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Abstract
Free radical production and lipid peroxidation are potentially important mediators in testicular physiology and toxicology.
Polychlorinated biphenyls (PCBs) are global environmental contaminants that cause disruption of the endocrine system in
human and animals. The present study was conducted to elucidate the protective role of vitamin C and E against Aroclor
1254-induced changes in Leydig cell steroidogenesis and antioxidant system. Adult male rats were dosed for 30 days with daily
intraperitoneal (ip) injection of 2 mg/kg Aroclor or vehicle (corn oil). One group of rats was treated with vitamin C
(100 mg/kg bw/day) while the other group was treated with vitamin E (50 mg/kg bw/day) orally, simultaneously with Aroclor
1254 for 30 days. One day after the last treatment, animals were euthanized and blood was collected for the assay of serum
hormones such as luteinizing hormone (LH), thyroid stimulating hormone (TSH), prolactin (PRL), triiodothyronine (T3),
thyroxine (T4), testosterone and estradiol. Testes were quickly removed and Leydig cells were isolated in aseptic condition.
Purity of Leydig cells was determined by 3b-hydroxysteroid dehydrogenase (3b-HSD) staining method. Purified Leydig cells
were used for quantification of cell surface LH receptors and steroidogenic enzymes such as cytochrome P450 side chain
cleavage enzyme (P450scc), 3b-hydroxysteroid dehydrogenase (3b-HSD) and 17b-hydroxysteroid dehydrogenase (17b-
HSD). Leydig cellular enzymatic antioxidants superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
glutathione reductase (GR), g-glutamyl transpeptidase (g-GT), glutathione-S-transferase (GST) and non-enzymatic
antioxidants such as vitamin C and E were assayed. Lipid peroxidation (LPO) and reactive oxygen species (ROS) were also
estimated in Leydig cells. Aroclor 1254 treatment significantly reduced the serum LH, TSH, PRL, T3, T4, testosterone and
estradiol. In addition to this, Leydig cell surface LH receptors, activities of the steroidogenic enzymes such as cytochrome
P450scc, 3b-HSD, 17b-HSD, antioxidant enzymes SOD, CAT, GPX, GR, g-GT, GSTand non-enzymatic antioxidants such
as vitamin C and E were significantly diminished whereas, LPO and ROS were markedly elevated. However, the simultaneous
administration of vitamin C and E in Aroclor 1254 exposed rats resulted a significant restoration of all the above-mentioned
parameters to the control level. These observations suggest that vitamin C and E have ameliorative role against adverse effects
of PCB on Leydig cell steroidogenesis.
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Introduction

In the past few years, several studies have pointed out

that the chemical compounds and environmental

pollutants could mimic or antagonize the effects of

steroid hormones like estrogens and androgens. These

hormones have a crucial effect on the reproductive

system, cellular homeostasis and development [1–5].

Polychlorinated biphenyls (PCBs) are environmental

contaminants that in humans and mammals disrupt

normal endocrine functions including gonadal func-

tions. PCBs affect several steroid hormone-producing

tissues. It is suggested that these xenobiotics affect

gonadal functions by altering steroid hormone
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production and metabolism [6]. Aroclors are

commercial mixture of PCBs and are usually given a

four-digit number, of which the first two digits refer to

the number of carbon atoms attached to the biphenyl

ring and the last two indicate the percentage (by

weight) of chlorine [7]. PCBs also mimic several

lipophilic natural hormones and thus strongly affect

endocrine homeostasis [8,9]. Exposure to PCBs has

been associated with defects in spermatogenesis as

well as reduced testis and accessory sex organs weight

in adult rats [10,11]. In rhesus monkeys, exposure to

PCBs resulted in reduced sperm counts and dimin-

ished cellular contents in seminiferous tubules [12]. In

human, levels of PCBs have been inversely correlated

to sperm number and motility [13]. In contrast,

neonatal exposure to PCBs has been reported to cause

enlarged testis and increased testicular sperm counts

that may possibly be associated with Sertoli cell

changes [14].

The biosynthesis of all steroid hormones begins

with the cleavage of the side chain of cholesterol to

form pregnenolone. This reaction is catalyzed by the

cholesterol side chain cleavage enzyme system

(P450scc) located on the matrix side of the inner

mitochondrial membrane [15]. In the Leydig cells, a

series of steroidogenic enzymes that are located in the

smooth endoplasmic reticulum convert pregnenolone

to testosterone. Aroclor 1248 has been shown to

decrease the testicular androgenesis [16]. Continuous

exposure of lactating mothers to Aroclor1242 causes

significant effects on Leydig cell structure and

function; hypotrophy and reduced capacity to produce

testosterone in vitro in response to LH stimulation

[17]. The cultured Leydig cells from adult rats that

were exposed to PCBs resulted in lowered synthesis of

testosterone following human chorionic gonadotropin

stimulation [18].

Free radicals are produced as by-products of

normal cellular metabolism, generated by chemicals

in the environment, and are present in the air we

breathe and food we eat [19,20]. ROS undoubtedly

are produced in Leydig cells, as in other cells, via the

mitochondrial electron transport chain. Additionally,

however, reactive oxygen has been shown to be

produced as a by-product of steroidogenesis [21,22].

There is evidence that ROS may have a detrimental

effect on critical components of the steroidogenic

pathway [23–26]. In rat luteal and granulosa cells,

hydrogen peroxide (H2O2) inhibits activation of

adenylyl cyclase by receptor-bound gonadotropin

and blocks basal and evoked progesterone pro-

duction [27,28]. During steroidogenesis in rat testes,

luteinizing hormone (LH) causes lipid peroxidation

(LPO) and maintains high activities of peroxide

metabolizing enzymes [22]. Steroidogenic cells in

culture are susceptible to oxygen mediated free

radical damage, and reduction in oxygen tension

results in an increased steroidogenic capacity of

cultured Leydig cells, probably by protecting the

steroidogenic enzymes from free radical inactivation

[29].

Oxidative stress occurs when the production of

ROS exceeds the body’s natural antioxidant defense

mechanisms, causing damage to macromolecules such

as DNA, proteins and lipids [30,31]. To counteract

the damaging effect of ROS, aerobic cells are provided

with extensive antioxidant defense mechanisms.

These consist mainly antioxidant enzymes such as

superoxide dismutase (SOD), catalase (CAT), gluta-

thione peroxidase (GPx), glutathione reductase

(GR), g-glutamyl transpeptidase (g-GT), glutathio-

ne-S-transferase (GST), antioxidant proteins (thio-

redoxin and metallothionein) and small molecular

antioxidants (glutathione, vitamin C and vitamin E)

[32,33]. Thioredoxin (Trx) is a 12-kDa protein with

multiple roles in the cell, including production against

oxidative stress and apoptosis, regulation of transcrip-

tion factor activity, and regulation of cellular

proliferation [34]. The presence of testis- specific

Trx members implies a significant function for these

proteins in spermatogenesis. Metallothionein (MT) is

a low molecular weight intracellular cellular protein.

In rat testis contain MT1 and MT2; the major

isoforms of MT. The major function is detoxification

[35]. Vitamin E (VE) and C (VC) interact with

oxidizing radicals [36]. VE terminates the chain

reaction of LPO in membranes and lipoproteins [37]

and VC scavenges aqueous ROS by rapid electron

transfer and thus inhibits LPO [38], as well as

reducing the level of oxidized VE (tocopheroyxl

radicals). Ascorbates can regenerate tocopherol from

the tocopheroyxl radical, which is formed when

tocopherol reacts with a lipid peroxyl radical [39].

ROS may be generated during the oxidative metabo-

lism of PCBs [40,41]. Among the ROS, hydroxyl

radical is considered to be the most reactive species

that could damage both macromolecules and small

molecules [42]. The other two ROS, superoxide anion

radical and H2O2 are much less reactive. However, in

the presence of trace amounts of transition metal ions,

especially copper and iron, both of them could be

converted into the highly reactive hydroxyl radicals

through the so-called metal catalyzed Haber-Weiss

reaction or Fenton reaction [43]. Zhu et al. [44]

proposed that hydroxyl radicals were produce by toxic

metabolites in the presence of H2O2, probably

through a metal-independent organic Fenton reac-

tion. Several lines of evidence indicate that ROS are

involved in PCB-induced testicular toxicity and

testicular cells such as Sertoli and Leydig cells

[11,45,46]. However, to the best of our knowledge

detailed studies on protective role of vitamin C and E

on PCBs-induced oxidative stress in rat testicular

Leydig cell function in vivo are not available to date.

Hence, the present study was initiated to elucidate the

protective role of vitamin C and E supplementation
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on Aroclor 1254-induced changes in Leydig cell

steroidogenesis.

Materials and methods

Chemicals

Aroclor1254, Dulbecco’s modified Eagles medium

þ Hams F-12 nutrient mixture (1:1) (DMEM—

F12), bovine serum albumin (BSA), collagenase type

IV, Percoll, trypan blue, dehydroisoandrosterone,

sodium pyrophosphate, androstadienedione, and

fetal calf serum, vitamin C, vitamin E were

purchased from Sigma Chemical Company,

St.Louis, M.O., USA. 125I, [26,27-3H] 25-hydroxy-

cholesterol and PD 10 SephadexG 25 column were

obtained from Amersham Pharmacia Biotech Asia

Pacific Ltd., Hong Kong. Iodination grade of rat

LH, TSH, PRL, antibodies of rLH, rTSH, rPRL and

LH, TSH, PRL reference standards were obtained

from the National Hormone and Pituitary Program

(NIDDK), Bethesda, MD, USA. All other chemicals

used were purchased from Sisco Research Labora-

tories, Mumbai, India and were of analytical grade.

Animals and experimental treatment

Animals were maintained as per national guidelines

and protocols, approved by the institutional ethical

committee (IAEC no.03/005/02). Healthy adult male

albino rats of Wistar strain Rattus norvegicus weighing

200 g (90 days old) were used in the present study.

The animals were housed in clean polypropylene cages

and maintained in an air-conditioned animal house

with constant 12 h light and 12 h dark schedule. The

animals were fed with standard rat pellet diet (Lipton

India Ltd., Mumbai, India) and clean drinking water

was made available ad libitum. The rats were divided

into four groups. Each group consists of 10 animals.

Group I: Control rats were injected with corn oil

intraperitoneally (i.p) daily for 30 days as a vehicle.

Group II: Rats received i.p injection of Aroclor 1254

dissolved in corn oil at a dose of 2 mg/kg body weight

daily for 30 days. Group III: Rats were administered

with Aroclor 1254 at a dose of 2 mg/kg bwt/daily i.p

and simultaneously treated with vitamin C orally at a

dose of 100 mg/kg bwt for 30 days. Group IV: Rats

were administered with Aroclor 1254 at a dose of

2 mg/kg bwt/daily i.p and simultaneously treated with

vitamin E orally at a dose of 50 mg/kg bwt for 30 days.

The dose and duration were selected as per our

previous publications [45,46].

Blood collection

Twenty-Four hours after the last treatment rats were

killed by decapitation, blood was collected in clean,

dry test tubes, and allowed to clot at room

temperature. The clear serum was removed after

centrifugation and stored at 2208C until the assay of

hormones.

Radioiodination of peptide hormones

Iodination of peptide hormones was carried out by the

following the procedure of Greenwood et al. [47]

using chloramine-T as the oxidizing agent.

Radioimmunoassay (RIA) of luteinizing hormone (LH),

thyroid stimulating hormone (TSH) and prolactin (PRL)

The serum LH, TSH and PRL were quantified by

liquid phase RIA using double antibody technique

following the procedure of Sufi et al. [48]. The cross

reactivity of LH to other peptide hormones were

,0.02% for rFSH, ,0.071% for rTSH, ,0.01% for

rGH and , 0.02% rPRL. The intra and inter assay

variation was 4.9–8.48% and 9.9%, respectively.

Sensitivity of the assay was 0.14 ng/ml. The cross

reactivity of TSH antibody with other peptide

hormones were 5.6% for rLH, 1.3% for rFSH,

,0.003% for rPRL and 0.7% for rGH. The intra and

interassay coefficient of variations were 4.7–6.9% and

8.2%, respectively. The cross reactivity of PRL

antibody with other hormones were ,0.003% for

rGH and ,0.1% for rTSH,, , 0.01% for rLH, and

,0.1% for rFSH. The intra- and interassay coefficient

of variations was 4.5–6% and 8.5–10%, respectively.

RIA of serum total T3 and T4

Serum Total T3 and T4 were assayed by solid phase

technology by making use of a commercial kit

obtained from DiaSorin, Italy. The results were

expressed as ng/ml and mg/dl, respectively. Sensitivity

of the assays was 30 pg/ml for total T4, 700 pg/ml for

total T3. Inter assays co-efficients of variation were as

follows: Total T4:- 4.5–14.5%, Total T3:- 5.7–10%;

Intra assays co-efficients of variation were as follows:

Total T4:- 2.7–3.8%, Total T3:- 3.1–8.9%,

respectively.

RIA of serum testosterone and estradiol

Serum testosterone was assayed using solid-phase RIA

kit obtained from Diagnostic products corporation

(DPC), USA. The sensitivity of the testosterone assay

was 0.4 pg/dl, the intra-and interassay coefficient of

variations were 4–11% and 7.3–11%, respectively.

The cross-reactivity of the testosterone antiserum with

estradiol was 0.02%. Estradiol was also assayed by

solid-phase RIA kit obtained from DPC, USA.

The sensitivity of the estradiol assay was 0.08pg/dl.

The intra-and interassay coefficient of variations were

4–7%and 4–8%, respectively and the cross reactivity

of the estradiol antiserum with testosterone was

0.001%.

Effect of vitamin C & E on Aroclor 1254—induced changes in Leydig cell steroidogenesis 1261
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Isolation, purification and identification of Leydig cells

Testes were decapsulated under aseptic conditions

and Leydig cells were isolated by enzymatic digestion

and purified on discontinuous Percoll gradient by the

method described by Rigaudiere et al. [49]. In brief,

testes were decapsulated with fine forceps without

breaking the seminiferous tubules and digested in

collagenase containing DMEM-F12 (0.25 mg/ml) at

348C for 15 min in a thermostated shaking water bath.

After this incubation, the tubes were added DMEM-

F12 without collagenase and allowed to stand for

10 min. The supernatant then aspirated using a

Pasteur pipette and transferred to sterile centrifuge

tubes. This procedure was repeated once again to

remove additional Leydig cells. The supernatants were

combined and centrifuged at 2500 £ g for 10 min at

48C. After discarding the supernatant, the pellet

obtained was resuspended in 1 ml of DMEM-F12

representing a crude testicular interstitial cell

suspension.

Discontinuous Percoll gradients were used to obtain

purified Leydig cells from this crude preparation. Two

millilitre of 75% Percoll gradient was added to a

graduated centrifuge tube. Above this layer, 60%,

45%, 30%, 15% and 5% gradients of Percoll (2 ml of

each) were laid gently one over the other taking care to

avoid mixing. One millilitre of crude Leydig cell

suspension was then applied on top of this dis-

continuous gradient and centrifuged at 3000 £ g for

30 min at 48C. After centrifugation, most of the

purified Leydig cells were observed in between 30 and

45% gradients. These Leydig cells were aspirated

carefully using a Pasteur pipette and transferred to

centrifuge tubes containing DMEM-F12. After mix-

ing, the tubes were centrifuged at 2500 £ g for 10 min

at 48C and supernatant obtained was discarded.

To remove excess Percoll, the cell pellets were washed

thrice with excess medium and then finally suspended

in 1 ml DMEM-F12. The purity of Leydig cells were

assessed by histochemical localization of 3b-HSD

performed according to the method of Aldred and

Cooke [50] and viability of purified Leydig cells

was determined by trypan blue dye exclusion [50].

The purity of Leydig cell was more than 95% and

viability was 97–99%.

Assay of Leydig cell surface LH/hCG receptors using
125I- hCG

Labeling of hormone. Purified human chorionic

gonadotropin (hCG) was labeled with 125I following

lactoperoxidase method described by Thorell and

Johannson [51].

125I-hCG Binding assay. Leydig cells were plated in

60 mm culture dish at a concentration of 1 £ 106 cells

in medium (DMEM-F12) with 1% BSA and 1% fetal

calf serum (FCS) and incubated at 348C in a

controlled humidified atmosphere of 5% CO2 for

12 h. At the end of incubation, medium was removed

and cells incubated in FCS free medium for 16 h at

48C with saturating concentration of 125I-hCG in the

presence or absence of increasing concentration of

unlabelled hCG. Nonspecific binding (NSB) was

determined with excess unlabelled hCG (1mg). At the

end of incubation period, the medium was removed

and the cells were washed twice with phosphate buffer

solution (PBS). Cultured cells were then solubilized

with 0.1N NaOH and the cell surface bound

radioactivity determined by counting in a gamma

counter. Specific binding of 125I- hCG was calculated

by subtracting NSB from the total cell surface bound

radioactivity. The data were subjected to Scatchard

analysis to determine the concentration of receptors.

Assay of steroidogenic enzymes

Determination of cytochrome P450 scc enzyme activity.

P450 scc enzyme activity was determined

radiometrically as per the method of Georgiou

et al. [23] by measuring the conversion of

[26,27-3H] 25-hydroxycholesterol to 3H-labelled,

4-hydroxyl-4-methyl-pentanoic acid. Cultured

Leydig cells were washed twice with fresh medium

to remove endogenous substrates. Then the enzyme

activity was determined by incubating the culture

tubes with saturating concentration of [26,27-3H]

25-hydroxycholesterol (5mm; 0.5mCi) in 100 mM

dimethysulfoxide in 1 ml culture medium at 348C at

19% O2. Briefly, the enzyme reaction was stopped

by the addition of 0.1 ml of 1N NaOH, and

3000 cpm [14C] isocaproic acid was added as

recovery standard. The medium was removed to

an extraction tube, and the culture tube was washed

with 1 ml alkalinized medium, which was combined

with 1 ml original medium and extracted with 10 ml

chloroform. One and a half milliliter of extracted

aqueous phase was vortexed with 0.8 g neutral

alumina for 1 min, followed by centrifugation at

1200g for 25 min. The supernatant aqueous phase

(0.4 ml) was transferred to scintillation vials

containing cocktail toluene and radioactivity was

measured using Liquid scintillation counter.

Determination of 3b-HSD enzyme activity. The activity

of 3b-HSD in Leydig cells was determined by the

method described by Bergmeyer [52]. In brief, Leydig

cells (1 £ 106) were sonicated in ice-cold Tris-HCl

buffer (pH 7.2) and centrifuged at 16000 £ g for 5 min

at 48C. The supernatant was used as enzyme extract for

the assay of 3b-HSD. The reaction mixture contained

0.6 ml of pyrophosphate buffer (100mM), 0.2 ml of

NAD (0.5mM), 2 ml of distilled water and 0.1 ml of

dehydroisoandrosterone (0.1mM). The absorbance

P. Murugesan et al.1262
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at 340 nm was measured immediately after the

addition of enzyme extract at 20 s intervals for 5 min

in a spectrophotometer against blank.

Determination of 17b-HSD enzyme activity. The activity

of 17b-HSD in Leydig cells was determined by the

method described by Bergmeyer [52]. In brief Leydig

cells (1 £ 106) were sonicated in ice-cold Tris-HCl

buffer (pH 7.2) and centrifuged at 10000 £ g for 5 min

at 48C. The supernatant was used as enzyme extract

for the assay of 17b-HSD. The reaction mixture

contained 0.6 ml of pyrophosphate buffer (100mM),

0.2 ml of NADPH (0.5mM), 2 ml of distilled water

and 0.1 ml of 1,4-androsadiene-3, 17-dione (0.8mM).

The absorbance at 340 nm was measured immediately

after the addition of enzyme extract at 30 s intervals

for 5 min in a spectrophotometer against blank.

Leydig cellular antioxidant system. Leydig cells

(1 £ 105) were sonicated in ice-cold Tris-HCl buffer

(pH 7.4) and centrifuged and the supernatant was

collected and used for following biochemical

parameters.

Determination of lipid peroxidation, and reactive oxygen

species. Protein content was determined by the method

of Lowry et al. [53]. The level of lipid peroxidation

was measured by the method of Devasagayam and

Tarachand [54]. Hydrogen peroxide and hydroxyl

radical production were quantified by the method of

Holland and Storey [55] and Puntaqulo and

Cedubaum [56], respectively.

Antioxidant enzymes assay

Determination of superoxide dismutase (EC 1.15.1.1,

SOD). The activity of SOD was assayed according to

the method of Marklund and Marklund [57]. Briefly,

the assay mixture containing 0.5 ml of cell extract,

0.25 ml absolute ethanol and 0.15 ml chloroform were

added. After 15 min of shaking in a mechanical shaker,

the suspension was centrifuged and the supernatant

was used for the assay. The reaction mixture for auto-

oxidation consisted of 2 ml Tris-HCl buffer (pH 8.2),

0.5 ml 2 mM pyrogallol and 1.5 ml distilled water.

Initially, the rate of auto- oxidation of pyrogallol

was noted at a interval of 1 min for 3 min. This was

considered as 100% auto-oxidation. The assay

mixture for the enzyme contained 2 ml of Tris-HCl

buffer pH 8.2, 2 ml of distilled water, 0.5 ml of enzyme

preparation and 0.5 ml of 2 mM pyrogallol were

added. Immediately read at 470 nm against blank

containing all components except the enzyme and

pyrogallol at 1 min interval for 3 min on a

spectrophotometer. The enzyme activity was

expressed as Units/mg protein.

Determination of catalase (EC 1.11.1.6, CAT). The

activity of catalase was assayed by the method of Sinha

et al. [58] Briefly, the assay mixture containing 0.5 ml

of 0.2M H2O2, 1 ml of sodium phosphate buffer and

0.4 ml distilled water. After that 0.1 ml of cell extract

was added to initiate the reaction. Then 2 ml of

dichromate-acetic acid reagent was added after 15, 30,

45 and 60 s, to arrest the reaction. To the control tube

the enzyme was added after the addition of the

dichromate-acetic acid reagent. The tubes were then

heated for 10 min, allowed to cool, and the green

colour developed was read at 590 nm against blank

containing all components except the enzyme on a

spectrophotometer. The activity of catalase was

expressed as Units/mg protein (one unit is the

amount of enzyme that utilizes 1mmole of hydrogen

peroxide/min).

Determination of glutathione peroxidase (EC 1.11.1.9,

GPx). The activity of glutathione peroxidase (GPx)

was determined by the method of Rotruck et al. [59].

Briefly, the assay mixture containing 0.5 ml of sodium

phosphate buffer, 0.1 ml 10 mM sodium azide, 0.2 ml

of 4 mM reduced glutathione, 0.1 ml of 2.5 mM

H2O2, and 0.5 ml 1:10 cell extract was taken and the

total volume was made up to 2.0 ml with distilled

water. The tubes were incubated at 378C for 3 min and

the reaction was terminated by the addition of 0.5 ml

10% TCA. To determine the residual glutathione

content, the supernatant was removed after

centrifugation and to this 4.0 ml of disodium

hydrogen phosphate (0.3 M) solution and 1 ml of the

DTNB reagent were added. The colour developed

was read at 412 nm against a reagent blank containing

only phosphate solution and DTNB reagent on a

spectrophotometer. Suitable aliquots of the standard

were also treated similarly. The enzyme activity was

expressed as Units/mg protein (one unit is the amount

of enzyme that converts 1mmole GSH to GSSG in the

presence of hydrogen peroxide/min).

Determination of glutathione reductase (EC 1.6.4.2,

GR). The activity of glutathione reductase (GR) was

determined by the method of Staal et al. [60]. Briefly,

the assay mixture containing 0.2 ml cell extract, 1.5 ml

sodium phosphate buffer, 0.5 ml of 25 mM EDTA,

0.2 ml of 12.5 mM oxidized glutathione and

0.1 ml of 3 mM NADPH were added. Immediately

read at 340 nm against blank containing all the

components except the enzyme at 3 min at 30 s

interval in a spectrophotometer. Activity of GR was

expressed as micromoles of NADPH oxidized/min/mg

protein.

Determination of g-glutamyl transpeptidase (EC 2.3.2.2,

g-GT). The enzyme activity was estimated by the

Effect of vitamin C & E on Aroclor 1254—induced changes in Leydig cell steroidogenesis 1263
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method of Orlowski and Meister [61]. Briefly, the

assay mixture contained 0.5 ml substrate (L gamma

glutamyl-p-nitroaniline), 1 ml Tris- HCl buffer, 2.2 ml

glycyl glycine and 0.2 ml of cell extract were added.

The total volume was made up to 4 ml with distilled

water. After incubation for 30 min at 378C, the

reaction was arrested by the addition of 1 ml of 10%

acetic acid to the test and control tubes. The control

tubes received substrate after incubation. Standard p-

nitroaniline was also treated similarly. The amount of

liberated p-nitroaniline in the supernatant was with

and without the substrate. The substrate incubated in

the absence of enzyme under the same condition

was used as a reference blank. The optical

density was measured against blank at 410 nm on a

spectrophotometer. The enzyme activity was

expressed as micromoles of p-nitroaniline formed/

min /mg protein of cell extract.

Determination of glutathione—S—transferase (EC

2.5.1.1.8, GST). This enzyme was assayed by the

method of Habig et al. [62]. Briefly, the assay mixture

containing 0.4 ml of potassium phosphate buffer,

0.1 ml cell extract, 1.2 ml distilled water and 0.1 ml

CDNB (1-Chloro-2,4 dinitrobenzene) were added

and incubated in a water bath at 378C for 10 min.

After incubation, 0.1 ml of 30 mM reduced

glutathione was added. Immediately optical density

was measured against a reagent blank at 340 nm at

30 s interval for 3 min on a spectrophotometer.

Activity of GST was expressed as Units/mg protein

(one unit is the amount of enzyme that conjugate 1 nm

of CDNB with GSH/ min).

Determination of non enzymatic antioxidants. The

non-enzymatic antioxidants such as vitamin C and

vitamin E were estimated as per the method of Omaye

et al. [63] and Desai [64], respectively.

Statistical analysis

Data were analyzed by one-way ANOVA. If F was

significant, the data were subjected to Students-

Newman-Keuls’ test (P , 0.05).

Results

Serum LH, TSH and PRL concentration

Figure 1 shows serum LH, TSH and PRL levels in

control, Aroclor 1254 administrated and Aroclor 1254

along with simultaneous supplementation of vitamin

C or vitamin E in adult rats. The serum LH, TSH and

PRL levels were significantly decreased in Aroclor

1254 administrated animals when compared to

control rats. However, the simultaneous treatment

with vitamin C or E in Aroclor 1254 exposed animals

retrieved the serum hormones at near normal.

Serum total T3 and T4 levels

Figure 2 shows serum total T3 and T4 levels in control,

Aroclor 1254 administrated and Aroclor 1254 along

with simultaneous supplementation of vitamin C or

vitamin E in adult rats. The total T3 and T4 levels were

Figure 1. Effect of polychlorinated biphenyl Aroclor 1254 and

simultaneous administration of vitamin C and E on serum LH, TSH

and PRL levels of adult male rats.

Figure 2. Effect of polychlorinated biphenyl Aroclor 1254 and

simultaneous administration of vitamin C and E on serum total T3

and T4 levels of adult male rats.
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significantly diminished in Aroclor 1254 admini-

strated animals when compared to control rats.

Whereas, Aroclor 1254 with simultaneous treatment

with vitamin C or E animals showed normal levels of

the serum T3 and T4.

Serum testosterone and estradiol concentration

Figure 3 shows serum testosterone and estradiol levels

in control, Aroclor 1254 administrated and Aroclor

1254 along with simultaneous supplementation of

vitamin C or vitamin E in adult rats. The serum

testosterone and estradiol levels were diminished in

Aroclor 1254 administrated rats when compared to

control animals. However, Aroclor 1254 with simul-

taneous treated with vitamin C or E animals restored

normal serum testosterone and estradiol levels.

Leydig cell LH receptors concentration

Figure 4 compares hCG binding sites in control,

Aroclor 1254 administrated and Aroclor 1254 along

with simultaneous supplementation of vitamin C or

vitamin E in adult rat testicular Leydig cells. The

number of binding sites in Aroclor 1254 treated rat

Leydig cell was significantly decreased when com-

pared to control rat Leydig cell. Whereas, simul-

taneous vitamin C or E treated animals showed

normal Leydig cell LH receptors concentration.

Leydig cellular steroidogenic enzymes

Figure 4 shows the effect of Aroclor 1254 and

simultaneous treated with vitamin C and vitamin E

on steroidogenic enzyme activities such as cytochrome

P450 side chain cleavage enzyme (P450scc), 3b-

hydroxysteroid dehydrogenase (3b-HSD) and 17b-

hydroxysteroid dehydrogenase (17b-HSD) of adult rat

Leydig cells. The steroidogenic enzymes P450 SCC,

3b-HSD and 17b-HSD activities were diminished in

Aroclor 1254 exposed Leydig cells when compared to

control Leydig cells. However, the simultaneous

administration of vitamin C or vitamin E the

steroidogenic enzyme activities were restored to near

normal levels.

Lipid peroxidation and reactive oxygen species

Figure 5 compares the levels of lipid peroxidation and

reactive oxygen species such as hydrogen peroxide and

hydroxyl radical production in control, Aroclor 1254

administrated and Aroclor 1254 along with simul-

taneous supplementation of vitamin C or vitamin E in

adult rat testicular Leydig cells. The lipid peroxidation

and reactive oxygen species levels were significantly

increased in Aroclor 1254 treated rat testicular Leydig

cells when compared to control Leydig cells.

However, animals of Aroclor 1254 with simultaneous

treated with vitamin C or E the lipid peroxidation level

and reactive oxygen species were brought to near

normal.

Leydig cellular antioxidant enzymes

Figure 6 and 7 provides data on Leydig cellular

antioxidant enzymes such as superoxide dismutase

(SOD), catalase (CAT), glutathione peroxidase

(GPX), glutathione reductase (GR), g-Glutamyl

transpeptidase (g-GT) and glutathione-S- transferase

(GST) in control, Aroclor 1254 exposed and Aroclor

1254 with simultaneously treated vitamin C or

vitamin E in adult rats. The isolated Leydig cells

from Aroclor 1254 exposed rat showed a marked

reduction in the cellular activities of SOD, CAT, GPX,

GR, g-GT and GST when compared to control rat

Leydig cells. However, the simultaneous adminis-

tration of vitamin C or E maintained all these

antioxidant enzyme activities at near normal level.

Leydig cellular non-enzymatic antioxidant concentration

Figure 8 shows data on cellular levels of non-enzymatic

antioxidant such as vitamin C and E in control, Aroclor

1254 exposed and Aroclor 1254 with simultaneously

treated vitamin C or vitamin E on Leydig cells. The

isolated Leydig cells from Aroclor 1254 exposed rat

showed a significant decrease of non-enzymatic

antioxidants such as vitamin C and E levels when

compared to control Leydig cells. However, the

simultaneous administration of vitamin C or E

Figure 3. Effect of polychlorinated biphenyl Aroclor 1254 and

simultaneous administration of vitamin C and E on serum

testosterone and estradiol levels of adult male rats.
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significantly elevated non-enzymatic antioxidants

when compared to control.

Discussion

The present study demonstrates that exposure to

polychlorinated biphenyl, Aroclor 1254 has adverse

effects on testicular Leydig cell steroidogenesis by

decreasing pituitary LH secretion. The observed

reduction in serum LH, TSH and PRL levels in PCB-

exposed rats suggest that PCBs perturb anterior

pituitary hormone synthesis and secretion. Never-

theless, the simultaneous administration of vitamin C

or E restored the serum LH, TSH and PRL levels.

A recent study indicates that, vitamin E stimulate

luteinizing hormone releasing hormone (LHRH) and

ascorbic acid release from medial basal hypothalamus of

adult male rats [65]. In the present study, PCB with

supplementation of vitamin C and E maintain normal

serum LH levels. The reduction in serum TSH level in

Aroclor 1254 treated rats accompanied by decreased

total T3 and T4 levels implying defective pituitary-

thyroid axis. In accordance with the present study

polychlorinated biphenyls have been shown to disrupt

thyroid gland function in humans and rats [14,66,67].

Early work demonstrated that PCB exposure increased

the rate of bile flow and increased the biliary excretion of
125I-T4 [68]. Moreover, PCB exposure induced

the expression and activity of UDP- glucuronosyltrana-

ferase (UDP-GT) and increases T4- glucuronidation

[69]. In addition, PCBs can also bind to thyroid

hormone binding proteins in the blood, and potentially

displace T4 from the proteins in vivo [70]. In view of

these findings, it is suggested that the decreased T3 and

T4 may be the result of enhanced clearance or

degradation.

The observed reduction in serum testosterone was

associated with decreased LH levels as a result of

diminished pituitary LH synthesis and secretion in

rats subjected to Aroclor 1254 treatment. In addition,

the Leydig cell LH receptor density was significantly

decreased. The diminished cell surface LH receptor

number may be due to increased LPO and ROS in rats

subjected to Aroclor 1254 treatment. Xenoestrogen

bisphenol A (BPA) has been shown to decrease serum

LH level as a result of diminished pituitary LH

synthesis and secretion [5]. The decreased serum

estradiol may be due to impaired synthesis or

enhanced metabolism. However, simultaneous

administration of vitamin C and E restored the LH

receptor and estradiol to normal.

Figure 4. Effect of polychlorinated biphenyl Aroclor 1254 and simultaneous administration of vitamin C and E on 125I-hCG binding and

steroidogenic enzyme activities of adult rat Leydig cells.
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Earlier reports have demonstrated that the H2O2

inhibits the spontaneous and hCG- stimulated

steroidogenesis in normal rat Leydig cells at least in

part via attenuation of the activity of cytochrome P450

scc and expression of StAR protein by acting directly

on rat Leydig cells [71]. In the present study, the

decreased activity of steroidogenic enzymes in Aroclor

1254 exposed rat Leydig cells was also accompanied

by increased level of H2O2 and hydroxyl radical (·OH)

production. It is therefore suggested that the increased

levels of ROS such as H2O2 and ·OH may be one of

the reasons for the diminished activity of steroidogenic

enzymes. Simultaneous administration of vitamin C

or E decreased the levels of ROS and increased the

activity of steroidogenic enzymes attesting the adverse

effect of ROS and the protective effect of antioxidant

vitamins.

During normal steroidogenesis ROS and LPO are

produced by electron leakage outside the electron

transfer chains and these oxygen radical can initiate

lipid peroxidation to inactive P450 enzymes [72].

Several line of evidences indicate that the interaction

between the testicular antioxidant and steroidogenic

enzymes are complex and physiologicaly relevant

[11,46]. Free radicals react with lipids and cause

peroxidative changes that result in enhanced lipid

peroxidation [73]. Excessive oxidative stress is associ-

ated with abnormal spermatogenesis in cyptorchidism,

gonadotrophin suppression and exposure to poly-

chlorinated biphenyls [11,22,74]. Recently, Zini and

Schlegel [75] reported that androgen deprivation

induces lipid peroxidation in rat testis. In the present

study also, decreased testosterone level was

accompanied by increased LPO in Aroclor 1254

exposed rats. The enzymatic and non-enzymatic

antioxidants are the natural defense system against

free radical mediated tissue damage in several organs

including testis. The observed decrease in activities of

enzymatic antioxidants in Aroclor 1254 exposed rat

Leydig cells might have increased LPO and ROS

production.

SOD plays a key role in the detoxification of

superoxide radicals thereby protecting cells from

damage induced by free radicals [76]. The observed

decrease in SOD activity in Aroclor 1254 exposed rat

Leydig cells, suggesting increased superoxide radicals

production. Oral administration of vitamin C and E

along with Aroclor 1254 exposed rat Leydig cells

restored the SOD activity suggesting vitamin C and E

inhibit free radials production. CAT and GPx have

been shown to be responsible for the detoxification of

H2O2 [77]. In the present study, decreased activities of

CAT and GPx may be attributed to ineffective

scavenging of H2O2 and thus leading to increased

lipid peroxidation. Furthermore, catalase is exclusively

present in Leydig cell peroxisomes [78]. In addition,

Leydig cell peroxisomes participate in the intracellular

cholesterol trafficking and delivery into mitochondria

during LH- stimulated steroidogenesis in adult rat

[79]. In the present study, reduced catalase levels

Figure 5. Effect of polychlorinated biphenyl Aroclor 1254 and simultaneous administration of vitamin C and E on lipid peroxidation and

reactive oxygen species of adult rat Leydig cells.
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in Leydig cells of PCB treated rats suggest that these

Leydig cells have reduced amount/volumes of peroxi-

somes. As peroxisomes participate in intracellular

cholesterol transport during LH stimulated stero-

idogenesis [79], decrease in Leydig cell testosterone

synthesis in PCB treated rats are indicative of a

malfunction of peroxisomes. The decreased activities

of GR, gGTand GST in the present study suggest the

increased oxidative stress in the Aroclor 1254 exposed

rat Leydig cells. However, oral administration of

vitamin C and E maintained the enzyme activities to

near normal level. A recent study indicated that the

PCB- induced inhibition of testicular androgenesis was

accompanied by changes in the activity of antioxidant

enzymes in interstitial cells [80].

The highest concentrations of ascorbic acid occur in

the pituitary, adrenal gland and gonads [81,82].

Ascorbic acid is required for collagen synthesis

and its role in steroid and peptide hormones production

and ability to protect cells from free radicals are

well recognized [83]. The high concentration of

ascorbate in endocrine tissues and its importance of

hormone synthesis, steroidogenesis appears to be

ascorbate- dependent [84]. PCBs altered the ascorbic

acid metabolism and enhanced its urinary excretion

[85]. Previous study from our laboratory revealed that

the decreased serum testosterone and estradiol levels in

Aroclor 1254 treated rats were accompanied by

decreased testicular vitamin C concentration [11].

Ascorbic acid can prevent increased LPO levels in

Aroclor 1254 exposed rat Sertoli cells and ventral

prostate [45,86] and our results indicate that it reduces

LPO and ROS in the Leydig cells. The simultaneous

treatment with vitamin C in Aroclor 1254 exposed rats

helped to reduce LPO and ROS levels at the same time

maintained Leydig cellular steroidogenic and antiox-

idant enzymes. Vitamin E is an important antioxidant,

residing mainly in cell membranes. It is thought to

interrupt the chain reactions involed in lipid peroxi-

dation, and to scavengeROS generated during univalent

reduction of molecular oxygen [87]. A recent finding

shows that PCBs-induced the oxidative stress through

decreased levels of testicular vitamin E in PCBs treated

rats [11]. Vitamin C and E have been successfully used

to provide protection against oxidative stress in different

tissues including Sertoli cells [45,88,89]. The observed

Figure 6. Effect of polychlorinated biphenyl Aroclor 1254 and simultaneous administration of vitamin C and E on Leydig cellular SOD,

CAT, GPx and GR activities of adult rats.

P. Murugesan et al.1268

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/3
0/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



low levels of vitamin E in PCB exposed rat Leydig cells

may be due to the excessive utilization of this antioxidant

for quenching enormous free radicals produced in PCB

exposed animals.

The present study demonstrated that exposure of

Aroclor 1254 suppresses serum hormone levels,

Leydig cell LH receptors, steroidogenic enzymes,

enzymatic and non- enzymatic antioxidants of adult

rats but enhances LPO and ROS. It is suggested that

impairs detoxication of reactive oxygen species and

concomitant increase oxidative stress may be impli-

cated biochemical mechanism which are responsible

for Leydig cells dysfunction in the Aroclor 1254

exposed rats. However, simultaneous oral adminis-

tration of vitamin C or E maintained these parameters

at the normal range. It is concluded from the present

study, that vitamin C and E provide significant

protection against PCBs-induced oxidative stress in

testicular Leydig cells.
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