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Tribulus terrestris (TT) has been considered as a potential stimulator of testosterone production, which has been related
with steroidal saponins prevailing in this plant. Cyclophosphamide (CP) is the most commonly used anticancer and
immunosuppressant drug, which causes several toxic eﬀects, especially on the reproductive system. Patients who need to use CP
therapy exhibit reduced fertility or infertility, which impacts both physically and emotionally on the decision to use this drug,
especially among young men. We hypothesized that the treatment with TT dry extract would protect the male reproductive
system against CP toxicity. Mice received dry extract of TT (11 mg/kg) or vehicle by gavage for 14 days. Saline or CP was
injected intraperitoneally at a single dose (100 mg/kg) on the 14th day. Animals were euthanized 24 h after CP administration,
and testes and epididymis were removed for biochemical and histopathological analysis and sperm evaluation. The dry extract
of TT was evaluated by HPLC analysis and demonstrated the presence of protodioscin (1.48%, w/w). CP exposure increased
lipid peroxidation, reactive species, and protein carbonylation and altered antioxidant enzymes (SOD, CAT, GPx, GST, and
GR). Moreover, acute exposure to CP caused a reduction on 17 β-HSD activity, which may be related to the reduction in serum
testosterone levels, histopathological changes observed in the testes, and the quality of the semen. The present study highlighted
the role of TT dry extract to ameliorate the alterations induced by CP administration in mice testes, probably due to the
presence of protodioscin.

1. Introduction
Cyclophosphamide (CP) is a cytotoxic bifunctional alkylating agent that belongs to the class of nitrogen mustards. It
is used for the treatment of chronic and acute leukemia, multiple myeloma, lymphomas, and rheumatic arthritis and in
the preparation for bone marrow transplantation [1, 2]. A
single injection of a high dose of cyclophosphamide during
the development of mouse spermatocytes resulted in heritable translocations [3], and the male cancer patients treated
with cyclophosphamide exhibited an increased incidence of
oligospermia and azoospermia [4].

It has been reported that acrolein, one of the metabolites of CP, is one of the main responsible for the
increased production of reactive oxygen species (RS) and
lipid peroxidation, which is one of the possible mechanisms responsible for its toxicity [5]. Oxidative stress is a
key factor in the etiology of male infertility, since
increased testicular oxidative stress can cause changes in
the dynamics of testicular microvascular blood ﬂow and
endocrine signaling leading to an increase in germ cell
apoptosis and subsequent hypospermatogenesis [6]. There
are some papers regarding the beneﬁts of antioxidants in
protecting the male reproductive system from deleterious
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eﬀects of reactive oxygen species caused during CP
exposure [7, 8].
Tribulus terrestris L. (TT) is a member of the Zygophyllaceae family. It is widely distributed in Africa, western Asia,
China, Japan, Korea, and Europe. This plant is known by
several common names: puncture vine, caltrop, goat head,
bull’s head, ground burr nut, devil’s thorn. Tribulus terrestris
has been used in folk medicine throughout history to treat
conditions such as impotence, rheumatism, edema, hypertension, and kidney stones [9, 10]. Although experimental
and clinical studies partially conﬁrm some eﬀects of TT on
libido and sperm production, there are still a lot of debates
about the possible mechanisms of action, as well as its
therapeutic application. Gauthaman et al. [11] showed that
castrated rats treated with TT signiﬁcantly increased the
levels of the hormone testosterone in comparison to noncastrated rats. Thus, the authors suggest that this may also
be reﬂected in humans during andropause, through the
decline in the levels of sex hormones such as testosterone.
It is believed that TT strongly aﬀect the androgen metabolism, signiﬁcantly increasing levels of testosterone or its
precursors, and some studies indicate that this eﬀect is
due to the dominant component of the TT: protodioscin.
Authors have demonstrated that for both castrated and
noncastrated rats and for men with low testosterone level,
there was an increase of this hormone through the use of TT
or isolated protodioscin, thus demonstrating the potential of
this plant as well as its dominant component in the improvement of male hormone levels [11–13].
In a previous study, TT exerted a protective eﬀect
against testicular damage induced by cadmium in rats,
and this eﬀect seems to be mediated by its antioxidant
action and it also stimulates the production of testosterone
from the Leydig cells [14]. Other studies show that TT presented an antioxidant and protective eﬀect in rats with
heart disease and diabetes [15, 16].
Considering (a) the damage on the male reproductive
system caused by CP and the relationship with oxidative
stress, (b) the antioxidant potential of TT, and (c) the potential eﬀect of TT in stimulating testosterone production, an
eﬀect directly related to the presence of protodioscin, the
present study is aimed at evaluating the protective potential
of TT dry extract on the male reproductive system of mice
treated with CP.

2. Materials and Methods
2.1. Drugs and Chemicals. Tribulus terrestris dry extract (origin China) was purchased from Xi’an Green Life Natural
Products Co., Ltd. (China), in November 2013, batch number: 20121023, CAS number: 18642-44-9. Fruits were used
to prepare the dry extract (alcohol/water extraction was
used according to the manufacturer). The steroid saponin
concentration has been determined to be a minimum of
40% of the dry matter. Cyclophosphamide, protodioscin,
and all other chemicals and reagents were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Acetonitrile
was purchased from Tedia (Fairﬁeld, OH, USA). Acetic acid
was obtained from Synth (São Paulo, Brazil). Puriﬁed water
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used on HPLC (high-performance liquid chromatography)
analysis was prepared using Milli-Q Plus® (Millipore,
Bedford, USA).
2.2. Animals and Treatments. Adult male Swiss albino mice
(30–35 g) were used for this experiment. The animals were
kept in an appropriate animal cabinet with forced air ventilation, in a 12-hour light/dark cycle, at a controlled room temperature of 22°C, with food (Puro Trato, RS, Brazil) and
water ad libitum. The animals were used according to the
guidelines of the Committee on the Care and Use of Experimental Animal Resources (Federal University of Santa Maria,
Santa Maria, Brazil), and all eﬀorts were made to reduce the
number of animals used and their suﬀering. This study was
approved by the Ethics Committee on the Use of Animals
of Federal University of Pampa (protocol number 027/2015).
The animals were separated in four groups: control, CP,
Tribulus terrestris, and CP + Tribulus terrestris. The dry
extract of Tribulus terrestris, diluted in distilled water, was
given orally and daily for fourteen days at the dose of
11 mg/kg bw [17]; corresponding to approximately the usual
dose indicated for humans (750 mg/day and assuming a body
weight of 70 kg), saline or CP (100 mg/kg bw) was administrated intraperitoneally only once, 1 hour after the last
administration of dry extract of Tribulus terrestris (14 days).
The dose of CP was selected based on earlier reports [18–21].
Animals were euthanized with pentobarbital (100 mg/kg bw)
24 h after CP administration, and the left testes were removed
and homogenized in 50 mM Tris-HCl, pH 7.4 (1/10, w/v) and
centrifuged at 2400g for 15 min. The supernatant (S1) was
used for biochemical assays, and the right epididymis was
removed in order to perform the evaluation of semen. Blood
was collected by cardiac puncture with anticoagulant. Plasma
was separated for enzyme immunoassays of testosterone. The
right testes were ﬁxed in Bouin’s ﬁxative (0.2% picric acid/2%
(v/v) formaldehyde in PBS) for histological evaluation.
2.3. HPLC Analysis of Protodioscin. The analyses of extracts
and the reference standard were performed using an Agilent®
liquid chromatograph (Santa Clara, CA, United States)
equipped with a model Q 1311A quaternary pump, ALSG1329A autosampler, TCC-G1316A column oven, and
G1315B photodiode array detector. ChemStation system
software was used to control the equipment and to calculate
data and responses from the LC system.
A reversed-phase Thermo Scientiﬁc Hypersil ODS C18
column (250 × 4.6 mm id, 5 μm particle size) (Bellefonte,
United States) was used. The mobile phase consisted of
0.025% acetic acid in water (solvent A) and acetonitrile
(solvent B) with a ﬂow rate of 1.0 mL/min, DAD detection
at 250 nm, injection volume of 20 μL, and column temperature at 25°C. A gradient elution was performed from 10% B
to 90% B in 40 min and from 90% B to 10% B for the next
5 min, then it was kept at 10% B for 5 min. A calibration
curve, with concentrations ranging from 100 to 1000 μg/
mL, was constructed from a standard solution containing
protodioscin. The presence of this compound on extracts
was conﬁrmed by comparing it to the authentic standards
and evaluating the chromatographic proﬁle and UV
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absorption. All measurements and analysis were carried out
in triplicate [22].
2.4. Biochemical Assays in Testes. Lipid peroxidation was
determined by the formation of the thiobarbituric acid reactive species (TBARS) as described by Ohkawa et al. [23], in
which malondialdehyde (MDA), one of the end products of
peroxidation of fatty acids, reacts with thiobarbituric acid
(TBA) to form a colored complex. MDA values are determined with the absorbance coeﬃcient of the MDA-TBA
complex at 532 nm = 1 56 × 105 cm/mmol.
The levels of the reactive species (RS) were determined by
a spectroﬂuorimetric method, using 2′,7′-dichloroﬂuorescein
diacetate (DCHF-DA) assay [24]. An aliquot of S1 was incubated with DCHF-DA (1 mM). The oxidation of DCHF-DA
to ﬂuorescent dichloroﬂuorescein was measured for the
detection of intracellular RS. The DCF ﬂuorescence intensity
emission was recorded at 520 nm (with 480 nm excitation)
30 min after the addition of DCHF-DA to the medium.
The formation of carbonyl groups, a parameter of oxidative damage to proteins, was measured based on the reaction
of these groups with dinitrophenylhydrazine (DNPH), as
previously described by Levine et al. [25]. Samples were
incubated at laboratory temperature in the dark for 30 min,
stirring at 15 min intervals. After centrifugation, the samples
were washed three times with 1 mL of ethanol-ethyl acetate
(1:1; v/v) to remove the residual DNPH reagent. The ﬁnal
precipitates were dissolved in buﬀer SDS 2% and placed in a
water bath at 37°C for 10 min. The absorption of the reaction
product was measured in a spectrophotometer at 370 nm.
Results were expressed as nmol carbonyl/mg protein.
The activity of superoxide dismutase (SOD) was determined as described by Misra and Fridovich [26]. This
method is based on the ability of SOD to inhibit the autooxidation of adrenaline to adrenochrome. The color reaction is
measured at 480 nm. One unit of enzyme (1 IU) is deﬁned as
the amount of enzyme required to inhibit the rate of autooxidation of adrenaline to 50% at 26 ° C.
The catalase (CAT) activity was determined spectrophotometrically according to the method of Aebi [27], which
involves monitoring the consumption of H2O2 in the presence of the sample (S1) (20 μL) at 240 nm. Enzyme activity
is expressed in units (1 U decomposes 1 μmol H2O2/min at
pH 7 and 25°C).
Glutathione peroxidase (GPx) activity was analyzed spectrophotometrically by the method of Paglia and Valentine
[28]. GPx analysis was made by adding GSH, GR, NADPH,
and a peroxide to begin the reaction, monitored at 340 nm
as NADPH is converted to NADP+.
Glutathione reductase (GR) activity was determined as
described by Carlberg and Mannervik [29]. In this assay,
GSSG is reduced by GR at the expense of NADPH consumption, which is followed at 340 nm. GR activity is proportional to NADPH decay. An aliquot of S1 was added in
the system containing 0.15 M potassium phosphate buﬀer
(pH 7.0), 1.5 mM EDTA, and 0.15 mM NADPH. After
the basal reading, the substrate (GSSG, 20 mM) was added.
The enzymatic activity was expressed as nmol NADPH
mmol/min/mg protein.
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Glutathione S-transferase (GST) activity was analyzed
spectrophotometrically at 340 nm, as described by Habig
et al. [30]. The reaction mixture contained an aliquot of the
homogenized tissue (S1), buﬀer sodium phosphate 0.1 M
pH 7, GSH (100 mM), and 1-chloro-2,4-dinitrobenzene
(CDNB) (100 mM), which was used as a substrate. Enzyme
activity is expressed as nmol of CDNB conjugated/min/mg
protein.
Glutathione (GSH) levels were measured by spectrophotometry. Homogenate was precipitated with 10% trichloroacetic acid (TCA) at 1:1 (v/v) proportion. After the
centrifugation at 3000 rpm for 10 min, 0.5 mL of supernatant was added to 2 mL of 0.3 M Na2HPO4·2H2O solution.
A 0.2 mL solution of dithiobisnitrobenzoate (0.4 mg/mL
1% sodium citrate) was added, and the absorbance at
412 nm was measured immediately after mixing it. The
GSH levels were calculated using an extinction coeﬃcient
of 13,600 mol−1·cm−1 [31].
All assessments were measured at 25°C using a microplate reader (Hidex, Plate Chameleon).
2.5. 17β-Hydroxysteroid Dehydrogenase (17β-HSD) Activity.
17β-HSD activity was assayed according to Jarabak et al.
[32]. The supernatant ﬂuid (200 μL) was mixed with 950 μL
of 440 μM sodium pyrophosphate buﬀer (pH 8.9), 250 μL of
bovine serum albumin (25 mg crystalline BSA), and 20 μL
of 0.3 mM 17 β-estradiol. The enzymatic activity was
expressed as nmol NADH/min/mg protein.
2.6. Hormone Assays. Plasma testosterone (T) concentrations
were determined using electrochemiluminescence (I-100
Architect, Abbott). The sensitivity of this assay was 0.02 ng/
mL for T.
2.7. Analyses of Semen
2.7.1. Sperm Motility and Vigor. For the evaluation of motility and vigor, the semen was diluted in 50 μL of DMPBS
(Nutricell) and analyzed subjectively, using a phase-contrast
microscope at 100x magniﬁcation and objectively by semicomputerized system Sperm Class Analyzer (SCA), obtaining
the value of the curvilinear velocity (VCL—μm/s). These
evaluations were performed by the same observer.
2.7.2. Membrane Integrity. The membrane integrity was evaluated by the technique described by Harrison and Vickers
[33] using a mixture of two probes propidium iodide (PI)
and carboxyﬂuorescein diacetate [34]. After the incubation,
200 spermatozoa were placed under 400x magniﬁcation with
epiﬂuorescence illumination. Spermatozoa that ﬂuoresced
green throughout their length after staining with carboxyﬂuorescein diacetate were classiﬁed as being intact while all
others were classiﬁed as damaged.
2.8. Histology. For histological studies, the right testis was
ﬁxed overnight in Bouin’s ﬂuid, dehydrated in ethanol, and
embedded in paraﬃn. Tissue sections (5 μm) were mounted
on a glass slide and dried at 42°C for 24 h. The sections were
then deparaﬃnized with xylene and rehydrated with alcohol
and water. The rehydrated sections were stained with
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Figure 1: (a) Chromatogram of protodioscin reference standard at 500 μg/mL in 70% hydroethanolic solution. (b) Chromatogram of aqueous
extract (infusion) from TT, prepared on concentration of 0.056 g/5 mL. 1—Protodioscin retained at 43.03 and 42.99 minutes for reference
standard solution and aqueous extract, respectively; detection at 250 nm.
Table 1: The eﬀect of CP (100 mg/kg) and dry extract of TT (11 mg/kg) on biochemical assays in testes of mice.
Control

TT

128.20 ± 17.06

142.20 ± 16.14

TBARS (nmol MDA/mg protein)

90.61 ± 6.62

88.32 ± 8.31

Carbonyl (nmol carbonyl/mg protein)

2.63 ± 0.37

2.78 ± 0.37

SOD (IU)

52.83 ± 3.52

51.86 ± 3.07

RS (FU)

CP
#

CP + TT

#

2.96 ± 0.67

61.30 ± 4.34∗

54.67 ± 3.75#

∗

0.95 ± 0.08

1.03 ± 0.074

1.12 ± 0.10

GPx (mmol/min/mg protein)

5.86 ± 0.46

5.79 ± 0.20#

5.13 ± 0.31∗

25.05 ± 3.92

∗

25.96 ± 2.15#

GST (nmol CDNB/mg protein)

814.80 ± 83.16

1137.57 ± 86.70

GSH (nmol GSH/g tissue)

269.89 ± 6.22

264.88 ± 9.39

75.69 ± 0.68#

3.26 ± 0.69∗

CAT (U Cat/mg protein)
GR (nmol/min/mg protein)

141.16 ± 9.04#

∗

165.05 ± 8.92
141.20 ± 9.18

#

∗

∗#

0.86 ± 0.05#
7.03 ± 0.19∗ #

31.54 ± 2.44

29.10 ± 2.55

1321.62 ± 88.65∗

1061.55 ± 115.02∗ #

270.35 ± 6.28

272.44 ± 8.29

All the values are expressed as mean ± SD. ∗ P < 0 05 compared with group control. # P < 0 05 compared with group CP.

haematoxylin and eosin, mounted with 50% glycerol in PBS,
and examined under a light microscope (400 and 1000x;
Binocular, Olympus CX31, Tokyo, Japan) by a single,
experienced examiner.
2.9. Protein Determination. Protein concentration was measured by the method of Bradford [35] using bovine serum
albumin as the standard.
2.10. Statistical Analysis. The data were expressed as mean
± SD (n = 6). Statistical analysis was performed using oneway analysis of variance (ANOVA), and the diﬀerences
between the means of experimental and control groups were
analyzed statistically by Duncan’s test (Statistical Software,
1999). A diﬀerence was considered signiﬁcant at P < 0 05.

3. Results

CAT activity (17.67%), GR activity (25.90%), and GST activity (62.20%) when compared to the control group. The TT
dry extract treatment was eﬀective in preventing these altered
parameters. The group treated with CP + TT showed a significant increase in the GST activity (30.27%) when compared
to the control group. GPx activity in group CP was decreased
by 12.46% when compared to the control group, and the TT
dry extract treatment had an increase of 19.96%. No alteration was observed on GSH levels in testes (Table 1).
3.3. 17β-Hydroxysteroid Dehydrogenase (17β-HSD) Activity.
CP reduced the 17β-HSD activity in testes (19.70%). Animals
that received concomitantly the dry extract of TT plus CP
presented 17β-HSD activity statistically equal to control
and CP groups, demonstrating a partial recovery from
enzyme activity (Figure 2).

3.1. HPLC Analysis of Protodioscin. Through HPLC analysis,
quantifying the compound protodioscin in TT extract at a
concentration of 166.24 μg/mL was possible (Figure 1). This
component was detected at retention time of 42.99 minutes.

3.4. Testosterone Level. The serum testosterone level in the
group treated with CP showed a signiﬁcant reduction
(43.58%) when compared to the control group. TT therapy
was eﬀective in restoring this parameter (Figure 3).

3.2. Biochemical Assay. The group treated with CP showed a
signiﬁcant increase in the RS levels (28.86%), TBARS levels
(55.83%), carbonyl levels (23.95%), SOD activity (16.03%),

3.5. Semen Analysis. The group treated with CP showed a signiﬁcant decrease in sperm motility (41.07%), vigor (23.52%),
integrity (43.44%), and VCL (25.43%), when compared to the
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Figure 2: Eﬀect of CP (100 mg/kg) and the dry extract of TT
pretreatment (11 mg/kg) on 17β-HSD activity in testes. All the
values are expressed as mean ± SD (n = 6). ∗ P < 0 01, compared to
the control group.
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Figure 3: Eﬀect of CP (100 mg/kg) and the dry extract of TT
pretreatment (11 mg/kg) on serum testosterone (T) concentrations.
All the values are expressed as mean ± SD (n = 6). ∗ P < 0 01,
compared with the control group.

control group. The dry extract of Tribulus terrestris treatment
was eﬀective in preventing this damage in sperm. The group
treated with CP + TT showed a signiﬁcant increase in motility by 53.57% when compared to the control group (Table 2).
3.6. Histology. Optical microscopic examination showed that
in the control, TT, and TT + CP groups, testes had a normal
testicular architecture with an orderly arranged spermatogenic and Sertoli cells. The spermatogonia and Sertoli cells
were rested on the basement membrane of the seminiferous
tubules. The Leydig cells with large and acidophilic cytoplasm were located in the interstitial tissue among seminiferous tubules (Figure 4).
Mice treated with CP showed moderate disorganization
of spermatogenic epithelium with germ cells present in the
lumen of the seminiferous tubules. The Leydig cells in the
interstitial spaces had a normal morphology. Regarding the
interstitium, there was congestion of interstitial blood vessels
(Figure 5).

4. Discussion
The present study demonstrated for the ﬁrst time that the TT
dry extract protects the male reproductive system of mice
against damage induced by CP. CP is widely used in traditional medicine against various diseases, including cancer
[36]; however, the adverse eﬀects of this drug include

reproductive toxicity and despite its great importance in
therapy, the use of CP still raises many questions because
infertility plays a critical role and impacts, both physically
and emotionally, on the decision to use this medicine,
especially among young people [4, 20].
Our data suggest that the exposure to a single dose of CP
causes toxic eﬀects on the male reproductive system, which
are related to oxidative stress, by increasing lipid peroxidation, reactive species, and protein carbonylation as well as
by altering antioxidant enzymes (SOD, CAT, GPx, GST,
and GR), and the pretreatment with TT was eﬀective in protecting against this assessed damage. It is known that the
male reproductive system is a prominent target of free radicals, since the membrane of sperm is rich in polyunsaturated
fatty acids and contains a low concentration of antioxidant
enzymes. In this way, an imbalance in the production of
ROS and antioxidant defenses during the process of cell division could reduce the production and quality of sperm,
resulting in infertility [37, 38]. Currently, the use of natural
antioxidants has been widely discussed in relation to its role
in preventing damages to the reproductive system. Thus,
Zanchi et al. [21] demonstrated that pretreatment for 14 days
with green tea infusion (250 mg/kg) was partially eﬀective in
preventing the damage induced by CP exposure (100 mg/kg)
on the reproductive system of male mice. In addition, this
eﬀect is possibly due to high concentrations of catechins
and also due to the antioxidant activity of green tea infusion.
In another study, Abd El Tawab et al. [39] showed that the
Satureja montana extract (50 mg/kg/day) protected against
testicular damage induced by CP (200 mg/kg) via antioxidative and antiapoptotic mechanisms.
17β-HSD is an enzyme that catalyzes the interconversion of androstenedione to testosterone. This enzyme plays
an important role in the biological activity of steroid hormones such as estrogens and androgens. A reduction in its
activity can decrease the serum testosterone level, spermatic
count per testis, sperm count per epididymis, daily sperm
production/gram testis, and sperm motility and a signiﬁcant
increase in abnormal sperm rates [32]. Evaluating our results,
we found that acute exposure to CP caused a reduction in
17β-HSD activity, which may be related to the reduction in
serum testosterone levels. In addition, these changes could
be involved with the histopathological changes observed in
the testis and the quality of the semen of these animals, since
it is known that histopathological changes observed in this
study can aﬀect the maturation and sperm quality. These
ﬁndings are in agreement with the literature, which demonstrate that cytotoxicity mediated by the use of CP in various
doses tested and even in low doses has similar reproductive
toxicity [20].
Many diﬀerent compounds with a variety of biological
properties and chemical structures have been identiﬁed from
TT including steroidal saponins, phytosterols, phenolic compounds, tannins, terpenoids, amide derivatives, amino acids,
and proteins [10]. However, literature data shows that steroidal saponins are responsible by major biological activities
related to TT use. In fact, the steroidal molecular structure
of the steroidal saponins such as protodioscin is thought to
confer TT unique biological activities [11–13, 40].
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Table 2: The eﬀect of CP (100 mg/kg) and dry extract of TT (11 mg/kg) on epididymal sperm characteristics.
Control

TT

CP

CP + TT

VCL (μm/s)

81.70 ± 10.31

93.70 ± 17.77

60.92 ± 6.55∗

88.57 ± 3.52

Motility (%)

34.57 ± 6.42

43.40 ± 10.37

20.37 ± 5.35∗

53.23 ± 5.85∗ #

∗

Vigor (1–5)

4.25 ± 0.50

4.25 ± 0.50

3.25 ± 0.50

Integrity (%)

36.83 ± 8.03

36.75 ± 10.25

20.83 ± 6.60∗

4.0 ± 0.01
36.16 ± 5.96

All the values are expressed as mean ± SD. ∗ P < 0 05 compared with group control. # P < 0 05 compared with group CP.
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Figure 4: Photomicrograph of seminiferous tubules from mice in the control group. (a) Normal testicular architecture (100x). (b) Note the
normal spermatogenic epithelium composed by diﬀerent spermatogenic cells (arrow) and Leydig cells (L) (400x). HE staining.
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Figure 5: Photomicrograph of seminiferous tubules from mice treated with CP. (a)–(b) Disorganized seminiferous tubules (100–200x).
(c) Note the congestion of the blood vessels (▲) (200x) and (d) exfoliated germ cells (∗ ) (400x). HE staining.
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Searching for an action mechanism, considering the
beneﬁcial actions of TT and according to studies related
to the use of this plant both in animals and in humans
[11, 13, 40], authors reported that protodioscin, the major
substance of this extract, is likely to be responsible for
these actions, since an improvement in sexual performance, muscle tonus, hormone levels and other beneﬁts
have been described in several studies. It has been demonstrated that TT containing protodioscin increases DHEA
(dehydroepiandrosterone) levels in men. DHEA is an
important steroid circulating in human plasma mainly
synthesized by the adrenal glands and, to a lesser extent,
by the gonads; it is a common precursor to both androgens and estrogens [7, 8].
Adimoelja and Adaikan [12] showed that protodioscin
TT improves male sexual function in diabetic and nondiabetic men treated with TT dry extract 750 mg/day for 3
weeks. The authors report that infertility may be related to
low levels of DHEA in the blood values. We believe that the
decrease in DHEA may also be associated with decreased
levels of testosterone in serum and 17β-HSD activity. Thus,
we believe that the protodioscin present in this dry extract
of TT could possess the ability to increase serum testosterone
levels and, although partially, 17β-HSD activity, which could
improve sperm production (Figure 6).
In the present study, we veriﬁed that the dry extract used
is rich in protodioscin (1.48%), similar to the values found by
Dinchev et al. [22]. We cannot rule out the fact that other
phytochemicals presented in TT dry extract could contribute
to the observed eﬀects. In fact, taking into account that TT
presents many diﬀerent compounds, it is possible that all of
these substances are related to the useful eﬀect observed in
this study. But, considering the set of results, we believe that
protodioscin is the main responsible for the beneﬁcial eﬀects
found in this study, corroborating other ﬁndings in the
literature [22, 40, 41].

5. Conclusion
The present study is the ﬁrst to investigate the eﬃcacy of
dry extract of Tribulus terrestris to protect against testicular
damage induced by cyclophosphamide. CP is the most
commonly used anticancer and immunosuppressant drug,
and patients who need to use CP therapy exhibit reduced
fertility or infertility, which impacts both physically and
emotionally on the decision to use this drug. The present
study highlights the role of TT dry extract in ameliorating
the biochemical parameters, analyses of semen, testosterone
level, and histopathology alterations induced in mouse testes by CP administration. In fact, the protective role of TT
in testicular CP-induced toxicity is evident, demonstrating
to be a promising alternative, particularly in relation to
its use in a patient requiring such therapy using cyclophosphamide. Although we cannot rule out the fact that other
phytochemicals presented in TT dry extract could contribute to the observed eﬀects, the results obtained in this
study suggest that protodioscin present in this extract
could be the main responsible for the beneﬁcial eﬀects
visualized in our experiment. However, more studies are
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Dehydroepiandrosterone-sulphate
(DHEAS)

Dehydroepiandrosterone
(DHEA)
3훽-HSD
Androstenedione
17훽-HSD
Testosterone

Figure 6: Correlation of hormone dehydroepiandrosterone
sulphate (DHEA-S) with the levels of testosterone.

needed in order to understand the mechanism of TT dry
extract in relation to its beneﬁcial eﬀects and possible
interaction with anticancer drugs.

Abbreviations
CAT:
CDNB:
CP:
DCHF-DA:
DNPH:
EDTA:
GPx:
GR:
GSH:
GST:
HPLC:
MDA:
NADH:
NADPH:
17β-HSD:
RS:
SCA:
SOD:
TBA:
TBARS:
TT:
VCL:

Catalase
1-Chloro-2,4-dinitrobenzene
Cyclophosphamide
2′,7′-dichloroﬂuorescein diacetate
Dinitrophenylhydrazine
Ethylenediaminetetraacetic acid
Glutathione peroxidase
Glutathione reductase
Glutathione
Glutathione S-transferase
High-performance liquid chromatography
Malondialdehyde
Nicotinamide adenine reduced
Nicotinamide adenine dinucleotide phosphate
reduced
17β-Hydroxysteroid dehydrogenase
Reactive species
Sperm class analyzer
Superoxide dismutase
Thiobarbituric acid
Thiobarbituric acid reactive species
Tribulus terrestris
Curvilinear velocity.

Data Availability
The data used to support the ﬁndings of this study are
available from the corresponding author upon request.

8

Conflicts of Interest
The authors wish to conﬁrm that there are no known conﬂicts of interest associated with this publication and there
has been no signiﬁcant ﬁnancial support for this work that
could have inﬂuenced its outcome.

Authors’ Contributions
The following are the authors’ contributions in this study:
conceived and designed the experiments: Natasha Frasson
Pavin, Daniela dos Santos Brum, Fábio Gallas Leivas, and
Francielli Weber Santos Cibin; performed the experiments:
Natasha Frasson Pavin, Aryele Pinto Izaguirry, Melina Bucco
Soares, and Cristiano Chiapinotto Spiazzi; performed HPLC
analysis: Andreas Sebastian Loureiro Mendez; performed
semen analysis: Fábio Gallas Leivas; performed histopathological analysis: Daniela dos Santos Brum; analyzed the
data: Natasha Frasson Pavin, Francielli Weber Santos Cibin,
Fábio Gallas Leivas, Daniela dos Santos Brum, Aryele Pinto
Izaguirry, Melina Bucco Soares, Cristiano Chiapinotto
Spiazzi, Andreas Sebastian Loureiro Mendez; and wrote
the manuscript: Natasha Frasson Pavin and Francielli
Weber Santos Cibin. All the authors have approved the
ﬁnal manuscript.

Acknowledgments
CAPES and FAPERGS are acknowledged for ﬁnancial support (MSc Fellowship) to Natasha Frasson Pavin and Aryele
Pinto Izaguirry.

References
[1] C. T. Dollery, Therapeutic Drugs, Churchill Livingstone,
Edinburgh, 1999.
[2] D. N. Tripathi and G. B. Jena, “Astaxanthin inhibits cytotoxic
and genotoxic eﬀects of cyclophosphamide in mice germ
cells,” Toxicology, vol. 248, no. 2-3, pp. 96–103, 2008.
[3] R. E. Sotomayor and R. B. Cumming, “Induction of translocations by cyclophosphamide in diﬀerent germ cell stages of
male mice: cytological characterization and transmission,”
Mutation Research, vol. 27, no. 3, pp. 375–388, 1975.
[4] B. S. Charak, R. Gupta, P. Mandrekar et al., “Testicular dysfunction after cyclophosphamide-vincristine-procarbazineprednisolone chemotherapy for advanced Hodgkin’s disease,
A long-term follow-up study,” Cancer, vol. 65, no. 9,
pp. 1903–1906, 1990.
[5] M. Kwolek-Mirek, R. Zadrag-Tecza, S. Bednarska, and
G. Bartosz, “Acrolein-induced oxidative stress and cell death
exhibiting features of apoptosis in the yeast Saccharomyces cerevisiae deﬁcient in SOD1,” Cell Biochemistry and Biophysics,
vol. 71, no. 3, pp. 1525–1536, 2015.
[6] T. T. Turner and J. J. Lysiak, “Oxidative stress: a common
factor in testicular dysfunction,” Journal of Andrology,
vol. 29, no. 5, pp. 488–498, 2008.
[7] T. M. K. Motawi, N. A. H. Sadik, and A. Refaat, “Cytoprotective eﬀects of DL-alpha-lipoic acid or squalene on
cyclophosphamide-induced oxidative injury: an experimental
study on rat myocardium, testicles and urinary bladder,” Food
and Chemical Toxicology, vol. 48, no. 8-9, pp. 2326–2336, 2010.

Oxidative Medicine and Cellular Longevity
[8] E. Selvakumar, C. Prahalathan, P. T. Sudharsan, and
P. Varalakshmi, “Protective eﬀect of lipoic acid on
cyclophosphamide-induced testicular toxicity,” Clinica Chimica Acta, vol. 367, no. 1-2, pp. 114–119, 2006.
[9] A. Al-Rawi, Flora Of Kuwait, KPI Publised, London, 1985.
[10] M. Akram, H. M. Asif, N. Akhtar et al., “Tribulus terrestris
Linn.: a review article,” Journal of Medicinal Plants Research,
vol. 5, pp. 3601–3605, 2011.
[11] K. Gauthaman, A. P. Ganesan, and R. N. V. Prasad, “Sexual
eﬀects of puncturevine (Tribulus terrestris) extract (protodioscin): an evaluation using a rat model,” The Journal of
Alternative and Complementary Medicine, vol. 9, no. 2,
pp. 257–265, 2003.
[12] A. Adimoelja and P. G. Adaikan, “Protodioscin from herbal
plant Tribulus terrestris L improves the male sexual functions,
probably via DHEA,” International Journal of Impotence
Research, vol. 9, Supplement 1, pp. S1–70, 1997.
[13] K. Gauthaman and A. P. Ganesan, “The hormonal eﬀects of
Tribulus terrestris and its role in the management of male erectile dysfunction—an evaluation using primates, rabbit and
rat,” Phytomedicine, vol. 15, no. 1-2, pp. 44–54, 2008.
[14] B. Rajendar, K. Bharavi, G. S. Rao et al., “Protective eﬀect of an
aphrodisiac herb Tribulus terrestris Linn on cadmium-induced
testicular damage,” Indian Journal of Pharmacology, vol. 43,
no. 5, pp. 568–573, 2011.
[15] A. Amin, M. Lotfy, M. Shaﬁullah, and E. Adeghate, “The protective eﬀect of Tribulus terrestris in diabetes,” Annals of the
New York Academy of Sciences, vol. 1084, no. 1, pp. 391–401,
2006.
[16] D. S. Arya, S. K. Ojha, M. Nandave, S. Arora, R. Narang, and
A. K. Dinda, “Chronic administration of Tribulus terrestris
Linn. extract improves cardiac function and attenuates myocardial infarction in rats,” International Journal of Pharmacology, vol. 4, no. 1, pp. 1–10, 2008.
[17] A. J. Martino-Andrade, R. N. Morais, K. M. Spercoski et al.,
“Eﬀects of Tribulus terrestris on endocrine sensitive organs in
male and female Wistar rats,” Journal of Ethnopharmacology,
vol. 127, no. 1, pp. 165–170, 2010.
[18] D. N. Tripathi and G. B. Jena, “Intervention of astaxanthin
against cyclophosphamide-induced oxidative stress and DNA
damage: a study in mice,” Chemico-Biological Interactions,
vol. 180, no. 3, pp. 398–406, 2009.
[19] X. Wei, F. Su, X. Su, T. Hu, and S. Hu, “Stereospeciﬁc antioxidant eﬀects of ginsenoside Rg3 on oxidative stress induced by
cyclophosphamide in mice,” Fitoterapia, vol. 83, no. 4,
pp. 636–642, 2012.
[20] N. Elangovan, T. J. Chiou, W. F. Tzeng, and S. T. Chu, “Cyclophosphamide treatment causes impairment of sperm and its
fertilizing ability in mice,” Toxicology, vol. 222, no. 1-2,
pp. 60–70, 2006.
[21] M. M. Zanchi, V. Manfredini, D. dos Santos Brum et al.,
“Green tea infusion improves cyclophosphamide-induced
damage on male mice reproductive system,” Toxicology
Reports, vol. 2, pp. 252–260, 2015.
[22] D. Dinchev, B. Janda, L. Evstatieva, W. Oleszek, M. R. Aslani,
and I. Kostova, “Distribution of steroidal saponins in Tribulus
terrestris from diﬀerent geographical regions,” Phytochemistry,
vol. 69, no. 1, pp. 176–186, 2008.
[23] H. Ohkawa, N. Ohishi, and K. Yagi, “Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction,” Analytical
Biochemistry, vol. 95, no. 2, pp. 351–358, 1979.

Oxidative Medicine and Cellular Longevity
[24] Q. Chen, E. J. Vazquez, S. Moghaddas, C. L. Hoppel, and E. J.
Lesnefsky, “Production of reactive oxygen species by mitochondria—central role of complex III,” Journal of Biological
Chemistry, vol. 278, no. 38, pp. 36027–36031, 2003.
[25] R. L. Levine, D. Garland, C. N. Oliver et al., “[49] Determination of carbonyl content in oxidatively modiﬁed proteins,”
Methods in Enzymology, vol. 186, pp. 464–478, 1990.
[26] H. P. Misra and I. Fridovich, “The role of superoxide anion in
the autoxidation of epinephrine and a simple assay for superoxide dismutase,” The Journal of Biological Chemistry,
vol. 247, no. 10, pp. 3170–3175, 1972.
[27] H. Aebi, “[13] Catalase in vitro,” Methods in Enzymology,
vol. 105, pp. 121–126, 1984.
[28] D. E. Paglia and W. N. Valentine, “Studies on the quantitative
and qualitative characterization of erythrocyte glutathione
peroxidase,” The Journal of Laboratory and Clinical Medicine,
vol. 70, no. 1, pp. 158–169, 1967.
[29] I. Carlberg and B. Mannervik, “[59] Glutathione reductase,”
Methods in Enzymology, vol. 113, pp. 484–490, 1985.
[30] W. H. Habig, M. J. Pabst, and W. B. Jakoby, “Glutathione
S-transferases. The ﬁrst enzymatic step in mercapturic acid
formation,” The Journal of Biological Chemistry, vol. 249,
no. 22, pp. 7130–7139, 1974.
[31] G. Aykaç, M. Uysal, A. Süha Yalçin, N. Koçak-Toker,
A. Sivas, and H. Öz, “The eﬀect of chronic ethanol ingestion
on hepatic lipid peroxide, glutathione, glutathione peroxidase
and glutathione transferase in rats,” Toxicology, vol. 36, no. 1,
pp. 71–76, 1985.
[32] J. Jarabak, J. A. Adams, H. G. Williams-Ashman, and
P. Talalay, “Puriﬁcation of a 17β-hydroxysteroid dehydrogenase of human placenta and studies on its transhydrogenase
function,” The Journal of Biological Chemistry, vol. 237,
pp. 345–357, 1962.
[33] R. A. P. Harrison and S. E. Vickers, “Use of ﬂuorescent probes
to assess membrane integrity in mammalian spermatozoa,”
Reproduction, vol. 88, no. 1, pp. 343–352, 1990.
[34] M. Geller, H. A. Dickie, D. A. Kass, G. R. Hafez, and J. J.
Gillespie, “The histopathology of acute nitrofurantoinassociated penumonitis,” Annals of Allergy, vol. 37, no. 4,
pp. 275–279, 1976.
[35] M. M. Bradford, “A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding,” Analytical Biochemistry,
vol. 72, no. 1-2, pp. 248–254, 1976.
[36] L. J. Yu, P. Drewes, K. Gustafsson, E. G. Brain, J. E. Hecht, and
D. J. Waxman, “In vivo modulation of alternative pathways of
P-450-catalyzed cyclophosphamide metabolism: impact on
pharmacokinetics and antitumor activity,” The Journal of
Pharmacology and Experimental Therapeutics, vol. 288, no. 3,
pp. 928–937, 1999.
[37] M. Maneesh and H. Jayalekshmi, “Role of reactive oxygen
species and antioxidants on pathophysiology of male reproduction,” Indian Journal of Clinical Biochemistry, vol. 21,
no. 2, pp. 80–89, 2006.
[38] T. Boonsorn, W. Kongbuntad, N. A. Narkkong, and
W. Aengwanich, “Eﬀects of catechin addition to extender
on sperm quality and lipid peroxidation in boar semen,”
American-Eurasian Journal of Agricultural and Environmental
Science, vol. 7, no. 3, pp. 283–288, 2010.
[39] A. M. Abd el Tawab, N. N. Shahin, and M. M. AbdelMohsen,
“Protective eﬀect of Satureja montana extract on

9
cyclophosphamide-induced testicular injury in rats,” Chemico-Biological Interactions, vol. 224, pp. 196–205, 2014.
[40] K. Gauthaman, P. G. Adaikan, and R. N. V. Prasad, “Aphrodisiac properties of Tribulus terrestris extract (Protodioscin) in
normal and castrated rats,” Life Sciences, vol. 71, no. 12,
pp. 1385–1396, 2002.
[41] I. Kostova and D. Dinchev, “Saponins in Tribulus terrestris –
chemistry and bioactivity,” Phytochemistry Reviews, vol. 4,
no. 2-3, pp. 111–137, 2005.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

