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Abstract: Herbal supplements are widely used to enhance prostate health. These supplements may contain several 
types of plant sterols, vitamins, and minerals. By weight, however, plant sterols make up an abundant ingredient 
component, with saw palmetto extract or its primary component, beta-sitosterol, often comprising the most abun-
dant sterol. Saw palmetto extract/beta-sitosterol has been shown to promote anti-tumorigenic processes in prostate 
cancer cells and rodent models of prostate cancer. It has also been shown to inhibit the 5α-reductase enzyme, 
thereby behaving similarly to finasteride and dutasteride, which are widely used to treat prostatic enlargement, or 
benign prostatic hyperplasia (BPH). The aim of this study is to critically examine in vitro, in vivo, and human clini-
cal studies to assess the safety and clinical utility of herbal supplements containing saw palmetto extract/beta-
sitosterol for prostate health. The results of this study suggest multiple mechanisms through which beta-sitosterol 
represses prostate cancer in vitro and in vivo, particularly through its pro-apoptotic effect on prostate epithelial cells. 
Multiple studies also show that beta-sitosterol significantly improves lower urinary tract symptoms (LUTS) associ-
ated with BPH, but to an extent that is generally less effective than that achieved by pharmaceutical grade alpha-
adrenergic receptor antagonists or 5α-reductase inhibitors. This latter finding suggests that supplements containing 
beta-sitosterol might be most appropriate for younger men with minimal LUTS who don’t wish to embark on a clinical 
drug regimen for BPH treatment.
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Introduction

Serenoa repens, or saw palmetto, is the sole 
species within the genus Serenoa, which itself 
is one of many genera within the family Are- 
caceae, commonly characterized as palms [1]. 
There are 730 species of American palms 
whose fruit, bark, sap, flowers, leaves, and 
roots are used variously as medicine, food, 
fuel, and other purposes [2, 3]. A meta-analysis 
of American palm ethnomedicine lists 106 spe-
cies of palm with known medical uses, and, of 
these, pharmacological analysis has demon-
strated a few with proven efficacy for treating 
infection, diabetes, leishmaniasis, or prostatic 
hyperplasia [1]. In particular, Serenoa repens 
has emerged as a natural product for the treat-
ment of prostatic disorders, particularly cancer 
and hyperplasia.

Herbal supplements containing saw palmetto 
extracts or its primary phytosterol component, 
beta-sitosterol, are widely used to enhance 
prostate health. In the U.S. alone, consumers 
spent $24,827,065 on supplements containing 
the phytosterol, beta-sitosterol, in 2020, a 
52.3% increase in total sales from the previous 
year. Beta-sitosterol supplements ranked #18, 
and saw-palmetto, the primary source of beta-
sitosterol, ranked #11, among top-selling herb-
al supplements in the U.S. The majority of  
these supplements were marketed for prostate 
health, followed by cardiovascular health and 
immune health [4]. Clearly, saw palmetto and 
beta-sitosterol herbal supplements enjoy wide 
usage among the American population.

Herbal supplements intended to enhance pros-
tate health may contain several types of ste-
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rols, vitamins, and minerals. By weight, how- 
ever, plant sterols make up an abundant ingre-
dient component, with saw palmetto extract or 
its primary component, beta-sitosterol, often 
comprising the most abundant sterol. Publicly 
available analyses of the plant sterol composi-
tion of several prostate herbal supplements 
using data publicly available from independent 
laboratories, such as Eurofins and Labcorp  
(formerly Covance), demonstrates a wide range, 
by weight, for the most common plant sterols  
in these supplements - campesterol, stigmas-
terol, beta-sitosterol, brassicasterol, and hu- 
man cholesterol (https://www.prostatepillre-
port.com/prostate-pill-lab-reports.php). Among 
these, beta-sitosterol was the major plant ste-
rol component, accounting for 42.4%-78.0% of 
the total plant sterol content (Table 1). 

This data suggests that beta-sitosterol is the 
most prevalent phytosterol in prostate health 
herbal supplements. This is not by coincidence, 
as beta-sitosterol has been shown to inhibit the 
binding of the active form of testosterone, dihy-
drotestosterone (DHT), to the androgen recep-
tor. As recently reviewed, DHT is the major 
growth factor of the prostate, and inhibition  
of DHT activity has been shown to slow the 
growth of prostate tumors and benign prostatic 
enlargement [5].

The aim of this study is to critically examine in 
vitro, in vivo, and human clinical studies to 
assess the safety and clinical utility of herbal 
supplements containing saw palmetto extract/
beta-sitosterol for prostate health. It will exam-
ine the efficacy and mechanism(s) of action of 

beta-sitosterol for the treatment of prostate 
cancer and benign prostatic enlargement, with 
a focus on recent studies that contribute to 
advancing the scientific understanding of beta-
sitosterol activity in the prostate.

Beta-sitosterol for the treatment of prostate 
cancer (PCa)

Because prostate cancer arises from epithelial 
malignancy, studies examining the effect(s) of 
beta-sitosterol on PCa focus on the glandular 
epithelial component of the prostate gland.

Beta-sitosterol promotes apoptosis of prostate 
cancer cells in vitro and in vivo

Early studies focused on the effect of beta-
sitosterol on cultured prostate cancer cells. 
Awad et al. reported that PC-3 cells, an andro-
gen-independent prostate cancer cell line iso-
lated from a human prostatic adenocarcinoma 
metastatic to bone [6], demonstrated decre- 
ased invasiveness, motility, and laminin/fibro-
nectin binding when treated with beta-sitoster-
ol compared to cholesterol-treated cells. More- 
over, PC-3 xenograft tumors in immunocompro-
mised mice fed beta-sitosterol grew less well 
and produced fewer lymph node or lung metas-
tases than those in cholesterol- or campester-
ol-fed mice [7]. Further studies from this group 
showed that beta-sitosterol induced apoptosis, 
increased basal prostaglandin levels, and in- 
creased reactive oxygen species (ROS) produc-
tion in PC-3 cells. This study concluded that 
beta-sitosterol may inhibit tumor growth by sti- 
mulating apoptosis and promoting cell cycle 

Table 1. Prostate supplement plant sterol compositions

Prostagenix, 
3 capsules 
(1.391 g)

Pros-T,  
2 softgel 
(3.18 g)

Prostavar Ultra, 
3 capsules 
(1.168 g)

Pros-terol 
3 tablets 
(1.129 g)

Same composition
Vasotrexx, 
3 capsules 
(0.836 g)

ProstRX,  
3 capsules 
(1.386 g)

Super Prostate 
3X, 3 capsules 

(1.386 g)
Sterol (mg)
    Cholesterol <0.564 3.86 1.69 1.41 2.37 2.37 3.66
    Campesterol 74.6 266 201 138 108 108 204
    Stigmasterol 8.65 179 210 201 73.9 73.9 169
    Beta-sitosterol 823 375 374 361 359 359 356
    Brassicasterol <0.564 17.3 2.22 11.1 2.2 2.2 3.37
    Other 149 44.1 42.8 44.6 34 34 63.6
    Total sterols 1055.25 885.26 831.71 757.11 579.47 579.47 799.63
% beta-sitosterol 78.0% 42.4% 45.0% 47.7% 62.0% 62.0% 44.5%
Testing lab Eurofins Labcorp Labcorp Labcorp Labcorp Labcorp Labcorp
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arrest through mechanisms involving altera-
tions in ROS and prostaglandin production [8].

Another study found that beta-sitosterol in- 
duced apoptosis in LNCaP cells, cell line 
derived from a metastatic lymph node lesion of 
human prostate cancer which is androgen 
receptor (AR) positive, potentially by activating 
the sphingomyelin cycle [9, 10]. Pradhan et al. 
reported correlative studies that beta-sitoster-
ol was cytotoxic, and induced apoptosis in PC-3 
and DU-145 prostate cancer cells, the latter 
derived from a prostate cancer metastasis to 
the brain [11]. The pro-apoptotic activity was 
correlated with decreased expression of the 
anti-apoptotic protein, Bcl-2, and increased 
expression of the pro-apoptotic protein, Bax. 
Moreover, beta-sitosterol inhibited the migra-
tion and proliferation of PC-3 and DU-145 cells 
associated with up-regulation of E-cadherin 
expression. Petrangeli et al. reported early ch- 
anges in membrane composition followed by 
reduced Akt phosphorylation and increased 
apoptosis in PC-3 cells treated with LSESr, a lip-
idosterolic extract of saw palmetto [12]. LSESr, 
also known as Permixon, is an over-the-counter 
supplement marketed for the treatment of pro- 
static hypertrophy with a phytosterol content 
that is 71.3% beta-sitosterol, 21.0% campes-
terol, and 8% stigmasterol [13].

Cole et al. pursued studies to determine wheth-
er the anti-tumor activities of beta-sitosterol 
observed for prostate cancer cells cultured in 
vitro would be replicated in prostate cancer sp- 
heroids and xenograft prostate tumors in vivo. 
Spheroids formed from 22Rv1 prostate cancer 
cells [14], PSC-100-021 vascular smooth mus-
cle cells and HGF-1 dermal fibroblasts treated 
with a compound comprising isovanillin, lineolic 
acid, and beta-sitosterol demonstrated pro-
nounced and selective prostate cancer cell 
death associated with increased caspase 6 lev-
els, suggestive of apoptosis [15]. Moreover, 
PC3 cells xenografted sub-cutaneous into nude 
mice treated with the same compound formed 
significantly smaller tumors than those treated 
with vehicle [15]. Though the study did not 
examine the effects of beta-sitosterol indepen-
dently of the other components of the com-
pound, nor actually test caspase activation 
consequent to treatment, the results of the 
study are consistent with findings that beta-
sitosterol may induced prostate cancer cell 
apoptosis.

Non-apoptotic beta-sitosterol-mediated anti-
tumor activities

Pradhan et al. showed that beta-sitosterol 
down-regulated DNA methyltransferase (DNMT) 
and histone deacetylase 1/2 (HDAC1/2) pro-
tein levels and enzymatic activity, suggesting 
that it might promote chromatin remodeling, 
hence, epigenetic up-regulation of DNA expres-
sion. This study also associated beta-sitosterol 
with reduced expression of the inflammatory 
cytokines IL-6, IL1-β, TNF-α and IL-10, suggest-
ing that it may modulate immune responses 
[16].

Lomenick et al. identified two proteins, 17β-
HSD4 and E-Syt1, that could bind with high 
affinity beta-sitosterol, but not cholesterol. 
Because 17β-HSD4 catalyzes the second and 
third steps of peroxisomal β-oxidation, and that 
elevated 17β-HSD4 expression and activity as 
well as increased peroxisomal β-oxidation path-
way activity have been found in prostate cancer 
tissues compared to normal prostate tissue, 
the authors posit that beta-sitosterol may exert 
an anti-tumorigenic effect by modulating 17β-
HSD4 activity in prostate cancer cells [17]. The 
precise function of the E-Syt1 protein is unclear 
but it is located in the endoplasmic reticulum 
and may be involved in lipid transport, and its 
interactions with G-proteins are associated 
with increased prostate cancer cell migration 
and invasion in vitro [17]. However, neither of 
these activities enhanced by beta-sitosterol 
have been definitively shown to provide thera-
peutic potential for prostate cancer treatment.

Taken together, these studies suggested poten-
tially multiple roles for beta-sitosterol repres-
sion of prostate cancer in vitro and in vivo, par-
ticularly with regard to its pro-apoptotic effect 
on prostate epithelial cells. A summary diagram 
of the molecular and phenotypic effects of 
beta-sitosterol on PCa is provided in Figure 1.

Beta-sitosterol for the treatment of benign 
prostatic hyperplasia (BPH)

Lower urinary tract dysfunction in men arises 
from pathobiologies of the epithelial, smooth 
muscle, and stromal compartments

Lower urinary tract symptoms (LUTS) are a 
costly and critical medical problem for millions 
of aging men. This spectrum disorder encom-
passes symptoms such as weak stream, noctu-
ria, incomplete emptying and intermittent uri-
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nation, all of which are indicative of lower uri-
nary tract dysfunction (LUTD). If left untreated 
or treated ineffectively, LUTD can progress to 
bladder dysfunction, which can lead to urinary 
retention, recurrent UTI, bladder calculi, and, 
eventually, renal impairment. LUTD may arise 
from Benign Prostatic Hyperplasia (BPH) - a 
proliferative but nonmalignant enlargement of 
the prostate, and/or excessive and uncon-
trolled smooth muscle activity. Surgical abla-
tion of prostate tissue and medical approaches 
including the use of 5α-reductase inhibitors 
(finasteride, dutasteride) to address epithelial 
over-proliferation, or α-adrenergic receptor an- 
tagonists (doxazosin, tamsulosin) to control 
smooth muscle activity, are used to improve 
urinary flow [18, 19]. Recent studies have 
shown that expansion of the stromal compo-
nent of the prostate concurrent with increased 
collagenization was recently recognized as a 
pathobiology also contributing to LUTS [20]. 
Therefore, the effects of beta-sitosterol on the 
epithelial and stromal components of prostate 
tissue will be considered.

Beta-sitosterol inhibits dihydrotestosterone 
(DHT) binding to the androgen receptor (AR) 
and reduces epithelial proliferation in vitro and 
in vivo

The human prostate requires androgenic ste-
roid hormones for proper development, struc-

tural integrity, and function [5]. Testosterone, a 
testicular androgen, is converted to its active 
form, dihydrotestosterone (DHT), by the 5α 
reductase enzyme. DHT binds to the androgen 
receptor (AR), which then dimerizes in the cel-
lular cytoplasm and is transported into the 
nucleus, where it acts as a transcription factor 
and binds to androgen response elements in 
gene promoter or enhancer regions to induce or 
repress the expression of a multitude of genes 
[5]. Both prostatic luminal epithelium and stro-
mal fibroblast cells express the AR and are 
responsive to androgens. Although the precise 
mechanisms involved have not been complete-
ly elucidated, the expression of AR-regulated 
genes in both the epithelial and stromal com-
partments in the aging prostate, and the cross-
talk between these compartments with inflam-
matory cells which accumulate in the aging 
prostate, often results in prostatic enlargement 
and consequent LUTS.

Identification of the role(s) of DHT and the AR in 
the development and progression of BPH pro-
vided rationale for investigators to test and uti-
lize 5α-reductase inhibitors that could promote 
the reduction of prostatic enlargement and alle-
viation of LUTS. The mechanism of action of 
5α-reductase inhibitors, such as finasteride or 
dutasteride, is essentially in their name: dutas-
teride is a Type I/II 5α-reductase enzyme inhi- 
bitor, while finasteride is a Type II 5α-reductase 

Figure 1. Diagram depicting the molecular and phenotypic effects of beta-sitosterol on prostate cancer (PCa) and 
benign prostatic hyperplasia (BPH). PZ, peripheral zone of the prostate; TZ, transition zone of the prostate; R.O.S., 
reactive oxygen species; DNMT, DNA methyltransferase; HDAC, Histone deactylase; AR, androgen receptor; IPSS, 
International Prostate Symptom Score; LUTS, Lower Urinary Tract Symptoms.
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enzyme inhibitor. They are competitive inhibi-
tors of 5α-reductase and inhibit the enzyme’s 
ability to convert testosterone into its active 
form, dihydrotestosterone (DHT). Chemically, 
finasteride and dutasteride are steroid deriva-
tives, specifically, aza-steroids, and structurally 
resemble cholesterol and DHT (Figure 2). Im- 
portantly, the plant sterols most commonly 
included in prostate health supplements - beta-
sitosterol, stigmasterol, campesterol, and bras-
sicasterol - also chemically resembles choles-
terol, DHT, finasteride, and dutasteride, and,  
as may be expected, share some molecular 
and cellular activities with these compounds, 
include binding to the androgen receptor (AR) in 
prostate epithelial cells (Figure 2).

Early studies identified 5α-reductase as a bind-
ing partner for components of LSESr, also 
known as Permixon, a lipidosterolic extract  

of saw palmetto. The first study, published  
by Sultan et al. in 1984, reported that this 
extract was a competitive inhibitor for DHT-
binding to the androgen receptor, and inhibited 
5α-reductase, the enzyme that converts tes-
tosterone to its active form, DHT, in cultured 
human prostate fibroblasts [21]. That same 
year, Carilla et al. (with Sultan as a co-author) 
published that Permixon, a liposterolic extract 
of saw palmetto, inhibited the binding of 
R-1881, or synthetic androgen, to the cytosolic 
androgenic receptor of homogenized rat ventral 
prostate [22]. As noted above, the major phy-
tosterol component of Permixon is beta-sitos-
terol [13]. Delos et al. elucidated that LSESr 
(Permixon) acted as a non-competitive inhibitor 
of Type I 5α-reductase in DU145 cells in vitro 
[23], while Bayne et al. showed that this  
same compound inhibited both Type I and II 
5α-reductase isoforms in a co-culture model of 

Figure 2. Two-dimensional structure and molecular formula for cholesterol, dihydrotestosterone, beta-sitosterol, 
finasteride, and dutasteride. Images and data are from PubChem, an open chemistry database at the National 
Institutes of Health (NIH) (https://pubchem.ncbi.nlm.nih.gov/) [51].
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primary epithelial and fibroblast cells grown 
from BPH tissue [24]. Together, these studies 
provided data that since has been applied to 
foster the use of saw palmetto extract, particu-
larly the beta-sitosterol component, as a major 
treatment for BPH and alleviation of conse-
quent lower urinary tract symptoms in men.

Based on these in vitro studies, several stu- 
dies next examined whether plant phytosterols 
could inhibit testosterone induced BPH in rat 
models. Jena et al. prepared methanolic ex- 
tracts from several Prunus species and identi-
fied beta-sitosterol as the primary plant phytos-
terol in all species. Male Wistar rats were fed 
various doses of extract, vehicle, or finasteride, 
and all but the negative control was also  
given 2 mg/kg testosterone subcutaneously, 
for 21 days. Upon sacrifice at day 22, body and 
prostate weights were determined, and histo-
pathological, immunochemical, and biochemi-
cal studies were conducted. Rats treated with 
the Prunus extracts demonstrated substantial 
reduction of: Prostate and testis weights, pros-
tatic hyperplasia, PCNA expression, and serum 
creatinine and testosterone levels. They also 
demonstrated restored antioxidant parameters 
and decreased inflammation [25]. The Prunus 
domestica extract, which contained the highest 
level of beta-sitosterol, produced the most dra-
matic reduction in BPH measures. Importantly, 
the anti-BPH effect of the beta-sitosterol-con-
taining extracts was comparable to that of fin-
asteride [25].

It should be noted that these in vivo studies 
measured the level of serum and, in some 
cases, prostatic, testosterone in control, phy-
tosterol-treated, and finasteride-treated ani-
mals. Interestingly, phytosterol-, but not finas-
teride-, treatment was associated with decre- 
ased testosterone levels. Since both finaste-
ride and phytosterols inhibit 5α-reductase 
activity, why weren’t testosterone levels simi-
larly affected by these compounds? The answer 
may lie in the fact that phytosterols, but not fin-
asteride, compete with cholesterol for intesti-
nal absorption, and thereby lower both choles-
terol absorption by the intestines and cho- 
lesterol concentrations in the plasma [26]. 
Because plant sterols reduce the amount of 
cholesterol that can enter the bloodstream, 
less cholesterol can be taken up by the Leydig 
cells in the testes; thus, less cholesterol can be 
converted to testosterone [27].

Buncharoen et al. studied the efficacy of 5α- 
reductase inhibition by petroleum ether, ethyl 
acetate, ethanol and aqueous extracts from 
the stem of Uvaria rufa. Of these, the ethanol 
acetate extract exhibited the highest potency 
of inhibition in vitro, and the active compound 
producing this effect was identified as beta-
sitosterol. Male Wistar rats treated with 3 mg/
kg testosterone for 30 days to induce BPH, 
then treated with this extract showed show a 
significant reduction in prostate weight, pros-
tate index (calculated as the ratio of prostate 
weight to body weight), and androgen receptor 
levels in all treated groups when compared to 
the BPH model group. Histopathological analy-
sis of the prostate glands from these animals 
showed that the BPH group demonstrated 
prostatic glandular enlargement and pronoun- 
ced proliferation of prostate epithelium and 
polyp formation, all of which were reduced in 
the extract- and finasteride-treated animals 
[28].

Sudeep et al. tested the effects of beta-sitos-
terol enriched saw palmetto (VISPO) and con-
ventional saw palmetto (SPO) oil on testoster-
one-induced BPH in male Wistar rats. The rats 
received testosterone (5 mg/kg) with or with-
out SPO and VISPO (200 and 400 mg/kg body 
weight) or Finasteride (1 mg/kg body weight) 
for 28 days. VISPO exhibited superior efficacy 
compared to SPO as evident from the signifi-
cant decrease in prostate weight to body weight 
ratio, serum testosterone level and increase in 
growth inhibition of prostate tissue compared 
to BPH group (P<0.001). Histological examina-
tion of prostate tissue samples showed that 
VISPO treatment was comparatively better than 
SPO in improving the hyperplastic patterns and 
was comparable to finasteride in this regard. 
Further, VISPO induced apoptosis and reduced 
the expression of inflammatory markers [29].

The effects of beta-sitosterol are not well de-
fined for the stromal compartment of the rat 
prostate

The studies by Jena et al. [25], Buncharoen et 
al. [28], and Sudeep et al. [29] examined rat 
prostate glandular histopathology, but did not 
comment on changes in the non-epithelial, or 
stromal, tissue components of the prostate. 
Prahalada et al. [30] reported that daily admin-
istration of 20, 40, or 80 mg/kg finasteride to 
male Sprague-Dawley rats over a 1 year period 
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significantly reduced the volumes of both the 
epithelial and stromal compartments of the 
prostates of these animals. This group per-
formed a similar study in 1992 where Sprague-
Dawley rats were treated with 80 mg/kg finas-
teride for 15 days and observed significantly 
decreased intraprostatic DHT and increased 
testosterone levels [31]. When treatment was 
extended out to 6 months, the prostate lobes 
exhibited significantly decreased weight and 
reduction in the total number of epithelial and 
stromal cells [31].

Justulin et al. found that Wistar rats treated 
with 25 mg/kg/day doxazosin for 30 days 
exhibited reduced epithelial proliferation, sma- 
ller prostates, and increased area of collagen 
and reticular fibers in the stromal space [32]. In 
a later study, this group treated adult male 
Wistar rats with vehicle or with finasteride + 
doxazosin for 3 or 30 days and examined the 
effects of these treatments on prostate tissue 
morphology, histology, and the expression of 
several matrix metalloproteases thought to be 
active in PCa metastasis [33]. Overall, combi-
nation treatment at 3 or 30 days resulted in 
decreased cellular proliferation and increased 
apoptotic index, largely in the epithelial com-
partment [33]. Notably, this study found that 
combination treatment at either 3 or 30 days 
promoted increased ventral lobe prostate col-
lagen volume and reduced epithelial volume. 
Both collagen type I and type III fibers were  
significantly more numerous in the interstitial 
stromal tissues with combination treatment 
(P<.005). These studies concluded that chang-
es in the epithelial compartments resulted in 
altered mechanical demands in the prostate 
and consequent increased collagen expression 
and tissue remodeling [32].

Despite the relative paucity of animal studies 
examining the effects of beta-sitosterol and fin-
asteride on prostatic histology, there is overall 
agreement that aza-steroids reduced epithelial 
proliferation and/or the volume of the epithe- 
lial component of rat prostates induced to 
develop BPH. This is likely due to the aza-ste-
roids’ ability to act as competitive inhibitors of 
5α-reductase and thereby prevent the enzyme 
from converting testosterone into its active 
form, dihydrotestosterone (DHT). There is some 
evidence that they may induced apoptosis in 
the epithelial compartment as well. However, 
these studies are in far less agreement with 

regard to the effects of beta-sitosterol on the 
stromal compartment of the prostate. It isn’t 
clear if this discrepancy may be due to using 
different rat strains - Wistar vs. Sprague-Daw- 
ley - or to other factors that differed between 
experimental approaches, such as the use of 
different extracts, whether doxazosin was in- 
cluded in the treatment regimen, the length 
and dosage of treatment, and other variables.

Results of clinical trials examining the efficacy 
of phytosterols for the treatment of BPH

Based on the pre-clinical studies described 
above, the medical world began to assess the 
efficacy of saw palmetto extracts to improve 
BPH LUTS. The first large study was conduct- 
ed in 1993 and published 2 years later  
by Berge’s et al. in The Lancet [34]. This  
randomized, double-blind, placebo-controlled 
multi-center study comprised 200 patients 
with symptomatic benign prostatic hyperplasia 
treated with either 20 mg of beta-sitosterol 3X 
per day or placebo for 6 months. This study 
found significant improvement in symptoms 
and urinary flow parameters that demonstrated 
efficacy of beta-sitosterol in the treatment of 
benign prostatic hyperplasia. Patients treated 
with beta-sitosterol demonstrated significantly 
reduced International Prostate Symptom Sco- 
res (IPSS), increased quality of life, decreased 
residual urinary volume, compared to those 
treated with placebo. Neither group experi-
enced reduced prostatic volume [34].

Another study published in 2000 by Marks et 
al. tested a saw palmetto herbal blend lipoidal 
extract vs. placebo in 45 men with symptomat-
ic BPH [35]. Like the Berges et al. study, no 
effects on prostate volume were observed in 
either group. However, prostate epithelial con-
traction was noted, especially in the transi- 
tion zone, where percent epithelium decreased 
from 17.8% at baseline to 10.7% after 6 months 
of treatment with the saw palmetto herbal 
blend compared to placebo (P<0.01). This was 
accompanied by a significant increase, from 
25.2% to 40.9%, in atrophic glands after treat-
ment with the saw palmetto herbal blend com-
pared to placebo (P<0.01), like that observed 
with finasteride treatment. This was accompa-
nied by a notable but not statistically significant 
increase in stromal tissue. Changes in apopto-
sis, cellular proliferation, angiogenesis, growth 
factors or androgen receptor expression were 
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not observed, though this data is not presented 
[35]. The authors concluded that saw palme- 
tto herbal blend appeared to be a reasonable 
alternative for men with early, uncomplicated 
prostatism.

A very large trial, dubbed the PERMAL study, 
comprised of 811 BPH patients with IPPS≥10 
was next published in 2002 by DeBruyn et al. 
Study participants were recruited in 11 Euro- 
pean countries for a 12-month, double-blind 
randomized trial. 354 patients were randomly 
assigned to tamsulosin 0.4 mg per day and 
350 to Permixon 320 mg per day. At 12 mon- 
ths, IPSS decreased by 4.4 in each group and 
no differences were observed in either irrita- 
tive or obstructive symptom improvements. 
The increase in Qmax was similar in both treat-
ment groups, and PSA remained stable while 
prostate volume decreased slightly in the Per- 
mixon-treated patients. The study concluded 
that Permixon and tamsulosin were equivalent 
in the medical treatment of lower urinary tract 
symptoms in men with BPH, during and up to 
12 months of therapy [36].

A follow-up study to the PERMAL study sought 
to compare the efficacy of the lipido-sterolic 
extract of Serenoa repens, Permixon, to that of 
tamsulosin, in the treatment of a subset of 
PERMAL study participants who suffered from 
severe LUTS (IPSS>19) consequent to BPH. 
This was a double-blind, randomized study 
whereby 65 patients received Permixon 320 
mg/day and 59 received tamsulosin 0.4 mg/
day over a 12-month period. At 12 months, 
total IPSS decreased by 7.8 with Permixon and 
5.8 with tamsulosin (P<0.051); irritative symp-
toms significantly improved (P<0.049) with Per- 
mixon (2.9 versus 1.9 with tamsulosin). The 
study concluded that Permixon 320 mg/day 
was slightly superior to tamsulosin 0.4 mg/day 
in reducing LUTS in severe BPH patients after 3 
months and up to 12 months of treatment [37].

The first large American study was conducted 
in 2006 and reported in the New England 
Journal of Medicine [38]. This study conducted 
a double-blind trial that included 225 men over 
the age of 49 years who had moderate-to-
severe symptoms of BPH. The subjects were 
treated for 12 months with saw palmetto 
extract (160 mg twice a day) or placebo. The 
results of the study showed no significant dif-
ference between the saw palmetto and placebo 

groups in the change in American Urological 
Association Symptom Index (AUASI) scores, 
maximal urinary flow rate, prostate size, residu-
al volume after voiding, quality of life, or serum 
prostate-specific antigen levels. The study con-
cluded that saw palmetto did not improve 
symptoms or objective measures of BPH. A 
later study randomized 99 men to receive 3% 
beta-sitosterol (VISPO), 2% (SPO) or placebo. 
This study found that men given VISPO experi-
enced the most significant decrease in IPSS 
(P<0.001) among the 3 groups [39].

The TRIUMPH (TransEuropean Research into 
the Use of Management Policies for LUTS sug-
gestive of BPH in Primary Healthcare) Study,  
a large European study, was also published  
in 2006. This prospective study profiled the  
use of alpha-adrenergic receptor antagonists 
(Tamsulosin, Doxazosin, Alfluzosin, Terazosin), 
5α-reductase inhibitors (Finasteride), and phy-
totherapies derived from Serenoa repens and 
Pygeum africanum (both of which are rich 
sources of beta-sitosterol) as well as beta-
sitosterol used to treat 2351 previously untreat-
ed BPH/LUTS patients from 6 European coun-
tries over a 12-month period [40]. The results 
of the study showed that the phytotherapies, 
although giving statistically significant improve-
ments in symptoms, were less effective than 
the alpha-adrenergic receptor antagonists or 
5α-reductase inhibitors, and improved symp-
toms for less than half of those treated [40].

Several studies also examined the efficacy of 
Serenoa repens extract for reduction of BPH 
symptoms compared to the α-adrenergic re- 
ceptor antagonist, Tamsulosin. In 2007, Hizl 
and Uygur published a study of 60 men ran-
domized into 3 arms of 20 men each treated 
with either 320 mg per day Serenoa repens 
extract, Tamsulosin at 0.4 mg per day, or with a 
combination of Serenoa repens extract and 
Tamsulosin. The trial intended to discover 
whether the combined treatment with Tam- 
sulosin, an alpha-adrenergic receptor inhibitor, 
and Serenoa repens extract, with 5α-reductase 
inhibitor activity, would provide superior im- 
provement in BPH symptoms and physiological 
measures compared to those treated with 
either compound alone. After 6 months of  
treatment, all patients demonstrated similar 
decreases International Prostate Symptom 
Scores (IPSS), increases in maximal urinary 
flow rate, and other measures, that were not 
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statistically significantly different between 
groups. The study concluded that that treat-
ment of BPH with both Serenoa repens and 
Tamsulosin alone seemed to be equally effec-
tive, and combined therapy did not provide 
extra benefits [41]. An Italian study also tested 
which of various combinations of Serenoa 
repens extract, lycopene, selenium, and tamsu-
losin therapy were most effective for reducing 
BPH symptoms among a group of 224 patients 
ranging in age from 55-80 years. This random-
ized study found that 71.6% of men treated 
concurrently with all 4 therapeutic agents expe-
rienced IPSS reduction of ≥3 points compared 
to 53% of men treated with Serenoa repens 
extract, lycopene, selenium or 51.3% of men 
treated with Tamsulosin [42].

A network meta-analysis of data from 2115 
publications, including some of those refer-
enced here, compared the efficacy of hexanic 
extract of SeR (HESr) versus non-HESr (nHESr) 
versus placebo versus alpha-blockers (ABs) in 
patients affected by LUTS secondary to BPH. 
The study constructed ‘rankograms’ that calcu-
lated the cumulative ranking probability for all 
treatments in the network. Based on this analy-
sis, terazosin showed the best probability and 
highest score (99.6%), followed by alfuzosin, 
tamsulosin, silodosin, HESr, and nHESr with 
scores of 53.7%, 42.3%, 68.5%, 36.7%, and 
47.3%, respectively [43]. With regard to the 
Serenoa repens extracts, the study concluded 
that they showed some efficacy, at least after  
a 12-month period of usage, and that they 
might be appropriate for patients who wanted 
to avoid the side effects of alpha-blockers and 
did not require rapid symptom relief [43]. An 
observational study with a final cohort of 1,838 
men classified as previously treated patients 
(PTPs) or previously untreated patients (PUPs) 
suffering from LUTS compared the outcomes of 
treatment with alpha-blockers, alpha-blockers 
+ phytotherapy, and phytotherapy alone am- 
ong several other forms of pharmacotherapy. 
Although ‘phytotherapy’ is oddly not defined in 
the study, one can assume much of those 
included comprised Serenoa repens extracts 
containing beta-sitosterol as that is the most 
popular form of phytotherapy for LUTS. The 
results of this study largely agreed with others 
cited here and showed that an IPSS reduction 
of ≥3 points in 74.6% of patients given alpha-
blockers alone, 75.0% of patients given alpha-

blockers + phytotherapy, and 46.1% of patients 
given phytotherapy alone in the PUP cohort, 
and 41.4% of patients given alpha-blockers 
alone, 50.0% of patients given alpha-blockers 
+ phytotherapy, and 42.9% of patients given 
phytotherapy alone in the PTP cohort. Thus, 
phytotherapy does show some efficacy for re- 
lief from LUTS, though not at the same level as 
that of alpha-blockers alone and does not 
improve this relief when combined with alpha-
blocker treatment [44].

Effects of aza-steroids on human prostate his-
tology

An early study by Marks et al. [35] examined 
prostate biopsies taken from men before and 
after 6 months treatment with finasteride. They 
noted that the post-treatment biopsies of the 
transition zone, through which the urethra trav-
els, demonstrated a significant decrease in per-
cent epithelium and a significant increase in 
the stroma-to-epithelial ratio compared to pre-
treatment biopsies. These changes were not 
observed in the post-treatment biopsies from 
the peripheral zone compared to pre-treatment 
biopsies. They also noted that the stroma of the 
post, but not pre-treatment biopsies stained 
blue after Massons trichrome staining [35]. The 
blue staining is indicative of high levels of the 
protein collagen. Collagen is a trimeric struc-
tural protein and major component of the extra-
cellular matrix. Fibroblasts secrete collagen  
in response to many stimuli, which includes 
inflammatory mediators secreted by senescent 
or immune cells in the aging tissue microenvi-
ronment or by traumatized tissue [45]. In some 
cases, fibroblasts exposed to these stimuli 
become ‘activated’ or fully phenoconvert to 
myofibroblasts and secrete higher-than-normal 
amounts of collagen in an uncontrolled man-
ner. This process can produce tissue fibrosis, 
where normal tissues become replaced by 
fibrous connective tissue, resulting in organ 
dysfunction [20]. The observance of higher col-
lagen content in post- compared to pre-treat-
ment biopsy tissues in the Marks et al. study is 
suggestive that finasteride may have provoked 
a fibrotic response in the transition zone of the 
prostate.

Vacherot et al. performed various histological 
examinations on 10 normal prostate tissues 
free of histological evidence of BPH and 20 
BPH prostate tissues, 10 from men who had 
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never received medical therapy, and 10 from 
men treated for 3 months prior to tissue co- 
llection with LSESr (Permixon), a lipidosterolic 
extract of saw palmetto [12, 46]. This study, 
like that of Marks et al., observed significantly 
increased expansion of the stromal compart-
ment in BPH specimens. This study also noted 
that tissues from LSESr-treated patients dem-
onstrated significantly reduced proliferation 
(7.7- and 4.9-fold in epithelium and stroma, 
respectively) and increased apoptosis (5.4-  
and 8.8-fold, respectively) relative to LSESr-
untreated BPH patients [46]. Thus, the saw  
palmetto extract appeared to exert similar 
effects of reducing cellular proliferation and 
increasing cellular apoptosis in both the epithe-
lial and stromal compartments of the prostate. 
Interestingly, the extract produced more pro-
nounced effects in the epithelial rather than 
stromal compartments.

A more recent study by Macoska et al. of transi-
tion zone biopsies from the Medical Therapy  
of Prostatic Symptoms (MTOPS) trial [47, 48] 
reported that collagen content was significantly 
higher in the transition zone of the prostate for 
men whose BPH progressed though treated 
with finasteride and doxazosin, and was associ-
ated with expansion and collagenization of stro-
mal tissue [49]. Although the effects of doxazo-
sin on these histological changes should not be 
discounted, comparison with the Marks et al. 
study [35] suggests that the stromal compart-
ment expansion and collagenization may be 
ascribed to treatment with aza-steroids, e.g., 
finasteride and phytosterols.

A summary diagram of the molecular and phe-
notypic effects of beta-sitosterol on BPH is pro-
vided in Figure 1.

Discussion

Studies focused on the use of plant sterols, 
particularly beta-sitosterol, exhibit some dic- 
hotomy with respect to whether the study is 
concerned with prostate cancer or benign  
prostatic enlargement. Those concerned with 
whether beta-sitosterol is effective for the 
treatment of prostate cancer emphasize wheth-
er it can induce apoptosis, thus kill prostate 
cancer cells, or reduce the expression or activ-
ity of particular proteins and signaling pathways 
such that prostate cancer cell proliferation or 
prostate tumor progression is impeded. Overall, 

these studies do show that beta-sitosterol 
induces anti-cancer activities, but not at a level 
that competes with current standard of care 
using other clinically tested therapeutic 
approaches. For this reason, herbal supple-
ments derived from saw palmetto and contain-
ing beta-sitosterol and other plant sterols are 
not considered efficacious for the treatment of 
prostate cancer.

Rather, most of the enthusiasm for beta-sitos-
terol treatment for prostatic disease has been 
focused on its’ utility for treating benign pros-
tatic hyperplasia. These studies analogize the 
chemical structures of plant sterols with those 
of the 5α-reductase inhibitors, finasteride and 
dutasteride, and have largely shown that plant 
sterols can interact with the 5α-reductase en- 
zyme and essentially prevent it from binding to 
testosterone and converting it to DHT, the form 
in which it can bind to the androgen receptor. 
Moreover, phytosterols, but not finasteride, 
compete with cholesterol for intestinal absorp-
tion, and thereby lower both cholesterol absorp-
tion by the intestines and cholesterol concen-
trations in the plasma [26]. Because plant ste-
rols reduce the amount of cholesterol that can 
enter the bloodstream, less cholesterol can be 
taken up by the Leydig cells in the testes; thus, 
less cholesterol can be converted to testoster-
one [27]. Therefore, plant sterols exhibit dual 
activities that lower the availability of DHT to 
prostatic epithelial cells: 1) They inhibit the con-
version of testosterone to DHT, and 2) They 
reduce the pool of cholesterol available to the 
Leydig cells, hence, less cholesterol is convert-
ed to testosterone for conversion to DHT.

Although the studies discussed in this review 
uniformly show that plant sterols can reduce 
DHT levels in rodent and human prostatic epi-
thelium, they exhibit weaker efficacy than flu-
tamide and dutasteride. Hence, on the spec-
trum of aza-steroid utility as 5α-reductase 
inhibitors, plant sterols rank below that of both 
finasteride and dutasteride. This is confirmed 
in the TRUMPH study, which showed that phyto-
therapies, although giving statistically signifi-
cant improvements in LUTS, were less effective 
in this regard than the alpha-adrenergic recep-
tor antagonists or 5α-reductase inhibitors, and 
improved symptoms for less than half of those 
treated [40]. Also, the Russo et al. meta-analy-
sis study concluded that, although phytothera-
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py did show some efficacy for relief from LUTS, 
it was not at the same level as that of alpha-
blockers alone and did not improve this relief 
when combined with alpha-blocker treatment 
[43].

Perhaps a bit of a conundrum is encountered 
when analyzing the effects of aza-steroids on 
the stromal compartment of the prostate.  
Most of these studies in rodents and humans 
focused on finasteride rather than plant ste-
rols, and often included alpha-adrenergic re- 
ceptor antagonists such as doxazosin, which 
makes it difficult to pin down which therapeutic 
contributed to observed changes in prostatic 
stroma. The study by Prahalada et al. [30] 
reported that finasteride-treated rats exhibited 
reduction in the total number of epithelial and 
stromal cells [31]. Justulin et al. found in two 
separate rodent studies that treatment with 
doxazosin alone [32] or doxazosin + finasteride 
[33] combination treatment resulted in decre- 
ased cellular proliferation and increased apop-
totic index, largely in the epithelial compart-
ment. However, the combination treatment pro-
moted a reduction of epithelial volume and 
increase in ventral lobe prostate collagen with 
significantly increased collagen type I and type 
III fibers. Studies focused on histological chang-
es in human prostate after treatment with fin-
asteride reported concurrent reduction of the 
epithelial compartment and increased collagen 
content, consistent with a fibrotic response, in 
the transition zone [35]. Vacherot et al., report-
ed that prostate tissues from men given 
Permixon demonstrated significantly increased 
expansion of the stromal compartment in  
BPH specimens. This study also reported that 
Permixon significantly reduced proliferation 
and increased apoptosis, though these effects 
were more produced in the epithelial than stro-
mal compartments [46]. Thus, though not well 
studied, it appears that aza-steroids, including 
plant sterols, may alter the stromal compart-
ment of the prostate, though it isn’t clear 
whether this alteration is towards increased or 
decreased volume, or includes changes in col-
lagen content.

One of the limitations of this review is the lack 
of complete datasets, e.g., the lack of in vitro, 
in vivo, and human clinical trials/human tissue 
histology data useful for examining the effects 
of beta-sitosterol on the development or treat-
ment of prostate cancer and BPH. Prostate 

cancer studies were focused on the use of cell 
lines in vitro and spheroids and xenografts 
prostate tumors in vivo to examine the pro-
apoptotic or other tumor reduction effects of 
beta-sitosterol. There is no literature regarding 
changes in human prostate tumor histology 
subsequent to the use of supplements contain-
ing beta-sitosterol. The literature is much more 
abundant for in vitro, in vivo, and human clinical 
trial/human tissue histology data for the use of 
beta-sitosterol to treat BPH. However, there is 
an overwhelming emphasis on histological 
analysis of the prostatic epithelium and little on 
that of the prostatic stroma in human studies. 
This may have a historical rationale as the 
importance of changes in the prostatic stroma 
contributing to LUTD and LUTS have only 
recently been elucidated [50]. Another limita-
tion is that different methods for the extraction 
of phytosterols from saw palmetto were used in 
the studies examined, and that some studies 
used purified beta-sitosterol versus saw pal-
metto extract. This casts some doubt on how 
accurately one can compare the studies to elu-
cidate particular phenomena, e.g., effects of 
beta-sitosterol on prostatic epithelial prolifera-
tion or programmed cell death.

Conclusion

The results of this study suggest multiple  
roles for beta-sitosterol-mediated repression of 
prostate cancer in vitro and in vivo, particularly 
regarding its pro-apoptotic effect on prostate 
epithelial cells. However, supplements contain-
ing beta-sitosterol for prostate health are over-
whelmingly taken to relieve LUTS associated 
with BPH. These supplements have not been 
associated with toxicities or adverse events 
among the millions of men who take them daily. 
Moreover, there is no doubt that these supple-
ments can be beneficial for relieving LUTS, as 
many of the studies described above affirm. 
Even so, these studies also affirm that plant 
sterols exhibit reduced activity in this regard 
compared to that of finasteride and dutaste-
ride. Taken together, these data have led many 
investigators and clinicians to conclude that 
supplements containing plant sterols, among 
which beta-sitosterol is the most abundant, 
might be most appropriate for younger men 
with minimal symptoms who don’t wish to 
embark on a clinical drug regimen for BPH 
treatment. This scientifically sound conclusion 
is supported by the studies reviewed here and 
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describes a clear and appropriate utility for the 
use of plant sterols, particularly beta-sitosterol, 
in the treatment of LUTS.
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