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The present study was undertaken to find out the adverse
effects of cyclophosphamide on testicular activities along
with testicular oxidative stress at its therapeutic dose and
the protective effects of a-tocopherol succinate on
testicular dysfunctions induced by cyclophosphamide in
mature albino rats. A significant diminution in the
activities of testicular D5, 3b-hydroxysteroid dehydrogen-
ase (HSD) and 17b-hydroxysteroid dehydrogenase (HSD)
along with significant reduction in the plasma level of
testosterone and number of spermatogonia-A (ASg),
preleptotene spermatocytes (pLSc), midpachytene sper-
matocytes (mPSc) and step 7 spermatids (7Sd) at stage VII
of spermatogenic cycle were observed following cyclophos-
phamide treatment. Oxidative stress was also noted in
testis, which was enlightened by significant elevation in
the level of malondialdehyde (MDA) and conjugated
dienes along with significant reduction in the activities of
testicular peroxidase and catalase. Co-administration of a-
tocopherol succinate in cyclophosphamide-treated rats
resulted a significant restoration of all the above-
mentioned parameters to the control level. The results of
our experiment suggest that cyclophosphamide treatment
at its clinical dose is associated with antigonadal activities
as well as induction of oxidative stress in gonad that can be
ameliorated significantly by a-tocopherol succinate co-
administration. So, our data have some potential clinical
implications.
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Abbreviations: Asg, Spermatogonia-A; ANOVA, Analysis of Vari-
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dinucleotide; NaCl, Sodium Chloride; Na2H2PO4, Disodium
hydrogen phosphate; NaH2PO4, Sodium dihydrogen phosphate;
pLSc, Preleptotene Spermatocytes; rpm, Rotation per minute; ROS,
Reactive oxygen species; STD, Seminiferous tubular diameter;
TBA–TCA, Thioberbituric acid–trichloroacetic acid; TMB, Tetra
methyl benzidine; 17b-HSD, 17 beta Hydroxysteroid dehydro-
genase; 7Sd, Step 7 spermatids

INTRODUCTION

Cyclophosphamide, an alkylating agent, is
renowned as an essential component of many
effective drug regimens.[1] This component is
used widely as anticancer and immune suppressive
drug[1,2] especially for the control of organ rejection
after transplantation. It has an immense value for
the treatment of nephrotic syndrome.[3,4] Although
this therapeutic usefulness remains indisputable, a
wide range of adverse effects including reproductive
toxicity has been demonstrated following cyclophos-
phamide treatment of patients and in experimental
animals. Cyclophosphamide treatment in patients
is associated with oligospermia and azoosper-
mia[3,5,6] as well as biochemical and histo-
logical alterations in the testes and epididymis of
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rats and humans.[3,7] Moreover, disturbance in
gonadotrophin secretion and testicular damage[8]

along with low blood level of testosterone are
associated in cyclophosphamide-treated male
patients.[9] Cyclophosphamide treatment with
chronic low dose on male rat can affect the outcome
of their progeny, decrease in reproductive organ
weights and impairment of fertility.[10] Frequent use
of this chemotherapeutic drug is associated with
significant gonadal damage in men and women.[11]

We reported that treatment of cyclophosphamide in
adult rats causes toxic effect on liver and kidney, and
inhibitory effect on ovarian steroidogenic activities,
which could be ameliorated by ascorbic acid
supplementation.[12,13] We also reported that the
anti-folliculogenic activities of cyclophosphamide at
its therapeutic dose could be restored by co-
administration of human chorionic gonadotrophin
(hCG).[14] Very recently, we have also reported that
cyclophosphamide treatment is also associated with
inhibition in testicular androgenesis and spermato-
genesis which are protected significantly by hCG co-
administration.[15] Cyclophosphamide treatment is
associated with induction of oxidative stress by
generation of free radicals and reactive oxygen
species (ROS).[16] Testicular steroidogenic and game-
togenic activities both are affected remarkably by
free radical and ROS[17,18] though the correlation
between testicular activity and testicular oxidative
stress is not well established till now.

On the other hand, the potency of dietary
antioxidants to reduce the activity of radical-induced
reactions during any kind of stress has drawn
increasing attention in recent years and include such
antioxidants as vitamin C, tocopherol (vitamin E)
and beta-carotene.[19] In this study, we supplied
a-tocopherol succinate as antioxidative agent in
cyclophosphamide-treated animals in connection to
our previous work where a-tocopherol succinate
was used as antioxidant.[20] Moreover, plasma
a-tocopherol concentration provides an index of
vitamin E status.[21] Here, we focussed the effect of
a-tocopherol on cyclophosphamide-induced toxicity
and oxidative stress in testis as vitamin E is the least
toxic of vitamins.[22] Out of a-, b- and g-tocopherols,
the a-tocopherol has the greatest vitamin E
activity[23] which is a potent antioxidant.[24] More-
over, this lipid-soluble vitamin plays a much better
pivotal role to reduce oxidative damage to lipids and
biomembranes in vivo than other antioxidative
vitamins like vitamin C and beta-carotene.[19]

Protective effect of tocopherol from oxidative stress
not only depends on its chain breaking capacity in
lipid peroxidation, but also on its role in stabilisation
of membrane structure.[25] This stability is mainly
performed by the inhibitory role of this vitamin on
membrane bound phospholipase A2

[26,27] that
reduces the accumulation of unesterified fatty

acid[27] which seems susceptible to peroxidative
damage.[27,28] Beside this, tocopherol has stimulatory
effect on gonadotrophin secretion[29] and gonadal
steroidogenesis.[30]

So, in this study, we like to search out the
correlation between testicular steroidogenic and
gametogenic disorders induced by cyclophospha-
mide in connection to testicular oxidative stress as
well as protective effect of a-tocopherol co-adminis-
tration on cyclophosphamide-treated rats. The
results of such experiment may be extrapolated to
human community especially to those individuals
under the subject of chemotherapy of this drug.

MATERIALS AND METHODS

Animals Selection Care

Thirty sexually mature male Wistar strain albino rats,
3 months of age, weighing 130 gm were used. The
animals were kept under standard laboratory
condition (12 h light/12 h dark, 308C) for a period
of 10 days prior to experimentation with food and
water provided ad libitum. Body weights were
checked weekly. The principles of Laboratory
Animal Care (NIH publication No. 85-23, revised
1985) were followed throughout the experimental
schedule.

Experimental Design

Animals were divided equally into three groups. The
vehicle-treated control group was gavaged with
water 5 ml/kg body weight/day. The two other
groups were given cyclophosphamide by gavage at a
dose of 5 mg in 5 ml water/kg body weight/day. The
treatment period for all groups was 28 days. Oral
administration was selected to correspond to the
route used in human and the dose was selected to
correspond to the therapeutic dose.[1,4] One group of
cyclophosphamide-treated animals was given
a-tocopherol succinate by subcutaneous injection at
a dose of 50 mg/kg body weight/day for 28 days
after 4 h of cyclophosphamide treatment. The
vehicle-treated control and the other cyclopho-
sphamide-treated group were injected with sterile
water at the same volume by subcutaneous route at
the time of a-tocopherol succinate co-administration
to one experimental group according to the same
schedule. All the animals were sacrificed 24 h after
the last a-tocopherol succinate treatment by light
ether anaesthesia. Body weight of the animals was
recorded and blood was collected from dorsal aorta
using a heparinised syringe with a 21-gauge needle.
By centrifugation, plasma samples were separated,
frozen and stored at 2208C for different hormone
assay. The testes were dissected out and their
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weights were recorded. One testis of each animal
was used for histological study and other was used
for the study of steroidogenic, and scavenger
enzyme activities along with the level of free
radicals.

Histological Study of Testes

One testis from each animal was fixed in Bouin’s
fixative and used for embedding in paraffin wax. A
5-mm thick section was cut from the middle portion
of each testis and stained with haematoxylin–eosin.

Quantitative Study of Spermatogenesis

The prepared stained slides of each group were
examined by light microscope. The quantitative
analysis of the seminiferous epithelium was carried
out at stage VII of seminiferous epithelial cycle
according to the method of Leblond and Cler-
mont.[31] Characteristic cellular association present
in this stage is spermatogonia-A (ASg), preleptotene
spermatocytes (pLSc), midpachytene spermatocytes
(mPSc), step 7 spermatids (7Sd) and most mature
step 19 spermatids (19Sd). The different nuclei of the
germ cells (except step 19 spermatids, which can not
be enumerated precisely) were counted in 20 round
tubular cross sections at stage VII of the cycle in each
rat. All the nuclear count (crude counts) of the germ
cells were corrected for differences in nuclear
diameter by the formula of Abercrombie,[32]

i.e.true count ¼ ðCrude count £ section thicknessÞ=
ðsection thickness þ nuclear diameter of germ
cellsÞ and tubular shrinkage by the Sertoli cell
correction factor.[33] Stage VII of seminiferous
epithelial cycle was selected as quantitative study
of spermatogenesis because it represent the con-
dition of spermatogenesis as a whole as all varieties
of germ cells are present at this stage.[34]

Histometric Study of Seminiferous Tubule

Seminiferous tubular diameter was measured
according to the method of Burgos and Ladman.[35]

The prepared slides were placed under high power
objective in a phase contrast microscope and, with
the help of stage and ocular micrometer, the diameter
of seminiferous tubules was measured. For a single
measurement of this parameter, 10 round or oval
shaped seminiferous tubules were selected, and the
diameter was noted in each tubule by taking the
upward and downward margin lines of the tubule as
well as the left side and right side margin lines of the
tubule from each slide.

Assay of Testicular D5, 3b-HSD Activity

One testis from each animal was used for study of D5,
3b-HSD and 17b-HSD activities. Testicular D5,
3b-HSD activity was measured biochemically.[36]

One testis of each animal was homogenised care-
fully maintaining chilling condition at 48C in 20%
spectroscopic grade glycerol (BDH Chemical
Division, Bombay, India) containing 5 mmol/l
potassium phosphate (Loba Chemical Company,
Bombay, India) and 1 mmol/l EDTA (Organon,
Calcutta, India) at a tissue concentration of
100 mg/ml homogenising mixture and centrifuged
at 10,000g for 30 min at 48C. The supernatant (1 ml)
was mixed with 1 ml of 100 mmol sodium
pyrophosphate buffer (pH-8.9, Loba Chemical
Company, Bombay, India) and 40ml of 0.3mmol
dehydroepiendosterone (DHEA) (Organon,
Calcutta, India.) and 960ml of 25 mg% BSA,
making the incubation mixture a total of 3 ml.
Enzyme activity was measured after addition of
0.5mmol of NAD to the tissue supernatant mixture
in a spectrophotometer cuvette at 340 nm against a
blank (without NAD). One unit of enzyme activity
is the amount causing a change in absorbance of
0.001/min at 340 nm.

Assay of Testicular 17b-HSD Activity

The activity of testicular 17b-HSD was measured
biochemically.[37] The same supernatant prepared for
the assay of D5, 3b-HSD (above) was used for the
assessment of 17b-HSD activity. This supernatant
(1 ml) was mixed with 1 ml of 440mmol sodium
pyrophosphate (Loba Chemical Company, Bombay,
India) buffer (pH-10.2), 40ml of 0.3mmol of testos-
terone (Sigma Chemical Company, St Louis, MO,
USA) and 960ml of 25 mg% BSA, making the
incubation mixture a total of 3 ml. Enzyme activity
was measured after addition of 1.1mmol of NAD to
the tissue supernatant mixture in a spectropho-
tometer cuvette at 340 nm against a blank (without
NAD). One unit of enzyme activity is equivalent to a
change in absorbance of 0.001 per min at 340 nm.

Assay of Testicular Catalase Activity

Estimation of testicular catalase activity was
measured biochemically.[38] Testicular tissue from
each animal was homogenised in a homo-
geniser using an ice cold homogenising medium
containing 0.05 mol Tris–HCl buffer at a tissue
concentration of 20 mg/ml. The homogenising
mixture was centrifuged at 10,000g for 20 min at
48C. In spectrophotometer cuvette, 0.5 ml hydrogen
peroxide (H2O2) solution (100 ml of 30%
H2O2 þ 99 ml double distilled water) and 2.5 ml
double distilled water were taken, mixed well
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and was read at 240 nm. In second time, 40ml
supernatant of tissue homogenate was added to this
cuvette, mixed well and six readings were taken at
30-s intervals consecutively at 240 nm.

Assay of Testicular Peroxidase Activity

Testicular peroxidase activity was determined
by modified procedure of Sadasivam and
Manickam.[39] Testicular tissue of each animal was
homogenised in medium consisting of equal parts of
0.9% normal saline and 0.1 mol sodium phosphate
buffer (pH ¼ 7.4) to give a tissue concentration
100 mg/ml. The homogenate was centrifuged at
10,000g for 15 min at 58C. In a spectrophotometer
cuvette, the supernatant (0.1 ml) was mixed with
3 ml of phosphate buffer (pH ¼ 7.4) and 0.05 ml of
guaiacol solution at 258C making the incubation
mixture a total of 3.15 ml. The reading was taken
causing a change in absorbance 0.05/min at 436 nm.
After this initial reading, 0.3 ml of H2O2 solution
(0.042%) was added to this cuvette immediately,
mixed well and read at same wave length. As the
absorbance reached 0.05, a stopwatch was started
and noted the time (Dt) require in minutes to increase
the absorbance by 0.1.

Estimation of Testicular Conjugated Dienes

Testicular conjugated dienes was measured accord-
ing to the method of Slater.[40] Testicular tissue of
each animal was homogenised separately in 0.1 mol
phosphate buffer (pH ¼ 7.4) containing 0.1 mol di-
sodium hydrogen phosphate (Na2HPO4) and 0.1 mol
anhydrous sodium di-hydrogen phosphate
(NaH2PO4) at a tissue concentration of 50 mg/ml
of homogenising mixture. Lipids of the homogeni-
sing mixture (0.5 ml) were extracted with chloro-
form–methanol (2:1) mixture. The total mixture was
centrifuged at 1000g for 5 min at normal tempera-
ture. Chloroform was evaporated under a stream of
nitrogen (N2) and lipid residue was dissolved in
1.5 ml cyclohexane (Marck, Calcutta, India). The
absorbance of this dissolved conjugated diene was
read spectrophotometrically at 233 nm.

Estimation of Testicular Malondialdehyde (MDA)

MDA of each testis was measured by the method of
Ohkawa et al.[41] Testicular tissue of each animal was
homogenised in same way as the homogenising
procedure of conjugated diene with same tissue
concentration. The homogenising mixture (0.5 ml)
was mixed with 0.5 ml normal saline (0.9 g% NaCl)
and 2 ml of TBA–TCA mixture (0.392 g thiobarbi-
turic acid in 75 ml of 0.25N HCl with 15 gm
trichloroacetic acid, volume up to 100 ml by 95%
ethanol) and boiled at 1008C for 10 min. This mixture

was then cooled at room temperature and centri-
fuged at 4000 rpm for 10 min. The whole supernatant
was taken in spectrophotometer cuvette and read at
535 nm.

Assay of Plasma Testosterone

Plasma level of testosterone was measured follow-
ing the immuno-enzymatic method by ELISA reader
(Merck, Japan) according to the standard protocol of
National Institute of Health and Family Welfare.[42]

Here, we followed commercially available competi-
tive solid phase enzyme immunoassay where
horseradish peroxidase was used as enzyme-labelled
antigen supplied by IBL, USA that makes a
competition with unlabelled antigen for binding
with limited number of site of antibody on the
microplates (solid phase). After incubation, bound/
free enzyme labelled antigen separations were
performed by simple solid-phase washing. The
substrate of enzyme, H2O2 and the chromogen
(TMB) were added and after the schedule time
enzyme reaction stopped by stop solution, supplied
by IBL, USA. Testosterone concentration in the
sample was calculated based on five standards
supplied by the IBL, USA. The absorbance of
standard and sample was monitored against the
blank at 450 nm. The cross-reaction of the testoste-
rone antibody to dihydrotestosterone is 10% and
intra-run precision had a coefficient of variation of
6.2%. All the samples were run at a time so there was
no inter-assay precision. As it is a steroid kit,
therefore, same kit prepared for human may be
followed for rat. The assay validated in respect to
correctness of the data in our laboratory was 98%.

Biochemical Assay of Plasma Level of
a-tocopherol:

Plasma level of a-tocopherol was measured bio-
chemically.[23] Plasma samples in equal volume
(0.2 ml) was mixed with 2 ml of absolute ethyl
alcohol properly and centrifuged for 10 min at
3000 rpm for precipitation of protein. Supernatant
of each sample was then mixed with 2 ml of xylene
and allowed to stand for 15 min for excretion of
a-tocopherol. The mixture was then centrifuged for
5 min at 3000 rpm. The aliquot of the xylene extract
was diluted with same volume of 1% 2,20-dipyridyl
(Loba Chemical Company, Bombay, India) in
n-propyl alcohol (Glaxo India Limited, Bombay,
India). The light absorption was attributed to the
carotenoids was measured at 460 nm. Series of
standards of a-tocopherol (Loba Chemical Company,
Bombay, India) were prepared and absorptions were
noted at 460 nm. Ferric chloride (FeCl3, 6H2O)
solution (4% ferric chloride in absolute ethyl alcohol)
was added to the unknown plasma as well as
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standards and mixed properly. The absorption of
both the unknown and standard were recorded at
520 nm. The concentration of a-tocopherol in plasma
was measured from supplied unknown and
expressed as mg/dl.

Statistical Analysis

For statistical analysis of our data, ANOVA followed
by a multiple two-tailed t-test was used.[43] Analysis
of variance (ANOVA) tests the difference between
the variances of two or more groups. We analysed
our data by one-way ANOVA, which is used to
investigate the effects of single independent variable
on dependent variable. Multiple two-tailed t-test
with Bonferroni modification was used to find out
whether the differences of mean value in each
parameter between different group combinations are
significant. Differences were considered significant
when p , 0:05:

RESULTS

Cyclophosphamide treatment as well as a-
tocopherol succinate co-treatment did not exert any

significant effect on general body growth in respect
to control as there was no significant variation in
body growth among these three groups (Table I). In
spite of that, cyclophosphamide treatment resulted a
significant decrease in relative weight of testis and
accessory sex organs when compared to control
(Table I). Co-treatment with a-tocopherol succinate
in cyclophosphamide-treated animals restored the
relative testicular weight as well as relative weight of
different accessory sex organs to the control level
(Table I).

Cyclophosphamide treatment resulted in a signifi-
cant diminution in the activities of testicular D5, 3b-
HSD and 17b-HSD as well as plasma levels of
testosterone when compared to control group (Figs. 1
and 2). After co-administration of a-tocopherol
succinate in cyclophosphamide-treated rats there
was a significant restoration in the activities of these
enzymes to the control level and lead to a significant
increase in plasma level of testosterone than the
control group (Figs. 1 and 2).

Quantitative study of seminiferous epithelial cycle
was performed from histological sections of testis
after haematoxylene–eosin staining. This study
revealed that cyclophosphamide treatment resulted
in a significant diminution in the number of pLSc,

TABLE I Effect of a-tocopherol succinate co-administration on body weight, testicular weight (g%) and relative weights of accessory sex
organs in cyclophosphamide-treated albino rats for 28 days

Group

Initial
body
wt (g)

Final
body
wt (g)

Testicular
somatic

index (g%)

Prosteto
somatic

index (g%)

Seminal
vesicular

somatic index (g%)

Epididymal
somatic

index (g%)

Control group 128a ^ 3.56 140a ^ 2.61 1.6250a ^ 0.074 0.1507a ^ 0.043 0.4598a ^ 0.056 0.4600a ^ 0.101
Cyclophosphamide

treated group
122a ^ 1.75 128a ^ 2.30 1.0391b ^ 0.004 0.0813b ^ 0.034 0.2644b ^ 0.031 0.3819b ^ 0.067

Cyclophosphamide þ
a-tocopherol succinate
co-administered group

125a ^ 2.73 137.5a ^ 2.29 1.5872a ^ 0.042 0.1123c ^ 0.079 0.4087a ^ 0.098 0.4591a ^ 0.170

Each value represents mean ^ SD (n ¼ 10), (ANOVA followed by multiple t-test). In each vertical column, the mean with different superscript (a,b,c) differ
from each other significantly, p , 0:05:

FIGURE 1 Effect of a-tocopherol succinate (vitamin E) co-administration on testicular D5, 3b-HSD and 17b-HSD activities in
cyclophosphamide-treated albino rats.
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mPSc and 7Sd in respect to control without any
significant change in the number of ASg (Table II;
Figs. 3–5). After co-administration of a-tocopherol
succinate in cyclophosphamide-treated rats, the
numbers of pLSc, mPSc, 7Sd at stage VII of the
seminiferous cycle were significantly recovered to
the control level though there was no significant
change in the number of ASg (Table II; Figs. 3–5).
From histometric study, it has been revealed that
cyclophosphamide treatment resulted in a signifi-
cant diminution in the seminiferous tubular dia-
meter (STD) when compared to control (Table II).
After a-tocopherol succinate co-administration to
cyclophosphamide-treated rat the STD was resettled
to normal level (Table II; Figs. 3–5).

Activities of testicular peroxidase and catalase,
important antioxidant enzymes were decreased
significantly after cyclophosphamide treatment in
comparison to control (Table III). After co-adminis-
tration of a-tocopherol succinate in cyclophospha-
mide-treated rats, activities of testicular peroxidase
and catalase, both were restored to the control level
(Table III).

The levels of MDA and conjugated dienes
were increased significantly after cyclophosphamide

treatment in comparison to control (Table III). Co-
administration of a-tocopherol succinate in cyclo-
phosphamide-treated rats resulted in the restoration
of the level of MDA and conjugated dienes at the
control value (Table III).

After the treatment with cyclophosphamide at its
therapeutic dose for 28 days resulted a significant
diminution in the plasma levels of a-tocopherol in
respect to control (Table III). After co-administration
of a-tocopherol succinate, there was a significant
elevation in plasma levels of a-tocopherol in respect
to cyclophosphamide-treated rats as well as control
(Table III).

DISCUSSION

The study demonstrates the adverse effect of
cyclophosphamide in testicular gametogenic and
steroidogenic activities in correlation to testicular
oxidative stress. In testicular steroidogenic event, D5,
3b-HSD and 17b-HSD play a key regulatory role.[44]

Low activities of these steroidogenic enzymes after
cyclophosphamide treatment is in agreement with
our previous findings where ovarian as well as

FIGURE 2 Effect of a-tocopherol succinate (vitamin E) co-administration on plasma level of testosterone in cyclophosphamide-treated
albino rats.

TABLE II Quantitative analysis of spermatogenesis at stage VII of the seminiferous epithelium and STD in rats co-administrated with
a-tocopherol succinate in cyclophosphamide-treated albino rats

Group ASg pLSc mPSc 7Sd STD (mm £ 100)

Control group 1.52a ^ 0.232 14.17a ^ 2.00 19.74a ^ 2.010 46.71a ^ 4.380 0.2591a ^ 0.013
Cyclophosphamide-treated group 1.39a ^ 0.110 9.83b ^ 1.210 13.31b ^ 3.030 28.76b ^ 5.340 0.1838b ^ 0.019
Cyclophosphamide þ a-tocopherol

succinate co-administered group
1.71a ^ 0.332 15.13a ^ 4.270 19.03a ^ 3.710 47.01a ^ 8.730 0.2535a ^ 0.009

Each value represents mean ^ SD (n ¼ 10), (ANOVA followed by multiple t-test). In each vertical column, the mean with different superscript (a,b) differ from
each other significantly, p ,0:05:
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testicular D5, 3b-HSD and 17b-HSD activities were
decreased by cyclophosphamide treatment.[14,15] The
inhibition in steroidogenic enzyme activities in
cyclophosphamide-treated rat may be a result of
low plasma levels of gonadotropins as these are
prime regulators of testicular steroidogenic enzyme
activities.[45] Moreover, the testicular steroidogenic
enzyme activities inhibition in cyclophosphamide-
treated rat may be due to elevation in testicular
conjugated dienes and MDA, important products of
free radicals, as microsomal steroidogenic enzyme
activities in testis are reduced in the presence of
those products of free radicals.[46] The elevation in
testicular free radicals in cyclophosphamide-treated
rats has been supported by the diminution in the
activities of testicular peroxidase and catalase as
these are important scavenger enzymes against free
radicals.[47] Low plasma levels of testosterone in
cyclophosphamide-treated rat also strengthen the
idea about the inhibitory effect of cyclophosphamide
on testicular steroidogenesis. Cyclophosphamide
induced spermatogenic disorder indicated by the
diminution in the number of different generation of
germ cells at stage VII in spermatogenic cycle. This
stage has been selected here in connection to
previous work of our laboratory,[15,48] as this stage
is equidistant in the entire process of spermatogene-
sis and so this stage is representative of the
spermatogenic condition as a whole.[49] This inhi-
bition in spermatogenesis may be due to low level of
gonadotrophin and testosterone[50,51] and this is also
in agreement with the low plasma level of
testosterone in this experiment. Beside this hormonal
alteration, the spermatogenic inhibition in cyclophos-
phamide-treated rat may be due to the formation of
the products of free radicals like conjugated diene
and MDA as these products of free radicals exert a
detrimental effect on spermatogenesis.[15] Dimi-
nution in testicular somatic index and relative

weights of accessory sex glands in cyclophospha-
mide-treated rats also supports the inhibition in
testicular steroidogenesis and pituitary gonado-
trophin secretion.[10] As body growth was not altered
significantly in cyclophosphamide-treated rats with
respect to control, so, these adverse effects of
cyclophosphamide on male reproductive organs
were not due to its general toxic effects but to its
toxicity on target organs.

For the management of antigonadal effects and
oxidative stress effects on the testis induced by
cyclophosphamide, co-administration of a-toco-
pherol in cyclophosphamide-treated rats was
designed as a-tocopherol has the greatest tocopherol
(vitamin E) activity out of other tocopherols[23] and is
a major antioxidant.[24]

FIGURE 3 Microphotograph section of testis of control rats after
haematoxylene – eosin staining. Normal arrangement and
numbers of different generation of germ cells at stage VII along
with normal diameter of seminiferous tubule ( £ 400).

FIGURE 4 Microphotograph section of testis of
cyclophosphamide-treated rats after haematoxylene – eosin
staining. Section showing the diminution in the number of
different germ cells at stage VII except spermatogonia-A along
with significant diminution in the diameter of seminiferous tubule
( £ 400).

FIGURE 5 Microphotograph section of testis of a-tocopherol
succinate co-administered group after haematoxylene–eosin
staining. Section showing the restoration in the number of
different germ cells at stage VII to the control level along with
significant recovery in the diameter of seminiferous tubule
( £ 400).
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Results of our experiments indicate that
a-tocopherol, provitamin E, co-administration in
cyclophosphamide-treated rat has a protective effect
on cyclophosphamide-induced testicular steroido-
genic and gametogenic dysfunctions. This result may
be the direct stimulatory effect of tocopherol
on enzymes of gonadal steroid biosynthesis[30] as
well as it may have some modulatory action on
gonadotrophin synthesis and secretion.[29] Beside
this, tocopherol is an important non-enzymatic
antioxidant[52] that elevates scavenger enzymes
activity.[29] The protection in testicular steroidogene-
sis and gametogenisis in a-tocopherol succinate co-
administered group may be due to low level of free
radicals like MDA and conjugated diene[15] and this
is in agreement with our results where a-tocopherol
succinate co-administration restored the levels of
these free radicals in testis to the control. Restoration
of testicular steroidogenic and gametogenic func-
tions in a-tocopherol succinate co-administered
group may be due to normalisation of vitamin C
and glutathione, which are important for intracellu-
lar free radical scavenging system as tocopherol has
a pivotal role for such normalisation.[19,22,53] Regard-
ing the fate of a-tocopherol succinate, it may be
assumed that a-tocopherol associated with circulat-
ing lipoprotein and cleared through liver where it is
hydrolysed and at least partially secreted into
circulation as a-tocopherol. For this verification, we
have also measured the plasma levels of a-
tocopherol in all the three groups, which indicated
that in co-administered group, the a-tocopherol level
in plasma is more than double in respect to control.
As a-tocopherol is the most sensitive indicator of
plasma vitamin E,[21] so, above correction of gonadal
dysfunctions may be due to low level of plasma
a-tocopherol as in cyclophosphamide-treated group
this level is significantly low than the control. Beside
this, a-tocopherol may protect the testicular tissue
from the deleterious effects of cyclophosphamide by
inhibitory action of this vitamin on protein kinase-
C.[54] Thus, recovery of the above parameters from a-
tocopherol succinate in cyclophosphamide-induced
testicular steroidogenic and gametogenic dysfunc-
tions may be explained to some extent. The
actual mechanism of a-tocopherol on cyclopho-
sphamide detoxification in the male reproductive
system would be revealed in future work along this
line.
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