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bstract

Hexavalent chromium, an environmental contaminant, undergoes redox cycling with generation of free radicals inside the biological system. Cur-
umin, the yellow bioactive component of turmeric has established its antioxidant activities. The present study evaluates possible ameliorating effects
f curcumin on potassium dichromate (K2Cr2O7) (hexavalent chromium) induced reproductive toxicity in adult male Sprague–Dawley rats. Three
xperimental groups, each consisting of eight rats, were treated with 0.4 mg K2Cr2O7/kg bw/day, 0.4 mg K2Cr2O7/kg bw/day + 20 mg curcumin/kg
w on every alternate day and 20 mg curcumin/kg bw on every alternate day, respectively, for 26 days. Altered testicular histology, reduced sperm

ount, low testosterone level, decreased accessory sex organs weight, enhanced lipid peroxidation along with reduced SOD and catalase activities
ere observed following K2Cr2O7 exposure while curcumin supplementation along with K2Cr2O7 exposure had shown to prevent the altered parame-

ers. The results thus suggest that curcumin may have a protective role against chromium(VI) induced oxidative damage in male reproductive system.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Chromium is a metallic element that exists in a variety of
xidative states. Biologically, trivalent (+3) [Cr(III)] and hex-
valent (+6) chromium [Cr(VI)] are most important. Hexavalent
hromium compounds are generally man-made and considered
s more toxic than trivalent chromium (Sugiyama, 1992). It is
idely used in refractory, pigment, stainless steel factory, leather

annery, wood processing, welding, cement manufacturing fac-
ory, catalytic converter for automobile and cooling plant, etc.
Stohs et al., 2001). Disposal of industrial wastes leads to severe
nvironmental pollution. Cr(VI) from fossil fuel combustion and
teel production plant comprises two-thirds of the chromium in
he air in urban areas (Stohs et al., 2001).
Hexavalent chromium has been reported to produce car-
inogenic, genotoxic and cytotoxic effects both in human and
aboratory animals (Stohs et al., 2001). Elevated levels of
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hromium in blood, urine and some body tissues are found
n workers occupationally exposed to chromium (Kumar et al.,
005). Presence of chromium is well documented in foetuses and
nfants of women working or living near dichromate industries
Shmitova, 1990). Workers exposed to chromium in welding
ndustry suffered from increased risk of reduced semen qual-
ty, sperm abnormalities leading to infertility (Bonde, 1993).
hromate has been shown to concentrate in the testis after

ntraperitoneal injection led to injuries in seminiferous epithe-
ium in mice (Saxena et al., 1990).

Various studies demonstrated that hexavalent chromium is a
ajor risk factor to growing testis (Saxena et al., 1990) and it also

auses testicular atrophy, reduced sperm count and motility in
dult rats (Ernst, 1990; Ernst and Bonde, 1992). Chromium com-
ounds induce oxidative stress leading to tissue damage (Stohs
t al., 2001). Testicular tissue is a major target for metal-induced
xidative damage because of its high content of polyunsaturated

embrane lipids (Acharya et al., 2004). Kawanishi et al. (1986)

emonstrated that ROS including superoxide anion, singlet oxy-
en and hydroxyl radicals are produced by chromium(VI) during
he formation of chromium(V) intermediates. Further studies
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dx.doi.org/10.1016/j.etap.2007.04.009
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lso indicate hexavalent chromium-induced dysfunction in male
eproductive system (Aruldhas et al., 2004, 2005). However, no
ubstantial information is available on the amelioration of male
eproductive system against Cr(VI)-induced toxicity.

Trends on applying nutritional antioxidants in diseases
elated to oxidative stress have gained immense interest in recent
ears. Plant products are known to exert their protective effects
y scavenging free radicals and modulating antioxidant defence
ystem. Curcumin, an active component of turmeric (Curcuma
onga linn) exhibits antioxidant property. It is a yellow coloured
henolic pigment yield from the rhizome of turmeric (fam-
ly Zingiberaceae). The most important feature of curcumin
s that it has no side effects despite being a therapeutic agent
ith multiple beneficial functions (Khanna, 1999). It acts as a

cavenger of free radicals (Khanna, 1999). Curcumin is con-
idered to be an effective antioxidant against oxidative tissue
amage. It can significantly inhibit the generation of reac-
ive oxygen species (ROS) both in vitro and in vivo (Joe and
okesh, 1994). Therefore, the present study has been undertaken

o evaluate the ameliorating effect of curcumin on Cr(VI)-
nduced oxidative damage in testis of adult Sprague–Dawley
ats.

. Materials and methods

.1. Animals

Three-month-old male albino rats of Sprague–Dawley strain Rattus norvegi-
us weighing 200 ± 10 g were used in the present study. The animals were
aintained as per national guidelines and protocols, approved by the Institutional
nimal Ethics Committee. The animals were purchased from Indian Institute
f Chemical Biology, Kolkata, and housed in clean polypropylene cages and
aintained in an air-conditioned animal house with constant 12 h light and 12 h

ark schedule. Animals were fed on standardized diet for rodents and water ad
ibitum (Mukhopadhyay et al., 2004).

.2. Reagents

Thiobarbituric acid (TBA), NAD, NADPH, �-estradiol (98%) and curcumin
ere purchased from Sigma Chemical Company, St. Louis, MO, USA. Potas-

ium dichromate (K2Cr2O7), Triton X, triethanol amine, diethanolamine, EDTA,
nCl2 and dimethyl sulfoxide (DMSO) was purchased from E-Merck, Mum-

ai, India. All other reagents were purchased from Sisco Research Laboratories
SRL), Mumbai, India, and all the reagents were of analytical grade.

.3. Animal treatment

The rats were divided into four groups. Each group consists of eight animals.
roup I: control rats were injected with 0.1 ml sterile distilled water intraperi-

oneally (i.p.) daily for 26 days as vehicle. Group II: rats received i.p. injection of
otassium dichromate (K2Cr2O7) (hexavalent chromium salt) dissolved in ster-
le distilled water at a dose of 0.4 mg/kg bw daily for 26 days. The doses used
n this study were selected based on preliminary experiments in our laboratory
sing sub-chronic treatment with K2Cr2O7. Group III: rats were administered
ith i.p. injection of 0.4 mg K2Cr2O7/kg bw daily and simultaneously i.p. injec-

ion with curcumin at a dose of 20 mg/kg bw on every alternate day (Dasgupta
t al., 1969; Sinha et al., 1974) in 5% DMSO solution (Kalpana and Menon,

004) for 26 days. Group IV: rats received i.p. injection of curcumin at a dose of
0 mg/kg bw on every alternate day in 5% DMSO solution for 26 days. Treat-
ent for 26 days was selected, as the duration of one seminiferous cycle is 13.2

ays in albino rats (Sarkar et al., 2003). All the animals were sacrificed 24 h
fter the last treatment following protocols and ethical procedures. Blood sam-
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les for hormone assay were collected from the hepatic portal vein under light
ther anaesthesia. Plasma samples were separated by centrifugation, frozen and
tored at −20 ◦C until assayed.

.4. Body and organ weights

The body weights were recorded on the day of sacrifice. The testicles and
ccessory sex organs, viz. seminal vesicles, ventral prostate, cauda epididymis,
oagulating glands were dissected out, trimmed off the attached tissues and
eighed. The relative weight of organs was expressed per as mg/100 g of body
eight. The left testis of each rat was used for histological study and the right

or other biochemical estimations.

.5. Histopathological study

Immediately after removal, the testis was fixed in Bouin’s fluid and embed-
ed in paraffin. Sections of 5 �m thickness were taken from the mid portion
f each testis and stained with haematoxylin-eosin and examined under a light
icroscope. Quantitative analysis of spermatogenesis was carried out by count-

ng the relative number of each variety of germ cells at stage VII of the
eminiferous cycle, i.e. type-A spermatogonia (ASg), preleptotene spermato-
ytes (pLSc), mid pachytene spermatocytes (mPSc) and step 7 spermatids (7Sd),
ccording to the method of Leblond and Clermont (1952). The nuclei of different
erm cells were counted in 20 round tubules of each rat. All the counts (crude
ounts) of the germ cells were corrected for differences in the nuclear diame-
er by the formula of Abercrombie (1946): true count = (crude count × section
hickness)/(section thickness − nuclear diameter of germ cell). The nuclear
iameter of each variety of germ cell was measured with a Leitz microme-
er. The possibility of variable tubular shrinkage in the sections of K2Cr2O7

reated, curcumin-supplemented K2Cr2O7-treated and curcumin-supplemented
roups were eliminated by the index of tubular shrinkage which was obtained
rom the average number of Sertoli cell nuclei containing prominent nucleoli
n the sections of the treated rats divided by that of the controls (Clermont and

orgentaler, 1955). Stage VII spermatogenesis was analyzed because this stage
s highly susceptible to testosterone deficiency (Russell et al., 1987) and also
eflects the final stages of spermatid maturation and thus provides evidence of
permatogenesis as a whole (Clermont and Harvey, 1967).

Theoretically, each primary spermatocytes, after two successive reduction
ivisions, forms four spermatids. Therefore, the mPSc-to-7Sd ratio should be
:4 (Clermont and Morgentaler, 1955). The percentage of 7Sd degeneration was
alculated from this ratio. Subtraction of the percentage of 7Sd degeneration in
ehicle-treated rats showed the effective percentage of spermatids degeneration.

.6. Epididymal sperm number

Sperm samples were collected from the cauda epididymis. The epididymal
perm number was determined by haemocytometer following the method of

ajumder and Biswas (1979). The count was repeated for five times for each
ample to minimize the error.

.7. ELISA of serum testosterone

Serum testosterone was assayed using ELISA kit obtained from Equipar
iagnostici, SRL, Italy (code no. 74010) following the manufacturer proce-
ure. The absorbance was read against blank well at 450 nm within 30 min in
LISA Reader (Merck). The sensitivity of the testosterone assay was 5 pg/ml
nd inter-run and intra-run precisions had a coefficient of variation of 3.9 and
.2% respectively.

.8. Determination of lipid peroxidation
Lipid peroxidation (LPO) was measured by the method of Buege and Aust
1978). The level of LPO in the testicular homogenate was measured based
n the formation of thiobarbituric acid-reactive substances (TBARS). Malon-
ialdehyde (MDA) forms adducts with thiobarbituric acid, which is measured
pectrophotometrically (UV-1240 Shimadzu, Japan) at 532 nm. MDA, a product
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Fig. 1. Comparison in sperm count in control, Cr(VI)-treated, curcumin-
supplemented Cr(VI)-treated and curcumin-treated group. Values are
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f LPO, was used as a standard. An extinction coefficient of 156,000 M−1 cm−1

as applied for calculation.

.9. Antioxidant enzyme assay

.9.1. Determination of superoxide dismutase (SOD) activity
The method described by Paoletti and Mocali (1990) was used for the assay

f SOD activity. This method consists of purely chemical reaction sequence,
hich generates superoxide from molecular oxygen in the presence of EDTA,
anganese(II) chloride and mercaptoethanol. NAD(P)H oxidation is linked to

he availability of superoxide anions in the medium. The decrease in absorbance
t 340 nm was monitored for 20 min at 5 min interval in a spectrophotometer
UV-1240 Shimadzu, Japan). In this assay system, 1 unit of SOD activity is
efined as the amount of enzyme required to inhibit the rate of NADPH oxidation
f the control by 50%.

.9.2. Determination of catalase (CAT) activity
The activity of catalase was assayed by the method of Aebi (1974). In the

ltraviolet range, H2O2 shows a continual increase in absorption with decreasing
avelength. The decomposition of H2O2 can be correctly followed by monitor-

ng the decrease in absorbance at 240 nm for 60 s in spectrophotometer (UV-1240
himadzu, Japan). The change in absorbance is the measure of the catalase activ-

ty and is expressed as nmoles/mg protein/s. The extinction coefficient of H2O2

t 240 nm is 40 M−1 cm−1.

.10. Protein estimation

Proteins were estimated by the method of Lowry et al. (1951) using bovine
erum albumin (BSA) as the standard protein.

.11. Statistical analysis

Results were expressed as mean ± standard deviation (S.D.). One-way anal-
sis of variance (ANOVA) test was first carried out to test for any differences
etween the mean values of all groups. If differences between groups were estab-
ished, the values of the treated groups were compared with those of the control
roup by a multiple comparison t-test. A value of p < 0.05 was interpreted as
tatistically significant (Fisher and Yates, 1974).

. Results

.1. Body and organ weight

Food and water intake in experimental group of rats

emained unaltered in comparison to the control group but
he gain in body weight was less in chromium-treated group.
ll the animals were in docile condition and no mortality
as observed. Relative weight of testis was unaltered in

c
a
t
c

able 1
ffect of chromium (Cr), curcumin and their combination on the overall means (±S
rgans (mg/100 g bw) weight in rats

arameter Group

Control C

ody weight 260.54 ± 10.25 2
estis (pair) weight 1.20 ± 0.04
pididymis weight 172.08 ± 7.58 1
eminal vesicle weight (without fluid) 157.41 ± 6.02 1
oagulating gland weight 49.16 ± 5.16
entral prostate weight 216.12 ± 14.49

alues are mean ± standard deviation of eight observations. Values bearing superscri
a When compared with control.
b When compared with Cr.
ean ± standard deviation of eight observations. Values bearing superscript are
ignificantly different by ANOVA at p < 0.05: *when compared with control;
when compared with Cr.

ll the experimental animals; however, relative weight of
rostate, epididymis, seminal vesicle and coagulating gland
ecreased significantly in Cr(VI)-exposed rats (Table 1).
urcumin supplementation in Cr(VI)-exposed group caused

ignificant increase (p < 0.05) in accessory sex organs weight
n comparison to the Cr(VI)-exposed group and controls.

.2. Epididymal sperm count

Potassium dichromate treatment significantly decreased
pididymal sperm number than control and curcumin-
upplemented chromium-treated group (Fig. 1). Live dead
taining shows that the number of dead sperm is higher in Cr(VI)-
reated group in comparison to the control animals. In contrast,

ost of the sperm remain alive in curcumin-supplemented
r(VI)-treated group.

.3. Serum testosterone level
hromium-administered animals than in control group of
nimals. No such change was observed in serum testos-
erone level of curcumin-supplemented chromium-treated and
urcumin-treated groups, respectively (Fig. 2).

.D.) of body weight, relative weight of testis (g/100 g bw) and accessory sex

r Curcumin Cr + curcumin

46.78 ± 7.34 258.91 ± 9.67 255.62 ± 11.41
1.19 ± 0.02 1.19 ± 0.03 1.21 ± 0.02

20.27 ± 6.64a 170.07 ± 8.87 166.55 ± 8.06b

13.59 ± 8.65a 155.17 ± 6.65 148.85 ± 6.24b

33.86 ± 3.82a 50.76 ± 3.65 47.50 ± 4.58b

97.94 ± 8.43a 209.89 ± 12.77 176.43 ± 10.01a,b

pt are significantly different by ANOVA at p < 0.05.
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Fig. 2. Comparison in testosterone level in control, Cr(VI)-treated, curcumin-
supplemented Cr(VI)-treated and curcumin-treated group, Values are
mean ± standard deviation of eight observations. Values bearing superscript are
significantly different by ANOVA at p < 0.05: *when compared with control;
†when compared with Cr.

Fig. 3. Comparison in lipid peroxidation in control, Cr(VI)-treated,
curcumin-supplemented Cr(VI)-treated and curcumin-treated group. Values are
m
s
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Fig. 4. Comparison in SOD activity in control, Cr(VI)-treated, curcumin-
supplemented Cr(VI)-treated and curcumin-treated group. Values are
mean ± standard deviation of eight observations. Values bearing superscript are
significantly different by ANOVA at p < 0.05: *when compared with control;
†when compared with Cr.

Fig. 5. Comparison in catalase activity in control, Cr(VI)-treated, curcumin-
supplemented Cr(VI)-treated and curcumin-treated group. Values are
m
s
†
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ean ± standard deviation of eight observations. Values bearing superscript are
ignificantly different by ANOVA at p < 0.05: *when compared with control;
when compared with Cr.

.4. Testicular antioxidant enzyme activity and lipid
eroxidation

Chromium treatment significantly increased the lipid perox-
dation in testis (Fig. 3) and decreased the activities of testicular
OD and catalase (Figs. 4 and 5). Concomitant curcumin sup-
lementation normalizes testicular lipid peroxidation as well as
he activities of SOD and catalase. However, no changes were
bserved in the above-mentioned parameters in animals treated
ith curcumin alone.

.5. Histopathological study of testis

Histological study (Plate 1) demonstrates normal testicular
tructure in control and curcumin-treated animals. On the other
and, degenerative changes in the testis with severe disintegra-
ion of spermatocytes, resulting in spermatogenic arrest with
oderate tubular necrosis and Leydig cell degeneration, were
bserved in chromium-treated testis. Testicular histoarchitecture
f curcumin-supplemented Cr-treated group shows moderate
isintegration and Leydig cell hyperplasia with mild spermato-

s
g
a
w

ean ± standard deviation of eight observations. Values bearing superscript are
ignificantly different by ANOVA at p < 0.05: *when compared with control;
when compared with Cr.

enic arrest. Most of the animals in curcumin-supplemented
r(VI)-treated group showed normal histological structure as
ompared to the control.

The quantitative study of germ cells at stage VII (Table 2)
evealed that curcumin supplementation increased the num-
er of stage VII spermatids (7Sd) significantly in comparison
o chromium-treated group. Chromium treatment significantly
educed the number of ASg, pLSc, mPSc and 7Sd when com-
ared with control. The ratio of mPSc and 7Sd was 1:3.35 in
ontrol and 1:2.80 in chromium-treated group. The percent-
ge of spermatid degeneration (30.00%) as calculated from the
bove ratio was significantly high after chromium treatment but
educed markedly after simultaneous curcumin supplementation
22.75%).

. Discussion

The purpose of the present study is to find out the ameliorating
ffect of curcumin on chromium-induced oxidative damage in

permatogenesis of adult male albino rats. The net body weight
ain reduced in Cr(VI)-treated rats as compared to the control
nimals. The results are similar with the earlier observations
here decrease in body weight due to gain in lean body mass and
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Plate 1. Photomicrographs of HE-stained rat seminiferous tubules at stage VII of spermatogenesis. ASg = spermatogonia A; pLSc = preleptotene spermatocytes;
mPSc = mid pachytene spermatocytes; 7Sd = step 7 spermatid. (a) Seminiferous tubule (400×) from control animals, showing normal cellular morphology and
association with numerous mature spermatozoa in the lumen. (b) Seminiferous tubule (400×) from Cr-treated animals (0.4 mg/kg, i.p. for 26 days), showing
disruption of cellular association with decreased number of germ cells and mature spermatozoa. (c) Seminiferous tubule (400×) from curcumin-treated animals
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20 mg/kg, i.p. on every alternate day for 26 days), showing normal cellular a
urcumin-supplemented animals (Cr 0.4 mg/kg/day i.p. + curcumin 20 mg/kg on
Sd and plenty of mature spermatozoa in the tubular lumen.

ecrease in body fat was noted in human exposed to chromium
icolinate (Gilbert et al., 1998, 1996). Occupational exposure
o Cr(VI) led to reduction in sperm counts, sperm motility and
hows substantial abnormalities in the histology of testis (Li
t al., 2001a). Present study demonstrated that chronic Cr(VI)
dministration at sub-lethal dose reduces accessory sex organs
eight and epididymal sperm number, which indicates an inter-
erence with spermatogenesis.
The pachytene spermatocyte:spermatid ratio is 1:3.35 in our

ontrol rats instead of the theoretical value of 1:4 (Clermont
nd Morgentaler, 1955). This result indicates 16.25% spermatid

s
d
r
n

able 2
ffect of chromium (Cr), curcumin and their combination on spermatogenesis at stag

roup Spermatogenesis pattern at stage VII

ASg pLSc mPSc 7Sd

ontrol 0.69 ± 0.05 19.28 ± 1.03 19.03 ± 1.66 63.82 ± 1
r 0.51 ± 0.60a 15.82 ± 1.81a 14.39 ± 1.53a 40.39 ± 1
urcumin 0.64 ± 0.05 18.72 ± 1.66 18.98 ± 1.63 61.38 ± 1
r + curcumin 0.61 ± 0.05b 17.89 ± 1.24b 17.09 ± 1.28b 52.89 ± 2

Sg = spermatogonia A; pLSc = preleptotene spermatocytes; mPSc = mid pachytene s
ight observations. Values bearing superscript are significantly different by ANOVA
a When compared with control.
b When compared with Cr.
tion like that of control. (d) Seminiferous tubule (400×) from Cr-treated and
alternate day i.p. for 26 days), showing increased number of ASg, pLSc, mPSc,

egeneration in control group. In chromium-treated animals, this
atio is 1:2.80, indicating that during the process of spermatocyte
o spermatid conversion, 30.00% of the cells are degenerated,
hich is significantly less (22.75%) in curcumin-supplemented
r(VI)-treated group.

In addition, Cr(VI) also affects the histoarchitecture of testis.
here was visible disruption in the germ cell population in the

eminiferous tubule with degenerative changes observed in Ley-
ig cell. Testosterone, secreted from the Leydig cells of testis, is
esponsible for the activation and maintenance of spermatoge-
esis (Singh et al., 1995). Testosterone helps in the maturation

e VII of seminiferous cycle in rats

mPSc:7Sd 7Sd degeneration (%) Effective 7Sd degeneration

.89 1:3.35 16.25 –

.93a 1:2.80 30.00 +13.75a

.88 1:3.23 19.25 +3.00

.13a 1:3.09 22.75 +6.50b

permatocytes; 7Sd = step 7 spermatid. Values are mean ± standard deviation of
at p < 0.05.
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f round elongated spermatids by promoting the conversion of
ound spermatid between stages VII and VIII of the spermato-
enic cycle (O’Donnell et al., 1994). Sun et al. (1990) found that
he conversion of round to elongated spermatid was suppressed
hen testosterone in the interstitial fluid was 5% of control.
he importance of testosterone on spermatogoneal and sper-
atocyte number has been investigated by numerous workers

Steinberger and Steinberger, 1975; Sun et al., 1989). Low level
f serum testosterone in Cr(VI)-treated rats may be the possible
ause behind the spermatogenic impairment and depleted epi-
idymal sperm number. Decreased serum testosterone level in
r(VI)-treated rats is also responsible for the reduction in weight
f accessory sex organs. It is well documented that testosterone
s responsible for the growth of accessory sex organs (Li et al.,
001b; Steinberger and Steinberger, 1975). Curcumin supple-
entation had prevented Cr(VI)-induced decrease in weight of

ccessory sex organs due to normal serum testosterone level
nd had restored epididymal sperm number and normal sperm
roduction in the seminiferous tubule. Curcumin suppressed the
dverse effects of Cr(VI) possibly due to its antioxidant activity
Sharma, 1976).

Hexavalent chromium has shown to be involved in Fenton-
ike oxidative cycling, generating reactive oxygen species
ROS). Once Cr(VI) is taken inside the cell, it undergoes a
eduction division by the cellular reductants to generate dif-
erent reactive chromium intermediates, such as Cr(V) and
r(IV). During Cr(VI) reduction process, molecular oxygen

s reduced to superoxide radical (O2
−), which subsequently

orms H2O2. Both Cr(V) and Cr(IV) are able to react with
2O2 to generate hydroxyl radical (OH−). Superoxide radi-

al (O2
−), H2O2 and OH− collectively form ROS (Shi et al.,

999a,b). Increased ROS production due to Cr(VI) exposure
ay lead to generation of oxidative stress, which is responsible

or many deleterious effects in the cell including DNA dam-
ge, lipid peroxidation and protein modification (Stohs et al.,
001). Oxidative stress is an established major factor respon-
ible for male infertility. High levels of ROS are detected in
he semen samples of infertile males (Sikka, 1996). Elevated
OS level in chromium-treated mice induces impaired Ley-
ig cell function, changes several biochemical indices of cells
ncluding lipid peroxidation (Acharya et al., 2004). Adult male

onkeys exposed to Cr(VI) at doses 100, 200 and 400 mg/l
or 6 months showed significant decrease in seminiferous tubu-
ar diameter along with abnormalities in germ cell population
hile concentration of reduced glutathione, H2O2 and OH−

ncreased significantly in the testis of Cr(VI)-exposed animals
Aruldhas et al., 2005). Over production of ROS is evidenced
n the present study from significant increase in testicular
ipid peroxidation of Cr(VI)-treated rats. Activities of testic-
lar anti-oxidative enzymes, viz. SOD and catalase decrease
ignificantly in Cr(VI)-treated rats, indicating that testicular
efence mechanism fails to protect the over production of ROS.
xidative stress is also responsible for the deterioration of
ccessory sex organs (Ochsendorf, 1999). In the present study,
r-induced decrease in accessory sex organs weight and sperm
ount correlates with the observation of Subramanian et al.
2006).

A

y and Pharmacology 24 (2007) 160–166 165

Cellular damage caused by Cr(VI) exposure can be pre-
ented by free radical scavengers or antioxidants, which further
trengthens the hypothesis that free radicals play a key role in
hromium toxicity (Ueno et al., 1995; Tsou and Yang, 1996).
ntioxidants are the frontline of defence against free radi-

als (Osawa and Kato, 2005). The antioxidant mechanism of
urcumin is due to its specific conjugated structure of two
ethoxylated phenols and an enol form of �-diketone. This

tructure is responsible for free radical trapping ability as a chain
reaking antioxidant (Masuda et al., 2001). Curcumin prevents
ree radical generation by competing with peroxidant metals
or cell binding sites, which decrease the possibility of free
adical formation or by maintaining the activities of antioxi-
ant enzymes like SOD and catalase (Pulla Reddy and Lokesh,
992). It also protects free radical induced damage by defend-
ng sulfhydryl groups against oxidation (Khanna, 1999). SOD
nd catalase are primary defenders against oxidative damage.
OD can eliminate destructive superoxide molecules produced

n the body. It can also block the oxidation of harmful LDL
holesterol (Khanna, 1999). Curcumin is reported to protect
icotine-induced oxidative damage (Kalpana and Menon, 2004)
nd indomethacin-induced gastric lesion (Chattapadhyay et al.,
004).

SOD and catalase levels in the testis of curcumin-
upplemented Cr(VI)-treated group were shown to increase
ignificantly than in Cr(VI)-exposed group, indicating that cur-
umin may have protective action against the ROS-mediated
r(VI) toxicity. Curcumin is responsible for the inhibition of
eroxidation of membrane lipids by scavenging or neutralising
ree radicals and by chelating metal ions. Inhibition of lipid per-
xidation maintains cell membrane integrity and their function
Pulla Reddy and Lokesh, 1994). Curcumin supplementation has
ormalized the raised level of lipid peroxidation when compared
ith that of chromium-treated group, showing that curcumin
revents the ROS generation in the Cr(VI)-induced testis.

Therefore, simultaneous administration of curcumin to
r(VI)-treated rats prevents the Cr(VI)-induced spermatogenic
amage, decreased sperm count, reduced testosterone level and
eneration of free radicals by inducing antioxidant defence
echanism. The present study thus indicates that curcumin may

ave protective action against Cr(VI)-induced testicular damage.
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