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TESTOSURGE® is a natural, highly standardized ingredient proven in clinical studies to signifi-
cantly increase total, biologically active & free testosterone. Designed for products to boost
testosterone & increase performance.

Increases Bioavailable, Free & Total Testosterone Levels by increasing competitive binding to
SHBG, steroidogenesis, and Aromatase & 5 -reductase Inhibition
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A cross-over clinical study assessed the effects of a single 600 mg dose of TESTOSURGE® on se-
rum testosterone levels of 16 healthy sedentary male subjects. There was a significant increase
in free, fotal and bioavailable testosterone levels after 10 hours.

PDES

PDES enzyme regulates blood flow causing vasoconstriction. This hinders post-exercise recov-
ery. TESTOSURGE® inhibits PDES activity and promotes vasodilation, which increases blood flow
to the muscles, aiding in recovery. Testosurge exhibits 90% inhibition rate at 1000 ug/mlL.
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TESTOSURGE® was tested on male rats to see its effect on testosterone production and sper-
matogenesis. The results showed that Testosurge significantly increased testosterone levels
and the number of normal sperm. This suggests that Testosurge may improve male fertility and
reproductive health.
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A study was conducted to evaluate the effects of 500mg TESTOSURGE® supplementation on
30 resistance-trained males during an 8-week resistance training program. The study was ran-
domized, double-blind, and placebo-controlled. The results showed a significant impact on
body fat percentage, total and bioavailable testosterone levels. Importantly, the testosterone
levels remained within the physiological limits.
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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.

Keywords: Androgenic, Fenugreek extract, Glycosides, Spermatogenic, Sexual Behavior, Testosterone.

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'®,
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 SFSE-G, fenugreek seeds, was
authenticated at the Agharkar Research Institute, Pune, India. The
SFSE-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)
SFSE-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 ul 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 (MCEF?7 cell line) at Abich S.
r. I (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 TagManTM 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 2-24%
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.”

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. 1. (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,c 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 (QPCR) 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 = 2T 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 2: Effect of subacute oral administration SFSE-G (10 and 35 mg/kg) on (A) serum testosterone, (B) sperm count, (C) Penile nitric oxide (NO)
concentration in male rats. n=5, Data represented are mean + SEM. Each parameter was analyzed using a separate one-way ANOVA followed by Dunnett’s
test. * P < 0.05, *** P < 0.001 as compared to VC group. VC, vehicle control; SFSE-G, glycosides-based standardized fenugreek seed extract; numbers in
brackets indicate dose (mg/kg).

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024 6



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

_ Testosterone (10

Figure 3: Photomicrographs of sections of representative testes of male rats showing the effects of subacute administration of (A) VC (vehicle control)) (B)
testosterone (10 mg/kg, biweekly, subcutaneous), (C) SFSE-G (10 mg/kg, oral), and (D) SFSE-G (25 mg/kg, oral). H and E stain, X100 magnifications. SFSE-G
- Glycosides-based standardized fenugreek seed extract. Numbers in brackets indicate the dose (mg/kg).
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QTc (corrected QT interval from ECG in male rats. n= 5, Data represented are mean + SEM. Each parameter was analyzed using a separate one-way ANOVA
followed by Dunnett’s test. *** P < 0.001 as compared to VC group. VC, vehicle control; SIL, sildenafil; SFSE, glycoside-based standardized fenugreek seed

extract. Numbers in brackets indicate the dose (mg/kg).

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



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

Inhibition

404
A ot

30+

— a
o 7]
w +
+H o
(] o
@ 5 1.0+
§ 5
o
2 20- g
g = i ittt
= 8 i
] 8 0.5+ T
E 4ol S
g ek B
2
< == 5
wn
0- . 0.0 T T
VD3 (100 nM)  SFSE-G (0.01) SFSE-G (0.1) NC SRE (10) SFSE-G (10)  SFSE-G (20)

+VD3 (100 nM)

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-
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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
SFSE-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),
SFSE-G (10), and SESE-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.
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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 MCF-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 MCF?7 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 MCF?7 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.

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 SESE-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-y1]-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
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SUMMARY

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

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

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

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

e SFSE-G showed enzyme aromatase and 5-alpha reductase inhibition efficacy in vitro.
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Effects of a Purported Aromatase and 5 a-Reductase Inhibitor

on Hormone Profiles in College-Age Men

Colin Wilborn, Lem Taylor, Chris Poole, Cliffa Foster,
Darryn Willoughby, and Richard Kreider

The purpose of this study was to determine the effects of an alleged aromatase and 5-a reductase inhibitor (Al) on strength,
body composition, and hormonal profiles in resistance-trained men. Thirty resistance-trained men were randomly assigned
in a double-blind manner to ingest 500 mg of either a placebo (PL) or Al once per day for 8 wk. Participants participated
in a 4-d/wk resistance-training program for 8 wk. At Weeks 0, 4, and 8, body composition, 1-repetition-maximum (1RM)
bench press and leg press, muscle endurance, anaerobic power, and hormonal profiles were assessed. Statistical analyses
used a 2-way ANOVA with repeated measures for all criterion variables (p < .05). Significant Group X Time interaction
effects occurred over the 8-wk period for percent body fat (Al: =1.77% + 1.52%, PL: —-0.55% + 1.72%; p = .048), total
testosterone (Al: 0.97 +2.67 ng/ml, PL: —2.10 + 3.75 ng/ml; p = .018), and bioavailable testosterone (Al: 1.32 +3.45 ng/ml,
PL: —1.69 + 3.94 ng/ml; p = .049). Significant main effects for time (p < .05) were noted for bench- and leg-press 1RM,
lean body mass, and estradiol. No significant changes were detected among groups for Wingate peak or mean power, total
body weight, dihydrotestosterone, hemodynamic variables, or clinical safety data (p > .05). The authors concluded that
500 mg of daily Al supplementation significantly affected percent body fat, total testosterone, and bioavailable testosterone

compared with a placebo in a double-blind fashion.

Keywords: fenugreek, anabolic, resistance training

Athletes are continuously searching for ways to enhance
performance, which has directed many to the use of
anabolic steroids. Anabolic steroids are testosterone
derivatives capable of inducing a positive nitrogen bal-
ance and increasing fat-free mass by stimulating protein
synthesis and/or minimizing protein breakdown. Several
studies have shown that administration of testosterone
derivatives to younger (Bhasin et al., 1996) and older
men (Ferrando et al., 2002; Schroeder, Terk, & Sattler,
2003; Snyder et al., 1999), as well as those classified as
hypogonadal (Bhasin et al., 1997; Bhasin et al., 2000),
increases muscle size and strength. This is in contrast
to exercise-induced changes in testosterone that do not
appear to have such a profound effect on muscle protein
synthesis (West et al., 2009).

Testosterone is produced from its cholesterol sub-
strate and almost exclusively binds to the blood proteins
albumin (40%) and sex-hormone-binding globulin (40%).
The remaining portion of testosterone that is not bound
to blood proteins is the active constituent and labeled
free testosterone. Exogenous testosterone can bind to an
androgen receptor and promote intracellular transcrip-
tional and translational events that ultimately increase

Wilborn, Taylor, Poole, and Foster are with the Dept. of Exercise and
Sport Science, University of Mary Hardin-Baylor, Belton, TX. Wil-
loughby is with the Dept. of Health, Human Performance & Recreation,
Baylor University, Waco, TX. Kreider is with the Dept. of Health and
Kinesiology, Texas A&M University, College Station, TX.
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fat-free mass (muscle hypertrophy). However, once bound
to its receptor, testosterone can convert to dihydrotestos-
terone (DHT) and estradiol through enzymatic action of
5-a reductase and aromatase, respectively.

Because of the legal and ethical repercussions sur-
rounding anabolic steroid use, nutritional supplement
companies have designed prohormone compounds, or
testosterone precursors, that are marketed to increase
testosterone production similarly to anabolic steroids.
Even though acute sublingual ingestion of androstenediol
was effective in elevating free and total testosterone con-
centrations up to 180 min after intake (Brown, Martini,
Roberts, Vukovich, & King, 2002), this protocol does
not resemble the manner in which the supplement is
purported to work. Other inquiries have established that
prolonged supplementation with prohormone compounds
over the course of weeks to months does not increase
endogenous testosterone levels in conjunction with resis-
tance training (Broeder et al., 2000; Brown et al., 2000;
Brown et al., 1999).

In spite of this, nutritional supplement companies
are continuing to try to develop products that have
ergogenic potential comparable to that of anabolic
steroids. The latest line of nutritional supplements fit-
ting this category is aromatase inhibitors (Als), which
are proposed to suppress estrogen levels and thereby
increase endogenous free testosterone levels (increased
free testosterone:estrogen [Test:Est] ratio), resulting in
increased fat-free mass and strength. It is assumed that
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these supplements will increase testosterone within
normal physiological levels, but that is not clear at this
point. Als are not a new classification of drugs; they
have been used as a medicinal preventive and treatment
for breast cancer, and the effects of pharmacologic Als
such as anastrozole and exemestane on the Test:Est are
well substantiated in both young and old men (Hayes,
Seminara, Decruz, Boepple, & Crowley, 2000; Leder,
Rohrer, Rubin, Gallo, & Longcope, 2004; Mauras et al.,
2003; Taxel et al., 2001). Nevertheless, there are limited
data to support the claims that nutritional companies make
regarding Al supplementation.

Testosterone deficiency in males is related to a
considerable decrease in protein synthesis, decreased
strength, decreased fat oxidation, and increased adiposity
(Mauras et al., 1998), which are all regarded as negative
physiological conditions. Elderly men exhibiting a state
of hypogonadism were orally supplemented with the
Al anastrozole for 12 weeks and effectively elevated
bioavailable and total testosterone levels to a normal
range, while estradiol was mildly suppressed (Leder et
al., 2004). Similar results were seen in young, eugonadal
men over the course of 10 days (Mauras et al., 2003),
indicating that Als have the potential to blunt estrogen
concentrations while concomitantly increasing serum
testosterone levels beyond normal levels.

Nutritional supplements designed with the purpose
of inhibiting aromatase activity are alleged to work
in the same mechanistic manner as Al drugs such as
exemestane. One particular Al supplement (Novadex
XT) increased total and free testosterone by 283% and
625%, respectively, while only slight increases in estro-
gen levels were observed in young, eugonadal men over 8
weeks (Willoughby, Wilborn, Taylor, & Campbell, 2007).
Another investigation using an Al product concluded that
aromatase activity was not completely blocked, even
though increases were detected for free testosterone and
Test:Est (Rohle et al., 2007). These findings demonstrate
that Al nutritional supplements appear to provide some
possible benefits to those interested in increasing their
anabolic status. As noted previously, research is clear that
supraphysiological levels of testosterone are capable of
inducing myofibrillar hypertrophy and are vital in the
regulation of muscle mass. It is possible that an herbal
Al could increase testosterone significantly without
increasing values over normal physiological levels and,
according to recent research (West et al., 2009), may not
be sufficient to induce appreciable change. However, nei-
ther of the previous studies examined the effects of the Al
on performance measures, which are important variables
of interest in athletic and physically active populations. In
addition, no studies to our knowledge have investigated
the performance benefits of an over-the-counter 5-o
reductase inhibitor such as saw palmetto or willow bark.
Therefore, it was our purpose to determine the effects of
a commercially available product (Trigonella foenum-
graecum [standardized for Grecunin]) purported to inhibit
aromatase and 5-o reductase activity on strength, body
composition, and hormonal profiles in resistance-trained
men during an 8-week resistance-training program.
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Methods

Participants

Thirty resistance-trained (>1 year of total-body resistance
training) male participants (placebo [PL] n = 13, 21 +
3 years, 180 + 6.4 cm, 84 + 15 kg, 18.3% + 6.8% body
fat; Aln=17,21 £2.8 years, 178 £ 5.8 cm, 85 + 9.6 kg,
18.8% +4.8% body fat) participated in this study. Partici-
pants were not allowed to join this study if they had any
metabolic disorder including known electrolyte abnor-
malities or heart disease, arrthythmias, diabetes, thyroid
disease, or hypogonadism or a history of hypertension,
hepatorenal, musculoskeletal, autoimmune, or neurologic
disease; were taking thyroid, hyperlipidemic, hypogly-
cemic, antihypertensive, or androgenic medications; or
had taken ergogenic levels of nutritional supplements that
may affect muscle mass (e.g., creatine, HMB) or anabolic/
catabolic hormone levels (androstenedione, DHEA, etc.)
within 6 months before the start of the study. Participants
were asked to maintain their normal dietary intake for
the duration of the study and refrain from ingesting any
dietary supplement with potential ergogenic benefits.
Those meeting eligibility criteria were informed of the
requirements of the study and signed informed-consent
statements in compliance with the human participant
guidelines of the University of Mary Hardin-Baylor and
the American College of Sports Medicine.

Experimental Design

The study was conducted as a double-blind, placebo-
controlled clinical trial using parallel groups matched
according to total body weight. The independent variable
was the nutritional supplements. Dependent variables
included estimated dietary energy intake; body compo-
sition; upper and lower body one-repetition-maximum
(1IRM) strength, upper and lower body muscle endur-
ance (80% of 1RM), anaerobic sprint power, and fasting
clinical blood profiles (substrates, electrolytes, muscle
and liver enzymes, red cells, white cells) and anabolic
hormones (total testosterone, bioavailable testosterone,
dihydrotestosterone, estradiol).

Entry and Familiarization Session

Participants believed to meet eligibility criteria were then
invited to attend an entry/familiarization session. During
this session, they signed informed-consent statements and
completed personal and medical histories. Participants
meeting entry criteria were familiarized with the study
protocol via a verbal and written explanation outlining
the study design. This included describing the training
program, familiarizing participants with the tests to be
performed, and having them practice the bench-press and
leg-press strength tests.

Testing Sessions

After the familiarization/practice session, participants
recorded all food and fluid intake on dietary record forms
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on 4 consecutive days before each experimental testing
session to evaluate nutritional intake. Dietary intake was
assessed using Food Processor nutrition software (ESHA,
Salem, OR). Participants were instructed to refrain from
exercise for 48 hr and fast for 12 hr before baseline testing
(T1). They then reported to the human performance labo-
ratory for body-composition and clinical assessments.
Height was measured using standard anthropometry, and
total body weight was measured using a calibrated elec-
tronic scale (Health o Meter, Electromed Corp., Flint, MI)
with a precision of +0.02 kg. Heart rate was determined
by Polar (Finland) heart-rate monitor. Blood pressure
was assessed in the supine position after participants had
rested for 5 min, using a mercurial sphygmomanometer
via standard procedures (Adams, 2002).

We then drew ~20 ml of fasting blood using veni-
puncture techniques of an antecubital vein in the fore-
arm according to standard procedures. Blood samples
were shipped to Quest Diagnostics (Dallas, TX) to run
clinical chemistry profiles (glucose, total protein, blood
urea nitrogen, creatinine, BUN:creatinine ratio, uric
acid, AST, ALT, CK, LDH, GGT, albumin, globulin,
sodium, chloride, calcium, carbon dioxide, total bili-
rubin, alkaline phosphatase, triglycerides, cholesterol,
HDL, LDL) and whole blood cell counts (including
hemoglobin, hematocrit, red blood cell counts, MCYV,
MCH, MCHC, RDW, white blood cell counts, neutro-
phils, lymphocytes, monocytes, eosinophils, basophils).
Blood samples were collected, allowed to sit for 5 min,
and then centrifuged at room temperature. Serum was
extracted, aliquotted into microcentrifuge tubes, and
stored at—20 °C for future analysis. Serum samples were
then assayed in duplicate for free testosterone, total tes-
tosterone (Diagnostics Systems Laboratories, Webster,
TX), DHT, and estradiol (Alpco Diagnostics, Windham,
NH), using enzyme-linked immunoabsorbent assays
(ELISA) and enzyme-immunoabsorbent assays using
a Wallac Victor-1420 microplate reader (Perkin-Elmer
Life Sciences, Boston, MA). The assays were performed
at wavelengths of 450 and 405 nm, respectively, in the
exercise and biochemical nutrition laboratory at Baylor
University.

Participants then had body composition determined
using hydrodensitometry. They reported to the underwater
weighing tank in swimsuits, and body weight was deter-
mined out of water by an electronic scale. Body composi-
tion was analyzed using an Exertech (La Cresent, MN)
body-density-measuring system. The Exertech consists
of a shallow tank (4 wide x 6" long x 3’ deep) with a
weighing platform with electronic (load cell) weighing
system connected to a PC. Calibration is conducted daily
by establishing linear interpolation from two known
weights. Data points were recorded with data-acquisition
software from the force transducer. Residual volume was
estimated using standard procedures (Quanjer, 1983).
Participants were submerged in warm water and asked to
exhale a maximal amount of air, after which a signal from
the force transducer produced a readable analog wave.
The most stable waveform was selected, and the mean
value was recorded. Participants performed this procedure
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until at least two trials were within a 0.10% difference or
a total of seven trials had been completed. Body density
was calculated after weight was recorded in and out of
water, and the Siri equation was used to calculate percent
body fat (Siri, 1993). Fat-free mass was also calculated
from percent body fat (Siri, 1961).

Participants then performed 1RM lifts on the
isotonic bench press and leg press to assess strength
and then muscle endurance. All strength/exercise tests
were supervised by laboratory assistants experienced
in conducting strength/anaerobic exercise tests using
standard procedures. Participants warmed up (two sets
of 8—10 repetitions at approximately 50% of anticipated
maximum) on the bench press. They then performed
successive 1RM lifts starting at about 70% of anticipated
IRM and increased by 5—10 Ib until reaching IRM.
They then rested for 10 min and performed a muscle-
endurance test at 80% of their IRM. Participants then
rested for 10 min and warmed up on the 45° leg press
(two sets of 8—10 repetitions at approximately 50% of
anticipated maximum). They then performed succes-
sive 1RM lifts on the leg press starting at about 70%
of anticipated 1RM and increased by 10-25 1b until
reaching 1RM. Participants then rested for 10 min and
performed a muscle-endurance test at 80% of their
1RM. Both 1RM protocols were followed as outlined
by the National Strength and Conditioning Association
(Baechle & Earle, 2008).

After the strength assessments and 15 min of rest,
participants performed a 30-s Wingate anaerobic capacity
test using a Lode computerized cycle ergometer (Gronin-
gen, The Netherlands). Cycle-ergometer measurements
(seat height, seat position, handlebar height, and handle-
bar position) were recorded and kept identical for each
participant across testing sessions to ensure test-to-test
reliability. Before leaving the laboratory, participants
were randomly assigned to a supplement group based on
their body weight and given a training regimen. Partici-
pants repeated all testing after 4 (T2) and 8 (T3) weeks
of training and supplementation.

Supplementation Protocol

Participants were matched into one of two groups accord-
ing to total body weight. They were then randomly
assigned in a double-blind manner to ingest capsules con-
taining 500 mg of placebo (maltodextrin; PL) or 500 mg
of T. foenum-graecum (standardized for Grecunin; Al;
Indus Biotech, India). The doses investigated represent
the current recommended doses sold in nutritional supple-
ments. Participants ingested the assigned capsules once
per day in the morning on nontraining days and before
their workout on training days for 8 weeks. The supple-
ments were prepared in capsule form and packaged in
generic bottles for double-blind administration by Indus
Biotech. Supplementation compliance was monitored
by having research assistants watch participants take the
supplements before supervised workouts and by having
the participants return empty bottles of the supplement at
the end of 4 and 8 weeks of supplementation. Participants
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reported to a research assistant on a weekly basis through-
out the study to answer a questionnaire regarding side
effects and health status.

Training Protocol

Participants underwent a periodized 4-day/week
resistance-training program, split into two upper and
two lower extremity workouts per week, for a total of 8
weeks. This training regimen has been shown to increase
strength and lean body mass without additive dietary or
supplementary interventions (Kerksick et al., 2009). The
participants performed an upper body resistance-training
program consisting of nine exercises (bench press, lat
pull, shoulder press, seated rows, shoulder shrugs, chest
flies, biceps curl, triceps press-down, and abdominal
curls) twice a week and a seven-exercise lower extremity
program (leg press, back extension, step-ups, leg curls, leg
extension, heel raises, and abdominal crunches) twice a
week. They performed three sets of 10 repetitions with as
much weight as they could lift per set during Weeks 1-4
and three sets of eight repetitions during Weeks 5-8, also
with as much weight as could be lifted per set (typically
60-80% of 1RM). Rest periods between exercises lasted
no longer than 3 min, and rest between sets, no longer than
2 min. Training was conducted at the Mayborn Campus
Center at the University of Mary Hardin-Baylor under
the supervision of trained research assistants, documented
in training logs, and signed off to verify compliance and
monitor progress.

Statistical Analysis

Analysis of variance (ANOVA) for repeated-measures
univariate tests was used to analyze data. Data were
considered statistically significant when the probability
of Type I error equaled .05 or less. All statistical pro-
cedures were analyzed using SPSS (Statistical Package
for Social Science) version 16.0. All data are reported
as M £ SD.

Results

Medical Monitoring, Dietary Analysis,
and Training Volume

Although a few cases of gastrointestinal discomfort
were reported, no participants experienced any major
clinical side effects related or unrelated to the study.
All participants completed the training protocol without
any complications. No significant differences (p > .05)
between groups were detected for total daily caloric
intake, macronutrient intake, or training volume.

Hematological Variables

There were no significant Group x Time interactions (p >
.05) or main effects for time (p > .05) for red blood cell
count, white blood cell count, triglycerides, cholesterol
variables, liver enzymes or proteins, or markers of kidney
function or muscle damage.

Body Composition

Baseline total body weight was not significantly different
(p = .809) between Al and PL groups. A significant main
effect for time (p = .034) was observed for total body
weight for AT(T1=85.13 £9.69 kg, T2 =85.74 + 10.59 kg,
T3 =85.31 £ 10.68 kg) and PL (T1 = 84.02 + 15.21 kg,
T2 = 85.04 + 15.73 kg, T3 = 85.63 + 16.07 kg) groups,
although no between-groups differences (p = .083) were
noticed over the 8-week study period. Significant main
effect for time (p = .001) and interaction (p = .048) effects
for mean body-fat percentage occurred between Al (T1 =
18.87% + 4.87%, T2 = 17.91% + 4.98%, T3 = 17.09%
+ 5.04%) and PL (T1 = 18.37% + 6.85%, T2 = 17.59%
+ 7.04%, T3 = 17.82% + 7.19%) groups (Figure 1). In
addition, a significant main effect for time (p <.001) was
noticed for fat-free mass (Al: T1 = 68.81 + 6.30 kg, T2
=70.06 +6.57 kg, T3 =70.40 + 6.45 kg; PL: T1 = 67.91
+8.28 kg, T2 = 69.33 + 8.27 kg, T3 = 69.55 + 8.06 kg).
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Figure 1 — Body-fat changes from baseline testing (T1) through Week 8 (T3), mean Delta + SD. #Significant Group x Time
interaction (p < .05). *Significant main effect for time (p < .05) over baseline at T2 (after 4 weeks) and T3.
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Training Adaptations

A significant main effect for time was detected for Al
and PL groups for bench-press 1RM (p <.001; AL: T1 =
108.55 £24.98 kg, T2 =112.97 +24.84 kg, T3 =114.04
+23.39 kg; PL: T1 = 95.10 = 26.89 kg, T2 = 100.17 =
28.89kg, T3 =102.10 +29.29 kg) and leg-press IRM (p <
.001; AL: T1 =329.15+61.20kg, T2 =371.12 + 68.20 kg,
T3 =398.53 + 74.33 kg; PL: T1 = 295.80 + 71.25 kg,
T2 =332.17 + 80.72 kg, T3 = 355.77 + 81.53 kg) over
the 8-week resistance-training program, despite no
between-groups differences for 1RM tests (Table 1). No
significant interactions were noted for muscle-endurance
repetitions on the bench press (p =.328) or leg press (p =
.184) or Wingate peak (p = .343) and mean power (p =
.679; Table 2) between Al and PL groups.

Table 1 Bench-Press and Leg-Press One-
Repetition-Maximum Values From Baseline
Testing (T1) Through Week 8 (T3), kg

Group and
time point Bench press Leg press

Aromatase and 5-o
reductase inhibitor

T1 108.55 +24.98 329.15 +61.20

T2 112.97 £24.84*  371.12 + 68.20*

T3 114.04 £23.39*  398.53 + 74.33*
Placebo

T1 95.10 + 26.89 295.80 + 71.25

T2 100.17 +28.89*  332.17 + 80.72*

T3 102.10 +£29.29*%  355.77 = 81.53*

Note. Values are M + SD. No significant interactions (p >.05) occurred.
*Significant difference from baseline.

Table 2 Wingate Power Measures From
Baseline Testing (T1) Through Week 8 (T3), W

Group and
time point Peak power Mean power
Aromatase and 5-a
reductase inhibitor
T1 1,145+ 185 599 + 81
T2 1,178 = 167 606 =79
T3 1,178 + 167 605 +91
Placebo
Tl 1,311 + 828 561 +76
T2 1,143 + 182 556 + 84
T3 1,151 £ 172 572+79

Note. Values are M + SD. No significant interactions (p > .05) occurred.
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Hormones

Significant Group X Time interaction effects were
observed for serum total testosterone (p = .018; Al:
T1=14.76 £3.97 ng/ml, T2 =15.38 + 3.19 ng/ml, T3 =
15.73 £ 3.62 ng/ml; PL: T1 = 15.80 = 4.91 ng/ml, T2 =
14.38 = 5.11 ng/ml, T3 = 13.70 + 3.27 ng/ml; Figure 2)
and bioavailable testosterone (p = .049; AL: T1 = 10.77
+4.11 ng/ml, T2 = 11.65 = 3.59 ng/ml, T3 = 12.09 =
4.16 ng/ml; PL: T1 = 11.80 £ 5.41 ng/ml, T2 = 10.99 +
5.35 ng/ml, T3 = 10.11 + 3.29 ng/ml; Figure 3) between
Al and PL groups. No main effect for time was noted for
total or bioavailable testosterone (p > .05). A significant
main effect for time was noted for estradiol (p < .001;
Figure 4). No significant interaction effects transpired
over the 8-week study period for free testosterone (p =
.900) or DHT (p = .422; Figure 5).

Discussion

The purpose of this study was to determine the effects
of a commercially available product (T. foenum-graecum
[standardized for Grecunin]) purported to inhibit aro-
matase and 5-o reductase activity on strength, body
composition, and hormonal profiles in resistance-trained
men during an 8-week resistance-training program. No
adverse side effects were reported by any of the partici-
pants, nor were any clinical safety markers or hematologi-
cal variables significantly altered (p >.05), demonstrating
that within the study parameters and the experimental
supplement dosage tested, the product appears safe when
taken over an 8-week time period.

Over the allotted 8-week supplemental time frame,
no changes were seen in any of the hormonal variables
of interest in the PL group. It is noted, however, that the
Al group underwent average increases of 6.57% and
12.26% for total testosterone and bioavailable testoster-
one, respectively (p < .05). Moreover, we did not see a
decrease in serum estradiol and DHT levels, as would be
expected from the Al; instead we observed nonsignificant
increases (p > .05) of 26.62% and 6.10%, respectively.
Even though our results demonstrate that the experi-
mental Al increased endogenous testosterone levels, it
did not completely block aromatase and 5-a reductase
activity. Our results are in concurrence with those of
others (Rohle et al., 2007; Willoughby et al., 2007) who
found marginal increases in estradiol after supplementing
with an aromatase-inhibiting supplement for 8 weeks.

Aromatase inhibits the conversion of testosterone
to estradiol, which subsequently sends feedback to the
hypothalamus and pituitary to promote testosterone
production (Hayes et al., 2000). Therefore, estradiol
levels would likely decrease to see testosterone levels
inversely elevate. Our data agree with this; estradiol
decreased 9.64% from Week 0 to Week 4 before rising
above baseline values by the conclusion of the 8-week
study. Because of a significant increase in total and bio-
available testosterone without a corresponding increase
in estradiol and DHT, we conclude that the experimental
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Figure 2 — Serum total testosterone changes from baseline testing (T1) through Week 8 (T), M + SD. #Significant Group X Time
interaction (p < .05).
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Al successfully, but incompletely, inhibited aromatase
and 5-o. reductase activity.

In the current study, the purported aromatase and
5-a reductase inhibitor had no effect on fat-free mass
but was an effective stimulus for decreasing fat mass
by 1.77%, compared with 0.55% in the PL group (p <
.05). Our data are supported by our previous work (Wil-
loughby et al., 2007), which also found a decrease in fat
mass (3.5%) without changes in fat-free mass during an
8-week resistance-training program in conjunction with
an aromatase-inhibiting supplement.

Increased serum androgen concentrations related to
hypergonadism can accelerate lipolysis via activation of
hormone-sensitive lipase (Hossain & Hornick, 1994),
while a state of hypogonadism is correlated with a dimin-
ished fat-oxidation efficiency and a subsequent reduction
in resting energy expenditure (Hayes, 2000). We observed
significant increases in total and bioavailable testosterone
levels, without any noticeable change in estradiol between
Al and PL, thus indicating a possible connection between
increased androgen levels and decreased fat mass, even
though no markers of lipolysis were assessed.

For the evaluated performance measures, the Al
group increased bench-press and leg-press 1RM strength
8.04% and 21.08%, respectively, but no differences were
seen between groups (p > .05), which signifies that the
experimental supplement had no effect on overall body
strength. Previous research has shown that supplementa-
tion with anastrozole for 10 weeks did not affect strength,
although total testosterone increased 58% and estradiol
declined 50%. Our previous work (Rohle et al., 2007,
Willoughby et al., 2007) experimenting with aromatase
inhibitors marketed by nutritional supplement companies
did not analyze strength in young, eugonadal men. How-
ever, the effects of testosterone derivatives coupled with
resistance training vastly improve muscle strength across
all populations (Bhasin et al., 1996; Bhasin et al., 1997,
Bhasin et al., 2000; Ferrando et al., 2002; Schroeder et
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al., 2003; Snyder et al., 1999). These training adaptations
would appear to be a result of supraphysiological doses of
testosterone, because exercise-induced changes in testos-
terone do not appear to significantly affect muscle protein
synthesis (West et al., 2009). After its release into the
blood, testosterone can circulate to a desired muscle cell,
translocate and bind to an androgen receptor, and promote
intracellular transcriptional and translational events that
ultimately increase fat-free mass (muscle hypertrophy).
Because muscle cross-sectional area is linearly related to
strength potential (force-production potential; Ratamess,
2008), the effects of supraphysiological doses of testoster-
one derivatives on muscle strength are clearly understood.

Als marketed by nutritional supplement companies
claim that these products increase androgen levels simi-
larly to anabolic steroids while simultaneously suppress-
ing estrogen levels. The current data, along with those
from our previous work (Willoughby et al., 2007), support
this notion to some extent, because we saw increases in
total and bioavailable testosterone accompanied with
minimal change in DHT and estradiol. Conversely, as
our data suggest, an increase in endogenous testosterone
levels does not always translate to an increase in muscle
hypertrophy and strength. It is likely that the increase in
endogenous testosterone levels from the experimental
supplement did not affect androgen-receptor expression
or the interaction between testosterone and an androgen
receptor, which provides a possible explanation of why
fat-free mass and strength did not increase more than in
the PL group in our investigation. Thus, these data sup-
port the notion that elevated levels of testosterone within
physiological levels have no influence on muscle strength
in strength-trained young men.

Al drugs have been around for some time and have
successfully been used as medicinal treatments for vari-
ous types of cancer. However, Als marketed as nutritional
supplements are relatively new to the fitness industry,
and there are limited data on their alleged benefits as
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advertised by supplement companies. The results of this
study indicate that 8 weeks of supplementation with a
commercially available Al incompletely inhibited aro-
matase and 5-o. reductase activity while significantly
increasing total and bioavailable testosterone levels, as
well as decreasing percent body fat, in conjunction with
a resistance-training program. No changes between Al
and PL were noted for upper and lower body strength,
hematological variables, or clinical safety data.
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ABSTRACT

Objective: To evaluate acute effects of IND9 supplementation on serum testosterone levels in healthy sedentary male subjects. Methods: The study
was designed as randomized, double blind, placebo controlled, two period, crossover study with 7 days of washout period using single study center.
Sixteen healthy male subjects were randomized and received single dose of 600 mg (two capsules of 300 mg) of either IND9 or matching placebo
capsules during each of the 2 study periods of 10 h each. Blood samples were collected three times at 3 h, 7 h and 10 h. The outcome measures were
measurement of serum free testosterone (mFT) and total testosterone (TT), calculated levels of free testosterone (cFT), bioavailable testosterone
(BT) levels and safety parameters. Results: During the study period, significant time-dependent interactions were found for mFT and cFT levels
(within Placebo and IND9 supplemented arms), BT levels (within IND9 but not in Placebo arm) and TT levels (none of the arms). Two-way ANOVA
of data of change from baseline at 10 h showed no significant interactions between the treatments and periods (absence of crossover effect) for all
measures. Pairwise comparisons between change from baseline data (at 10 h) by unpaired ‘t’ test showed significant increase in TT, BT and cFT but
not in mFT levels in IND9 arm as compared to respective levels in placebo arm. The supplementation of IND9 and placebo was found to be safe and
well-tolerated. All values were found within physiological limits. Conclusion: Acute administration of IND9 capsule supplementation to sedentary
males showed potential androgenic benefits with good safety profile.

Keywords: Fenugreek seed extract, serum testosterone, Bioavailable, healthy sedentary subjects

INTRODUCTION Fenugreek seed extract is a component of many nutritional dietary
products that are recommended for athlete and exercising male
subjects. Fenugreek seed extract is reported to enhance endurance
capacity and utilization of energy in male mice [10]. Furthermore,
fenugreek derived products including extracts have been explored
successfully for many exercise physiology applications involving
healthy volunteers and patients [11, 12] including anabolic [13] and
androgenic activities [14]. Safety of fenugreek seeds in human has
also been established in many clinical trials and reviews [11-13].
Because of excellent safety profile, fenugreek seeds extracts are
certified as GRAS (Generally recognized as safe) item under clause
§182.20 (Essential oils, oleoresins and natural extractives including
distillates) by US Food and Drug Administration (US FDA).

Hypogonadism has been assumed to be the important factor in the
development of a condition variably termed partial androgen
deficiency in the ageing male, androgen deficiency /decline in the
ageing male, late onset hypogonadism or testosterone deficiency
syndrome (TDS) [1]. These conditions are associated with a wide
range of clinical symptoms ranging from loss of muscle mass, loss of
muscular strength, reduced bone mineral density and a decrease in
general well-being, depressed mood with mild cognitive impairment.

Testosterone (T), a potent anabolic hormone, plays an important
role in antagonizing catabolic stress from daily physical challenges.
Because of its hydrophobic nature, most of the circulating T is bound
to plasma proteins, including sex hormone-binding globulin (SHBG)
and albumin. The SHBG-bound fraction is biologically inactive
because of the high binding affinity with T, whereas the albumin-
bound T is readily dissociable and thus bioavailable as is the small
percentage of FT that is normally circulating in the blood [2]. In

Physiological beneficial properties of wide range of plant derived
glycosides have also been reported and reviewed extensively [15].
The potent androgenic activities are among the major health
benefits associated with natural glycosides [16, 17].

middle-aged men, there is a rise in SHBG levels, which results in a The beneficial effects of a commercially available glycosides based
more substantial age dependent decline in FT than TT [3, 4]. Existing standardized fenugreek seed extract (Testosurge) has been reported
data suggests a cause-effect relationship between low serum T on muscular strength, improved body composition, and male
levels and sexual dysfunction [5]. Moreover, a causal relationship hormonal profiles (serum testosterone levels) in resistance-trained
between obesity or metabolic syndrome and sexual dysfunction also men with excellent safety profile [14]. Recently, non-clinical safety
exists. [6-8] profile of glycosides based standardized extract from fenugreek seed

- - . has been reported [18].
In recent years, there has been significant interest in plant based

natural medicines that are traditionally used to improve sexual The correlation between serum T levels and resistance training or
function and performance. However, only few natural therapies have exercise is complex. The available evidences suggested that intensity
undergone evidence based scientific scrutiny and need to be and duration of exercise can alter serum T levels in complex manner.
scientifically evaluated for their efficacy and safety in relevant On one hand, serum T levels were virtually unaffected by 12-weeks
populations using standardized procedures. One such potential of strength training in young and elderly subjects is reported [19].
medicinal plant is Fenugreek (Trigonella foenum-graecum L.). On the other hand, few reports suggested that exercise can result in
Fenugreek seed, a spice and food grain, has traditional history of increased levels of circulating T [20, 21]. Acute exercise were found
medicinal use in Egypt, Southern Europe, India, Asia, and North to increase the expression of FT and dihydrotestosterone (DHT)
Africa [9]. (bioactive metabolite of T) in the skeletal muscles in both male and
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females suggesting that exercise stimulates local bioactive androgen
metabolism leading to differential T levels depending on exercise
amount or duration [22]. Therefore, effects of bioactive compounds
need to be evaluated separately in sedentary and exercising
population. However, such study of glycosides based fenugreek seed
extract in sedentary (non-exercising) male subjects is lacking.
Therefore, it was thought worthwhile to explore potential of
glycosides based standardized fenugreek seed extract (IND9) for its
possible androgenic effects in healthy sedentary male subjects.

METHODS
Participants

Sixteen healthy and non-exercising male subjects were enrolled in
the study. Inclusion criteria consisted of healthy volunteers aged 18-
45 years with normal health status on the basis of clinical and
laboratory examination and willing to sign the written informed
consent form. Subjects were excluded on the basis of any condition
which in the opinion of the investigator makes the subject unsuitable
for inclusion, obvious medical disorder on the basis of medical
history, physical examination reveals any abnormality, obvious male
sexual  dysfunction, known  hypersensitivity to  herbal
drugs/nutritional supplement/ foods, subjects who is consuming/
has received any medication during last 30 days that can have
impact on male sex hormones, chronic alcoholics, drug abusers and
participation in any other clinical trial during last 30 days. The study
protocol was assessed and approved by the Independent Human
Ethics Committee

Experimental design

This objective of the present study was to explore effects of acute
(single dose) administration of IND9 supplementation on serum
testosterone levels in sedentary male subjects. The study was
performed as randomized, double blind, placebo controlled, two
period (10 h each), crossover design with 7-days washout period
using single study center (Samiksha Hospital, Pune). The overall
design and conduct of the study in a form of flow-chart in Figure 1.

Assessed for eligibility (n=20)

Excluded (n=04)

+ Not meeting inclusion criteria (n=04)
« Deciined to participate (n=00)

+ Other reasons (n=00)

Enrollment | Randemized (n=16)
Allocated to INDS (n=08) Allocated to Placebo (n=08)
. =08, Allccation + Received single dose of Placebo (n=08)
= n (n=00) + Did not receive allocated (N=00)

Lost to follow-up (n=00)
Discantinued intervention (n=08)

T

Allocated 1o Placebo (n=08)
Received single dose of Testosurge (n=08)
+ Did not receive allocated intervention (n=00)

Follow-Up Lost to follow-up (n=00)
Period | Discantinues intervention (n=08)

Allosated to INDB (n=08) ‘

Washout period (7 days)

7 + Received single dose of Placebe (n=08)
ANGEation || '+ ow net receive alloeated (n=00)

Follow-Up:

Lost to follow-up (n=00) I

Period i Discantinued interventien (n=00)

Analyzed (n=16)
« Excluded from analysis (=00}

Fig.1: Study Flowchart (CONSORT diagram)
Screening and randomization

On day 0 of the study (i.e. period I), subjects were admitted to the
site at 6.00 pm. Potential subjects were screened and requested to
attend an information session. They were informed about the trial
process and requested to provide consent for trial participation. This
trial, being an exploratory study, no statistical method is applied to
determine the sample size. A total of 16 healthy volunteers (on the
basis of medical history and clinical examination) who met all
inclusion and none of the exclusion criteria were included in the
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study. Demographic data, medical history, physical examination,
vital signs and medications history (one month) were recorded in
case report forms (CRFs) for consenting subjects.

Subjects were allocated a unique randomization number as per
computer-generated randomization code which was available to
investigator in case of serious adverse event (SAE) during the study.
At time 8.00 pm (baseline), they were randomized to receive single
dose of 600 mg (two capsules of 300 mg) in 1:1 ratio with 8 subjects
each in IND9 or matching placebo supplementation arms. Subjects
were not allowed to eat anything 1 h before and 2 h after
consumption of the test supplementations.

The supplementation

After dispensing IND9 or matching placebo supplementations,
baseline characteristics of subjects were recorded. Both IND9 and
matching placebo products were enclosed in bottles containing
capsules that were identical in appearance and individually coded.
The IND9 and matching placebo (lactose, IP grade) capsules were
manufactured and supplied by Indus Biotech Private Limited, Pune.
Both IND9 and placebo were analyzed and complied with quality
requirements related to microbial content and heavy metals.

Outcome measures

The primary efficacy outcome measures were serum free
testosterone (directly measured (mFT) and calculated (cFT). The
secondary (exploratory) efficacy outcome measures were measured
serum total testosterone (TT), and calculated bioavailable
testosterone (BT) levels at baseline (8.00 PM) and 3 h (11.00 PM), 7
h (3.00 AM) and 10 h (6.00 AM) after baseline. Calculation of cFT
and BT was based on measurements of TT, SHBG and albumin
assays in serum and applying the established formula [23]. The
calculation was performed using website calculator of International
Society for the Study of the Aging Male (ISSAM). The website (URL:
http://www.issam.ch/freetesto.htm) uses the association constants
(Ksupg = 1 X 10° L/mol and Kabumin = 3.6 X 10* L/mol) and considers
average albumin concentrations equal to 4.3 g/dL in each sample.

Safety outcome measures such as vital signs and adverse events
(AE). Subjects were asked to report at study center after 7 days of
wash-out period (Period II). The procedure of period I was repeated
with crossover supplementation schedule (reversed sequence of
supplementation).

Statistics

The data was represented as mean # standard deviation (SD). The
data of each parameter of demographic and baseline measurements
was analyzed by unpaired't’ test to evaluate homogeneity between
the subjects receiving different sequence namely sequence-AB
(Active-Placebo) and sequence-BA (Placebo-Active). The data of
serum testosterone (mFT, cFT, TT, and BT) values was analyzed by
separate one-way repeated measure ANOVA to assess within the
treatment effects. To assess crossover effects (interaction between
two sequences), the data of change from baseline values for each
type of serum T (mFT, cFT, TT, and BT) was analyzed by separate
two-way ANOVA.

To assess between the group effects (IND9 vs placebo), the values of
change of serum testosterone levels from baselines were compared
by separate unpaired ‘t’ tests for each time point (3 h, 7 h and 10 h).
The P values less than 0.05 (two-sided) were considered significant.

Results
Demographics and baseline characteristics

Sixteen volunteers were enrolled and randomized between IND9
(n=8) and placebo group (n=8) per sequence. None of the subjects
dropped out during the study. The unpaired ‘t' test showed
uniformity in demography and baseline characteristics with no
significant difference between sequence AB and BA with respect to
age, weight, height, heart rate, respiratory rate, blood pressure
(systolic and diastolic), body temperature and all efficacy outcome
measures (Table 1).
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Table 1. Demographic and baseline characteristics of study population

Characteristics Sequence AB (n=8) Sequence BA (n=8) P value
Age (yrs) 24.50 + 5.63 27.62 + 4.40 0.237
Weight (kg) 63.59 £ 8.05 66.75 + 8.18 0.449
Height (cm) 169.11 £ 6.58 164.75 £9.35 0.299
Heart Rate (bpm) 77.00 + 1.51 76.25 +1.67 0.362
Respiratory rate (per min) 17.00 £ 0.76 17.63 £ 0.74 0.118
Systolic Blood pressure (mmHg) 113.75+5.18 115.00 +9.26 0.744
Diastolic blood pressure (mmHg) 73.75 +5.18 75.00 £9.26 0.744
Body temperature (° F) 97.75 + 0.46 97.63 + 0.74 0.693
mFT (pg/ml) 11.59 + 2.07 13.83 + 6.46 0.365
cFT (pg/ml) 8.28+1.95 8.99 + 3.69 0.639
TT (ng/ml) 466.48 +133.08 435.70 £ 191.77 0.715
BT (ng/ml) 202.88 * 45.45 228.38 £ 98.97 0.519

The data was presented as mean + standard deviation (SD) and analyzed by unpaired “t” test between the sequences. FT - Free testosterone, TT -
Total testosterone, BT - Bioavailable testosterone, mFT and cFT are serum free testosterone levels by direct measurement and calculated
respectively.

Effect of treatments on serum testosterone levels (within the group)

The data of serum T levels at baseline, 3 h, 7 h and 10 h for IND9 and placebo is presented in Table 2. Moreover, the statistical measures obtained
from separate one-way repeated measure ANOVAs (F, df and p-value) of each of outcome measure for IND9 and placebo are presented in Table 2.

Significant within the group (time dependent) difference in mFT levels was found within placebo (F = 5.11, df = 3, p = 0.003) or IND9 (F = 4.15, df =
3, p = 0.010). Significant within the group (time dependent) difference in cFT levels was found within placebo (F = 2.9, df = 3, p = 0.042) or IND9 (F =
4.26, df = 3, p = 0.009). However, no significant within the group (time dependent) difference was found in TT levels within placebo (F = 2.58, df = 3,
p = 0.062) or IND9 (F = 2.14, df = 3, p = 0.104). Significant within the group (time dependent) difference was found in BT levels within IND9 (F =
2.97, df = 3, p = 0.039) but not within placebo arm (F = 2.05, df = 3, p = 0.116).

Table 2. Effect of treatments on serum testosterone levels (within the group effects)

Parameters Treatment Time from intervention Statistics
Baseline 3h 7h 10h F d.f. P-value

mFT Placebo 13.6 £ 4.8 9.1+2.6 11.5+2.7 13.2+3.8 511 3 0.003
(pg/ml) IND9 11.7+ 2.6 9.2+23 11.4+3.2 13.5+5.0 415 3 0.010
cFT Placebo 8.4 +3.0 7.0+3.5 9.3+2.1 9.7+23 2.9 3 0.042
(pg/ml) IND9 7.2+2.1 7.0+24 9.1+3.3 9.9 +28 426 3 0.009
TT (ng/ml) Placebo 473.6 +185.3 361.9 +140.2 467.5 + 133.7 501.1 £ 144.6 258 3 0.062

IND9 405.5+142.9 386.9 + 149.3 439.8+152.2 519.0 + 189.3 214 3 0.104
BT (ng/ml) Placebo 222.6 +81.9 180.8 +96.8 231.9+54.3 242.1 +59.7 205 3 0.116

IND9 184.5 +£49.6 182.3+67.0 218.6 + 86.1 246.9 +77.7 297 3 0.039

The data was presented as mean * standard deviation (SD) and was
analyzed by one way repeated measure ANOVA for each parameter
(within the treatments). FT - Free testosterone, TT - Total
testosterone, BT - Bioavailable testosterone, mFT and cFT are serum
free testosterone levels by direct measurement and calculated
respectively.

treatments at corrosponding time) * P < 0.05 as compared to
values of placebo group at corresponding time period. FT -
Freetestosterone, TT - Total testosterone, BT - Bioavailable
testosterone, mFT and cFT are serum free testosterone levels
by direct measurement and calculated respectively.

Effects of treatments on change in levels at 10 h from baseline
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Fig.2. Effects of treatments on change in levels from baseline
(between the group effects). (A) mFT) (B) cFT) (C) TT and (D)
BT. The data for each parameter was presented as mean * SD
and analyzed by unpaired “t” test (comparisons between the
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is presented in Figure 2. Two-way ANOVA of change at 10 h from
baseline data showed no significant interaction between the
treatments and periods (crossover effect) for mFT (F = 1.386, df =1,
31, p =0.249), cFT (F=0.132,df =1, 31, p= 0.719), TT (F = 0.208, df
=1, 31, p = 0.652) and BT (F = 0.068, df = 1, 31, p = 0.796). The
unpaired ‘t’ test was used to compare changes from baseline
between IND9 and placebo.

The mFT levels in IND9 supplemented subjects showed increase of
1.79 (*+ 5.65) whereas in placebo supplemented subjects showed
decrease of 0.46 (* 4.24) with no significant difference between
treatments. Increase in cFT levels showed by IND9 supplemented
subjects (2.68 + 2.14) were significantly (p = 0.038) higher than
increase showed by placebo arm (1.22 # 1.62). Increase in TT levels
showed by IND9 supplemented subjects (113.55 + 109.85) were
significantly (p = 0.018) higher than increase showed by placebo
arm (27.49 = 83.65). Similarly, significant (p = 0.025) increase was
found in BT levels in IND9 supplemented subjects (62.43 + 56.78) as
compared to increase showed by placebo supplemented subjects
(19.5 + 45.66).
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SAFETY OUTCOME MEASURES

The supplementation of IND9 and placebo was found to be safe and
well tolerated without any AEs during the study.

DISCUSSION

It is well recognized that circulating concentrations of testosterone
in all forms (TT, BT and FT) are characterized by a diurnal rhythm,
with highest levels in the morning and a nadir in the late afternoon
[24]. Therefore, we have evaluated effects of acute administration of
IND9 at 8.00 pm, when testosterone levels were at its nadir. The
measurements were done during 10 h period with last measurement
at 6.00 am (when testosterone levels were at the peak).

In the present study, significant increase in T levels (FT, TT and BT)
on acute administration of IND9 supplementation as compared with
placebo group was observed. There was no significant crossover
effect (treatment X sequence effect) found which further
substantiate efficacy of IND9 on testosterone levels.

It is important to confirm low T concentrations in men with an initial
T level in the mildly hypogonadal range, because 30% of such
patients may have a normal T level on repeat measurement [25].
Also, 15% of healthy young men may have a T level below the
normal range in a 24-h period [26]. These variations make it difficult
to draw conclusions based on direct T measurement alone.
Therefore, FT levels were calculated based on reported method [23].
In the present study, acute administration of IND9 supplementation
showed statistically significant increase in cFT but not in terms of
mFT. These results are attributed to the large variations in mFT in
healthy young men as reports earlier [26].

Serum total T concentrations, representing the sum of unbound and
protein-bound testosterone in circulation. Most of the T is bound to
SHBG or albumin with only 0.5-3% of circulating T is unbound or
“free” [27, 28]. The term BT refers to FT plus albumin-bound T. BT
reflects the view that albumin-bound testosterone is readily
dissociable and thus bioavailable. Calculated BT is the reported as
the best marker for the androgen status in males [29]. Therefore,
increased FT and BT levels by IND9 in the present study might be
mediated through displacement of T from binding domains of SHBG
thereby making it bioavailable. However, more studies will be
needed for confirmation.

In the present study, single dose of IND9 capsule supplementation
was found to increase BT as compared to placebo group. In the past,
8-week supplementation of fenugreek seed extracts showed to
increase strength and body composition by increasing TT and BT
with decreased serum estradiol levels in resistance-trained men
[30]. These effects are purported to be medicated through increasing
BT levels via blocking conversion of T to estrogen and
dihydrotestosterone (DHT). Further, increased BT levels are
suggested to be responsible for increased protein synthesis and
strength. The results of present study provided additional support to
androgenic activity profile of fenugreek seed extract in sedentary
male.

Recently, hypogonadism was found to increase risk of CVD. On one
hand, low T levels not only correlate significantly with CVD risk
factors, CHD events and mortality independent of age [31]. On the
other hand, lower T and SHBG levels are reported to have inverse
relationship with markers of metabolic syndrome such as
triglycerides, HDL-cholesterol and hypertension in young male
population [32]. Furthermore, strong link between abnormal lipid
profile and CVD risk is well established. In increased T levels shown
in the present study suggest possible beneficial effects of IND9 in
reducing CVD risk in aging males with hypogonadism. However,
detailed study of IND9 in aging male will be required to evaluate this
hypothesis.

The acute administration of IND9 was well tolerated and showed
excellent safety profile with no adverse events during the study.
Furthermore, all T levels were found to be within physiological
limits.
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CONCLUSION

In  conclusion, acute administration of IND9 capsule
supplementation showed promising androgenic activity with good
safety profile in healthy sedentary male subjects.
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