and xanthoma, 

three persons with renal disease, and five persons with hypo­

thyroidism. Six to eight grams of sitosterol were given im-
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mediately before the ingestion of food, the usual total daily 

dose being eighteen to twenty-five grams. There was no re­

striction as to type or amount of food in the diet. Average 

duration of treatment was 12.2 months, with average control 

time of 4.3 months A reduction, not only of serum cholesterol 

but also lipid phosphorus and total lipids, was noted. The 

mean reduction of serum cholesterol was 15.5%, phospholipids 

9.4%, and total lipids 13.8%. A trend toward lowering of Sf 

30-100 was noted, but this effect was less consistent than the

reduction of serum cholesterol in the seven of twenty-four pa­

tients studied by ultracentrifuge technique. One of the elev­

en patients with history of my�cardial infarction died of his 

third infarction after three months of sitosterol administration. 

Farquhar in 1956, studied fifteen normotensive, 

non-dia­betic men between the ages of twenty-six and forty-five 

who had well documented histories of previous myocardial infarcts 

(44). These patients were divided into two groups; nine patients 

placed on fat restricted diets, and six patients given regular 

diets. Beta sitosterol was given orally i11111ediately before meals 

in total dai1y doses of twelve to eighteen grams per day. A 

control group of fifteen apparently normal men, matched for age 

and weight had serum lipid measurement taken for baseline 

studies. See table below (44). 



Number of Patients Normal Abnormal 
15 15 

Age 35 36 
Weight 170 166 
Total Protein (mg%) 6.6 7.0 
Cholesterol (mg%) 213 291 
Total Lipid (mg%) 965 1204 
Alpha Lipid (mg%) 262 224 
Beta Lipid (mg%) 419 557 

lt,may be noted that the apparently normal men showed 

significantly lower mean values for beta lipoproteins, total 

lipids, and cholesterol. A prompt fall in serum cholesterol 

occurred during the first two to three weeks of sitosterol 

treatment with no ttndency to return to pre-treatment levels 

even after sitosterol administration for periods up to three 

months. Within three weeks after withdrawal of the sitosterol 

ot starting placebo administration, the serum cholesterol lev­

el returned almost to pre-treatment levels. Mean cholesterol 

pre-medication level was 293 mg%, with sitosterol 242 mg%, and 

288 mg% with placebo administration. A lowering of beta lipo• 

proteins, proportionate to that of serum cholesterol was also 

noted, along with a small increase in alpha lipoprotein frac­

tion. It must be remembered that none of these patients had 

markedly elevated serum cholesterol levels at the onset of 

treatment. 

Shipley in 1955 and 1957, reported several cases in 

-18-
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which reduction of cholesterol followed sitosterol administra­

tion (14, 45), He feels that the minimum daily dose for any 

benefit is nine grams, although much larger doses are readily 

tolerated. 

Levkoff studied two children with essential familial 

hypercholesteremia (46). Both were given four grams of sitos­

terol before each meal and were unrestricted as to diet. Prev­

ious to this time they had been on restricted fat and choles­

terol diets. Sitosterol lowered the serum cholesterol even 

more than had been accomplished by the strict dietary regimen. 

Lesesne in 1955, reported serum cholesterol reductions 

of 13.2% in three women studied, and 16.4% in four men studied 

(47). All except one had hypercholesteremia. Three grams of 

sitosterol were fed before each meal over uninterrupted periods 

of three to eight months, with tendency to escape occurring in 

only one patient. Leseene proposed that sitosterols block the 

absorption of endog•nous cholesterol as well as exogenous chol­

esterol. 

Lehmann studied sixteen private patients, nine males and 

seven females, all anbulatory (48). Nine of these patients had 

a history of myocardial infarctions, six suffered from angina 

pectoris with abnormal electrocardiographs, and one patient had 

essential hypercholesteremia. No placebo or control ·groups were 

used, and the patients were treated on an outpatient basis with 
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no dietary restrictio;,.,' Beta sitosterol was administered in 

doses of six to eig t grams befori each meal for an average 
. -:� 

daily dose of twenty grams,. Rapid lowering of serum cho lester· 

ol levels took place within two weeks and remained lowered with 

no tendency to escape. The mean percentage drop was 16.8%. In 

two patients no lowering of serum cholesterol was obtained, but 

both were within normal limits before treatment was started. In 

eight patients lipoprotein det�rmlnations were performed with a 

mean lowering of Sf 0-12 fraction of 9.2% and a mean lowering 

of 24.7% In Sf 12-400 fraction. The atherogenic index (accord­

ing to Gofman) was 124 units before treatment and dropped to --

108 units after sitosterol administration. A 34•year-old male 

patient suffering fran angina on effort obtained marked clini­

cal improvement along with reversal of the S-T depression on 

Masters electrocardiograph. This patient showed a 21% drop in 

serum cholesterol and 35% drop in Sf 12-400 lipoprotein. Two 

other patients with angina noticed increased exercise tolerance. 

Sachs and Weston reported the effect of nine grams of 

sitosterol per day on five clinically normal persons using the 

double blind technique over a four week period (49). The five 

normal persons showed an average mean fall in serum cholesterol 

of 13% with a maximum fall of 20.9%. The cholesterol levels re­

turned to control evels after discontinuing therapy. In one 
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patient with xantbatosis, administration of sitosterol sup• 

pressed the growth of a large xanthoma which showed increase 

in size upon secession of therapy. In two of the persons with 

abnormal serum lipids, after a transient fall, the serum chol­

esterol returned toward control levels despite continued sitos­

terol administration. 

Wilkinson and co-workers studied patients with clinical 

evidence of atherosclerosis (50, 51). These patients had been 

on low fat, low cholesterol diets. When sitosterol administra­

tion began, ganwna sitosterol and diet of choice failed to show 

any decrease in serum cholesterol values, even when doses of 

six grams before each meal were used. All lipoprotein values 

either returned to normal or increased. The authors felt that 

cholesterol values fluctuate so widely, even·during control 

periods, that no serum cholesterol lowering could be attribu­

ted to the sterol emulsion. 

Ripley studied thirteen patients, six ambulatory and 

seven hospitalized, all with clinical evidence of athersclerosis 

(52). The patients were given doses ranging from nineteen to 

fifty-two grams pe� day. In only one half of the trial periods 

was sitosterol thought to be effective in lowering serum chol­

esterol to a signi icant degree. With high serum levels of 

cholesterol, greater variations in serum cholesterol occur than 

in normal persons. One patient showed more advanced coronary 
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insufficiency while on sitosterol therapy. Patients with es­

sential familial hypercholesteremia showed a tendency to return 

to control levels even though on continued therapy. 

Wilkinson was the only observer who noticed any side ef­

fects, and that was with gamma sitosterol. He staed that his 

patients tended to. get a diarrhea and gastric irritations. 

There have been no other contraindications or side effects noted. 

Since sitosterol is not abso�bed, the stool may become bulky and 

light in color along with some laxative effect (16). After pro­

longed sitosterol administration. hemoglobin, white cell count. 

blood urea nitrogen, serum calcium, serum phosphorus, fasting 

blood sugar, bromsulphalein retention, total serum proteins. A/G 

ratio, prothrombin time, and urinary sediment were found to re· 

main normal (47). No tendency for cholesterol level to rise a­

bove control levels was noted after termination of sitosterol 

administration. 

SUMMARY 

In sumnary, atherosclerosis was briefly reviewed from 

the standpoint of incidence, proposed etiology and pathogenesis. 

A large majority of persons in the United States are afflicted 

with this disease but the extent of the disease during life is 

not apparent unti I the advanced stages. Any attempt to evalu· 

ate the clinical efficacy of sitosterol in the management of 
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atherosclerosis is beset by many difficulties. There are no 

available criteria for accurate assessment of the degree of 

atherosclerosis in the living patient. Only when atheroscler• 

osis has advanced to a point where there is interference with 

blood flow does it become manifest clinically. Even late com· 

plications are a poor index as they are dependent on the loca­

tion of the atheroma. A single atheromatous plaque in the 

coronary artery may lead to coronary infarction, whereas ex­

tensive atherosclerosis in the aorta may be present without 

symptoms. Available information seems to point toward deranged 

lipid metabolism and dietary malpractices as contributing fac­

tors in the etiology and pathogenesis of atherosclerosis, but 

there are sti 11 many other elements which are not understood. 

Serl.Ill cholesterol determinations seem to be as good a guide in 

predicting complications from atherosclerosis as the more com­

plicated and technically difficult lipoprotein determinations. 

although its value is purely speculative. Sitosterol adminis­

tration with unrestricted diets was noted to be only one of the 

many approaches to the management of atherosclerosis. Beta si­

tosterol is the plant sterol considered in this paper, and is 

mainly derived from cottonseed oil and wheatgerm oi I. Sitos­

terols are closely related to cholesterol in chemical formula 

and exert their effect by preventing the absorption of choles­

terol from the intestin&. Absorption of endogenous cholesterol 
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in the bi le, as well as exogenous dietary cholesterol, is in­

hibited. Sitostero s are effective in doses of ten to twenty 

grams per day given in divided doses before meals. Cholester-

ol levels remain lowered only on prolonged and continuous in­

gestion of sitosterc 1, no tendency to escape has been noted how­

ever. No irritation or toxic side effects have been noted, even 

on high doses. Serum cholesterol levels have been lowered by 

most investigators, both in 11normal11 persons and in patients with 

hypercholesteremia. Reductions by as much as 20% have been noted. 

Reductions in Gofman's atherogenic Sf 12-20 fraction and beta 

lipoprotein levels have also been reported. Two investigators 

failed to show any lowering of either cholesterol or lipopro­

tein levels. In several patients suffering from angina pectoris, 

improvement, both subjectively and on the electrocardiograph, was 

noted. However, two persons with previous infarcts experienced 

fatal advancement of their disease, although on sitosterol ther­

apy. Animal experiments do not seem to be of much value in the 

study of atherosclerosis and sitosterol therapy. 

CONCLUSIONS 

About the only conclusion which can be proposed from the 

review of the literature is that beta sitosterol does seem to 

have an effect on owering blood cholesterol levels. Whether 

this is of any significant value in the treatment of atheroscler· 

osis has not been proven conclusively. Epidemiologic evidence 
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seems to make such an assumption tempting, however. Sitos­

terol is effective n maintaining lowered serum cholesterol 

levels only upon cofttinuous administration. It has been 

found to be entire} free of any side effects or contrain­

dications. Further investigation into the exact relation­

ship between sert.111 :holesterol and atherosclerosis is nec­

essary before routine use of sitosterols is advocated. 
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