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ABSTRACT

Introduction: Fenugreek seeds glycosides content have many health benefits. Objective: To evaluate the
androgenic efficacy and probable mechanism of glycosides-based standardized fenugreek seed extract
(SFSE-G) in laboratory rats. Methods: Male Wistar rats were administrated with 28-days of once-daily oral
administration of SFSE-G (10 or 35 mg/kg) on sexual and orientational behavior with female rats, serum
testosterone concentrations, weights of reproductive system-related organs (seminal vesicles, prostate,
levator ani), nitric oxide level in penis homogenate, sperm count in the cauda epididymis, and testis
histology were evaluated. Separate groups of rats with a positive control (testosterone propionate (10 mg/
kg, s.c. bi-weekly) and vehicle control (distilled water) were maintained. In addition, the safety of acute
intravenous administration of SFSE-G (1 mg/kg) on cardiovascular function parameters was evaluated.
Moreover, the inhibitory potential of SFSE-G against aromatase and 5-alpha-reductase enzymes was
evaluated in vitro. Results: Subacute administration of SFSE-G (35 mg/kg, oral) to male rats showed
androgenic efficacy in sexual behavior (increased mounting and intromission latency and rearing), with
increased weights of seminal vehicles, prostate and levator ani muscles, serum testosterone levels,
sperm count, and penile NO concentration, while preserving the normal architecture of the testes. Acute
intravenous administration of SFSE-G to rats increased intracavernous pressure but retained normal
cardiovascular parameters, such as blood pressure, heart rate, and corrected QT interval (QTc). SFSE-G
showed significant inhibition of aromatase and 5-alpha-reductase in vitro. Conclusion: SFFE-G exhibited
significant androgenic and spermatogenic efficacy, mediated through testosterone metabolism inhibition,
without affecting the cardiovascular system in laboratory rats.
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INTRODUCTION

Testosterone, a potent male sex hormone, plays a
vital role in antagonizing catabolic stress caused by
daily physical challenges. After the age of 30 years
in males, serum testosterone levels start dropping
at about 1% per year and gonadal function
slows down.! This can lead to multiple clinical
manifestations such as decreased bone mass, erectile
function, hematopoiesis, muscle mass, and strength.?
Owing to its hydrophobic nature, most circulating
testosterone is bound to plasma proteins, including
sex hormone-binding globulin (SHBG) and albumin.
The SHBG-bound fraction is irreversible and
biologically inactive. Albumin-bound testosterone
is readily dissociable and thus bioavailable as free
testosterone (active) and circulating in the blood.? In
middle-aged men, the rise in SHBG levels results in
an age-dependent decline in free testosterone despite
normal total testosterone levels. *

Both medical and surgical treatment modalities
are available for testosterone deficiency and male
sexual dysfunction. Testosterone replacement is
useful for restoring health status. >° In recent years,
plant-based natural plant extracts have become a
popular choice to overcome testosterone deficiency,
maintain hormonal balance’, and improve physical
performance® ° and sex life."® However, only a
few contain standardized phytoconstituents with
scientifically validated evidence of their efficacy
and safety.

Recent scientific evidence has confirmed the benefits
of a standardized extract of fenugreek (Trigonella
foenum-graecum L. Family Fabaceae) seed as a
dietary supplement for healthy volunteers for
many exercise physiology applications", including
anabolic” and androgenic activities”’. Fenugreek
seeds are known as spices and have a history of
traditional medicinal use.’* '* In ethnobotanical
literature, fenugreek seeds have been reported to have
beneficial effects on the male reproductive system's,
including aphrodisiac potential” and endurance
enhancement.’® Fenugreek seeds are certified as
GRAS (generally recognized as safe) items under
clause §182.20 (Essential oils, oleoresins, and natural
extractives including distillates) by the US Food and
Drug Administration. Moreover, many standardized
extracts of fenugreek seeds have demonstrated their
safety for long-term use in humans.'® "

Recently, glycoside-based standardized fenugreek
seed extract (SFSE-G) was reported to increase
bioavailable and free testosterone  within
physiological limits.*® Furthermore, androgenic
potential in sedentary and resistance-trained male
subjects" with excellent preclinical safety profiles*
has also been reported. In addition, anabolic
action without the involvement of testosterone was
reported by oral administration of galactomannan-
based fenugreek seed extract (10 and 35 mg/kg).”
As testosterone plays a vital role in the functional
efficacy of SFSE-G in the maintenance of the
erectile process, the enhancement of sexual desire
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and anabolic activity is expected. However, role of testosterone in
mechanism of anabolic and androgenic efficacy of SFSE-G is not yet
investigated. Furthermore, long-term use of testosterone-boosting
anabolic steroids® and testosterone replacement therapy* in men
is reported with cardiovascular events. Therefore, the present study
aimed to evaluate the functional efficacy and cardiovascular safety of
subacute SFSE-G treatment in male rats.

MATERIALS AND METHODS

Animals

Male and female Wistar rats (150-200 g) were purchased from
the National Toxicology Center, Pune, India. Male rats capable of
mounting over female rats were selected to evaluate sexual behavior,
following a previously reported procedure.” They were maintained
at 25 + 1 °C and relative humidity of 45-55% under a 12-h light and
12-h dark cycle. The animals had free access to food pellets (Chakan Oil
Mills, Pune, India) and water. The experimental protocol was approved
by the Institutional Animal Ethics Committee of Poona College of
Pharmacy, Pune, India and was conducted according to the guidelines
of the Committee for Control and Supervision of Experiments on
Animals (CPCSEA).

The chemicals

Sildenafil citrate (SIL) was a gift sample from Varma Pharmaceuticals
(Pune, India). Testosterone enanthate solution (5 mg/ml in olive oil)
was prepared from Testoviron * (Zydus Healthcare Limited, Mumbai,
India). All chemicals were of analytical grade and the solvents were of
the highest purity.

The test compound, SFSE-G

The test compound, SFSE-G, is a standardized fenugreek seed
extract with not less than 80% glycosides. It is available as a bioactive
ingredient, Testosurge™. SFSE-G was prepared in a GMP-compliant
manufacturing facility by Indus Biotech Limited (Pune, India) and
used for the study. The raw material for SESE-G, fenugreek seeds, was
authenticated at the Agharkar Research Institute, Pune, India. The
SESE-G solution was freshly prepared daily for oral administration
to rats in distilled water to obtain a dose volume of 10 ml/kg. A
fresh solution of SFSE-G in sterile water for injection was used for
the experiment involving intravenous administration. Testosterone
solution was injected by subcutaneous (s.c.) route to rats at dose of 10
mg/kg.

Androgenic effects by observing sexual behavior in
male rats

Male rats capable of mounting over female rats were selected to evaluate
sexual behavior, as previously reported.”® The male Wistar rats were
weighed and divided into four groups of 6 rats each and treated orally
once a day for the next 28 days as follows: (1) Vehicle, distilled water
(10 ml/kg, p.o.) (VC group); (2) testosterone (10 mg/kg in sesame oil
suspension, s.c.) bi-weekly (3) SFSE-G (10 mg/kg p.o.) alone, and (4)
SESE-G (35 mg/kg p.o.) alone; female rats were primed by sequential
administration of estradiol benzoate (10 pg/kg body weight) and
hydroxyprogesterone (1.5 mg/kg body weight), through subcutaneous
injections, at 48 h and 4 h, respectively, to induce the estrous phase
before the sexual behavior studies. Sexual behavioral studies were
conducted in a separate room under dim red illumination. Male rats
were placed in a rectangular plexiglass chamber 10 min before the
introduction of a primed female for acclimatization to the chamber
conditions. Primed females were then introduced into the chamber.
The sexual (copulatory) behavior parameters®™ %, such as mount
frequency (MF), intromission frequency (IF), mount latency (ML),
and orientational activities parameters, such as rearing and anogenital
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grooming, were observed and recorded by the observer blind to the
treatments. The copulatory behavioral parameters included MF (the
number of mounts without intromission from the time of introduction
of the female until ejaculation), IF (the number of intromissions from
the time of introduction of the female until ejaculation), ML (the time
interval between the introduction of the female and the first mount
by the male), orientational activity parameters, including rearing
(standing on rear limbs), and anogenital grooming (brushing and
cleaning) related to both the anal and genital regions.

Measurement of serum testosterone levels

At the end of the treatment period, the rats were anesthetized
with urethane, blood was withdrawn by retro-orbital puncture,
and biochemical parameters were analyzed. On day 28, blood was
withdrawn from each rat by using the retro-orbital plexus. Blood
samples were centrifuged and analyzed for serum testosterone using a
radioimmunoassay (RIA) kit (Enzo Life Sciences Kit, Biogenuix, New
Delhi, India).

Measurement of NO level in rat penis homogenate

Rat penile homogenate was prepared using a previously reported
method.?” Briefly, the rats were sacrificed, and the penile bulb and shaft
(excluding the skin and glans) were excised. The removed penis was
treated with cold saline and homogenized with 1:10 w/v of cold 0.1M
Phosphate Buffer Saline (pH 7.4), and homogenates were centrifuged
at 10,000 rpm for 15 min at 4 °C. The supernatant was used to measure
NO synthase (NOS) activity using the Griess reaction.?® In the penis
homogenate sample, nitrate was reduced to nitrite with the help of
copper-cadmium alloy fillings.” In brief, 0.4 ml of homogenates/
standard nitrate was treated with 150 mg copper-cadmium fillings
in a clean Eppendorf tube and was intermittently shaken for one h,
followed by centrifugation for 10 min at 4000 rpm. Then, 10.0 l of the
sample (supernatant) was injected into the acid-iodide bath, and the
corresponding change in current was recorded using a NO-measuring
system (Innovative Instruments Inc, Mumbai, India).

Recording of reproductive organ weights

At the end of the treatment period, the rats were sacrificed using an
overdose of urethane. Seminal vesicles, ventral prostate, skeletal
muscle, and levator ani were carefully dissected and weighed. The
reported dissection procedure for the isolation of the levator ani
muscle was followed.*® The body weight of the rats was recorded at the
beginning and end of the experiment. An increase in the weight of the
seminal vesicles and ventral prostate indicates an androgenic response,
whereas a gain in weight of the musculus levator ani is considered an
anabolic response.*® The cauda epididymis was carefully removed to
collect sperm and sperm (motile) counts were recorded.

Histology of testes

Testes from each group were removed and placed in a 10% formalin
solution for 24 h. The organ specimens were subjected to dehydration
by placing them three times in xylene (for one h each) and then in
70%, 90%, and 100% alcohol for 2 h. Infiltration and impregnation
were performed by treatment with paraffin wax twice, each time for
one hour. Paraffin wax was used to prepare paraffin molds. Specimens
were cut into sections of 3-5 um thickness. The sections were mounted
on a glass slide using Distrene Phthalate Xylene and stained with
hematoxylin and eosin (H and E).

Study of acute intravenous (i.v.) administration on
cardiovascular parameters in male rats

In a separate set of experiments, the effects of intravenous
administration of SFSE-G (1 mg/kg, i.v.) and SIL (1 mg/kg, i.v.) in the
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male rats on blood pressure (BP), heart rate (HR), electrocardiogram
(ECG), and intracavernous pressure (ICP) were investigated. ICP
measurements were performed after cavernous nerve stimulation, as
per a previously reported procedure.* The ICP is considered a measure
of penile erection.”” The rats were anesthetized using urethane, and their
body temperature was maintained at 36-37 °C using heating pads. An
intravenous line was established through the right external jugular vein
for saline infusion and intravenous supplements of the anesthetic agent
if needed. The trachea was cannulated to avoid respiratory disturbances
and maintain the stable physiology of the rats throughout the procedure.
The left internal carotid artery was cannulated, and blood pressure was
recorded through perineal dissection. A surgical needle (27 G) filled
with heparinized saline (250 units/ml) and PE10 tubing was inserted
into the right crus to record ICP. Through abdominal dissection, the
cavernous nerve was traced towards the penis.*® The cavernous nerve
was gently torn from the prostatic capsule and hooked to a stainless
steel bipolar electrode for nerve stimulation. A distance of 1 mm was
used to separate the two arms of the electrode; each arm was 0.2 mm
in diameter. The stimulation parameters were 2 volts and frequency
of 20 Hz, which produced consistent pressure recordings. The contact
time was 45 sec per stimulation. At the end of the study, the animals
were sacrificed and the wet weight of the prostate was measured in all
groups.

Effect on aromatase using human breast epithelial cells

The quantitative inhibitory potential of SFSE-G against increased
aromatase gene expression induced by Vitamin D3 (VD3) was
evaluated in human breast epithelial cells (MCF7 cell line) at Abich S.
r. L. (Verbania, Italy) using real-time polymerase chain reaction (RT-
PCR).*** Briefly, a human epithelial cell line isolated from the breast
tissue of a patient with metastatic adenocarcinoma (MCF7: ATCC code
HTB-22, batch 70011012) was cultured, seeded in 24-wells plates and
allowed to grow for 24 h at 37 °C in a 5% CO, incubator (Model CCL-
170B-8, Esco Lifesciences, Rome, Italy). At the end of the incubation
period, cell viability was assessed by incubating the cells for 2 h with
MTT solution at sample concentrations of 0.1 ng/ml and 0.01 ng/ml.
Cell viability was expressed in percentage terms: % of cell viability =
[OD cells treated with sample/mean OD negative control] x 100.
The average cell viability of the three replicates was calculated. Fresh
medium containing 1-alpha,25-Dihydroxyvitamin D3 (VD3) at 100
nM concentration and supplemented with two viable dilutions of the
tested sample concentrations in the culture medium was then added to
the cells. Untreated cells in culture medium (Euroclone S.p.A., Pero,
Italy) were used as a negative control (NC), and cells treated with
medium containing only VD3 (100nM) were used as positive controls.

After 48 h of exposure, total Ribonucleic acid (RNA) was extracted and
eluted in 50 pl of nuclease-free water using an AS1390 kit (Promega
Corporation, Madison, WI, USA). The RNA concentration was
quantified using a spectrophotometer (MySpec®, VWR International,
USA). Total RNA (300 ng) was reverse-transcribed into cDNA using
random primers with a high-capacity cDNA reverse transcription kit
(Applied Biosystems, Waltham, MA, USA) according to the following
protocol:25 °C for 10 min, 37 °C for 2 h, and 85 °C for 5 min.

The gene expression profile was analyzed by RT-PCR (QuantStudio
3, Thermo Fisher Scientific, MA, USA) using TaqManTM Fast
Advance Master Mix (Life Technologies, CA, USA), ad-hoc specific
commercially available primers, and a TagMan probe for aromatase
(CYP19A1). GAPDH: Hs99999905_m1 and CYP19A1: Hs00903411_
ml (Applied Biosystems, Waltham, MA, USA). Changes in gene
expression profiles from triplicate readings were analyzed using the 2-42<
method as a fold change®, with GAPDH as a housekeeping gene. A fold
change > 1.5, together with P < 0.05 (vs. untreated cells) is an index of
gene upregulation in VD3-only treated cells.””
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Effect on 5-alpha-reductase (type 2) gene expression
using human prostate epithelial cells

The inhibitory potential of SFSE-G for 5-alpha-reductase was
evaluated using human prostatic epithelial cells immortalized with
SV-40 (PNT2 cell line) at Abich S. r. l. (Verbania, Italy) by RT-PCR.*
Briefly, PNT2 cells (ECAC, 95012613) were seeded in 6-well plates
and incubated for 24 h at 37 °C in a 5% CO, incubator (Model CCL-
170B-8, Esco Lifesciences, Rome, Italy). At the end of the incubation,
a cell viability assay was performed by incubating the cells for two h
with (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide)
(MTT) solution at 6 different sample concentrations. Cell viability was
expressed in percentage terms: % of cell viability = [OD cells treated
with sample/mean OD negative control] x 100. The average cell
viability of the three replicates was calculated.

Thereafter, the cultures were treated for 24 h with 10 ng/ml testosterone
and fresh medium was added. The medium contained directly dissolved
supplementation of SFSE-G at selected concentrations of 10 and 20
pg/ml, which were found to be sub-toxic in the cell viability assay.
Untreated cells in RPMI culture medium (Euroclone S.p.A., Pero, Italy)
were used as negative controls (NC). In contrast, cells treated with Saw
Palmetto/Serenoa repens extract (Seppic, Courbevoie, France) at 10 pg/
ml (SRE-10) which was used as a positive control.” Every sample was
tested in duplicate.

After 48 h of exposure, total RNA was purified from cells using the
RNAlater protocol (Thermo Fisher Scientific, MA, USA). After
precipitation and centrifugation, RNA was collected and dissolved in
20 pL of sterile purified water, and its concentration was quantified
using a spectrophotometer (MySpec®, VWR International, USA). Total
RNA (300 ng) was reverse-transcribed into cDNA at 37 °C for 2 h in
a thermal cycler using random primers following the manufacturer’s
instructions (Applied Biosystems, Waltham, MA, USA).

Changes in gene expression profiles were analyzed by quantitative
polymerase chain reaction (qQPCR) using SYBR Green real-time PCR
master mix (Thermo Fisher Scientific, MA, USA) according to the
manufacturer’s instructions. Changes in gene expression profiles
from triplicate readings were analyzed using the 2-** method as fold
change and % fold change®, with P-actin as a housekeeping gene.
A fold change < 0.5 or > 2 compared to untreated cells, was taken
as an index of gene expression inhibition. In addition, the data are
transformed into a normal scale according to the following formula:
Fluorescence intensity arbitrary unit normalized = 2"°" and expressed
as a percentage as compared with NC.

Statistical analysis

The data of animal experiment are presented as the mean + standard
error of the mean (SEM) and were analyzed using GraphPad Prism
version 4.03 for Windows (GraphPad Software, La Jolla, California,
USA). Data for each parameter of body weight, organ weight, sperm
count, serum testosterone levels, and penile NO concentration were
analyzed by one-way analysis of variance (ANOVA) followed by
Dunnett’s test. The data for each of the parameters of sexual behavior
were analyzed using the Kruskal-Wallis test, followed by Dunn's
multiple comparisons test. Differences were considered statistically
significant at P < 0.05.

RESULTS

Effects of SFSE-G on body weight and reproductive
organ weights in male rats

The body weight and reproductive organ weight data are presented in
Table 1. Treatment of rats with testosterone (10 mg/kg, subcutaneous,
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Table 1: Effects of SFSE-G (10 and 35 mg/kg, p. o. daily) on body and reproductive organ weights of rats.

VC Testosterone (10) SFSE-G (10) SFSE-G (35)
Body weight (g) 99.83 + 1.08 108.00 + 2.44** 106.00 + 1.73* 113.00 + 1.24*%**
Weight of Seminal vesicle (mg) 40.53 + 3.87 254.17 £ 18.13*** 63.30 + 4.26™ 145.33 + 11.15%**
Weight of Prostate (mg) 38.81+3.74 143.10 + 20.52*** 47.75 + 4.50"™ 65.55 + 3.03"
Weight of Levator ani muscle (mg) 139.11 £ 11.63 297.74 £ 26.00%** 178.68 + 3.79" 215.32 + 11.50**

n =6, Data represented as mean weight (g.) = SEM. Each parameter was analyzed using a separate one-way ANOVA followed by Dunnett’s test. ns, not significant;
*P <0.05,** P <0.01, ** P <0.001, compared to the VC group. VC - Vehicle control, SFSE-G - Glycosides based standardized fenugreek seed extract, Numbers
in bracket indicate dose (mg/kg).
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Figure 1: Effect of SFSE-G (10 and 35 mg/kg, p. o. daily) on sexual behavior-related parameters in male rats. n= 6, Data represented are as the mean + SEM.
Each parameter was analyzed using a separate one-way ANOVA followed by Dunnett’s test. * P < 0.05, ** P < 0.01, *** P < 0.001 as compared to VC group.
VC - Vehicle control, SFSE-G - Glycosides based standardized fenugreek seed extract, Numbers in bracket indicate dose (mg/kg).
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Figure 5. Effect of SFSE-G on gene expression in Fold change of enzymes (A) aromatase in human breast epithelial cells (MCF7 cell line) and (b) 5-alpha-
reductase in human prostate epithelial cells (PNT2 cell line). The figures in parentheses indicate the dose in (A) ng/ml and (B) ug/ml. VD3, Vitamin D3
(1-alpha,25-Dihydroxyvitamin D3), NC: Negative control, SRE: Serenoa repens extract, SFSE-G: Glycosides based standardized fenugreek seed extract, #* P <

0.001 (v/s NC), ** P < 0.01 (v/s VD3).

bi-weekly for four weeks) showed a significant (P <0 .01) increase in
body weight as compared to the VC group (from 99.83 g to 108 g).
The body weight of SFSE-G (10 and 35 mg/kg)-treated rats showed
significant increases of 6.18% and 13.19%, respectively, compared to
the VC group. The weights of the seminal vesicle, prostate gland, and
levator ani muscle of the testosterone group showed a significant (P <
0.001) increase as compared those with of the VC group. The SFSE-G
(35) group showed a significant increase in the weights of the seminal
vesicle and Levator ani muscle, but no changes in the prostate gland
compared to the VC group. The seminal vesicles, prostate gland, or
levator ani muscle of SFSE-G (10)-treated rats did not show a significant
increase compared to the VC group.

Effects of SFSE-G on sexual behavior in male rats

The data obtained from the sexual behavior recordings are shown
in Figure 1. The testosterone (10) group of rats showed a significant
increase in MF and IF, whereas significant decrease in ML, IL and
rearing was found compared to the respective VC group scores. The
anogenital grooming frequency in the testosterone (10) group was
significantly higher than that in the VC group. The SFSE-G (10 mg/kg)-
treated rats did not show a significant change in any of the parameters
compared with the VC group. The SFSE-G (35 mg/kg) treated rats
showed a significant decrease in ML, IL, and rearing (but not in MF, IF
and anogenital grooming scores) as compared to the VC group.

Effects of SFSE-G on serum testosterone levels, sperm
count, penile NO levels in male rats

The data on serum testosterone level, sperm count, and penile NO
concentration are presented in Figure 2. The testosterone (10) and
SESE-G (35) groups showed a significant increase in serum testosterone
levels, sperm count, and penile NO concentration as compared to VC

group.
Histopathology of testes

Photomicrographs representing the sections of the tastes of male rats
are shown in Figure 3. The testes of rats from the VC, testosterone (10),
SESE-G (10), and SFSE-G (35) groups showed normal histological
features with successive stages of transformation of the seminiferous
epithelium into spermatozoa. No signs of toxicity to pachytene
spermatocytes, germ cells, Leydig cells, or Sertoli cells were observed
in any of the sections.

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024

Effects of acute intravenous treatment of SFSE-G on
cardiovascular parameters in male rats

The data of cardiovascular safety parameters, namely BP, ICP, HR, and
corrected QT (QTc) interval on ECG, are presented in Figure 4. Acute
treatment with SIL or SFSE-G-treated group (1 mg/kg, intravenous)
did not show a significant change in BP, HR, or ECG parameters
(including QTc interval) as compared to the VC group. However, both
the SIL and SFSE-G groups showed a significant (P < 0.001) increase in
ICP at a single dose of 1 mg/kg compared to the VC group.

Effects on aromatase inhibition

The cell viability assay showed cytotoxicity in MCF7 cells when the
SESE-G at (as low as 0.0001 mg/ml). The treatment of SFSE-G (0.1 and
0.01 ng/mL) in addition to VD3 (100 nM) to MCEF-7 cell line showed
more than 50% cell viability (98.48% and 95.60% respectively) at 48
h. The positive control, VD3 (100 nM), resulted in 76.09% viability,
whereas the NC had 100% viability.

The 48-h treatment of VD3 (100 nM) to MCF7 cell showed 26.48-fold
increase (P < 0.01) in aromatase gene expression (vs. NC). The addition
of SFSE-G (0.01 and 0.1 ng/ml) to VD3 (100 nM) in MCF7 cell line for
48 h resulted in 8.03-fold and 6.08-fold (P < 0.05) gene expression (v/s
NC), which are 70 % and 77 % inhibition as compared to VD3-induced
aromatase gene expression in MCF7 cell line (Figure 5A)

Effect on 5-alpha-reductase (type 2) gene expression
using human prostatic epithelial cells

The cell viability at various concentrations of SFSE-G (0.5, 0.25, 0.125,
0.06, 0.03, and 0.016 mg/ml) was 3.95%, 17.71%, 56.62%, 79.44%,
89.37%, and 96.05%, respectively. Concentrations that were lower than
1/5th of the IC_, namely 10 pg/ml and 20 pg/ml, were selected for the
5-alpha-reductase inhibition assay. The positive control, SRE (10 pg/
ml) treatment for 48 h, showed a 0.49-fold change (2.0-fold reduction,
met acceptance criteria) in 5-alpha reductase expression. The 48-h
treatment with SFSE-G (10 and 20 pg/ml) showed 0.53-fold and 0.50-
fold changes (1.9- and 2.0-fold reduction, acceptance criteria met). The
fold reductions in 5-alpha-reductase gene expressions showed by SRE
and of SFSE-G treatments showed statistical significance as compared
to NC (Figure 5B).
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DISCUSSION

The physiologically beneficial properties of a wide range of plant-
derived glycosides have been extensively reported and reviewed *.
Natural glycosides are among the most potent natural androgenic
compounds.*>** Fenugreek seeds contain numerous furostenol*>* and
flavanol* * glycosides. The results of the present study indicate the
role of testosterone in the androgenic potential of SFSE-G (improved
sexual behavior of male rats) at 10 mg/kg and 35 mg/kg, whereas
galactomannan-based standardized fenugreek seed extract did not
show testosterone involvement.?

Existing data suggest a cause-and-effect relationship between serum
testosterone levels and sexual function.” Decreased testosterone
production is also associated with an age-related decline in libido (male
menopause or andropause).? In the present study, the improvement in
sexual behavior was noted by an increase in MF, IF, and anogenital
grooming, and a decrease in ML IL and rearing by testosterone (10
mg/kg, twice a week) and SIL (5 mg/kg) treatment implied the desired
component of sexuality. These results correlate well with the effects
of testosterone replacement therapy® and SIL.** * Subacute oral
treatment with SFSE-G (35 mg/kg) showed pro-erectile effects, like
those of testosterone and SIL. In our study, SFSE-G was found to
decrease rearing in male rats, which is an indication of increased sexual
stimulation of male rats towards females. In the present study, subacute
oral treatment with SFSE-G in male rats increased serum testosterone
levels (like external testosterone treatment). These results are in line
with reported testosterone-enhancing effects.'” * This improved
serum testosterone level probably contributed to enhanced sexual
performance in male rats.

Various neurotransmitters and inter/intracellular signaling molecules,
such as NO, are responsible for relaxation of the smooth muscle
of the corpus cavernosum. Androgens that increase NO levels are
known to benefit penile erection.® Testosterone and its metabolites
play a direct role in erection by affecting NO synthase within the
corpus cavernosum.”’ Androgen-dependent NO release in rat penises
correlates with the levels of constitutive NO synthase isoenzymes.*
In the present study, subacute administration of SFSE-G resulted in a
significant increase in NO concentration in the penis, suggesting a role
of NO in the action of SFSE-G. The levator ani is the largest muscle
on the pelvic floor and plays a crucial role in male sexual function.”
In the present study, the increase in levator ani weight after SFSE-G
treatment may have resulted in improved sexual behavior in male
rats. This notion was also supported by the increased ICP with acute
intravenous SFSE-G treatment in the present study.

A direct correlation between serum testosterone levels and sperm count
has been reported.® ** The results of the present study are in line with
these reports and show a significant increase in both serum testosterone
levels and sperm count by external testosterone and SFSE-G treatment.
These results are also supported by earlier reports of improved sperm
counts by fenugreek seed extract in healthy volunteers.*

Testosterone plays a significant role in the central and peripheral neural
pathways for the maintenance and restoration of erectile capacity.”’
Testosterone levels are affected by testicular conditions because the
testes produce most testosterone in men. Therefore, histology of the
testes was carried out during the present study. SESE-G showed elevated
sperm count through enhanced spermatogenesis via testosterone
increase. The standard architecture of the testes with spermatogenesis
stages was maintained in testosterone-treated and SFSE-G-treated
rats and showed no toxicity. Furthermore, the enhanced sperm count
in SFSE-G-treated rats in the present study and an earlier published
toxicology study? support the morphological and functional safety of
SESE-G treatment in male rats.
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Exogenous testosterone therapy is known to increase the risk of
cardiovascular-related events.’® ** The increase in testosterone levels
in males is known to shorten the action potential and QT interval
in ECG.% Recently, the absence of structural damage to heart tissues
with an oral subchronic (90-day) repeated dose of SFSE-G in male and
female rats was reported.”” The results of the present study indicate
the absence of changes in BP, HR, and QTc interval with intravenous
administration of SFSE-G and strongly support the functional safety of
the cardiovascular system.

Agents that enhance testosterone levels may show unintended
estrogenic effects such as hirsutism.' Testosterone is metabolized
by the body by aromatase (alias CYP19A1) through aromatization,
which plays a key role in maintaining the delicate balance between
testosterone and estrogen.®> Moreover, aromatase inhibitors has been
reported to enhance sperm count.® However, an increase in aromatase
can lead to excess estrogen production and a reduction in muscle tone
and strength® and libido®, increased abdominal body fat.%

In the present study, 48 h exposure of the MCF-7 cell line to SFSE-G
potent inhibition of VD3-induced upregulation of aromatase gene
expression. The aromatase inhibition properties correlated well with
testosterone and sperm count enhancement efficacy demonstrated in
the present study. Therefore, SFSE-G can be used safe supplementation
for testosterone levels enhancement with aromatase inhibition to
balance the hormonal profile in males in normal, aging or low-
testosterone conditions.*”

Although testosterone itself does not cause Benign prostatic hyperplasia
(BPH), its development requires the presence of testicular androgens
during prostate development, whereas prostatic testosterone levels
decline with age.” In addition, enhanced endogenous testosterone
levels, especially in aging males, have been linked to the risk of BPH
development.” This risk is attributed to the metabolism of testosterone
to dihydrotestosterone (DHT), a more potent form of the hormone, by
the 5-alpha reductase enzyme.”

DHT is predominantly generated by prostatic 5-alpha-reductase’.
Higher DHT activity in prostate tissues is a permissive mediator of
the development of BPH® and prostate cancer.” The enzyme 5-alpha-
reductase exists in two forms, type 1 and type 2. Type 1 is produced
primarily in liver and skin and is carried to the prostate, whereas Type 2
is the major form in the prostate.”” Therefore, 5-alpha-reductase type
2 inhibitors are typical therapeutic agents that are used against BPH to
reduce DHT production and prostate size.”” In the present study, the
addition of SFSE-G to human prostatic epithelial cells (PNT2 cell line)
inhibited 5-alpha-reductase (type 2) gene expression (1.9 to 2.0-fold),
which is equivalent to the positive control, Saw Palmetto (Serenoa
repens) extract. These results indicate the potential of SFSE-G as a safer
agent for BPH prevention and management. However, specific studies
on BPH in animals and/or clinical settings are required.

CONCLUSIONS

In conclusion, the glycoside-based standardized fenugreek seed extract
showed significant androgenic and spermatogenic potential probably
through aromatase and 5-alpha reductase inhibition, without affecting
cardiovascular function in male rats.
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ABBREVIATIONS

ANOVA : Analysis of variance; BP: Blood pressure; CPCSEA:
Committee for Control and Supervision of Experiment on Animals;
ECG: Electrocardiogram; GMP: Good Manufacturing Practices;
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GRAS: Generally recognized as safe; H and E: Hematoxylin and eosin;
HR: Heart rate; HR: Heart rate; ICP: Intracavernous pressure; IF:
Intromission frequency; MF: Mount frequency; ML: Mount latency; MTT:
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide; NC:
Negative control; NO: Nitric oxide; NOS: Nitric oxide synthase; gPCR:
Quantitative polymerase chain reaction; QTc: Corrected QT interval;
RIA: Radioimmunoassay; RT-PCR: Real-Time polymerase chain reaction;
S.C.: Subcutaneous; SEM: Standard error of the mean; SFSE-G: Glycosides
based standardized fenugreek seed extract; SGBG: Sex hormone-binding
globulin; SIL: Sildenafil citrate; SRE : Saw Palmetto/Serenoa repens extract;
VC: Vehicle control; VD3: 1a,25-Dihydroxyvitamin D3

REFERENCES

1.

Morales A, Heaton JR Carson CC. Andropause: a misnomer for a
true clinical entity. J Urol. 2000;163:705-712 https://doi.org/10.1016/
s0022-5347(05)67788-9; PMid:10687961;

Utiger RD. Testosterone "fix": youth or consequences? Should we
treat "male menopause"? Health News. 2003;9:3; PMid:12710389;

Bhasin S, Matsumoto AM. Patient information page from The
Hormone Foundation. Patient guide to testosterone therapy in
adult men with androgen deficiency syndromes. J Clin Endocrinol
Metab. 2010;95:2536-2559 https://doi.org/10.1210/jc.2009-2354;
PMid:20525905;

Yeap BB, Almeida OR Hyde Z, et al. In men older than 70 years, total
testosterone remains stable while free testosterone declines with
age. The Health in Men Study. Eur J Endocrinol. 2007;156:585-594
https://doi.org/10.1530/EJE-06-0714; PMid:17468195;

Haider KS, Haider A, Doros G, Traish A. Long-Term Testosterone
Therapy Improves Urinary and Sexual Function, and Quality of Life
in Men with Hypogonadism: Results from a Propensity Matched
Subgroup of a Controlled Registry Study. J Urol. 2018;199:257-265
https://doi.org/10.1016/j.juro.2017.07.039; PMid:28728990;

Corona G, Rastrelli G, Morgentaler A, Sforza A, Mannucci E,
Maggi M. Meta-analysis of Results of Testosterone Therapy on
Sexual Function Based on International Index of Erectile Function
Scores. Eur Urol. 2017;72:1000-1011 https://doi.org/10.1016/].
eururo.2017.03.032; PMid:28434676;

Tiwari P Sahu P, Plants altering hormonal milieu: A review. Asian Pac
J Reprod. 2017;6:49-53 https://doi.org/10.12980/apjr.6.20170201;

Qureshi A, Naughton DP Petroczi A. A systematic review on
the herbal extract Tribulus terrestris and the roots of its putative
aphrodisiac and performance enhancing effect. J Diet Suppl.
2014;11:64-79 https://doi.org/10.3109/19390211.2014.887602;
PMid:24559105;

Kumar BS, Kumar JV, Selvaraj R. Aphrodisiac activity of Cycas
circinalis L and lonidium suffruticosum Ging on male wister albino
rats. Asian J Pharm Clin Res. 2013;6:215-217;

Stasiak M, Zarlok K, Tomaszewski W. Erectile dysfunction -
treatment with substances of natural origin. Wiad Lek. 2016;69:576-
581; PMid:27717948;

Nagulapalli Venkata KC, Swaroop A, Bagchi D, Bishayee A. A small
plant with big benefits: Fenugreek (Trigonella foenum-graecum
Linn.) for disease prevention and health promotion. Mol Nutr Food
Res. 2017;61:1600950 https://doi.org/10.1002/mnfr.201600950;
PMid:28266134;

Poole C, Bushey B, Foster C, et al. The effects of a commercially
available botanical supplement on strength, body composition,
power output, and hormonal profiles in resistance-trained males. J
Int Soc Sports Nutr. 2010;7:34 https://doi.org/10.1186/1550-2783-7-
34, PMid:20979623; PMCid:PMC2978122.

Wilborn C, Taylor L, Poole C, Foster C, Willoughby D, Kreider R.
Effects of a purported aromatase and 5alpha-reductase inhibitor
on hormone profiles in college-age men. Int J Sport Nutr Exerc
Metab. 2010;20:457-465 https://doi.org/10.1123/ijsnem.20.6.457;
PMid:21116018;

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31

Mohana L, Sandhya R, Kiran U. A review on diabetes milletus and
the herbal plants used for its treatment. Asian J Pharm Clin Res.
2012;5:15-21;

World Health Organization. WHO monographs on selected
medicinal plants. Geneva: World Health Organization; 2007.

Basch E, Ulbricht C, Kuo G, Szapary B Smith M. Therapeutic
applications of fenugreek. Altern Med Rev. 2003;8:20-27,
PMid:12611558;

Santillo H, Dharmananda S. Natural healing with herbs. Prescott
Valley, AZ: Hohm Press; 1984.

lkeuchi M, Yamaguchi K, Koyama T, Sono Y, Yazawa K. Effects
of fenugreek seeds (Trigonella foenum greaecum) extract on
endurance capacity in mice. J Nutr Sci Vitaminol. 2006;52:287-292
https://doi.org/10.3177/jnsv.52.287; PMid:17087056;

Kandhare AD, Thakurdesai PA, Wangikar P Bodhankar SL. A
systematic literature review of fenugreek seed toxicity by using
ToxRTool: Evidence from preclinical and clinical studies. HELI/YON.
2019;5:e01536 https://doi.org/10.1016/j.heliyon.2019. e01536;

Mokashi M, Singh-Mokashi R, Mohan V, Thakurdesai PA. Effects of
glycosides based fenugreek seed extract on serum testosterone
levels of healthy sedentary male subjects: A exploratory double
blind, placebo controlled, crossover study. Asian J Pharm Clin Res.
2014,7:177-181;

Deshpande R MohanV, Thakurdesai P Preclinical safety assessment
of glycosides based standardized fenugreek seeds extract: Acute,
subchronic toxicity and mutagenicity studies. J Appl Pharm Sci.
2016;6:179-188 https://doi.org/10.7324/JAPS.2016.60927;

Aswar U, Mohan V, Bhaskaran S, Bodhankar SL. Study of
galactomannan on androgenic and anabolic activity in male rats.
Pharmacologyonline. 2008;2:56-65;

Baggish AL, Weiner RB, Kanayama G, et al. Cardiovascular Toxicity of
lllicit Anabolic-Androgenic Steroid Use. Circulation. 2017;135:1991-
2002 https://doi.org/10.1161/CIRCULATIONAHA.116.026945;
PMid:28533317; PMCid:PMC5614517.

Elsherbiny A, Tricomi M, Bhatt D, Dandapantula HK. State-of-the-Art:
a Review of Cardiovascular Effects of Testosterone Replacement
Therapy in Adult Males. Curr Cardiol Rep. 2017;19:35 https://doi.
org/10.1007/s11886-017-0838-x; PMid:28361372;

Park SW, Lee CH, Shin DH, Bang NS, Lee SM. Effect of SA1, a herbal
formulation, on sexual behavior and penile erection. Biol Pharm
Bull.  2006;29:1383-1386  https://doi.org/10.1248/bpb.29.1383;
PMid:16819173;

Ageel AM, Islam MW, Ginawi OT, Al-Yahya MA. Evaluation of
the aphrodisiac activity of Litsea chinesis (Lauraceae) and orchis
maculate (Orchidaceae) extracts in rats. Phytother. 1994,8:103-105;

Seo SI, Kim SW, Paick JS. The effects of androgen on penile reflex,
erectile response to electrical stimulation and penile NOS activity in
the rat. Asian J Androl. 1999;1:169-174; PMid:11225889;

Kiechle FL, Malinski T. Nitric oxide. Biochemistry, pathophysiology,
and detection. Am J Clin Pathol. 1993;100:567-575 https://doi.
org/10.1093/ajcp/100.5.567; PMid:7504395;

Sun J, Zhang X, Broderick M, Fein H. Measurement of nitric oxide
production in biological systems by using Griess reaction assay.
Sensors. 2003;3:276 https://doi.org/10.3390/s30800276;

Eisenberg E, Gordan GS. The levator ani muscle of the rat as an
index of myotrophic activity of steroidal hormones. J Pharmacol
Exp Ther. 1950;99:38-44; PMid:15429015;

Gauthaman K, Adaikan PG, Prasad RN. Aphrodisiac properties of
Tribulus terrestris extract (Protodioscin) in normal and castrated
rats. Life Sci. 2002;71:1385-1396 https://doi.org/10.1016/s0024-
3205(02)01858-1; PMid:12127159;

16


https://doi.org/10.1016/s0022-5347(05)67788-9
https://doi.org/10.1016/s0022-5347(05)67788-9
https://doi.org/10.1210/jc.2009-2354
https://doi.org/10.1530/EJE-06-0714
https://doi.org/10.1016/j.juro.2017.07.039
https://doi.org/10.1016/j.eururo.2017.03.032
https://doi.org/10.1016/j.eururo.2017.03.032
https://doi.org/10.12980/apjr.6.20170201
https://doi.org/10.3109/19390211.2014.887602
https://doi.org/10.1002/mnfr.201600950
https://doi.org/10.1186/1550-2783-7-34
https://doi.org/10.1186/1550-2783-7-34
https://doi.org/10.1123/ijsnem.20.6.457
https://doi.org/10.3177/jnsv.52.287
https://doi.org/10.1016/j.heliyon.2019
https://doi.org/10.7324/JAPS.2016.60927
https://doi.org/10.1161/CIRCULATIONAHA.116.026945
https://doi.org/10.1007/s11886-017-0838-x
https://doi.org/10.1007/s11886-017-0838-x
https://doi.org/10.1248/bpb.29.1383
https://doi.org/10.1093/ajcp/100.5.567
https://doi.org/10.1093/ajcp/100.5.567
https://doi.org/10.3390/s30800276
https://doi.org/10.1016/s0024-3205(02)01858-1
https://doi.org/10.1016/s0024-3205(02)01858-1

Aswar UM, et al. Androgenic Efficacy and Mechanism of Glycosides-Based Standardized Fenugreek Seeds Extract Through Aromatase And 5-Alpha Reductase

Inhibition

32. Chen KK, Chan JY, Chang LS, Chen MT, Chan SH. Intracavernous 47.  Marberger M, Roehrborn CG, Marks LS, Wilson T, Rittmaster RS.
pressure as an experimental index in a rat model for the evaluation of Relationship among serum testosterone, sexual function, and
penile erection. J Urol. 1992;147:1124-1128 https://doi.org/10.1016/ response to treatment in men receiving dutasteride for benign
s0022-5347(17)37500-6; PMid:1552608; prostatic hyperplasia. J Clin Endocrinol Metab. 2006;91:1323-1328

) o . https://doi.org/10.1210/jc.2005-1947; PMid:16434455;

33. Martinez-Pineiro L, Brock G, Trigo-Rocha F, Hsu GL, Lue TF, Tanagho
EA. Rat model for the study of penile erection: pharmacologic and 48. Hadidi KA, Aburjai T, Battah AK. A .comparative study of.Feru/a
electrical-stimulation parameters. Eur Urol. 1994;25:62-70 https:// hermonis root extracts and sildenafil on copulatory behaviour of
doi.org/10.1159/000475249; PMid:8307078; male rats. Fitoterapia. 2003;74:242-246 https://doi.org/10.1016/

s0367-326x(03)00032-7; PMid:12727488;

34. Danza K, Porcelli L, De Summa S, et al. The ERRa-VDR axis o o
promotes calcitriol degradation and estrogen signaling in breast 49. BehrRoussel D, Gorny D, Mevel K, et al. Chronic sildenafil improves
cancer cells, while VDR-CYP24A1-ERR-alpha overexpression erectile function and endothelium-dependent cavernosal relaxations
correlates with poor prognosis in patients with basal-like breast in rats: lack of tachyphylaxis. Eur Urol. 2005;47:87-91 https://doi.
cancer. Mol Oncol. 2021;16:904-920 https://doi.org/10.1002/1878- 0rg/10.1016/j.eururo.2004.09.005; PMid:15582254;

0261.13013; PMid:34003583; PMCid:PMC8847991. 50. Chamness SL, Ricker DD, Crone JK, et al. The effect of androgen on

35. Chan HJ Petrossian K. Chen S. Structural and functional nitric oxide synthase in the male reproductive tract of the rat. Fertil
characterization of aromatase, estrogen receptor, and their genes Steril. 1995,63:1101-1107; PMid:7536692;
in endocrine-responsive and -resistant breast cancer cells. J 51 Zvara R Sioufi R, Schipper H, Begin L, Brock G. Nitric oxide mediated
Steroid Biochem Mol Biol. 2016;161:73-83 https://doi.org/10.1016/. erectile activity is a testosterone dependent event: a rat erection
jsbmb.2015.07.018; PMid:26277097; PMCid:PMC4752924. model. Int J Impot Res. 1995;7:209-219; PMid:8770664;

36. Jensen EC. Real-Time Reverse Transcription Polymerase Chain 52. Marin R, Escrig A, Abreu P Mas M. Androgen-dependent nitric oxide
Reaction to Measure mRNA: Use, Limitations, and Presentation of release in rat penis correlates with levels of constitutive nitric oxide
Results. Anat Rec. 2011;295:1-3 https://doi.org/10.1002/ar.21487; synthase isoenzymes. Biol Reprod. 1999;61:1012-1016 https://doi.
PMid:22095866; org/10.1095/biolreprod61.4.1012; PMid:10491638;

37. McCarthy DJ, Smyth GK. Testing significance relative to a fold- 53. Cohen D, Gonzalez J, Goldstein |. The Role of Pelvic Floor Muscles in
change threshold is a TREAT. Bioinformatics. 2009;25:765-771 Male Sexual Dysfunction and Pelvic Pain. Sex Med Rev. 2016;4:53-
https://doi.org/10.1093/bioinformatics/btp053; PMid:19176553; 62 https://doi.org/10.1016/j.sxmr.2015.10.001; PMid:27872005;
PMCid:PMC2654802. 54. Meeker JD, Godfrey-Bailey L, Hauser R. Relationships between

38. Kang J-I, Kim E-JI, Kim M-K, et al. The Promoting Effect of /shige serum hormone levels and semen quality among men from an
sinicolaon Hair Growth. Marine Drugs. 2013;11:1783-1799 https://doi. infertility clinic. J Androl. 2007;28:397-406 https://doi.org/10.2164/
0rg/10.3390/md11061783; PMid:23708185; PMCid:PMC3721205. jandrol.106.001545; PMid:17135633;

39. Blair HA. Hexanic Extract of Serenoa repens (Permixon®): A ~ 55. Lenau H, Gorewoda I, Niermann H. Relationship between
Review in Symptomatic Benign Prostatic Hyperplasia. Drugs Aging. sperm count, serum gonadotropins and testosterone levels in
2022:39:235-243 https://doi.org/10.1007/s40266-022-00924-3; normo-, oligo- and azoospermia. Reproduccion. 1980;4:147-156;
PMid:35237936; PMCid:PMC9192452. PMid:6772497;

40. Patel S. Plant-derived cardiac glycosides: Role in heart ailments and 86. Maheshwari A, Verma N, Swaroop A, et al. Efficacy of Furosap,w:
cancer management. Biomed Pharmacother. 2016;84:1036-1041 a novel Trigonella foenum-graecum seed extract, in Enhancing
https://doi.org/10.1016/j.biopha.2016.10.030; PMid:27780131; Testosterone Lgvel and Improving Sperm Eroﬁle in MaleYqunteers.

Int J Med Sci. 2017;14:58-66 https://doi.org/10.7150/ijms.17256;

41, AswarU, Bodhankar SL, MohanV, Thakurdesai PA. Effect of furostanol PMid:28138310; PMCid:PMC5278660.
glycosides from Trigonella foenum-graecum on the reproductive ) . .
system of male albino rats. Phytother Res. 2010;24:1482-1488 57 SfUiUKL N’t Sato, Hl_satsue S. Kato R, Suzuki Ki_T_iuléam_?;oWl'. Etﬁ_ectl
hitps://doi.org/10.1002/ptr.3129: PMid:20878698: of testosterone on intracavernous pressure elicited with electrica

stimulation of the medial preoptic area and cavernous nerve in

42. da Cruz AC, Guerra NG, de Souza KEBP et al. The action of herbal male rats. J Androl. 2007;28:218-222 https://doi.org/10.2164/
medicine on the libido: aspects of nutritional intervention in jandrol.106.000695; PMid:16957136;
|T1r$1a§|g1g7sgggia|§es|re. Nutrire. 2017;42:29 https://doi.org/10.1186/ 58. Xu L, Freeman G, Cowling BJ, Schooling CM. Testosterone
s el e therapy and cardiovascular events among men: a sSystematic

43. Kang LR ZhaoY, Pang X, et al. Characterization and identification of review and meta-analysis of placebp-controlled randomized trials.
steroidal saponins from the seeds of Trigonella foenum-graecum by BMC med. 2013;11:108 https://doi.org/10.1186/1741-7015-11-108;
ultra high-performance liquid chromatography and hybrid time-of- PMid:23597181; PMCid:PMC3648456.
flight mass spectrometry. J Pharm Biomed Anal. 2013;74:257-267 59 Qskui PM, French WJ, Herring MJ, Mayeda GS, Burstein S, Kloner
https://doi.org/10.1016/j.jpba.2012.11.005; PMid:23245259; RA. Testosterone and the cardiovascular system: a comprehensive

44. MurakamiT, Kishi A, Matsuda H, Yoshikawa M. Medicinal foodstuffs. review of the clinical literature. J Am Heart Assoc. 2013;2:¢000272
XVII. Fenugreek seed. (3): structures of new furostanol-type steroid https;//.d0|.org/10.1161/JAHA.113.000272; PMid:24242682;
saponins, trigoneosides Xa, Xb, Xlb, Xila, Xilb, and Xilla, from the PMCid:PMC3886770.
seeds of Egyptian Trigonella foenum-graecum L. Chem Pharm g0 SedlakT, Shufelt C, Iribarren C, Merz CN. Sex hormones and the QT
Bull (Tokyo). 2000;48:994-1000 https://doi.org/10.1248/cpb.48.994; interval: a review. J Womens Health. 2012;21:933-941 https://doi.
PMid:10923829; 0rg/10.1089/jwh.2011.3444; PMid:22663191; PMCid:PMC3430484.

45. Pang X, Kang LP Yu HS, et al. New kaurene diterpenoid glycosides 61, Jedrejko K, Lazur J, Muszyrska B. Risk Associated with the Use
from fenugreek seeds. Nat Prod Res. 2013;27:1202-1207 https:// of Selected Ingredients in Food Supplements. Chem Biodivers.
doi.org/10.1080/14786419.2012.722087; PMid:22950814; 2021;18:e2000686 https://doi.org/10.1002/cbdv.202000686;

46. Rayyan S, Fossen T, Andersen OM. Flavone C-glycosides from PMid:33410585;
seeds of fenugreek, Trigonella foenum-graecum L. J Agric Food 62. Stocco C. Tissue physiology and pathology of aromatase. Steroids.
Chem. 2010;58:7211-7217 https://doi.org/10.1021/jf100848c; 2012;77:27-35 https://doi.org/10.1016/j.steroids.2011.10.013;
PMid:20486688; PMid:22108547; PMCid:PMC3286233.

17 Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024


https://doi.org/10.1016/s0022-5347(17)37500-6
https://doi.org/10.1016/s0022-5347(17)37500-6
https://doi.org/10.1159/000475249
https://doi.org/10.1159/000475249
https://doi.org/10.1002/1878-0261.13013
https://doi.org/10.1002/1878-0261.13013
https://doi.org/10.1016/j.jsbmb.2015.07.018
https://doi.org/10.1016/j.jsbmb.2015.07.018
https://doi.org/10.1002/ar.21487
https://doi.org/10.1093/bioinformatics/btp053
https://doi.org/10.3390/md11061783
https://doi.org/10.3390/md11061783
https://doi.org/10.1007/s40266-022-00924-3
https://doi.org/10.1016/j.biopha.2016.10.030
https://doi.org/10.1002/ptr.3129
https://doi.org/10.1186/s41110-017-0051-0
https://doi.org/10.1186/s41110-017-0051-0
https://doi.org/10.1016/j.jpba.2012.11.005
https://doi.org/10.1248/cpb.48.994
https://doi.org/10.1080/14786419.2012.722087
https://doi.org/10.1080/14786419.2012.722087
https://doi.org/10.1021/jf100848c
https://doi.org/10.1210/jc.2005-1947
https://doi.org/10.1016/s0367-326x(03)00032-7
https://doi.org/10.1016/s0367-326x(03)00032-7
https://doi.org/10.1016/j.eururo.2004.09.005
https://doi.org/10.1016/j.eururo.2004.09.005
https://doi.org/10.1095/biolreprod61.4.1012
https://doi.org/10.1095/biolreprod61.4.1012
https://doi.org/10.1016/j.sxmr.2015.10.001
https://doi.org/10.2164/jandrol.106.001545
https://doi.org/10.2164/jandrol.106.001545
https://doi.org/10.7150/ijms.17256
https://doi.org/10.2164/jandrol.106.000695
https://doi.org/10.2164/jandrol.106.000695
https://doi.org/10.1186/1741-7015-11-108
https://doi.org/10.1161/JAHA.113.000272
https://doi.org/10.1089/jwh.2011.3444
https://doi.org/10.1089/jwh.2011.3444
https://doi.org/10.1002/cbdv.202000686
https://doi.org/10.1016/j.steroids.2011.10.013

Aswar UM, et al. Androgenic Efficacy and Mechanism of Glycosides-Based Standardized Fenugreek Seeds Extract Through Aromatase And 5-Alpha Reductase
Inhibition

63.

64.

65.

66.

67.

68.

69.

Shuling L, Sie Kuei ML, Saffari SE, et al. Do men with normal
testosterone—oestradiol ratios benefit from letrozole for the
treatment of male infertility? Reproductive BioMedicine Online.
2019;38:39-45 https://doi.org/10.1016/j.rbmo0.2018.09.016;
PMid:30449700;

Oza S. Aromatase Inhibitorinduced Musculoskeletal Syndrome:
a Review of Rehabilitation Interventions. Curr Phys Med Rehabil
Rep. 2021;9:119-126 https://doi.org/10.1007/s40141-021-00318-3;
PMid:26556210;

Shay DA, Vieira-Potter VJ, Rosenfeld CS. Sexually dimorphic
effects of aromatase on neurobehavioral responses. Front Mol
Neurosci. 2018;11:374 https://doi.org/10.3389/fnmol.2018.00374;
PMid:30374289; PMCid:PMC6196265.

Jones H. Testosterone for the aging male; current evidence
and recommended practice. Clin Interv Aging. 2008;Volume
3:25-44 https://doi.org/10.2147/cia.s190; PMid:18488876;
PMCid:PMC2544367.

Yang C, Li P Li Z. Clinical application of aromatase inhibitors to treat
male infertility. Hum Reprod Update. 2021;28:30-50 https://doi.
org/10.1093/humupd/dmab036; PMid:34871401;

Korani M. Aromatase inhibitors in male: A literature review.
Medicina Clinica Practica. 2023;6:100356 https://doi.org/10.1016/j.
mcpsp.2022.100356; PMid:21693046; PMCid:PMC3143915.

Roberts RO, Jacobson DJ, RhodesT, Klee GG, Leiber MM, Jacobsen
SJ. Serum sex hormones and measures of benign prostatic

GRAPHICAL ABSTRACT

hyperplasia. Prostate. 2004;61:124-131
pros.20080; PMid:15305335;

Kusuma Duarsa GW, SariYA, Gde Oka AA, et al. Serum testosterone
and prostate-specific antigen levels are major risk factors for
prostatic volume increase among benign prostatic hyperplasia
patients. Asian J Urol. 2021;8:289-297 https://doi.org/10.1016/j.
ajur.2020.06.001; PMid:34401336; PMCid:PMC8356038.

https://doi.org/10.1002/

Andriole G, Bruchovsky N, Chung LWK, et al. Dihydrotestosterone
and the prostate: The scientific rationale for 5-alpha reductase
inhibitors in the treatment of benign prostatic hyperplasia.
J Urol. 2004;172:1399-1403 https://doi.org/10.1097/01.
ju.0000139539.94828.29; PMid:15371854;

Bjornebo L, Nordstrom T, Discacciati A, et al. Association of 5-alpha
Reductase Inhibitors With Prostate Cancer Mortality. JAMA
oncology.2022;8:1019 https://doi.org/10.1001/jamaoncol.2022.1501;
PMid:35587340; PMCid:PMC9121300.

Marks LS. 5-alpha reductase: history and clinical importance. Rev
Urol. 20046 Suppl 9:511-21; PMid:16985920; PMCid:PMC1472916.

Marcelli M, Mediwala SN. Male Hypogonadism: A Review. J
Investig Med. 2020;68:335-356 https://doi.org/10.1136/jim-2019-
001233; PMid:31988219;

Devlin CM, Simms MS, Maitland NJ. Benign prostatic hyperplasia
— what do we know? BJU International. 2020;127:389-399 https://
doi.org/10.1111/bju.15229;

Glycosides-based standardized fenugreek seed extract
(SFSE-G)

Androgenic activity
in Male rats

Cardiovascular safety In vitro
in male rats Aromatase and 5a-reductase inhibition

Day-0 - Treatments start

(Vehicle or

Acute

(Vehicle or SFSE-G (1 mg/kg, i.v.)
or sildenafil (1 mg/kg, i.v.)

Testosterone

SFSE-G (10 or 35 mg/kg,
oral, once day)
or testosterone (10
mg/kg, s.c., biweekly)

Caverno

us nerve
stimulation

Day - 28-Treatment- End Sexual behavior

Y

Blood Withdrawal

v

Organ Removal

v

Sacrifce

Seminal vescicles,
Prostate and lavator ani
(Weights)

Penis
homegenate
(NO leval)

Testes
(Histopathology)

Y

Aromatas?/ i Sa-reductase

Dihydrotestosterone
(DHT)

Estradiol

Serum testosterone Measurement
estimation BP, ICP, HR and QTc

Cauda epididymis
(Sperm count)

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024

18


https://doi.org/10.1016/j.rbmo.2018.09.016
https://doi.org/10.1007/s40141-021-00318-3
https://doi.org/10.3389/fnmol.2018.00374
https://doi.org/10.2147/cia.s190
https://doi.org/10.1093/humupd/dmab036
https://doi.org/10.1093/humupd/dmab036
https://doi.org/10.1016/j.mcpsp.2022.100356
https://doi.org/10.1016/j.mcpsp.2022.100356
https://doi.org/10.1002/pros.20080
https://doi.org/10.1002/pros.20080
https://doi.org/10.1016/j.ajur.2020.06.001
https://doi.org/10.1016/j.ajur.2020.06.001
https://doi.org/10.1097/01.ju.0000139539.94828.29
https://doi.org/10.1097/01.ju.0000139539.94828.29
https://doi.org/10.1001/jamaoncol.2022.1501
https://doi.org/10.1136/jim-2019-001233
https://doi.org/10.1136/jim-2019-001233
https://doi.org/10.1111/bju.15229
https://doi.org/10.1111/bju.15229

Aswar UM, et al. Androgenic Efficacy and Mechanism of Glycosides-Based Standardized Fenugreek Seeds Extract Through Aromatase And 5-Alpha Reductase
Inhibition

SUMMARY

Androgenic efficacy and safety of glycosides-based standardized fenugreek seeds extract (SFSE-G) was
evaluated in laboratory rats.

Subacute oral administration of SFSE-G to rats showed androgenic efficacy to increase sexual behavior and
organ parameters with preservation of testes architecture.

Subacute oral administration of SFSE-G to rats showed an increase in androgenic markers (serum testosterone
levels, sperm count and penile nitric oxide concentration)

Acute intravenous administration of SFSE-G resulted in increased intracavernous pressure and normal
cardiovascular function.

SFSE-G showed enzyme aromatase and 5-alpha reductase inhibition efficacy in vitro.
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