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Abstract

Background/Aims: To investigate the importance of antiox-
idant activity in infertility caused by cisplatin in rats. Meth-
ods: Rats in cisplatin control (CG), Vitamin E + cisplatin (ECG),
Vitamin C + cisplatin (CCG), Hippophae rhamnoides extract
(HRE) + cisplatin (HRECG), and thiamine pyrophosphate
(TPP) + cisplatin (TPPCG) groups were injected intraperito-
neally (ip) with (100 mg/kg) Vitamin E, Vitamin C, HRE, and
TPP, respectively. One hour later, ip cisplatin was adminis-
tered (5 mg/kg), and then antioxidant medications were
continued for 10 days. Cisplatin + Vitamin E (CEG-1), cispla-
tin + Vitamin C (CCG-1), cisplatin + HRE (CHREG-1), and cis-
platin + TPP (TPPCG-1) rats received cisplatin (5 mg/kg, ip)
and were kept for 10 days. At the end of that period, rats re-
ceived antioxidant medications for 10 days. (n = 12, for each
group). Six rats from each group were sacrificed. Ovaries
were removed to measure malondialdehyde, total glutathi-
one, glutathione S-transferase, and glutathione reductase
levels. The remaining rats were kept in a suitable laboratory

environment. Results: Cisplatin-induced oxidative stress
was best prevented by HRE, Vitamin E, Vitamin C,and TPP, in
that order. However, infertility caused by cisplatin was only
prevented and treated by TPP. Conclusion: Oxidative stress
is not a major component in the pathogenesis of cisplatin-
associated infertility. ©2015 S. Karger AG, Basel

Introduction

Early ovarian insufficiency and infertility appear in
women receiving chemotherapy; anticancer drugs have
been reported to induce this effect by reducing the num-
ber of primordial follicles and leading to ovarian atrophy
[1]. The cisplatin is a platinum-based chemotherapeutic
agent [2], and infertility develops in some patients receiv-
ing cisplatin therapy [3]. Therefore, clinical trials [4] and
experimental studies [5] for the prevention of infertility
resulting from chemotherapy have been carried out; re-
search suggests that oxidative stress that rises with che-
motherapy is a factor leading to infertility [5]. In addition,
increased oxidative stress and decreased levels of antioxi-
dants were reported in patients received chemotherapy
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[6,7]. Borekci et al. [5] also determined an increase in the
levels of malondialdehyde (MDA), a product of lipid per-
oxidation, and a decrease in levels of total glutathione
(tGSH), an endogenous antioxidant, in ovarian tissue of
rats receiving cisplatin. They also reported infertility in all
rats with high MDA and low tGSH levels [5]. This infor-
mation from the literature suggests that infertility associ-
ated with cisplatin and other chemotherapeutics arises
from increasing oxidative stress in ovarian tissue. How-
ever, it has also been suggested that cytotoxicity caused by
chemotherapy does not stem from an increase in free ox-
ygen radicals and that antioxidants used together with
chemotherapeutics do not reduce the antitumor effect of
chemotherapeutic drugs [8, 9]. A similar study also
showed that antioxidants did not reduce the antitumor
effect of cisplatin and other chemotherapeutics [10]. This
indicates that there are more important mechanisms in
addition to oxidative stress in the pathogenesis of infertil-
ity caused by chemotherapeutics.

The Vitamins E and C, Hippophae rhamnoides (sea
buckthorn) oil, and thiamine pyrophosphate (TPP) test-
ed against cisplatin-induced infertility in this study have
known antioxidant activities. These drugs are vitamins
with varying levels of antioxidant capacity. Vitamin C is
the most powerful of the water-soluble Vitamins [11].
However, the antioxidant effect of Vitamin E is reported
to be greater than that of Vitamin C [12]. Sea buckthorn
oil is extracted from the plant Hippophae rhamnoides.
Hippophae rhamnoides oil is a member of the family
Eleagnaceae [13]. The plant contains a, , and y carotene,
riboflavin, Vitamin C, tocopherol, tocotrienol, folic acid,
and tannin [14, 15]. Hippophae rhamnoides extract
(HRE) has been shown to have antioxidant and antitoxic
properties [16]. TPP has been reported to exhibit anti-
oxidant activity against ischemia reperfusion-induced
oxidative ovarian damage [17].

The aim of this study was to investigate the role and
importance of antioxidant activity in the prevention and
treatment of infertility caused by cisplatin. For this pur-
pose, we compared the effectiveness of Vitamin E, Vita-
min C, HRE, and TPP in the prevention and treatment of
cisplatin-induced oxidative stress-related infertility.

Materials and Methods

One hundred twenty female Albino Wistar rats weighing 200-
210 g for use in the study were obtained from the Ataturk Univer-
sity Medical Experimental Practice and Research Center. Rats
were kept in groups at normal room temperature (22°C) and fed
animal chow before the experiment. This study was performed in
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accordance with the national guidelines for the use and care of
laboratory animals with the approval of Ataturk University Local
Ethical Committee of Experimental Animals (the protocol num-
ber: 24).

The Thiopental sodium, Vitamin E (a-tocopherol), Vitamin C
(ascorbic acid), HRE, TPP, and cisplatin (50 mg/100 ml; Cisplatin-
Ebewe) used in the study were obtained from IE Ulagay-Turkey,
Kocak-Turkey, Bayer-Germany, Biota-Turkey, Biopharma-
Russia, and Liba-Turkey, respectively.

The rats to be used in the experiment were divided into six
groups: Cisplatin control (CG), Vitamin E + cisplatin (ECG), Vita-
min C + cisplatin (CCG), HRE + cisplatin (HRECG), TPP + cispla-
tin (TPPCG), and healthy (HG). The ECG (n = 12), CCG (n = 12),
HRECG (n = 12), and TPPCG (n = 12) group rats were injected
intraperitoneally (ip) with 100 mg/kg Vitamin E, Vitamin C, HRE,
and TPP, respectively. One hour after administration of these
drugs, all animal groups (excluding the HG group) were given ip
cisplatin with a single dose of 5 mg/kg. Vitamins E and C, HRE and
TPP medications were continued to be given to rats once a day for
10 days. The HG (n = 12) rats were given distilled water as solvent
by the same route. At the end of that period, six rats from each
group were sacrificed with a high dose of anesthesia (ip Thiopental
with dose of 50 mg/kg). Then, the ovaries were removed to measure
MDA, tGSH, glutathione S-transferase (GST), and glutathione re-
ductase (GSHRA) levels. A suitable laboratory environment was es-
tablished for the remaining six animals each in the CG, ECG, CCG,
HRECG, TPPCG, and HG groups (n = 6, for all groups) to enable
them to reproduce. Rats that did not become pregnant and give
birth during three months were regarded as infertile. On the other
hand, cisplatin + Vitamin E (CEG-1), cisplatin + Vitamin C (CCG-
1), cisplatin + HRE (CHREG-1), and cisplatin + TPP (CTPPG-1)
groups were also established. CEG-1 (n = 12), CCG-1 (n = 12),
CHREG-1 (n = 12), and CTPPG-1 (n = 12) group rats received ip
cisplatin with a single dose of 5 mg/kg and were kept for 10 days.
At the end of that period, rats in the CEG-1, CCG-1, CHREG-1,
and CTPPG-1 groups received ip Vitamin E, Vitamin C, HRE, or
TPP, respectively, with a single dose of 100 mg/kg once a day for 10
days. Then, six rats from each group were sacrificed with a high-
dose anesthesia and ovarian tissues were removed to measure
MDA, tGSH, GST, and GSHRd levels. The remaining rats in groups
(n = 6, for each group) were kept for 3 months in a suitable labora-
tory environment to enable them to reproduce. Animals that did
not become pregnant and give birth during this period were re-
garded as infertile.

At this stage of the study, 0.2 g was measured from each ex-
tracted ovary. Tissues were made up to 2 ml in 1.15% potassium
chloride solution for MDA assay and in pH 7.5 phosphate buffer
for other measurements and homogenized in an iced environ-
ment. Then, they were centrifuged at 10,000 rpm at +4°C for
15 min. The supernatant part was used as the analysis specimen.

Tissue MDA levels were determined spectrophotometrically
according to the method described by Ohkawa et al. [18]. This
method is based on the spectrophotometric measurement at a
wavelength of 532 nm of the absorbance of the pinkish complex
formed by thiobarbituric acid with MDA at high temperature
(95°C). Results were expressed as pmol/g protein.

The amount of GSH in the total homogenate was measured ac-
cording to the method described by Sedlak and Lindsay [19].
DTNB [5, 5'-ditiyobis (2-nitrobenzoik acid)] in the measurement
environment is a disulfide chromogen and is easily reduced by sul-
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Fig. 1. Comparisons of groups in terms of MDA. * p < 0.001, com-
pared with other groups; ** p < 0.05, compared with CCG group
and ** p < 0.001, compared with other groups; * p < 0.05, compared
with ECG and TPPCG groups and ? p < 0.001, compared with oth-
er groups. CG, cisplatin group; ECG, Vitamin E + cisplatin group;
CCQG, Vitamin C + cisplatin group; HRECG, hippophae rhamnoi-
des extract + cisplatin group; TPPCG, thiamine pyrophosphate +
cisplatin group and HG, healthy group.

phydryl group compounds. The resulting yellow color was mea-
sured spectrophotometrically at 412 nm. Results were expressed as
nmol/g protein.

GSHRA activity was determined spectrophotometrically by
measuring the rate of NADPH oxidation at 340 nm according to
the method described by Carlberg and Mannervik [20]. After tis-
sue homogenization, supernatant was used for GSHRd measure-
ment. After the NADPH and GSSG addition, the chronometer was
on and absorbance was measured for 5 min by 30-min intervals
with 340 nm spectrophotometric methods. Results were expressed
as p/g protein.

GST activity was determined according to the method de-
scribed by Habig and Jakoby [21]. Briefly, the enzyme’s activity
was assayed spectrophotometrically at 340 nm in a 4-ml cuvette
containing 0.1 M PBS (pH 6.5), 30 mM GSH, 30 mM 1-chloro-2,6-
dinitrobenzene, and tissue homogenate. Results were expressed as
/g protein.

The experimental results were expressed as the mean * stan-
dard deviation (SD). Significance of differences among groups was
determined using one-way ANOVA, followed by the Tukey test.
Statistical analysis was performed using a statistical software pack-
age, version 18.0 (SPSS, Chicago, Ill., USA) and p < 0.05 was con-
sidered statistically significant.

Results

Opvarian tissue MDA concentrations (umol/g protein)
were higher in CG (14 + 2.6) compared with ECG (2.6 +
0.4), CCG (4.9 +0.7), HRECG (1.9 £ 0.6), TPPCG (7.1 +
1.3), and HG (1.2 + 0.3) groups (p < 0.001, for all). Also,

Antioxidant Activity and
Cisplatin-Induced Infertility
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Fig. 2. Comparisons of groups in terms of tGSH levels. * p < 0.001,
** p < 0.001, compared with other groups; ? p < 0.05, compared
with ECG group and # p < 0.001, compared with other groups; * p <
0.05 compared with HRECG group and “ p < 0.001, compared with
other groups.

ovarian tissue MDA concentrations were higher in
TPPCG group compared with other groups (p < 0.05, for
the CCG group; p < 0.001, for other groups) (fig. 1).
Ovarian tissue tGSH levels (nmol/g protein) were lower
in the CG (1.8 £ 0.5) compared with the ECG (9.8 + 0.6),
CCG (6.7 £ 0.5), HRECG (10 £ 0.9), TPPCG (4.1 £ 0.8),
and HG (12.2 + 1.5) groups (p < 0.001, for all). Also, ovar-
ian tissue tGSH levels were lower in the TPPCG group
compared with other groups (p < 0.001, for all) (fig. 2).
HRECG group had higher ovarian tissue tGSH levels
compared with the CCG and TPPG (p < 0.05). Ovarian
tissue GSHRd levels (p/g protein) were similar between
CG (2.5+0.5) and TPPCG (5.4 £ 1.3) (p > 0.05), where-
as they were lower in the CG group compared with the
ECG (14.8 + 1.6), CCG (8.3 £ 2.1), HRECG (15.1 + 2.4),
and HG (17.3 + 1.7) (p < 0.001, for all). Also, TPPCG
group had lower ovarian tissue GSHRd levels compared
with the ECG, HRECG, and HG (p < 0.001), whereas
TPPCG group had similar ovarian tissue GSHRd levels
compared with the CG and CCG (p > 0.05) (fig. 3). Ovar-
ian tissue GST levels (p/g protein) were lower in the CG
(3.1 £ 1.1) compared with the ECG (20.7 £ 1.8), CCG
(13.3 £ 1.9), HRECG (23.1 + 2.3), and HG (27.1 £ 1.7)
groups (p < 0.001, for all). However, ovarian tissue GST
levels were similar between the CG and TPPCG (7.0
1.7) groups (p > 0.05). Ovarian tissue GST levels were
lower in the TPPCG group compared with the CCG,
ECG, HRECG, and HG groups (p < 0.05, for CCG group;
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Fig. 3. Comparisons of groups in terms of GSHRd levels. * p <0.001,
compared with CG group; ¢ p < 0.001, compared with TPPCG
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Fig. 4. Comparisons of groups in terms of GST levels. * p < 0.001,
compared with CG group; * p < 0.05, compared with CCG group,
B p < 0.001, compared with ECG, HRECG and HG groups; ¢ p <
0.05, compared with HG group, * p < 0.001, compared with CG,
CCG, and TPPCG groups.

Table 1. Ovarian tissue MDA and tGSH levels in the study group received antioxidan therapy after 10 days following cisplatin administration

Parameters CG CEG-1 CCG-1 CHREG-1 CTPPG-1 HG
MDA, umol/g protein 14+2.6* 1.840.2%* 3.040.6 1.340.3%* 4.9+0.8 1.240.3%*
tGSH, nmol/g protein 1.840.5* 10.2+0.8% 7.240.6581 10.4+0.6' 5.0£0.658 12.2+1.57

Results were presented as mean + standard deviation.

*p < 0.001, compared with other groups; ** p < 0.001," p < 0.05 compared with the CTPPG-1 group; ¥ p < 0.001, Tp < 0.05 compared
with CEG-1 and CHREG-1 groups; T p < 0.05, % p < 0.001, compared with the HG group.

Table 2. Ovarian tissue GSHRd and GST levels in study group received antioxidan therapy after 10 days following cisplatin administration

Parameters CG CEG-1 CCG-1 CHREG-1 CTPPG-1 HG
GSHRd levels, p/g protein 2.5£0.5 15.7+2.0l % 10.6+1.3" 16+2.6M 1% 6.2+1.7* 17.3+1.7h 1
GST levels, /g protein 3.1£1.1 2284201 1623011 222443018 7.8+1.7% T 27.1£1.7" 1

Results were presented as mean + standard deviation.

*p <0.05, p < 0.001 compared with the CG group; T p < 0.001, compared with the CTPPG-1 group; ** p < 0.001, ¥ p < 0.05, com-
pared with the CCG-1 group; T p < 0.001, § p < 0.05, compared with the HG group.

p < 0.001, for other groups). Also, HRECG group had
similar ovarian tissue GST levels compared with ECG
and HG groups (fig. 4).

Ovarian tissue MDA, tGSH, GSHRd, and GST levels
in second study groups are given in tables 1 and 2. Ovar-
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ian tissue MDA concentrations (pumol/g protein) were
higher in the CG (14 * 2.6) compared with the CEG-1
(1.8 £ 0.2), CCG-1 (3.0 + 0.6), CHREG-1 (1.3 + 0.3),
CTPPG-1 (4.9 £ 0.8), and HG (1.2 + 0.3) groups (p <
0.001, for all). However, CTPPG-1 group had higher
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ovarian tissue MDA concentrations compared with the
CG, CEG-1, CHREG-1, and HG groups (p < 0.001, for
all). Ovarian tissue tGSH levels (nmol/g protein) were
found to be lower in the CG (1.8 + 0.5) than those of CEG-
1(10.2 +0.8), CCG-1 (7.2 = 0.6), CHREG-1 (10.4 + 0.6),
CTPPG-1 (5.0 £ 0.6), and HG (12.2 + 1.5) groups (p <
0.001, for all). Lower ovarian tissue tGSH levels were
found in the CTPPG-1 group compared with the CG,
CCG-1, CHREG-1, and HG groups (p < 0.05, for CCG-1
group; p < 0.001, for others) (table 1). Ovarian tissue
GSHRd levels (u/g protein) were lower in the CG (2.5 +
0.5) compared with the CEG-1 (15.7 = 2.0), CCG-1
(10.6 = 1.3), CHREG-1 (16 + 2.6), CTPPG-1 (6.2 + 1.7),
and HG (17.3 + 1.7) groups (p < 0.05 for the CTPPG-1
group; p < 0.001, for others). Ovarian tissue GSHRd levels
were similar among CEG-1, CHREG-1, and HG groups
(p > 0.05), whereas they were lower in the CTPPG-1
group compared with the CEG-1, CHREG-1, and SG
groups (p < 0.001). Ovarian tissue GST levels (p/g pro-
tein) were found to be lower in the CG group (3.1 + 1.1)
compared with the CEG-1 (22.8 + 2), CCG-1 (16 £ 2.3),
CHREG-1 (22.2 + 4.3), CTPPG-1 (7.8 + 1.7), and HG
(27.1 £ 1.7) (p < 0.05, for the CTPPG-1 group; p < 0.001,
for others). Ovarian tissue GST levels were similar be-
tween CEG-1 and HG, whereas HG group had higher
ovarian tissue GST levels compared with the CG, CCG-1,
CHREG-1, and CTPPG-1 (p < 0.05, for CHREG-1 and
p <0.001, for others).

None of the six rats taken for reproduction from CG,
ECG, and CCG groups gave birth within 3 months. One
ratin the HRECG group gave birth on the 40th day, where-
as the other five did not give birth. Five of the six rats taken
for reproduction in the TPPCG gave birth, on days 35, 36,
38, 40, and 41, whereas one was infertile. All of the HG
group rats gave birth, on days 30, 31, 34, 36, 37, and 39. No
rats from the CEG-1, CCG-1, and CHREG-1 groups gave
birth in 3 months, whereas all the rats in the CTPPG-1
group gave birth, on days 31, 34, 39, 46, 47, and 51.

Discussion

This study examined the value of antioxidant activity
in the prevention and treatment of infertility caused by
cisplatin and investigated the effectiveness of Vitamins E
and C, HRE and TPP in preventing and treating cisplatin-
related infertility in rats. Our results showed that cisplat-
in-induced increases in oxidant parameters and decreas-
es in antioxidant parameters were best prevented by HRE
administration. However, cisplatin-related infertility was

Antioxidant Activity and
Cisplatin-Induced Infertility

prevented and treated by TPP administration, whereas it
was not prevented and treated by Vitamins E and C, and
HRE.

Various reasons such as ischemia reperfusion injury
and using chemotherapeutic agents may lead to oxidative
ovarian damage [22-25]. Studies demonstrated an in-
crease in oxidant parameters and a decrease in antioxi-
dant levels in ovarian tissue with oxidative damage in
comparison with healthy tissues [22-25]. The antioxidant
defense system in the human body includes enzymatic
(GSHRd, GST, etc.) and nonenzymatic (tGSH, ascorbate,
vitamin C, etc.). components [26]. In our study, cisplatin-
caused oxidative damage was found to be associated with
an increase in ovarian tissue MDA levels and a decrease
in ovarian tissue tGSH, GSHRd, and GST levels. Similar
to our results, Altuner et al. [24] found increased oxida-
tive stress and decreased levels of antioxidants in rats that
received cisplatin. They also reported that infertility de-
velops in association with this ovarian oxidative damage
and this damage-related infertility is prevented with mir-
tazapine. In another study, Li et al. [25] reported that cis-
platin-damaged ovarian reserve is associated with an in-
crease in oxidative stress and a decrease in antioxidation
capability. They also reported that Mesna (2-mercapto-
ethane sulfonate) may protect ovarian reserve from cispl-
atin-induced damage through potent antioxidation
without obvious inhibition of the anti-tumor efficacy of
cisplatin.

In our study, however, Vitamin E, which was the most
powerful antioxidant and widely used in infertility treat-
ment, was found to be insufficient to prevent cisplatin-
related infertility. Vitamin E is an antioxidant agent that
neutralizes peroxides and oxygen radicals, prevents the
lipid breakdown reaction chain, and protects against oxi-
dative damage by settling on cell and organelle mem-
branes [12, 27]. The drugs used in chemotherapy are
thought to exhibit cytotoxic effects by establishing oxida-
tive stress [5-7]. In theory, therefore, antioxidants are
thought to reduce the side-effects of these agents by scav-
enging free radicals. However, there are many reports in
the literature that antioxidants do not reduce the effec-
tiveness of chemotherapy [7, 28]. In experiments in which
antioxidants have been administered together with che-
motherapeutics, free radical scavengers have been shown
not to reduce the antitumor effect of cytotoxic drugs such
as cisplatin [7, 29]. Although chemotherapy has been
shown to lead to free radical formation, it has not been
implicated in free oxygen radical formation [9, 10].

Vitamin C is another antioxidant drug used in this
study. The antioxidant activity of Vitamin C is the most
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powerful among the water-soluble vitamins, albeit not as
great as that of Vitamin E [11]. However, our study
showed that, similar to Vitamin E, Vitamin C was unable
to prevent cisplatin-related infertility. Vitamin C traps
peroxyl radicals in the aqueous phase. In addition, it en-
ters into a reaction with tocopheroxyl radical, and this
results in tocopherol. The function of Vitamin C is to in-
crease radical trapping potential by regenerating tocoph-
erol and protecting membranes against peroxidation
[30]. It has been reported in the literature that chemo-
therapy establishes oxidative stress by leading to antioxi-
dant loss, that this oxidative stress causes cell mutation
[31], and that Vitamins C and E protect cells against this
mutagenic effect [10, 32]. This is not in agreement with
our own experimental results.

Interestingly, only one rat from the HRECG group
gave birth, whereas almost all those from the TPPCG did
so in this study, as TPP’s antioxidant activity is lower than
those of HRE and Vitamins C and E. In contrast, HRE has
powerful antioxidant and antitoxic effects [16]. These an-
tioxidant effects arise from its carotene a, $ and y, ribo-
flavin, Vitamin C, tocopherol, tocotrienol, folic acid, and
tannin contents [14, 15]. The TPP we used is an active
metabolite of thiamine. TPP is a coenzyme of carboxylase
enzyme that plays a role in the oxidative decarboxylation
of mitochondria [33, 34]. Yapca et al. [35] reported that
infertility in rats subjected to unilateral ovariectomy and
ischemia/reperfusion injury in the contralateral ovary is
prevented by TPP whereas it is not prevented by thia-
mine. Borekci et al. [5] also showed that TPP is effective
against cisplatin-induced infertility in rats.

This study investigated the effects of TPP, HRE, and
Vitamins C and E in groups in which they were adminis-
tered at the same time as cisplatin therapy (ECG, CCG,
HRECG, and TPPCG) and in groups in which they were
administered after cisplatin therapy (ECG-1, CCG-1,
HRECG-1, and TPPCG-1). The reason for administering
drugs in parallel to cisplatin therapy (prophylaxis) was to
investigate the effects of drugs against toxic radical for-
mation before injury induced in ovarian tissue with cis-
platin. Drugs were administered after cisplatin therapy in
order to reveal their effects against developing toxic radi-
cals and the oxidative damage caused by radicals. How-
ever, in addition to preventing radical formation before
injury, antioxidants repair oxidative damage that has al-
ready occurred, neutralize various reactive side products,
and prevent the reduction of oxidized biomolecules [36].
This information from the literature is compatible with
our study results, because TPP, HRE, and Vitamins C
and E significantly prevented a rise in MDA concentra-
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tions and a decrease in tGSH, GSHRd, and GST levels,
both in groups in which they were administered before
cisplatin therapy and when they were administered after-
ward. MDA is the final product of lipid peroxidation, and
excess production leads to cell damage [37]. GSH, a non-
enzymatic antioxidant, has an important role in protect-
ing cells from oxidative damage. GSHRd and GST are en-
zymatic antioxidants and have higher activity in healthy
tissue compared with damaged tissue [38]. GSH, GSHRd,
and GST are important endogenous defense mechanisms
in cell protection [38, 39]. A rise in MDA concentrations
and a decrease in GSH levels were observed in rat ovarian
tissue that was administered cisplatin; cisplatin-induced
infertility was also prevented by the administration of
TPP [5]. Our scan of the literature revealed no previous
comparative studies regarding the prevention and treat-
ment of infertility with Vitamins C and E, HRE, and TPP
in rats given cisplatin.

In conclusion, we observed an increase in oxidant pa-
rameters and a decrease in antioxidant parameters in rat
ovarian tissues administered cisplatin. Infertility devel-
oped in all rats that were administered cisplatin. An in-
crease in oxidant parameters and a decrease in antioxi-
dant parameters occurring with cisplatin were best pre-
vented by HRE, Vitamin E, Vitamin C, and TPP, in that
order. However, infertility caused by cisplatin in rats
was prevented and treated by TPP, whereas it was not
prevented and treated by HRE, Vitamin E, and Vita-
min C. We suggested that oxidative stress is not a major
component of cisplatin-related infertility. We also con-
cluded that the administration of TPP to patients treated
or still being treated with cisplatin may be beneficial in
preventing and treating possible future cisplatin-related
infertility.
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