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Abstract Benign prostatic hyperplasia (BPH) is a non-
cancerous growth of the prostate. BPH commonly occurs in
elderly men. Lower urinary tract symptoms (LUTS) sec-
ondary to BPH (LUTS/BPH) have significant impacts on
their health. Saw palmetto (Serenoa repens) extract (SPE)
has been evaluated for its effectiveness in improvement of
LUTS/BPH at preclinical and clinical levels. Potential
mechanisms of actions include anti-androgenic, pro-apop-
totic, and anti-inflammatory effects. However, SPE effi-
cacy was inconsistent, at least partly due to a lack of a
standardized SPE formula. A hexane extract (free fatty
acids, > 80%) provided more consistent results. Free fatty
acids (lauric acid) were effective in inhibition of So-re-
ductase, and phytosterol (B-sitosterol) reduced prostatic
inflammation. Multiple actions derived from different
constituents may contribute to SPE efficacy. Evaluation of
the clinical relevance of these bioactive components is
required for standardization of SPE, thereby enabling
consistent efficacy and recommendations for the use in the
prevention and treatment of BPH.
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Introduction

Benign prostatic hyperplasia (BPH) refers to nonmalignant
growth of the prostate. Histologically, BPH is described as
a proliferative process of both the stromal and epithelial
elements of the prostate gland. BPH commonly occurs in
elderly men. Nearly all men develop histologic evidence of
BPH by 80 years of age (Lepor, 2005).

BPH arises in the periurethral and transition zones of the
prostate. Human prostate grows with age. This continued
growth (hyperplasia) can enlarge the prostate to the extent
that it compresses the urethra and limits the flow of urine,
causing urinary symptoms (Lepor, 2005). However, pro-
static enlargement varies in degree in different individuals
(Lepor, 2005). Therefore, not all men with histologic BPH
will develop significant symptoms (Roehrborn, 2005). The
most common manifestation of BPH is lower urinary tract
symptoms (LUTS), a group of clinical symptoms com-
prising obstructive symptoms including hesitancy, poor
stream, incomplete voiding, urinary retention, and overflow
incontinence as well as irritative symptoms including fre-
quent urination, urgent urination, nocturia, and urge
incontinence (Roehrborn, 2005).

A recent systemic review estimated that the prevalence
of symptomatic BPH increases from 14.8% in males aged
40 to 36.8% in males aged 80 and above, although marked
differences in estimated prevalence among different studies
were observed largely due to the heterogeneity in BPH
definition and the variation in case definitions used (re-
viewed in Lee et al., 2017). As the numbers of the elderly
increase rapidly worldwide, the incidence and prevalence
of BPH will increase and LUTS secondary to BPH will
have a significant impact on the health of older men and on
associated health-care costs.
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The reasons causing the prostate to enlarge are still
poorly understood. In general, dihydrotestosterone (DHT),
a metabolite of testosterone, is thought to be a critical
mediator of prostatic growth (Rhodes et al., 1993). DHT is
derived from testosterone in specific tissues including the
prostate gland via the action of So-reductase. DHT binds to
nuclear androgen receptors and activates the transcription
of androgen-regulated genes that are mitogenic to both
epithelial and stromal cells (Saad et al., 2011).

Treatment options are medication and surgery. Medi-
cation for the treatment of mild to moderate BPH has
become a standard of care since well-designed clinical
studies showed that finasteride, a Sa-reductase inhibitor (5-
ARI), and terazosin, an a-blocker, significantly improved
LUTS and increased peak urinary flow rates in men with
BPH (Lepor, 1989). Subsequently, many clinical trials
have validated the effectiveness of two 5-ARIs (finasteride
and dutasteride) and five o-blockers (terazosin, doxazosin,
tamsulosin, alfuzosin, and silodosin), which were subse-
quently approved by the US Food and Drug Administration
for the treatment of BPH (Lepor, 2011).

Alpha-blockers, also known as o-adrenergic receptor
antagonists, relax smooth muscles in the prostate and the
bladder neck, thus decreasing the blockage of urine flow and
allowing urine to flow more easily. Alpha-blockers begin to
work quickly with no effect on prostate size and are usually
recommended as a first-line treatment for men with mild to
moderate symptoms (Lepor, 2016). 5-ARlIs, also known as
DHT blockers, inhibit the Sa-reductase enzyme, and thus can
prevent the prostate from growing further. In addition, phy-
totherapy including extract of the fruit from saw palmetto
(Serenoa repens), the American dwarf palm tree has been
used. Although many physicians remain skeptical regarding
its therapeutic use, there is continued growing interest in the
use of saw palmetto extract (SPE) in patients with BPH due to
drug-related adverse effects associated with a-blockers (e.g.,
postural hypotension and retrograde ejaculation) and with
5-ARIs (e.g., impairment of erection) (Debruyne et al., 2004).

The present study reviewed the effects and potential
mechanisms of action of SPE and putative bioactive
components in SPE. The objective of the review was to
manifest the importance of standardization of formula in
preparation of dietary supplements such as SPE in order to
recommend their preventive and therapeutic use based on
their consistent efficacy.

Effect of saw palmetto extract on lower urinary
track symptoms
Historically, Native Americans were known to use the fruit

of saw palmetto to treat urinary and reproductive system
problems (Suzuki et al., 2009). SPE is commonly used to
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treat BPH in Europe (Suzuki et al., 2009). SPE use in the
treatment of BPH-related LUTS has been extensively
evaluated. However, many of the reported studies (Cham-
pault et al., 1984; Reece Smith et al., 1986) were short-term
studies conducted for 3 months or less and were performed
before the development of validated symptom scores such
as the international prostatic symptoms scale (IPSS) and
the international index of erectile function (IESS)
(MacDonald et al., 2012). This review included SPE clin-
ical trials that used standardized screening tools such as
IPSS to monitor the severity of the symptom of LUTS
secondary to BPH.

Some non-comparative observational studies suggested
that daily intake of 320 mg SPE for 24 months was
effective in improving IPSS and IESS scores as well as
quality of life (Sinescu et al., 2011) and that treatment for
15 years prevented progression of BPH (Vinarov et al.,
2018). In contrast, a randomized and controlled study
found that taking 320 mg SPE extract daily did not
improve symptoms or urinary flow compared to placebo
(Bent et al., 2006). Moreover, longer follow-up (72 weeks)
and use of higher doses (640 or 960 mg) did not improve
LUTS compared to placebo (Barry et al., 2011; Tacklind
et al., 2012). Therefore, recommendations for the use of
SPE in BPH cannot be proposed currently.

However, of note, disparity in composition of SPE may
contribute to heterogeneity in efficacy (Habib and Wyllie,
2004). Different products derived from the same plant can
have different activity due to differences in the composi-
tion of bioactive components in the plant extracts (Novara
et al., 2016). Permixon is a hexane extract of saw palmetto
and is the most studied. Many SPE products were found to
have significantly different relative contents of putative
active components, fatty acids and phytosterols (Habib and
Whyllie, 2004; Penugonda and Lindshield, 2013). Permixon
contained the highest content (> 80%) of free fatty acids
among 14 products available in Europe (Habib and Wyllie,
2004). Permixon also showed the highest efficacy in inhi-
bition of Sa-reductase (Scaglione et al., 2012). Consis-
tently, clinical studies with Permixon have produced
reproducible results of improvement of urinary symptoms
(MacDonald et al., 2012; Pytel et al., 2002). A meta-
analysis that includes all available randomized control
trials and observational studies showed that Permixon
reduced nocturia and improved maximum urinary flow
compared with placebo (Vela-Navarrete et al., 2018).
Moreover, Permixon had a similar efficacy to tamsulosin (a
commonly prescribed a-blocker) (Debruyne et al., 2004)
and 5-ARIs (Vela-Navarrete et al., 2018) in relieving
LUTS. These data suggested that the hexane extract of saw
palmetto (Permixon) is an efficacious therapeutic option
for the long-term treatment of LUTS secondary to BPH.
Different brands of SPE may show marked variation in
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content. Therefore, standardization of SPE formula, and
control of the content of active components in SPE may be
critical to achieving consistent efficacy of SPE and rec-
ommendations for its use in prevention and treatment of
BPH (Fagelman and Lowe, 2001).

In general, saw palmetto extracts are well tolerated in
men with BPH. There is agreement that adverse effects of
saw palmetto extracts are few and mild, and that their
incidences are not significantly different compared to pla-
cebo (MacDonald et al., 2012; Tacklind et al., 2012; Wilt
et al., 2002).

Mechanisms of action of saw palmetto extract

The exact mechanisms of action of SPE are unknown in
relieving LUTS associated with BPH. Suggested mecha-
nisms include anti-androgenic, pro-apoptotic, and anti-in-
flammatory effects (Fig. 1) as described below.

Anti-androgenic effect

Inhibition of receptor binding of androgens has also been
studied (Sultan et al., 1984) but is less evident. The most
studied area is the inhibitory activity of SPE on Sa-re-
ductase. SPE non-selectively inhibited both type I and type
IT isoenzymes of 5a-reductase in comparison to finasteride,
which selectively inhibits the type 2 isoform (Iehle et al.,
1995). Inhibitory effects of SPE on Sa-reductase were also
reported in human foreskin fibroblasts (Sultan et al., 1984)
and a human prostate cancer cell line (Anderson, 2005).
In agreement with in vitro studies, a 3-month random-
ized study reported that Permixon (320 mg/day) effectively
decreased DHT and increased testosterone in the peri-
urethral region of the prostate in patients with BPH (Di
Silverio et al., 1998), suggesting the inhibition of So-re-
ductase by SPE in vivo. However, Permixon did not inhibit
serum levels of either testosterone or DHT in healthy men
consuming 80 mg SPE twice a day for up to a week, in

- Anti-androgenic effect

Saw palmetto extract Pro-apoptotic effect

- Anti-inflammatory effect

contrast to the effective reduction of serum DHT level by a
single dose of 5 mg finasteride (Strauch et al., 1994). SPE
may require longer treatment or higher dose to achieve
effective inhibition of So-reductase. It is also possible that
SPE may alter testosterone or DHT metabolism differently
in men with or without LUTS, although mechanisms are
unknown. Therefore, studies suggest that SPE may inhibit
Sa-reductase in men with symptomatic BPH. However, of
note, many studies (Opoku-Acheampong et al., 2016;
Talpur et al., 2003) indicate that SPE may modulate
androgen metabolism and/or block the effects of androgens
because of mitigation of androgen-induced increase in
prostatic mass in castrated or non-castrated rodent models.
However, more recently, prostate hyperplasia has been
suggested to be induced by prostatic inflammation medi-
ated by androgens as well as other factors including
proinflammatory cytokines (Chughtai et al., 2011). Hence,
inhibition of androgen-induced growth of the prostate by
SPE may also be attributed to anti-inflammatory effect.

Pro-apoptotic effect

Studies also suggested that SPE treatment can inhibit the
growth of prostate by increase of apoptosis as described
below. Treatment with SPE inhibited cell growth via
inhibition of insulin growth factor-1-induced proliferation
and increased apoptotic index [cleavage of poly (ADP-ri-
bose) polymerase] in the P69 prostate epithelial cell line
(Wadsworth et al., 2004). SPE induced apoptotic cell death
in PC3 and LNCaP human prostate cancer cells through the
intrinsic apoptotic pathway (Baron et al., 2009). SPE-in-
duced apoptosis was also observed in other types of cancer
cell lines including MCF-7 breast cancer cells and HCT116
colon cancer cells (Hostanska et al., 2007).

In addition, apoptotic index (Bax-to-Bcl2 ratio) was
significantly increased in transurethral prostate tissues
obtained from men with symptomatic BPH by surgery after
treatment with 320 mg Permixon daily for 3 months
compared to those obtained from untreated controls (Vela-

= Inhibition of 5a—reductase —— Lauric acid

= Increase in Bax/Bcl2 ratio

* Down-regulation of pro-inflammatory cytokines (e.g., IL-6) «—— B-Sitosterol

Prevention and treatment of benign prostatic hyperplasia

Fig. 1 Putative mechanisms of action of saw palmetto extract (SPE) and its constituents in relief of lower urinary track symptoms (LUTS)

secondary to benign prostatic hyperplasia (BPH)
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Navarrete et al., 2005). Therefore, consumption of SPE
may reduce prostate size by increasing apoptosis. However,
most studies have conducted in cancer cell lines and more
studies are required to prove its effect in vivo.

Anti-inflammatory effect

More recent studies have highlighted the observation that
intraprostatic inflammation mediates the development and/
or progression of BPH (Gandaglia et al., 2013; Mishra
et al., 2007). The risk of urinary retention due to BPH was
significantly greater in men with prostatic inflammation
than in those without prostatic inflammation (Mishra et al.,
2007). Chronic prostatic inflammation was related to larger
prostate volumes, more severe LUTS, and poorer response
to BPH medical treatment (Gandaglia et al., 2013). These
findings suggested that anti-inflammatory effect of SPE can
be beneficial in treatment of BPH symptoms.

Treatment with Permixon significantly reduced the
expression of inflammation-regulated genes including IL-6,
CCL-5, CCL-2, COX-2, and iNOS in the human prostate
cancer cell lines LNCaP and PC3, as well as in primary
human prostate cancer cells (Silvestri et al., 2013). A oral
dose (100 mg/kg body weight/day) of Permixon for
28 days significantly decreased tissue weight and prolif-
eration index (Ki-76 immunostaining) in mouse model of
prostate hyperplasia involving prostate-specific over-ex-
pression of a prolactin (Prl) transgene, namely probasin
(Pb)-Prl model (Bernichtein et al., 2015). In this Pb-Prl
model, administration of Permixon reduced prostatic
inflammation both histologically and molecularly (e.g.,
down-regulation of pro-inflammatory cytokine profiles
with significant reduction of CCR7, CXCL6, IL-6, and IL-
17 expression) (Bernichtein et al., 2015).

At a clinical level, patients receiving a daily oral dose of
Permixon (320 mg) for 3 months showed reduced levels of
inflammatory marker at mRNA levels in the lumen of the
prostate gland and this effect was more effective compared
to that of tamsulosin (0.4 mg) (Latil et al., 2015). In
addition, in the same study, the number of patients who
expressed urinary CCL2 and CXCL10 proteins was
decreased and expression of urinary macrophage migration
inhibitory factor was significantly reduced in the Per-
mixon-treated group than in the tamsulosin-treated group
(Latil et al., 2015). Therefore, preclinical and clinical
studies indicated that SPE, particularly, Permixon may
effectively relieve BPH symptoms through anti-inflamma-
tory mechanisms. However, different studies used different
inflammatory markers and the relevance of these markers
in BPH needs to be validated. Moreover, it should be
further evaluated whether inflammation causes develop-
ment of LUTS/BPH and vice versa.
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In summary, anti-androgenic effect of SPE has been
primarily studied in relation to its efficacy in BPH-related
LUTS. As described above, studies also suggested that pro-
apoptotic and anti-inflammatory effects are involved in
beneficial effect of SPE (Fig. 1). Unfortunately, reported
studies were largely conducted in vitro and the relevance of
the mechanisms described above in prevention and treat-
ment of BPH-related LUTS should be further validated at a
clinical level (Fagelman and Lowe, 2001). It was also
suggested that SPE efficacy may related to relaxation of
lower urinary tract smooth muscles. SPE inhibited ligand
binding to human ol-adrenergic (Goepel et al., 1999;
Suzuki et al., 2007) and muscarinic (Suzuki et al., 2007)
receptors. However, there are only few studies that evalu-
ate the effects of SPE on relaxation of smooth muscle.

Bioactive components in saw palmetto extract

The bioactive components of SPE are considered to be
fatty acids and phytosterols (Table 1). The fruit of saw
palmetto typically contains 70-90% free fatty acids of
caprylic, capric, lauric, myristic, palmitic, stearic, oleic,
linoleic, and linolenic acids (Booker et al., 2014). The
composition of the various brands of saw palmetto varies
depending on extraction methods, source of the plant, and
additional ingredients (Penugonda and Lindshield, 2013).
The content of total free fatty acids was found to range
from 40.7 to 80.7% (Table 1) in 14 SPE extracts com-
mercially available for the treatment of LUTS (Habib and
Wiyllie, 2004). When 57 different products containing saw
palmetto as mono-preparations or as a part of multicom-
ponent supplements from nine countries were analyzed
using gas chromatography, total fatty acid was found to be
in the range of 8.43-1473 mg in a manufacturer-claimed
therapeutic dose (Booker et al., 2014). In addition, the
contents of free fatty acids and phytosterols were also
found to vary depending on supplement types such as
liquid, powder, dried berry, or tincture (Penugonda and
Lindshield, 2013).

In spite of various concentrations of total fatty acid
depending on SPE products, the composition of saw pal-
metto prepared by a similar extraction method was found to
be comparable (Booker et al., 2014). The percentage of the
nine different single fatty acids (capric acid, caprylic acid,
lauric acid, myristic acid, palmitic acid, stearic acid, oleic
acid, linoleic acid, and linolenic acid) was similar in
products prepared by a similar extraction method (Booker
et al., 2014). Saw palmetto fruits contained high amounts
of oleic acid as well as lauric acid (Table 1) and each fatty
acid was comprised approximately 30-40% of the total
fatty acids (Booker et al., 2014). Oleic acid and lauric acid
were also the predominant fatty acids irrespective of
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Table 1 Composition of fatty acids and phytosterols in saw palmetto extract (SPE)

Content in SPE

Proportion for each category (Penugonda and Lindshield, 2013)

Fatty acids (Habib and Wyllie, 2004)
(40-80%)

Phytosterols (Penugonda and Lindshield, 2013; Weisser et al., 1996)
(< 1%)

Oleic acid > 30%
Lauric acid 30%
Myristic acid 10%
Linolenic acid 10%
Palmitic acid 10%
Stearic acid <5%
B-Sitosterol 80%
Campesterol < 15%
Stigmasterol < 10%

supplement types of liquid, powder, dried berry, or tincture
(Penugonda and Lindshield, 2013). B-Sitosterol was the
most abundant phytosterol, although phytosterol content
varied in different supplement types (Penugonda and
Lindshield, 2013).

SPE is a mixture of various compounds. One of the main
difficulties in assessing the efficacy of SPE is the absence
of standardization in composition (Fagelman and Lowe,
2001), which may result in varying efficacy of SPE in BPH
treatment. Therefore, a standard formulation is essential to
ensure a consistent biological effect of SPE. Permixon, the
n-hexane lipidosterolic extract of saw palmetto, is the most
studied form of SPE and studies with Permixon have
produced relatively consistent beneficial effects on LUTS
at preclinical and clinical levels. Therefore, it is important
to identify major biologically active components of SPE in
treatment of BPH and create a standardized formula for
consistent beneficial effects on health. So far, only the
European Pharmacopoeia has a specified requirement for
saw palmetto preparations, requiring lauric acid to be at
least 20% of total fatty acids (Booker et al., 2014).

Fatty acids

Fatty acids are the major constituents of SPE. The main
fatty acids in SPE showed o-adrenergic receptor-binding
activity as well as inhibitory effects on Sa-reductase (Abe
et al., 2009a; 2009b), suggesting that fatty acids in SPE
contribute to relieving BPH symptoms via relaxation of
muscle tone and inhibition of testosterone metabolism.
Sub-fractionation of SPE further demonstrated that free
fatty acids are largely responsible for inhibitory effects of
SPE on 5a-reductase. When SPE was sub-fractionated into
saponifiable, nonsaponifiable, and hydrophilic fractions,
the saponifiable subfraction that consists mainly of lauric
acid, oleic acid, myristic acid, and palmitic acid showed

non-competitive and dose-dependent inhibition of So-re-
ductase in the prostatic epithelium and stroma homo-
genates (Weisser et al., 1996). In contrast, the
nonsaponifiable and hydrophilic subfractions showed only
a slight and no inhibition of Sa-reductase, respectively
(Weisser et al., 1996). 5a-Reductase derived from rat liver
was also inhibited by the fatty acids (Liu et al., 2009).
Inhibition of type 1 and type 2 Sa-reductase activity was
only observed with fatty acids whereas esterified fatty
acids, alcohols, and sterols were inactive in inhibition of
either type 1 or type 2 isoforms (Raynaud et al., 2002).
Consistently, compared with fatty acids active in inhibition
of Sa-reductase, methyl ester and alcohol analogs of these
inhibitory fatty acids were either inactive or only slightly
active in rat liver, suggesting that the free -COOH group is
important for the inhibition of Sa-reductase (Liu et al.,
2009).

Inhibitory activity of individual fatty acids has been
found to vary in different studies as described below,
probably due to the use of different assay systems. Lauric
acid and myristic acid were the most effective in inhibition
of Sa-reductase present in the prostatic epithelium and
stroma homogenates whereas oleic acid and palmitic acids
had almost no inhibitory effect (Weisser et al., 1996).
When two isoforms of Sa-reductase were tested separately,
lauric acid was active against both isoforms whereas pal-
mitic acid and stearic acid were inactive against both iso-
forms (Raynaud et al., 2002). Oleic acid and linolenic acid
were selectively effective against type 1 isoform (Raynaud
et al., 2002). Myristic acid had a strong inhibitory effect
against type 2 with its effect against type 1 being uneval-
uated (Raynaud et al., 2002). Similar results were observed
in So-reductase derived from rat liver; among the saturated
fatty acids, the inhibitory effects of shorter fatty acids such
as lauric and myristic acids were greater (Liu et al., 2009).
Inhibitory activity against So-reductase in the liver was
similar for lauric acid, oleic acid, myristic acid, linoleic
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acid, but no inhibitory effect of palmitic acid was found
among the tested fatty acids (Abe et al., 2009a). Therefore,
the main free fatty acid constituents in SPE, lauric acid,
oleic acid, and myristic acid, appear to be effective in
inhibition of Sa-reductase.

In addition, lauric acid, myristic acid, and oleic acid
significantly inhibited the contraction induced by
phenylephrine in isolated rat vas deferens (a thick-walled
tube in the male reproductive system) with lauric acid
showing the highest at the same relative concentration
present in SPE (Arruzazabala et al., 2011). Alpha-1
adrenergic receptors mediate smooth muscle contraction.
Fatty acids such as lauric acid and oleic acid significantly
inhibited the specific binding of radiolabeled ligands to o1-
adrenergic, muscarinic, and 1,4-dihydropyridine calcium
channel (Abe et al., 2009a). Thus, as described above,
studies have suggested that activity of 5o-reductase and o;-
adrenergic receptor-binding can be effectively inhibited by
free fatty acids, particularly lauric acid, the main con-
stituent of total fatty acids in SPE. However, inhibitory
effect on Sa-reductase were mostly performed in vitro and
their relevance in vivo needs to be validated. In addition,
the bioavailable concentration of these fatty acids and SPE
in the prostate tissue needs to be evaluated.

Phytosterols

Phytosterols are relatively minor constituents (Table 1) of
SPE (Penugonda and Lindshield, 2013; Weisser et al.,
1996). Studies have suggested that phytosterols may be
beneficial in BPH treatment due to their anti-inflammatory
and cholesterol-lowering effects (Freeman and Solomon,
2011; Scholtysek et al., 2009). B-Sitosterol inhibited pro-
liferation of human prostate cancer cells (von Holtz et al.,
1998) and growth of tumors derived from PC-3 human
prostate cancer cells (Awad et al., 2001).

In a randomized, double-blind, and placebo-controlled
clinical trial, treatment with 130 mg free B-sitosterol daily
for 6 months significantly improved IPSS and quality of
life index with an increase in peak urinary flow rates and
decrease in post-void residual urinary volume over placebo
(Klippel et al., 1997). Similar results were observed with
another randomized, double-blind, and placebo-controlled
multicentric study that a mixture of pytosterols (60 mg -
sitosterol per day) was treated for 6 months in patients with
symptomatic BPH (Berges et al., 1995). Moreover, results
for the 18-month follow-up of the trial suggested that the
beneficial effects of [-sitosterol were maintained in
patients who continued [-sitosterol treatment for
18 months after the initial 6-month trial (Berges et al.,
2000). In addition, taking phytosterol prepared from
pumpkin seeds and saw palmetto for 3 months significantly
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improved BPH symptoms with no side effects in a ran-
domized, double-blind study (Carbin et al., 1990). There-
fore, well-designed clinical trials supported beneficial
effects of phytosterols in treating BPH symptoms. How-
ever, clinical studies mentioned above were mostly
observational studies and were conducted in 1990’s. SPE
contains only small amount of phytosterols (< 1%) and the
quantity may not be sufficient to exert the beneficial effect
of phytosterol treatment. Moreover, the phytosterol-rich
extracts were often prepared from various plants that also
contain other components in small quantities, leaving open
the possibility that components other than phytosterols may
have been involved in the observed beneficial effects.

In conclusion, saw palmetto extract has therapeutic
potential. However, efficacy of SPE has been found to be
inconsistent, at least partly due to a lack of standardization
of the SPE formula. Free fatty acids such as lauric acid, the
main constituents of SPE, have been shown to be effective
in inhibition of 5a-reductase and phytosterol (B-sitosterol),
minor constituents of SPE, was found to effectively reduce
prostatic inflammation. Multiple rather than single mech-
anisms may be involved in the beneficial effects of SPE in
BPH treatment. Therefore, it is important to standardize
SPE products for consistent efficacy and to enable rec-
ommendations for SPE use in prevention and treatment of
BPH.
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