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Saw palmetto supplements (SPS) are commonly consumed by men with prostate cancer. We investigated whether SPS fatty acids
and phytosterols concentrations determine their growth-inhibitory action in androgen-sensitive LNCaP cells and hamster flank
organs. High long-chain fatty acids-low phytosterols (HLLP) SPS ≥ 750 nM with testosterone significantly increased and ≥500 nM
with dihydrotestosterone significantly decreased LNCaP cell number. High long-chain fatty acids-high phytosterols (HLHP) SPS ≥
500 nM with dihydrotestosterone and high medium-chain fatty acids-low phytosterols (HMLP) SPS ≥ 750 nM or with androgens
significantly decreased LNCaP cell number (𝑛 = 3; 𝑝 < 0.05). Five- to six-week-old, castrated male Syrian hamsters were
randomized to control (𝑛 = 4), HLLP, HLHP, and HMLP SPS (𝑛 = 6) groups. Testosterone or dihydrotestosterone was applied
topically daily for 21 days to the right flank organ; the left flank organ was treated with ethanol and served as the control. Thirty
minutes later, SPS or ethanol was applied to each flank organ in treatment and control groups, respectively. SPS treatments caused a
notable but nonsignificant reduction in the difference between left and right flank organ growth in testosterone-treated SPS groups
compared to the control. The same level of inhibition was not seen in dihydrotestosterone-treated SPS groups (𝑝 < 0.05). Results
may suggest that SPS inhibit 5𝛼-reductase thereby preventing hamster flank organ growth.

1. Introduction

Prostate cancer is the most common non-skin cancer in men
and is projected to account for 21% of USmale cancer cases in
2016 [1]. Most prostate cancers rely on androgens for growth
at the initial stages of development; thus inhibiting androgen
production or blocking its action may be useful approaches
in early treatment or prevention of prostate cancer [2]. 5𝛼-
reductase 1, 5𝛼-reductase 2, and 5𝛼-reductase 3 isoenzymes
are potential targets because they convert testosterone to the
more potent dihydrotestosterone (DHT), which binds with
up to 10-fold higher affinity to the androgen receptor than
testosterone [3, 4] to stimulate prostate cancer growth.

Saw palmetto extracts inhibited 5𝛼-reductase and decrea-
sed growth of human prostatic cells in vitro [5–7], decreased
prostate tumor progression and prostate DHT concentra-
tions in transgenic adenocarcinoma of the mouse prostate

(TRAMP) mice [8], decreased prostate growth and hyper-
plasia in castrated, DHT-implanted, sulpiride-treated rats
[9], inhibited testosterone-induced prostate growth [10] and
hyperplasia [11] in rats, and decreased prostate specific
antigen (PSA) levels in men with enlarged prostates [12].

The antiandrogenic action of saw palmetto supplements
(SPS) has been attributed to their fatty acid and phytosterol
content. Most SPS are rich sources of the medium-chain
saturated fatty acids (FA) laurate and myristate [13]. Multiple
studies [14–19] suggest that SPS fatty acids are responsible for
their ability to inhibit 5𝛼-reductase enzymes. However, the
specific fatty acid(s) purported to be responsible for this inhi-
bition differs between publications. For example, 𝛾-linolenic
acid inhibited testosterone-treated but not DHT-treated
growth of androgen-sensitive hamster flank organs [17].
Oleate and laurate inhibited 5𝛼-reductase activity in rat
liver [18], and laurate and myristate inhibited epithelial and
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stromal 5𝛼-reductase activity in human benign prostatic
hyperplasia (BPH) [19]. There are also multiple studies that
suggest that SPS phytosterols (campesterol, stigmasterol, and
𝛽-sitosterol) inhibited 5𝛼-reductase in hamster prostate [20]
and decreased human prostate cancer cell/tumor growth [21–
23] and BPH symptoms in men [24].

There is growing evidence to suggest that single-agent
interventions identified using a reductionist approach are
not an effective strategy for decreasing cancer risk [25].
Rather than taking a reductionist approach to try to identify
the bioactive compound(s) in SPS, we set out to determine
the efficacy of SPS with different fatty acid and phytosterol
profiles (high long-chain FA-low phytosterols (HLLP), high
long-chain FA-high phytosterols (HLHP), and highmedium-
chain FA-low phytosterols (HMLP)) in decreasing androgen-
sensitive LNCaP human prostate cancer cell number and
androgen-sensitive Syrian hamster flank organ growth.

The cell culture studies determined whether SPS decrease
LNCaP human prostate cancer cell number without induc-
ing cytotoxicity with and without androgen treatment. The
Syrian hamster was selected for further studies because its
flank organs have dermalmelanocytes, sebaceous glands, and
hair follicles that are highly dependent on androgens for
development [26, 27]. SPS were applied to castrated, male
Syrian hamster flank organs treatedwith testosterone orDHT
to determine whether SPS impact androgen-treated flank
organ growth as a measure of antiandrogenic action. We
hypothesized that HMLP SPS would significantly decrease
LNCaP cell number and Syrian hamster flank organ growth
compared to HLLP and HLHP SPS.

2. Materials and Methods

2.1. Saw Palmetto Supplements Fatty Acids and Phytosterols
Extraction and Quantification. Saw palmetto supplements’
(GNC Herbal Plus SPS, GNC Corporation, Pittsburgh, PA;
Jarrow Formulas SPS, Superior Nutrition and Formulation,
Los Angeles, CA; Doctor’s Best SPS, All Star Health, Hunt-
ington Beach, CA) fatty acid and phytosterol profiles were
analyzed according to previously described methods [28]
and categorized into high long-chain FA-low phytosterols
(HLLP), high long-chain FA-high phytosterols (HLHP),
and high medium-chain FA-low phytosterols (HMLP) SPS
groups, respectively.

2.2. Cell Culture and Reagents. LNCaP cells (androgen-
dependent, prostate adenocarcinoma cells derived from
lymph node metastasis (CRL-1740), American Type Culture
Collection, Manassas, VA) were grown in Roswell Park
Memorial Institute- (RPMI-) 1640 medium (GIBCO Invit-
rogen, Carlsbad, CA) containing 2 g/L glucose supplemented
with 10% fetal bovine serum (Atlanta Biologicals, Inc., Flow-
ery Branch, GA) at 37∘C in a 5% CO

2
, 95% air-humidified

atmosphere incubator. LNCaP cells were maintained in T-
75 tissue culture flasks (TPP, Midwest Scientific, Inc., Valley
Park, MO) with media changed every 72 hours.

2.3. LNCaP Cell Treatment. LNCaP cells (passage number ≤
18) were plated at a density of 20,000 cells per well in 96-
well plates (Fisher Scientific, Pittsburg, PA) in 6.3mg/mL
penicillin and 10.1mg/mL streptomycin antibiotic (both from
Sigma-Aldrich, St. Louis, MO) RPMI-1640 media. Twenty-
four hours after plating, LNCaP cells were treated separately
with different SPS (250 nM–1000 nM) with and without
testosterone (10 nM) or DHT (1 nM) for 72 hours. The fatty
acid and phytosterol concentrations of the 3 SPS used for in
vitro studies are shown in Table 2. The SPS concentrations
used were selected to avoid LNCaP cell cytotoxicity. Both
androgens were dissolved in absolute ethanol and the final
ethanol concentration in media was 0.1%. These androgen
concentrations maximally stimulate LNCaP cell prolifera-
tion [29, 30]. SPS stock solution (GNC Herbal Plus SPS
(HLLP), Jarrow Formulas SPS (HLHP), and Doctor’s Best
SPS (HMLP)) was prepared by dissolving supplements to a
total fatty acid concentration of 1M in dimethyl sulfoxide
(DMSO, Sigma-Aldrich, St. Louis, MO) and serial dilutions
were prepared to concentrations of 0.25M, 0.5M, and 0.75M.
Fresh SPS dilutions were prepared and stored at 4∘C and used
for the 72-hour treatment duration of each experiment. SPS
treatments were prepared by dissolving SPS stock solutions
(0.25M–1M) inmedia to concentrations of 250 nM–1000 nM
SPS. SPS with androgen treatments were prepared daily
by dissolving respective SPS stock solutions (0.25M–1M)
with testosterone (10,000 nM) or DHT (1000 nM) (both from
Steraloids, Inc., Newport, RI) in media to concentrations of
250 nM–1000 nM SPS with 10 nM testosterone or 1 nM DHT,
respectively. In all cell culture treatments, the final DMSO
concentration in media was 0.0001%. Negative controls were
treated with DMSO inmedia (0.0001% v/v). Positive controls
for SPS with androgen treatments were treated with 10 nM
testosterone or 1 nM DHT and DMSO in media (0.1% v/v for
androgens and 0.0001% v/v for DMSO).

The fatty acid and phytosterol molar concentrations of
SPS were calculated as follows:

Concentration = (Quantity of fatty acid/phytosterol
in SPS (mg/g) × Weight of SPS (g))/Volume of SPS
(mL),
Molar concentration = (Concentration of fatty acid/
phytosterol (mg/mL))/(Molecular weight of fatty
acid/phytosterol (mg/mmol)).

2.4. Cell Number and Cytotoxicity Assays. LNCaP cell num-
ber and cytotoxicity were quantified using the CellTiter 96
AQueousOne SolutionAssay andCytotox 96Nonradioactive
Cytotoxicity Assay, respectively (both from Promega Cor-
poration, Madison, WI) with a BioTek Synergy HT Plate
Reader (BioTek, Winooski, VT) at 490 nm. Cytotoxicity
was quantified by measuring lactate dehydrogenase (LDH)
released into cell culturemedia fromdamaged cells, following
SPS treatment with and without androgens. Cell cytotoxicity
was calculated as experimental LDH release of the treatment
group divided by control and expressed as mean percentage.
Three replicates of experiments were completed.



Evidence-Based Complementary and Alternative Medicine 3

Table 1: Study design.

+ Testosterone (0.5 𝜇g/day) + DHT (0.5𝜇g/day)
Control (ethanol only) Control (ethanol only)
GNC Herbal Plus SPS (HLLP) GNC Herbal Plus SPS (HLLP)
Jarrow Formulas SPS (HLHP) Jarrow Formulas SPS (HLHP)
Doctor’s Best SPS (HMLP) Doctor’s Best SPS (HMLP)

2.5. Syrian Hamsters. Five- to six-week-old, castrated male
Syrian hamsters were purchased (Harlan Laboratories, Inc.,
Indianapolis, IN) and acclimated for one week before treat-
ment was initiated. Hamsters were housed individually in
plastic cages, with free access to Purina LabDiet 5001 (Lab-
Diet, St. Louis, MO) and water, and maintained on a 12-hour
light/12-hour dark cycle. The day before treatment began,
the lower back of each hamster was shaved with electric
clippers to expose flank organs, a procedure that was repeated
weekly during the 21-day study.Hamsterswere randomized to
control (𝑛 = 4), HLLP, HLHP, and HMLP SPS (𝑛 = 6) groups
(Table 1). Testosterone or DHT (0.5𝜇g/day) dissolved in 5𝜇L
of ethanol was applied daily to the right hind flank organ
using a pipette and disposable tips. These androgen con-
centrations increased androgen-sensitive flank organ growth
moderately to approximately 15–20mm2 previously, which
is 50–70% maximal stimulation [31]. The left hind flank
organ served as the control and was treated with ethanol
only. Thirty minutes after androgen or ethanol treatment,
SPS or ethanol (5 𝜇L) was applied to each flank organ in
treatment and control groups, respectively, using a pipette
and disposable tips [32]. Flank organ area was calculated
weekly by taking 2 diameter measurements 90 degrees apart
with an electronic, digital, high-precision Mitutoyo caliper
(Tokyo, Japan) and using the formula for area of an ellipse:
area = 𝜋 ∗ (length/2) ∗ (width/2), as previously described
[33]. Hamsters were euthanized by CO

2
-induced asphyxia-

tion.

2.6. Statistical Analysis. Data were analyzed using SAS 9.3
(SAS Institute Inc., Cary, NC) with 𝑝 < 0.05 considered
statistically significant. LNCaP cell number and cytotoxicity
results were analyzed using ANOVA with Dunnett’s test. For
animal studies, paired 𝑡-test was used to analyze the left and
right flank organ areas, and Wilcoxon nonparametric one-
way ANOVA was used to analyze the difference between
left and right flank organ growth between controls and SPS
treatment groups.

3. Results

3.1. Saw Palmetto Supplements’ Fatty Acid and Phytosterol
Quantities. Both HLLP and HMLP SPS had relatively high
total fatty acids quantities compared to HLHP SPS (Table 2).
Total phytosterols quantities in HLHP SPS were 50-fold and
∼20-fold higher than in HLLP and HMLP SPS, respectively.
The quantities of laurate and myristate were higher in HMLP
SPS compared toHLLP andHLHPSPS.Thequantity of oleate
was high in all three SPS, with the highest quantity observed

in HLLP SPS. Linoleate, campesterol, stigmasterol, and 𝛽-
sitosterol quantities were higher in HLHP SPS compared to
HLLP and HMLP SPS.

3.2. Effect of Saw Palmetto Supplements with and without
Testosterone or DHT Treatment on LNCaP Cell Number.
There was no significant increase in LNCaP cell number with
testosterone or DHT treatment compared to the control (Fig-
ures 1(b), 1(c), 2(b), 2(c), 3(b), and 3(c)). HLLP SPS greater
than or equal to 750 nM with testosterone (Figure 1(b)) and
greater than or equal to 500 nM with DHT (Figure 1(c))
treatment significantly decreased LNCaP cell number to 85%
and 86–92% of the control, respectively. Seven hundred and
fifty (750) nM and 1000 nM HLHP SPS treatment without
androgens significantly increased LNCaP cell number to
112% and 113% of the control, respectively (Figure 2(a)). Two
hundred andfifty (250) nMHLHPSPS significantly increased
LNCaP cell number to 160% of the control in testosterone-
treated LNCaP cells (Figure 2(b)), and 500 nM and 1000 nM
HLHP SPS significantly decreased LNCaP cell number to
88% and 76% of the control, respectively, in DHT-treated
LNCaP cells (Figure 2(c)). Seven hundred and fifty (750) nM
and 1000 nM HMLP SPS with and without testosterone or
DHT treatment significantly decreased LNCaP cell number
compared to the control (Figures 3(a), 3(b), and 3(c)).
Overall, HMLP SPS at high concentrations inhibited the
growth of LNCaP cells compared to HLLP and HLHP SPS;
therefore a cytotoxicity assay was performed to determine
whether this growth inhibition was due to the toxic effect
of HMLP SPS at their respective concentrations with and
without androgen treatment. Results showed that HMLP SPS
was not cytotoxic to LNCaP cells with and without androgen
treatment (Table 3).

3.3. Final Body Weights, Food Intake, Flank Organ Areas,
and Growth. There were no significant differences in final
body weights and daily food intake between SPS treatment
groups and the control. There were also no significant
differences between the left and right flank organ areas in
controls and SPS treatment groups (Table 4). However, SPS
treatments caused a notable but nonsignificant reduction in
the difference between the left and right flank organ growth in
the testosterone-treated SPS groups compared to the control.
The same level of inhibition was not seen in the DHT-treated
SPS groups (Table 5). It should be noted that the right flank
organs for controls in both testosterone- and DHT-treated
SPS groups were highly pigmented; the left flank organs were
not. No pigmentation was seen in either of the flank organs
in the SPS treatment groups (Figure 4).

4. Discussion

In LNCaP cells, HLLP SPS significantly decreased cell num-
ber at high concentrations with testosterone or DHT treat-
ment. HLHP SPS on the other hand increased LNCaP
cell number with and without testosterone treatment but
significantly decreased cell number at high concentrations
with DHT treatment. HMLP SPS significantly decreased
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Table 2: Saw palmetto supplements’ (SPS) fatty acid and phytosterol quantities (mg/g) and LNCaP cell culture SPS treatment concentrations
based on 1000 nM total fatty acids.

HLLP SPS HLHP SPS HMLP SPS
Fatty acid quantities (concentration)

Laurate (C12:0) 83.3 (90.7) 107.2 (133.6) 274.9 (298.8)
Myristate (C14:0) 31.8 (34.6) 42.5 (53.0) 102.9 (111.8)
Palmitate (C16:0) 97.7 (106.3) 85.7 (106.8) 80.7 (87.7)
Stearate (C18:0) 25.5 (27.8) 32.3 (40.2) 18.0 (19.6)
Oleate (C18:1) 551.8 (600.6) 224.6 (279.8) 296.5 (322.3)
Linoleate (C18:2) 68.9 (75.0) 259.1 (322.8) 48.6 (52.8)
Other fatty acids 59.7 (65.0) 51.2 (63.8) 98.4 (107.0)
Total fatty acids 918.7 (1000) 802.6 (1000) 920.0 (1000)

Phytosterol quantities (concentration)
Campesterol 0.2 (0.05) 21.5 (5.57) 0.7 (0.16)
Stigmasterol 0.1 (0.02) 10.1 (2.62) 0.3 (0.07)
𝛽-Sitosterol 1.0 (0.23) 33.5 (8.68) 2.3 (0.52)
Total phytosterols 1.3 (0.29) 65.1 (16.86) 3.3 (0.75)

Table 3: Relative media LDH levels following HMLP SPS treatment on LNCaP cells expressed as mean percentage relative to 0.0001%DMSO
control1.

Treatment group Control (%) T control (%) DHT control (%) 750 nM (%) 1000 nM (%)
HMLP SPS 100.0 ± 6.5 — — 95.6 ± 2.2 104.4 ± 4.7
HMLP SPS + T 100.0 ± 9.6 104.4 ± 8.5 — 107.0 ± 8.1 106.2 ± 8.3
HMLP SPS + DHT 100.0 ± 6.6 — 99.7 ± 6.6 97.4 ± 6.6 100.0 ± 7.4
1Data are expressed as mean percentage ± SEM (𝑝 < 0.05).
T: 10 nM testosterone; DHT: 1 nM dihydrotestosterone; —: not applicable; LDH: lactate dehydrogenase.

Table 4: Final body weights, daily food intake, and flank organ area in testosterone- and DHT-treated SPS groups1.

Treatment of right flank organ with
testosterone or DHT + ethanol or SPS Final body weights (g) Daily food intake (g) Flank organ area (mm2)

Left (untreated) Right (treated)
Testosterone + ethanol (control) 104.0 ± 2.4 8.7 ± 0.3 19.8 ± 0.7 22.7 ± 2.9
Testosterone + HLLP SPS 110.7 ± 3.5 8.1 ± 0.2 19.2 ± 1.6 18.9 ± 1.3
Testosterone + HLHP SPS 106.4 ± 4.4 8.1 ± 0.2 18.0 ± 0.9 20.2 ± 1.3
Testosterone + HMLP SPS 109.9 ± 4.8 8.3 ± 0.2 17.6 ± 1.4 19.1 ± 1.2
DHT + ethanol (control) 103.6 ± 2.5 7.9 ± 0.2 22.4 ± 1.2 23.5 ± 1.6
DHT + HLLP SPS 103.9 ± 4.3 8.1 ± 0.3 19.0 ± 2.2 22.3 ± 2.4
DHT + HLHP SPS 100.9 ± 5.8 8.4 ± 0.3 18.0 ± 1.4 19.1 ± 1.5
DHT + HMLP SPS 108.4 ± 5.2 7.9 ± 0.2 20.4 ± 1.1 21.9 ± 1.9
10.5𝜇g testosterone or DHT was dissolved in 5𝜇L ethanol. Data are expressed as mean ± SEM (𝑝 < 0.05).

LNCaP cell number at high concentrations with and without
testosterone or DHT treatment.The antiandrogenic action of
SPS has been attributed to their ability to block the conversion
of testosterone to DHT by inhibiting 5𝛼-reductase or prevent
the binding of DHT to androgen receptors [34, 35]. In our
study, SPS reduced LNCaP cell number more effectively in
the presence of androgens than without them. This result is
consistent with the greater inhibition of LNCaP cell growth
with saw palmetto berry extract (SPBE) and DHT compared
to SPBE alone [36].

It is also important to note that there was no significant
difference in LNCaP cell number between testosterone and
DHTpositive controls and theDMSO control in all SPS treat-
ment groups. Given that fetal bovine serum used in media
preparation lacked androgen (personal communication with
company), we expected there would be a significant increase
in cell number between the androgen-treated LNCaP cells
and the control. Previously, LNCaP cell growth was inhibited
with 10 nM or 500 nM testosterone added to 10% fetal bovine
serum supplemented media [37]. The proposed mechanism
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Figure 1: LNCaP cell number after treatment with HLLP SPS with and without 10 nM testosterone (T) or 1 nM DHT for 72 hours. (a) No
androgen. (b) Testosterone. (c) DHT. Data obtained from three replicates of each experiment and expressed as mean percentage (± SEM)
relative to 0.0001% DMSO control (𝑛 = 3; ∗𝑝 < 0.05 versus control).

for this androgen-mediated growth inhibition is that high
DHT prevents stabilization of androgen receptor during
mitosis, thus inhibiting cell growth [38–40].

Another possibility is that testosterone and DHT are
metabolized so rapidly [41–44] that they are ineffective in
stimulating LNCaP cell growth. Synthetic androgens, which
have a similar affinity for the androgen receptor as testoste-
rone or DHT and are not metabolized (e.g., methyltrienolone
and mibolerone) [33, 45], can be used for in vitro studies
to stimulate growth of LNCaP cells. It is important to note
that these synthetic androgens would not be useful in a study
where 5𝛼-reductase inhibition is a suspected mechanism,

because they will not be acted on and converted to a
more potent androgen like testosterone. We performed some
studies with 10 nM DHT, but this concentration was not as
effective as 1 nM DHT in stimulating LNCaP cell growth,
which is consistent with LNCaP cells grown in charcoal-
stripped media [29].

In Syrian hamsters, SPS treatments did not significantly
reduce the difference between the left and right flank organ
growth in testosterone- and DHT-treated SPS groups; how-
ever, it caused a notable reduction in the difference in the
testosterone-treated SPS groups. The same level of inhibition
was not observed in the DHT-treated SPS groups. It is
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Figure 2: LNCaP cell number after treatment with HLHP SPS with and without 10 nM testosterone (T) or 1 nM DHT for 72 hours. (a) No
androgen. (b) Testosterone. (c) DHT. Data obtained from three replicates of each experiment and expressed as mean percentage (± SEM)
relative to 0.0001% DMSO control (𝑛 = 3; ∗𝑝 < 0.05 versus control).

possible that these differences would have been significant
if we had larger group sizes. Our group sizes were based
on Liang and Liao that reported a greater hamster flank
organ growth of 24.9mm2 and 32.1mm2 for testosterone
and DHT-stimulated treatment groups, respectively [17],
compared to 20.2mm2 and 22.3mm2 for testosterone and
DHT-stimulated treatment groups, respectively, in our study.
It is possible that part of the reason we did not see as
great of a response to treatment was that the flank organ
growth was less responsive to androgen treatment. The right

flank organs for controls in both testosterone- and DHT-
treated SPS groups were highly pigmented, an observation
seen previously [17], indicating that the androgens were
stimulating flank organ growth and causing pigmentation in
the hair shaft and near the orifice of the hair follicles [31].The
lack of pigmentation of flank organs in the treatment groups
may indicate that SPS were to some extent inhibiting, or neu-
tralizing, testosterone andDHT stimulation of the androgen-
responsive sebaceous glands, dermal melanocytes, and hair
follicles [26, 27], all of which contribute to flank organ
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Figure 3: LNCaP cell number after treatment with HMLP SPS with and without 10 nM testosterone (T) or 1 nM DHT for 72 hours. (a) No
androgen. (b) Testosterone. (c) DHT. Data obtained from three replicates of each experiment and expressed as mean percentage (± SEM)
relative to 0.0001% DMSO control (𝑛 = 3; ∗𝑝 < 0.05 versus control).

pigmentation. Alternatively, SPS may interfere with cellular
mechanisms in flank organs responsible for the response to
androgenic hormones.

In general, the lack of difference in the efficacy of SPSwith
different nutrient profiles could mean that laurate, myristate,
oleate, linoleate, campesterol, stigmasterol, and 𝛽-sitosterol
are not the only bioactive components, or there is a synergistic
effect of specific or all fatty acids and/or phytosterols in SPS
responsible for their antiandrogenic activity.

5. Conclusions

Overall, we did not find much difference in the efficacy of
the SPS with different nutrient profiles in inhibiting and-
rogen-sensitive LNCaP human prostate cancer cells and
impacting androgen-sensitive Syrian hamster flank organ
growth. Further studies are required to clarify our findings
and determine if SPS with different nutrient profiles have
differing antiandrogenic efficacy.
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Table 5: Difference between left and right flank organ growth in testosterone- and DHT-treated SPS groups1.

Treatment of right flank organ with
testosterone or DHT + ethanol or SPS

Flank organ growth (mm2) Difference between left and
right flank organ growth (mm2)Left (untreated) Right (treated)

Testosterone + ethanol (control) 1.4 ± 2.7 8.5 ± 1.8 7.1 ± 2.3
Testosterone + HLLP SPS 3.2 ± 1.5 2.1 ± 1.2 −1.2 ± 1.9
Testosterone + HLHP SPS 2.2 ± 1.7 2.8 ± 2.6 0.6 ± 1.5
Testosterone + HMLP SPS 1.8 ± 1.5 3.2 ± 1.8 1.4 ± 2.7
DHT + ethanol (control) 0.2 ± 1.7 4.8 ± 3.2 4.6 ± 4.1
DHT + HLLP SPS 5.2 ± 2.2 7.4 ± 1.8 2.1 ± 1.3
DHT + HLHP SPS 0.7 ± 2.0 4.1 ± 2.0 3.4 ± 2.9
DHT + HMLP SPS 4.6 ± 1.9 8.3 ± 3.4 3.7 ± 2.4
10.5𝜇g testosterone or DHT was dissolved in 5𝜇L ethanol. Data are expressed as mean ± SEM (𝑝 < 0.05).

Ethanol
only

ethanol
T or DHT +

(a)

SPS

SPS
T or DHT +

Ethanol +

(b)

Figure 4: Androgen stimulation and the effect of SPS on androgen-dependent flank organ pigmentation. Right flank organs for controls
in both testosterone- (T-) and DHT-treated SPS groups were highly pigmented, as shown with red arrow; the left flank organs were not
pigmented, as shown with white arrow (a). No pigmentation was seen in either of the flank organs in the treatment groups, as shown with
white arrows (b).

Ethical Approval

The Kansas State University Institutional Animal Care and
Use Committee (IACUC) approved all animal procedures
(Protocol 3382).

Competing Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contributions

Alexander B. Opoku-Acheampong and Brian L. Lindshield
conceived and designed the experiments. Alexander B.
Opoku-Acheampong and Kavitha Penugonda performed the
experiments. Alexander B. Opoku-Acheampong and Brian
L. Lindshield analyzed the data. Alexander B. Opoku-
Acheampong contributed reagents/materials/analysis tools.
Alexander B. Opoku-Acheampong wrote the paper. All
authors read and approved the final paper.

Acknowledgments

This study was partially supported with funds from the
Kansas Agricultural Experiment Station (Contribution no.
16-137-J) and a Kansas State University Human Ecology
Doctoral Dissertation Research Award. Publication of this

paper was funded in part by theKansas StateUniversityOpen
Access Publishing Fund. The authors gratefully acknowledge
Nicole M. Fiorentino for her contribution to cell culture
studies, quantitative analysis of fatty acids and phytosterols
in saw palmetto supplements, and caring for hamsters.

References

[1] American Cancer Society, Cancer Facts and Figures, American
Cancer Society, 2016.

[2] B. J. Feldman and D. Feldman, “The development of androgen-
independent prostate cancer,”Nature Reviews Cancer, vol. 1, no.
1, pp. 34–45, 2001.

[3] M. E. Grossmann, H. Huang, and D. J. Tindall, “Androgen
receptor signaling in androgen-refractory prostate cancer,”
Journal of the National Cancer Institute, vol. 93, no. 22, pp. 1687–
1697, 2001.

[4] M. Uemura, K. Tamura, S. Chung et al., “Novel 5𝛼-steroid
reductase (SRD5A3, type-3) is overexpressed in hormone-
refractory prostate cancer,” Cancer Science, vol. 99, no. 1, pp. 81–
86, 2008.

[5] M. L. Anderson, “A preliminary investigation of the enzymatic
inhibition of 5𝛼-reductase and growth of prostatic carcinoma
cell line LNCap-FGC and by natural astaxanthin and Saw Pal-
metto lipid extract in vitro,” Journal of Herbal Pharmacotherapy,
vol. 5, no. 1, pp. 17–26, 2005.

[6] C. W. Bayne, M. Ross, F. Donnelly, and F. K. Habib, “The
selectivity and specificity of the actions of the lipido-sterolic



Evidence-Based Complementary and Alternative Medicine 9

extract of serenoa repens (Permixon®) on the prostate,” The
Journal of Urology, vol. 164, no. 3, part 1, pp. 876–881, 2000.

[7] C. W. Bayne, F. Donnelly, M. Ross, and F. K. Habib, “Serenoa
repens (Permixon®): a 5𝛼-reductase types I and II inhibitor—
new evidence in a coculture model of BPH,” Prostate, vol. 40,
no. 4, pp. 232–241, 1999.

[8] T. L. Wadsworth, T. R. Worstell, N. M. Greenberg, and C. E.
Roselli, “Effects of dietary saw palmetto on the prostate of trans-
genic adenocarcinoma of themouse prostatemodel (TRAMP),”
Prostate, vol. 67, no. 6, pp. 661–673, 2007.

[9] F. Van Coppenolle, X. Le Bourhis, F. Carpentier et al., “Pharma-
cological effects of the lipidosterolic extract of Serenoa repens
(Permixon) on rat prostate hyperplasia induced by hyperpro-
lactinemia: comparison with finasteride,” Prostate, vol. 43, no. 1,
pp. 49–58, 2000.

[10] N. Talpur, B. Echard, D. Bagchi, M. Bagchi, and H. G. Preuss,
“Comparison of Saw palmetto (extract and whole berry) and
cernitin on prostate growth in rats,” Molecular and Cellular
Biochemistry, vol. 250, no. 1-2, pp. 21–26, 2003.

[11] M. Paubert-Braquet, F. O. Richardson, N. Servent-Saez et al.,
“Effect of Serenoa repens extract (Permixon®) on estradiol/
testosterone-induced experimental prostate enlargement in the
rat,”Pharmacological Research, vol. 34, no. 3-4, pp. 171–179, 1996.

[12] E. O. Olapade, E. O. Olapade Jr., C. O. Olapade, and O. C.
Olapade, “Phytomedicines for the treatment of benign prostatic
hyperplasia without surgery in Nigeria,” Acta Horticulturae, no.
597, pp. 231–234, 2003.

[13] M. M. Schantz, M. Bedner, S. E. Long et al., “Development
of saw palmetto (Serenoa repens) fruit and extract standard
reference materials,” Analytical and Bioanalytical Chemistry,
vol. 392, no. 3, pp. 427–438, 2008.

[14] M.Abe, Y. Ito, L. Oyunzul, T. Oki-Fujino, and S. Yamada, “Phar-
macologically relevant receptor binding characteristics and 5𝛼-
reductase inhibitory activity of free fatty acids contained in saw
palmetto extract,” Biological and Pharmaceutical Bulletin, vol.
32, no. 4, pp. 646–650, 2009.

[15] J.-P. Raynaud, H. Cousse, and P.-M. Martin, “Inhibition of type
1 and type 2 5𝛼-reductase activity by free fatty acids, active
ingredients of Permixon®,” Journal of Steroid Biochemistry and
Molecular Biology, vol. 82, no. 2-3, pp. 233–239, 2002.
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