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The aphrodisiac herbTribulus terrestrisdoes not influence
the androgen production in young men

V.K. Neychev∗, V.I. Mitev 1

Department of Chemistry and Biochemistry, Medical University, 2 Zdrave str., Sofia-1431, Bulgaria

Received 16 September 2004; received in revised form 9 May 2005; accepted 21 May 2005
Available online 1 July 2005

Abstract

Objective: The aim of the current study is to investigate the influence ofTribulus terrestrisextract on androgen metabolism in young males.
Design and methods:Twenty-one healthy young 20–36 years old men with body weight ranging from 60 to 125 kg were ran-
domly separated into three groups—two experimental (eachn= 7) and a control (placebo) one (n= 7). The experimental groups
were named TT1 and TT2 and the subjects were assigned to consume 20 and 10 mg/kg body weight per day ofTribulus terrestris
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xtract, respectively, separated into three daily intakes for 4 weeks. Testosterone, androstenedione and luteinizing hormon
he serum were measured 24 h before supplementation (clear probe), and at 24, 72, 240, 408 and 576 h from the begin
upplementation.
esults: There was no significant difference betweenTribulus terrestris supplemented groups and controls in the serum te

erone (TT1 (mean± S.D.: 15.75± 1.75 nmol/l); TT2 (mean± S.D.: 16.32± 1.57 nmol/l); controls (mean± S.D.: 17.74± 1.09 nmol/l)
p> 0.05)), androstenedione (TT1 (mean± S.D.: 1.927± 0.126 ng/ml); TT2 (mean± S.D.: 2.026± 0.256 ng/ml); controls (mean± S.D.:
.952± 0.236 ng/ml) (p> 0.05)) or luteinizing hormone (TT1 (mean± S.D.: 4.662± 0.274 U/l); TT2 (mean± S.D.: 4.103± 0.869 U/l); con

rols (mean± S.D.: 4.170± 0.406 U/l) (p> 0.05)) levels. All results were within the normal range. The findings in the current study ant
hatTribulus terrestrissteroid saponins possess neither direct nor indirect androgen-increasing properties. The study will be exten
larifying the probable mode of action ofTribulus terrestrissteroid saponins.
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Erectile dysfunction is considered as one of the most
mportant public health problem, since it affects great
ercentage of men. Despite the increasing availability of
ffective conventional medical treatments, plant-derived and
erbal remedies continue to provide a popular alternative for
en seeking to improve their sexual life.
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Tribulus terrestris(TT) herb has been commonly used
folk medicine to energize, vitalize and improve sexual fu
tion and physical performance in men. Although differ
effects of TT on animals (Gauthaman et al., 2002; Gautham
et al., 2003; Arcasoy et al., 1998) and men (Brown et al., 2000
Brown et al., 2001; Kohut et al., 2003; Antonio et al., 20)
have been evaluated and many active compounds from
extract have been established (Huang et al., 2003; De Com
barieu et al., 2003; Cai et al., 2001; Conrad et al., 2004) the
mode of its action and efficacy remains uncertain and
troversial. It is widely believed that TT affects strongly
androgen metabolism increasing significantly testostero
testosterone precursor levels. The aim of the current s
is to investigate the influence of TT extract on andro
metabolism in young males.

378-8741/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
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2. Materials and methods

2.1. Tribulus terrestris exctract

Tribulus terrestris(origin Bulgaria) extract encapsulated
in gelatinous capsules each containing 200 mg of the dry
extract approved by Bulgarian Ministry of Public Health
under no. 04-2003 with ext. ref. no. 4465-1809/021003 were
purchased from “Vemo 99” Ltd., Sofia, Bulgaria. The steroid
saponins concentration has been determined to be 60% of the
dry matter.

2.2. Subjects and treatment

Twenty-one healthy 20–36 years old men were randomly
separated into three groups – two experimental (eachn= 7)
and a control one (n= 7). They were placed in an academic
research environment for 4 weeks. The body weight of the
subjects ranged from 60 to 125 kg. The experimental groups
were named TT1 and TT2 and the subjects were assigned to
consume 20 and 10 mg/kg body weight per day of TT extract,
respectively, separated into three daily intakes for 4 weeks.

Informed consent from all volunteers was obtained. All
experiments were performed in compliance with the guide-
lines of the declaration of Helsinki and Tokyo for humans,
and were approved by the Ethical Committee of Medical Uni-
v
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DELFIA® LH Spec assay for quantitative determination
of human LH in the serum is a solid phase, two-site fluoroim-
munometric assay based on the direct sandwich technique,
in which two monoclonal antibodies (derived from mice) are
directed against two separate antigenic determinants on the
LH molecule. The fluorescence is proportional to the con-
centration of LH in the sample.

DRG androstenedione ELISA assay for quantitative deter-
mination of human A is a direct competitive solid phase
enzyme immunoassay with a peroxidase conjugate as label
and tetramethylbenzidine as chromogen.

2.5. Statistics

Statistical analyses of the data were performed using the
treatment repeated measures analysis of variance (ANOVA)
with software available onwww.physics.csbsiu.edu/stats/
anova.html. An analysis of covariance (ANCOVA) was also
performed using basal hormone concentrations as the covari-
ate.

3. Results

Testosterone, androstenedione and luteinizing hormone
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.3. Investigated hormones and specimen preparation

The total testosterone (T), luteinizing hormone (LH)
ndrostenedione (A) levels in the serum were measured
efore supplementation (clear probe), and at 24, 72, 240
nd 576 h from the beginning of the supplementation. T
robes were named P-1, P-2, P-3, P-4, P-5, and P-6, re

ively. The blood samples were obtained in the morning, s
and T show high diurnal variability with their highest lev
easured in the morning.
All recommendations for collecting, handling and s

ng blood samples furnished by the National Committee
linical Laboratory Standards were followed.

.4. Principles of the assay

ACS: 180® (Automated Chemiluminescence System)
assay was used. This is a competitive immunoassay

irect, chemiluminescent technology. T in the subject sa
ompetes with acridinium ester-labeled T in the Lite rea
or a limited amount of polyclonal rabbit anti-testoster
ntibody bound to monoclonal mouse anti-rabbit antib
hich is coupled to paramagnetic particles in the solid ph
testosterone-releasing agent to release bound T from

ndogenous binding proteins in the samples was use
nverse relationship exists between the amount of total
he subject samples and the amount of relative light u
etected by the system.
-

ere measured in nmol/l, ng/ml and U/l, respectively.
eferent values for the assay by the quoted-above me
n men are from 8.7 to 28.7 nmol/l for the T, from 1.0
.4 U/l for the LH, and from 0.35 to 3.15 ng/ml for the A. T
esults of the ANCOVA revealed no effect of basal serum
one concentrations on the hormonal response to TT e

upplementation. Therefore, actual, rather than adju
eans from the ANCOVAs are presented throughout

ext.
The results from P-1 (obtained 24 h before suppleme

ion) of both the control and the two experimental groups
n referent values. The results from P-2, P-3, P-4, P-5,
-6 were also within the normal range (Figs. 1–3).
Serum testosterone (Fig. 1), androstenedione (Fig. 2)

nd luteinizing hormone (Fig. 3) concentrations wer
ot significantly altered by TT extract supplementat

estosterone TT1 (mean± S.D.: 15.75± 1.75 nmol/l), TT2
mean± S.D.: 16.32± 1.57 nmol/l), controls (mean± S.D.:

Fig. 1. Average testosterone levels.

http://www.physics.csbsiu.edu/stats/anova.html
http://www.physics.csbsiu.edu/stats/anova.html
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Fig. 2. Average androstenedione levels.

Fig. 3. Average luteinizing hormone levels.

17.74± 1.09 nmol/l) (p> 0.05)); androstenedione (TT1
(mean± S.D.: 1.927± 0.126 ng/ml), TT2 (mean± S.D.:
2.026± 0.256 ng/ml), controls (mean± S.D.: 1.952±
0.236 ng/ml) (p> 0.05)) and luteinizing hormone (TT1
(mean± S.D.: 4.662± 0.274 U/l), TT2 (mean± S.D.:
4.103± 0.869 U/l), controls (mean± S.D.: 4.170±
0.406 U/l) (p> 0.05)).

4. Discussion

4.1. Arguments in favor of testosterone,
androstenedione, and luteinizing hormone as indicators
in this study

The measurement of androstenedione was preferred in this
study instead of dehydroepiandrosterone (DHEA), and/or
dehydroepiandrosterone sulphate (DHEA-S).

Indeed, the principal adrenal steroids circulating in male
plasma are the androstenedione, DHEA, and DHEA-S. Nev-
ertheless, androstenedione is synthesized from DHEA by the
enzyme 3,17-�-hydroxysteroid dehydrogenase and, in addi-
tion, it is the immediate and major precursor to testosterone
in the intrinsic synthetic pathways of androgens (Horton and
Tate, 1966; Longcope et al., 1969; Weinstein et al., 1974).
Furthermore, there is strong correlation between DHEA-S
a stos-
t nt

of androstenedione would be indicative for DHEA and/or
DHEA-S production even in the case of probable conver-
sion of steroid saponins fromTribulus terrestrisinto DHEA
mentioned in a study (Gauthaman et al., 2002). On the other
hand the measurement of DHEA or DHEA-S could not be
indicative for the androstenedione production in case of even-
tual conversion ofTribulus terrestrissteroid saponins into
androstenedione.

The measurement of total testosterone was used instead
of free testosterone in the study.

Changes in the total testosterone concentration produce
relatively minor changes in the size of the free fraction
because, as it known, excess sex hormone-binding globu-
lin (SHBG) binding sites modulate extreme variations in
hormone concentrations (Blight et al., 1989). In contrast,
changes in the SHBG concentration result in large shifts
in the free and album inbound testosterone fractions on
the background of an unchanged total testosterone (Selby,
1990). Therefore, the eventual changes in testosterone pro-
duction could not be precisely defined via measurement
of free testosterone fraction solely. On the other hand the
measurement of total testosterone will surely show the alter-
ations in the testosterone production including its free (active)
fraction.

Finally, LH secreted by basophil cells of the anterior
pituirity controls testostrone production from Leydig cells
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nd androstenedione, but not between DHEA-S and te
erone in men (Phillips, 1996). Therefore, the measureme
hrough negative feedback of the hypothalamic-pituit
drenal loop. Therefore, if theTribulus terrestrissteroid
aponins influence androgen biosynthetic pathways dir
r have indirect mode of action increasing LH concentra
e could establish that by measuring T, A and LH con

rations.

.2. Results versus past studies

The effectiveness of a nutritional supplement, desig
o enhance serum testosterone concentrations and t
ent the formation of dihydrotestosterone and estro
rom the ingested androgens has been investigate
ealthy 30–59 years old men (Brown et al., 2001). Subjects
ave been randomly assigned to consume DION (30
ndrostenedione, 150 mg dehydroepiandrosterone, 54
aw palmetto, 300 mg indole-3-carbinol, 625 mg chrysin,
50 mgTribulus terrestrisper day) for 28 days. An increa

n the serum concentrations of androstenedione (342%)
estosterone (38%), dihydrotestosterone (71%), and est
103%) has been determined at unchanged total testost
n another study the effects of a dietary supplement
aining dehydroepiandrosterone, androstenedione and h
xtracts (TT including) on immune function in middle-ag
en had indicated that this supplement had minimal effe
en immune function, but significantly increased serum
ls of androstenedione, free testosterone, and estradiol (Kohut
t al., 2003).

In our opinion, the presence of androgens in the ab
entioned nutritional supplements questions the causa
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of TT extract for the increase in the serum androgen (testos-
terone) concentrations. Most probably, the elevation of the
free testosterone levels at an unchanged total testosterone
observed in those studies is a result of SHBG decreasing
properties of the ingested DHEA and androstenedione, since
ingestion of androstenedione decreases SHBG and results in
shift of the free testosterone fraction (Beckham and Earnest,
2003; Leder et al., 2000; Selby, 1990). Furthermore, the
serum concentrations of free and total testosterone have been
unchanged in a similar study in which the above mentioned
nutritional supplements includingTribulus terrestrisextract
have been used to investigate the effect of anabolic precursors
on serum testosterone concentrations (Brown et al., 2000).

In another two studies, sexual behavior and intracav-
ernous pressure (ICP) have been investigated in both nor-
mal and castrated rats to further understand the role of TT
as an aphrodisiac (Gauthaman et al., 2002; Gauthaman et
al., 2003). Decreases in body weight, prostate weight and
ICP have been observed among the castrated groups of rats
compared to the intact group. An overall reduction in the
sexual behavior parameters in the castrated groups of rats as
reflected by decrease in mount and intromission frequencies
(MF and IF) and increase in mount, intromission, ejaculation
latencies (ML, IL, EL) as well as post-ejaculatory interval
(PEI) have also been determined. Compared to the castrated
controls, treatment of the castrated rats (with either testos-
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Tribulus terrestrisextract influence neither directly nor indi-
rectly androgen production in young males.

This study will be extended to clarify the probable mode
of action of TT steroid saponins.
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