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Carboplatin-mediated changes in the activity levels of steroidogenic marker enzymes, serum
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ABSTRACT
Carboplatin (10 mg/ kg body weight) caused significant decrease in the activity levels of steroidogenic marker enzymes such as 3ß-hydroxy
steroid dehydrogenase and 17ß-hydroxy steroid dehydrogenase in experimental rats when compared to that of the control rats. In addition,
activity levels of serum hormones including LH, FSH and Testosterone were also altered significantly in experimental animals. Besides,
causing significant alterations in the activity levels of steroidogenic marker enzymes, and serum hormones, carboplatin treatment also caused
changes in testicular architecture in rats.
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INTRODUCTION
Platinum-derived drugs are playing an increasing important role in the treatment of a variety of neoplasms [1]. Much understanding of the present platinum drugs has come from the studies
with cisplatin. [2]. Even though a number of platinum coordination
compounds exhibit antiviral and antitumor activities, cisplatin and its
direct analog carboplatin are effective anticancer drugs currently approved for the treatment of several human carcinomas [3], [4].
The use of cisplatin, however, is limited by significant dose
related toxicity, notably, nephrotoxicity, emesis, ototoxicity and peripheral neuropathy [5]. To improve the therapeutic index of platinum
compounds, new analogs have been developed [6]. The secondgeneration platinum compound i.e., carboplatin entered the clinical
trails in 1981 and showed a very similar activity profile to that of
cisplatin, with a good response in ovarian, lung, head and neck and
testicular cancers. It is currently the second most widely used platinum anticancer drug in the world [7].

the cell membrane and inside the cell, the ring structure is hydroxylated by water to form the active moiety. In the active form, it forms
irreversible covalent bonds with DNA and inhibits DNA replication,
RNA transcription and protein synthesis. Intra-stand cross links at
the N-7 position of guanine are predominant binding sites of
carboplatin. Carboplatin causes cell cycle arrest in the G2-phase and
then induces programmed cell death or apoptosis [9].

Despite its effectiveness in the suppression of cancer cells,
the administration of carboplatin is associated with a variety of side
effects which include myelo-suppression, alopecia, rash, and other
mild effects [10]. Moreover, carboplatin has also embryotoxic and
teratogenic effects [11], [12]. However, only few studies have been
carried out to investigate its anti-fertility effects. Hence, an attempt
has been made in the present study to investigate the effect of
carboplatin activity levels of steroidogenic marker enzymes, serum
hormones and testicular architecture in male rats. The aim of this type
of work has been to find analogues with reduced toxicity and /or
The mechanism of action of carboplatin is very similar to wider spectrum of activity. One such analogous compound is
that of cisplatin, forming preferential cross links with guanine in DNA, carboplatin.
thus eventually causing cell death [8]. Carboplatin readily crosses
In the present study platinum based anti-cancer drug i.e.,
carboplatin
was administered to male rats in order to investigate the
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2. MATERIALS & METHODS
2.1. Animals
Healthy adult male wistar rats of same age group (70±5 Days)
were selected for the present study. Animals were housed in an air
conditioned animal house facility at 26±1? C, with a relative humidity
of 75%, under a controlled 12 h light/dark cycle. The rats were reared
on a standard pellet diet (HLL Animal Feed, Bangalore, India) and tap
water adlibitum.
2.2. Test chemicals
Carboplatin was purchased from Sigma chemicals, St.Louis
Co., MO, USA. This compound was dissolved in 0.9% normal saline
to obtain the final concentration of the 10 mg/kg body wt. of the
animal.
2.3. Experimental Design
The rats were divided into two groups consisting of eight
animals in each group. The rats in the first group were served as
control and received 0.9% of normal saline only. The rats in the second group were received carboplatin (10 mg/kg body wt). Injections
were given intra-peritoneally to rats on 1st, 3rd and 5 th day of experimentation. On 45th day of experiment animals were sacrificed by cervical
dislocation.
2.4. Assay of testicular steroidogenic marker enzymes
The testicular tissue was homogenized in ice-cold Tris-HCl
buffer (pH 6.8). The microsomal fraction was separated and used as
enzyme source. The activity levels of 3ß-hydroxy steroid dehydrogenase (3ß-HSD; EC.1.1.1.51) and 17ß-hydroxy steroid dehydrogenase
(17ß-HSD; EC.1.1.1.64) were assayed by the method of Berg Meyer
[13]. The enzyme assays were made under the conditions following
zero order kinetics after preliminary standardization regarding linearity with respect to time of incubation and enzyme concentration.
The reaction mixture in a volume of 2.0 ml contained: 100 µ
moles of sodium pyro phosphate buffer (pH 9.0), 0.5 µ moles of cofactor (NAD for 3ß-HSD and NADPH for 17ß-HSD), 0.08 µ moles of
substrate (dehydro epi andro sterone for 3ß-HSD and androstenedione for 17ß-HSD) and 20 mg equivalent of microsomal protein as
enzyme source.
The reactions were carried out in a quartz cuvette of 1.0 cm
path at 23±1? C. The absorbance at 340 nm was measured at 20s
intervals for 5 min using UV-vis spectrophotometer (Hitachi U-2001).
Protein content in the enzyme source was estimated by the method of
Lowri et al [14] using bovine serum albumin as standard. The enzyme
activies were expressed in micromoles of NAD converted to NADH
mg/ protein/min for 3ß-HSD or micromoles of NADPH converted to
NADP mg/ protein/min for 17ß-HSD.
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2.5. Quantitative determination of serum hormone level
The levels of Serum testosterone, follicle stimulating hormone (FSH) and luteinizing hormone (LH) were determined by established methods after preliminary standardization.
2.6. Serum testosterone
Serum testosterone was estimated using a sensitive radioimmunoassay (RIA). The antiserum used in the assay was raised in
rabbits using a derivative of testosterone (testosterone-3-carboxy
methyloxime conjugated to BSA).
2.7. Radioimmunoassay of Testosterone:
Radioimmunoassay (RIA) of testosterone was done according to the method of Rao et al. [15] with minor modifications. One
hundred microlitres of standard testosterone (10-1000 pg) diluted in
0.01 M GPBS (pH 7.4) or suitable aliquot (100 – 200 µl) of sample were
incubated with 100 µl of tritiated testosterone (10,000-20,000 cpm/
tube) and 100 µl of diluted antiserum (1:5,000) at 4°C for overnight.
After incubation, 350 µl chilled dextran coated charcoal was added to
each tube in ice bath and incubated at 4°C for 10 minutes. The tubes
were centrifuged at 6000 x g for 10 minutes at 4°C. The supernatant
was carefully decanted in to vials containing 3.0 ml of toluene-based
scintillation fluid and counted in a Liquid Scintillation Counter. After
deduction the non-specific binding from all the values, the results
were plotted as % of specific binding versus log concentrations of
testosterone.
2.8. Serum FSH and LH
Radio-iodination of FSH and LH
Highly purified iodination grade follicle stimulating hormone
(NIDDK-rFSH) and luteinizing hormone (NIDDK-rLH-RP-3) were radio-iodinated with carrier-free ( 125I) according to the method of Hunter
and Greenwood [16] as modified by Greenwood et al. (1963) using
Chloramine T as an oxidizing agent. The iodination of rat FSH and LH
with [125I] was performed in eppendorf tubes.
Radioimmunoassay of serum FSH
Serum FSH was assayed by the method of Lin et al. [17]
after suitable modifications. The assay was carried out in duplicate
with total, non-specific binding, maximum binding, standard, quality
control and unknown serum sample tubes. In brief, 200 µl of standard FSH (0.25 to 64 ng/ml) or serum samples were incubated with 100
µl of iodinated FSH (15,000 - 20,000 cpm/100 µl) and 200 µl of rat FSH
antiserum (1:1,25,000) at 4°C for 48 h. At the end of the incubation 200
µl of goat-antirabbit gamma globulin was added to all the tubes (except total count tubes) and mixed. Once again the tubes were incubated for 24 h at 4°C and centrifuged at 1500 x g for 30 minutes. The
42-48

Y.V.Kishore Reddy et al. / Drug Invention Today 2010,2(1),42-48
Figure.1.Effect of carboplatin (10 mg/kg body weight) on the
activity levels of selected steroidogenic marker enzymes in the
testis of rats.

Legend for Figure.2:Effect of carboplatin (10 mg/kg body weight) on
serum testosterone, follicle stimulating hormone and lutenizing
hormone levels in male rats.
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Legend for Figure.3.Transverse section of the testis of the control
rat showing the presence of normal tubular structure with spermatogenic cells at different stages of development. Seminiferous
tubules are packed closely. The tubular spaces are packed with interstitial tissue, containing clusters of leydig cells. Scale line = 50
µm.
goat-antirabbit gamma globulin was added to all the tubes (except
total count tubes) and mixed. The tubes were again incubated for 24
h at 4°C and centrifuged at 15000 X g for 30 minutes. The supernatant
was carefully decanted and the precipitate was counted for 1 minute
in a microprocessor-based gamma counter (Kontron Gammamatic).
The concentrations of LH in the serum samples were calculated from
the logit-log representation of the calibration curve and expressed as
ng/ml.
2.9. Histological study
The rats were autopsied and the testes were dissected out.
The testicular tissue was fixed in aqueous Bouin’s fluid for 24 hours,
dehydrated in alcoholic series, cleared in xylol and embedded in paraffin wax. Serial sections of 5 µm thickness were made and stained
with Harris haematoxylin-eosin and examined using microscope.
2.10. Statistical analysis
The data were presented as mean ± SD. Statistical analysis
was performed using analysis of variance (ANOVA) followed by
Dunnett’s test using SPSS 10.0.

Legend for Figure –4.Transverse section of the testis of the rat
exposed to carboplatin (10 mg/kg body weight) showing symptoms of
arrest of spermatogenesis with ruptured epithelium and very few
spematogonia, spermatocytes and spermatids. Scale line = 50 µm.
the corresponding groups of control rats. Whereas the levels of serum testosterone were significantly decreased in adult rats exposed
to carboplatin when compared to the corresponding groups of control rats (Fig .2).
Histological observations of the testes of the control rat
consist of seminiferous tubules and inter-tubular elements. The seminiferous tubules show normal spermatogenesis with all cell types
and well developed intestinal cells. Each seminiferous tubule consists of the tubular wall the outermost basement membrane. Resting
on the basement membrane are the spermatogonia and the sertoli
cells. Towards the lumen, the primary spermatocytes, secondary
spermatocytes and spermatids adhere to the sertoli cells. Sperms are
seen with heads embedded in the sertoli cells and tails lying in the
lumen (Fig. 3).
Transverse section of the testis of the rat exposed to
carboplatin (10 mg/ kg body weight) shows symptoms of the partial
arrest of spermatogenesis. The seminiferous tubules are disorganized.
The germinal epithelium, spermatogonia, spermatocytes and spermatids are severely damaged and many are degenerated. Reduction in
leydig cells were clearly seen in this group. The degeneration was
observed in seminiferous tubules showing necropsied spermatogenic cells and the lumen was empty of active sperms (Fig. 4).

3. RESULTS
4. DISCUSSION
No mortalities were observed in control or experimental
groups. No behavioral abnormalities were observed in experimental
animals. Treatment of platinum-based anticancer drugs induced severe reproductive abnormalities in adult male rats. The results represented in (Fig.1) indicate that a significant decrease in activity levels
of 3ß-HSD and 17ß-HSD were observed in carboplatin treated rats
when compared with control rats.
The levels of serum FSH and LH were increased significantly in rats exposed to carboplatin when compared with respect to
Drug Invention Today Vol.2.Issue.1.January 2010

The present study demonstrates the adverse effect of
carboplatin on steroidogenesis, pituitary-testicular-axis and testicular architecture in adult male rats. Steroidogensis is the biosynthetic
path way that produces steroid hormones. These steroid hormones
participate in the control and regulation of the reproductive system.
The reproductive steroid hormones are produced in the testes and to
a much lesser extent, the adrenal glands. Inside the leydig cell, the
steroidogenic pathway begins in the cytoplasm and the final end
product hormone i.e., testosterone is produced in the testis [18].
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rats and humans [33].
The decreased steroidogenic enzyme activity levels may lead to decreased steroidogenesis in experimental rats which in turn may suppress the reproductive activities in the male rats. It seems carboplatin
acts on leydig cells and inhibits the testosterone production which
was evident by decrease in the activity levels of 3β -HSD and 17β HSD enzymes in the testes of experimental rats. Since, the enzyme
3β -HSD is localized exclusively within the leydig cells in the testes
[19].
Although there are no reports on the reproductive toxicity
of carboplatin, but many reports are available on such effects of
cisplatin. Previous studies also have been demonstrated the decreased
activity levels of 3β -HSD and 17β -HSD in the leydig cells cultured
with platinum-based anticancer drugs [20] and in the testis of rats
treated with diphenyl ethylene diamine platinum complex [21]. Other
anticancer drugs such as cyclophosphamide [22], [23] and adriamycin
[24] have also been reported to cause decrease in activity levels of
3β -HSD and 17β -HSD enzymes in the testis of rats.
Exposure to toxic substances that are not endogenous to
the body can lead to chemical reactions that alter the outcome of
several biochemical pathways. Alterations of the hormonal steroidogenic pathway at even one step will change the pattern of production and eventually secretion of steroid hormones. Any chemical
interference to steroidogenesis viz., altering enzymatic activity, altering precursor availability, interfering with control mechanisms etc.,
can cause adverse effects to the reproductive system. Toxic responses
to the reproductive system can result in such adverse effects as
abnormal sexual and physical development, diminished fertility or
sterility [25], [26].
Hormones play a vital role in initiating and maintenance of
male reproductive function or testicular function which includes the
production of androgens and spermatozoa. The endocrine input is
provided by the hypothalamic-pituitary axis. Interactions within the
hypothalamic-pituitary-gonadal axis involve a complex array of endocrine, paracrine, and autocrine mechanisms [27], [28].
In the present study, the elevated levels of serum FSH and
LH with lowered testosterone levels indicating adverse effect of
carboplatin on hypothalamic-pituitary–testicular axis in experimental
rats. Decrease in serum testosterone levels in experimental rats indicates impairment of testosterone production by leydig cells. The elevated levels of LH indicate malfunctioning of leydig cells and an
impairment of endocrine function. The increased level of FSH was
observed in the present study indicating dysfunction of the germinal
epithelium [29], [30].
Our results are in agreement with previous studies, which
also reported decreased levels of serum testosterone after exposure
to cisplatin based chemoetherapy in adult rats [31] and mice [32]. The
present observations of elevated serum LH and serum FSH levels are
also in agreement with those of previous studies. Increase in both LH
and FSH concentrations were observed following procarbazine in
Drug Invention Today Vol.2.Issue.1.January 2010

Any imbalance in the hormonal status of the body and seminiferous tubules, it leads to disturbances in the process of spermatogenesis. Chemotherapy causes persistent dysfunction of leydig cells.
When there is a complete leydig cell failure, the LH concentrations
rise and testosterone levels fall down [34]. This likely represents a
compensatory mechanism resulting from reduced negative feedback
by testosterone at the hypothalamic-pituitary level, thereby reflecting a degree of impairment of testosterone production by the leydig
cells [35]. Thus testosterone negatively regulates LH secretion, and
in the event of testosterone decline, LH levels increases two-to threefold. This suggests that carboplatin might have directly affected the
hypothalmo-pituitary-testicular axis.
Histological studies on the testis provide the evidence to
observe the difference in architecture between control and experimental animals [36]. In the present study the investigation has been
aimed to know the effect of exposure to carboplatin on the histological alterations in the testis of adult rats. In the present study histological changes were observed in testes of experimental rats indicating inhibitory effect of carboplatin on spermatogenic compartment
with arrest of spermatogenesis.
Within the testes the main target cells for toxicant that disrupt spermatogenesis are the somatic cells, (leydig cells and sertoli
cells) and the germ cells themselves. If the toxic exposure is brief or
not too severe, the seminiferous epithelium can often recover and
rapidly reestablish normal spermatogenesis. However if the injury is
severe, the seminiferous epithelium may irreversibly damaged resulting in spermatogenic failure [37].
Spermatogenesis depends on the action of testosterone
which is produced by leydig cells in the testis. The sertoli cells play a
central role in development of functional testis, and hence in the
expression of a male phenotype [38]. Spermatogenic failure has been
a recognized consequence of treatment with chemotherapeutic agents
[39]. Many drugs particularly alkylating agents have been shown to
affect spermatogenesis [40].
Histological observations of the testes of the control rat
consist of seminiferous tubules and inter-tubular elements. The seminiferous tubules show normal spermatogenesis with all cell types
and well developed interstitial cells. Each seminiferous tubule consists of the tubular wall with the outermost basement membrane.
Resting on the basement membrane are the spermatogonia and the
sertoli cells. Towards the lumen, the primary spermatocytes, secondary spermatocytes and spermatids adhere to the sertoli cells. Sperms
are seen with heads embedded in the sertoli cells and tails lying in the
lumen (Fig.3).
Transverse section of the testis of the rat exposed to
carboplatin (10 mg/ kg body weight) shows symptoms of the partial
arrest of spermatogenesis. The seminiferous tubules are disorganized.
The germinal epithelium, spermatogonia, spermatocytes and sperma42-48
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tids are severely damaged and many are degenerated. Reduction in
leydig cells were clearly seen in these two groups. The degeneration
was observed in seminiferous tubules showing necropsied spermatogenic cells and the lumen was empty of active sperms (Fig. 4).
The present observations of symptoms of the partial arrest
of spermatogenesis in the testis of rat exposure to carboplatin are
also in agreement with those of previous studies. Chemotherapy with
cisplatin can have profound and long-lasting effect on spermatogenesis. Studies in mice have demonstrated an acute damage to spermatogenesis following cisplatin treatment. Detailed investigations in
animal models indicate that cisplatin has broad toxic activity, targeting leydig cells, sertoli cells and germ cells [36], [37]. These degenerative changes of seminiferous tubules could be due to the decreased
intra-testicular synthesis of testosterone. However testosterone concentrations in the testis of the treated animals would be otherwise
sufficient to support complete spermatogenesis [41].
The result indicate that exposure of rats to carboplatin affects the spermatogenesis which may be due to an imbalance in the
androgens which are essential for normal spermatogenesis. These
changes could be due to the decreased intratesticular concentrations
of testosterone. The decreased activities of 3β -HSD and 17β -HSD
might be responsible for decreased testosterone levels in the testis of
rats exposed to carboplatin.
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