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Introduction:-

Chromium (Cr) is metal of transitional element found in different oxidation states. Chromium (1) compounds are
mainly used in the preparation of industrial and household based Products including welding, painting and steel
manufacturing (Katz and Salim, 1994). Occupational, industrial, environmental, therapeutic and dietary exposures to
a wide range of chemicals and heavy metals have harmful effects on male fertility (Cheek and McLachlan, 1998;
Pant et al., 2003). A number of investigations using laboratory animals have pointed out testicular toxicity of Cr VI
(Behariet al., 1978; Ernst, 1990; Saxenaet al., 1990; Murthyet al., 1991; Ernst and Bonde, 1992; Chowdhury and
Mitra, 1995; Sutherland et al., 2000).
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Chromium (Cr) is one of the major industrial wastes produced from many industries like textiles, tanneries,
electroplating, metallurgical which causes health issues in humans and animals and also affects marine life (Ajmal et
al., 1996, Moncur et al., 2005). These compounds are also proven mutagens & carcinogens affecting animals
including humans; due to their oxygen mediated cytotoxicity (Stoh and, Bagchi, 1995). Chromic acid, a hexavalent
compound of Chromium (Cr) widely used in different industries has been associated with reproductive
abnormalities in male Swiss mice. Metal induced Reactive Oxygen Species (ROS) may impair spermatogenesis or
alter sperm morphology and defective sperm formation (Xu et al.).

In the present study Chromium treated animals show a significant increase in a lipid peroxidation, an index of
oxidative stress was measured in the form of malondialdehyde content (Bagchiet..al. 2002), significant decrease in
enzyme activity of catalase and peroxidase, significant decrease in sperm count and increased formation of abnormal
sperms. In this study, an attempt has been taken to ameliorate the deleterious effects of chromium in the testes of
Swiss mice by supplementation of caffeine (CAF), the 1,3,7 trimethyl xanthine, a biologically important constituent
of coffee, green tea and coca that neutralize the action of chromium. Polyphenols are the most significant group of
tea components and have wide range of pharmaceutical properties including antioxidative, anticarcinogenic
(Dufresne and Franworth 2001; Atoulet.al. 2005). The study explained the oxidative stress related testicular
dysfunction identifying the possible adverse effect of chromium on sperm count and sperm abnormality and focus
on the protective/potentative activity of CAF in different doses treated to chromic acid induced mice.

Material and Methods:-

Swiss albino male mice at 10 week of age were used in the present study which was acclimated to laboratory
condition with balanced diet and water. Chromic acid at 99% purity manufactured by Qualigens Glaxo India Itd. and
CAF manufactured by LOBA Chime Pvt. Ltd. were used as the test chemicals.

Experimental Protocol:-

From among the acclimated stock of mice, 48 nos. of healthy male mice were used for the study. The control groups
of mice were intraperitoneally injected with normal distilled water. Experimental groups of mice (n=6no0s.) were
injected with chromic acid 1mg/kg body weight through the same route. Three chromic acid treated groups of mice
were injected with Caffeine @25, 50,100mg/kg body wt. prior to one hour of chromic acid treatment. Both treated
and control mice were cased in the laboratory conditions and were sacrificed by cervical dislocation at 24 hrs, 4™
week and 8" week of post treatment. After sacrifice, testes were recovered cleaned of accessory tissues and
subjected to the estimation of lipid peroxidation, enzyme activity studies of catalase and peroxidase. Sperms were
collected from vas deference and utilized for sperm count and sperm head abnormalities studies following standard
procedures.

Biochemical Parameters:-

The testes were dissected from the accessory tissue under ice cold normal saline. A portion was processed for lipid
peroxidation potential (LPP) by thio-barbituric acid (TBA) test (Stroev and Mokarova 1989). LPP was expressed in
terms of p mol/g wet weight. Tissue samples were gently homogenized in phosphate buffer, pH 7.4 at 0-4°C using
glass potter type homogenizer at 500-800rpm and the resultant supernatant was immediately used for measuring
enzyme activities like Catalase (CT) and Peroxidase (PD). Data are expressed as units (U) of enzyme/mg of tissue
protein. PD activity was determined by following a standard method. CT activity was estimated spectrophotomatri
cally at 570 nm.

Sperm Parameters:-
Starting from the 24™ | 4™ week and 8™ week of post treatment a group of six mice were scarified by cervical
dislocation for preparation of slides to analyze sperm head abnormalities and sperm counting following the
procedure as follows:

The vas deference were dissected out and kept in phosphate buffer saline (PBS) solution. The sperm were squeezed
out from the vas deferens in PBS at room temperature aspirated gently by pasture pipette and left for five minutes. It
was centrifuged for one minute at 1000 rpm and the supernatant was discarded. A small amount of PBS was added
and aspirated gently to prepare a thick homogenous suspension of sperm in PBS. A small drop of sperm suspension
was taken on clean grease-free slide smeared gently with a glass rod and left overnight for natural drying. The dry
slides were stained with 10% Giemsa diluted in fresh Sorenson’s Buffer (pH-6.8) for one hour. The stained slides
were washed in tap water and observed under microscope. About 1000 sperms for each specimen were scanned.
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Morphologically abnormal sperm were recorded following Wyrobeck and Bruce (1975). For sperm counting, sperm
suspension was taken on the haemocytometer and the number of sperm heads was counted on R. B. C. counting
chamber. The slides prepared at different end points were coded separately. The students ‘t’ test was utilized for
comparison of data between control and experimental groups. The difference was considered significant at the
P<0.05 level. The data are reported here as mean = SEM.

Results:-

The results of the present study indicate significantly higher malondialdehyde content, an index of oxidative stress in
the testes of chromium treated Swiss mice at 24 hrs, 4" week and 8" week of post treatment. Activity of catalase and
peroxidase enzymes also decline significantly (Graph I, 1l and I11). In CAF pretreated mice group (25mg/kg body
wt.) oxidative stress declined with a significant increase in catalase and peroxidase enzyme activity. However in
chromium treated mice groups pre-treated with 100mg/kg body wt. CAF, increased oxidative stress and significantly
decline catalase and peroxidase activity absorbed. But, in chromium treated mice group pre treated with 50 mg/kg
body wt. CAF, an insignificant rise in oxidative stress and significantly increased (p < 0.05) catalase and peroxidase
enzyme activity were noticed.

Sperm count studies indicated a significant (p < 0.01) fall in chromium treated mice in all post treatment phases
compared to control groups. However chromic acid treated mice group pretreated with 25mg/kg b.w. of CAF
indicated significant rise (p < 0.01) in sperm count in all post treatment stages. Significant (p < 0.01, p <0.05) sperm
count decline were observed in chromic acid treated mice groups pretreated with 100 & 50mg/kg b.w. CAF
respectively (Graph 1V).

Study of sperm head abnormalities was done following standard procedure (Wyrobek and Bruce, 1975). Percentage
of abnormal sperm population increased significantly (p < 0.01) in Cr treated mice compared to control groups.
However, CAF treatment (25mg/kg b wt.) significantly (p < 0.01) declined abnormal sperm population chromium
treated mice, 100mg of CAF treatment increased significantly (p < 0.01) the occurrence of deformed sperms (Graph
V).

Discussion:-

Increased oxidative stress in chromic acid treated mice indicates the generation of singlet oxygen species which
allegedly known to damage the membrane system and detrimentally affected the macromolecules. As a result of this
the activity of catalase and peroxidase enzymes are drastically affected. The reactive oxygen species also damaged
the membrane system of the spermatogonial cells, spermatocytes and mature sperm membranes indicating a
significant decline in sperm count that cause partial infertility (Acharya et. al. 2004). The membrane of post meiotic
sperm population was also affected which is noticed in the drastic fall in sperm count at 24hrs of post treatment.
Similarly the reactive radicals have possibly destroyed the spermatogonial stem cells resulting in a drastic sperm
count decline at 8" week post treatment. The reactive oxygen species generated through chromium catalysis also
have induced mutations in spermatogonial stem cell population resulting in structural transformation as abnormal
sperm which is indicated in the significant rise in sperm abnormality percentage at 8" week. The presence of
abnormal sperm population during 24hrs and 4™ week of post treatment demonstrate the steady detrimental effects
of oxyradicals on developing spermatogonial cells. Alternatively, free radicals can initiate apoptosis within the
sperm, leading to caspase-mediated enzymatic degradation of the DNA (Kemal Duru et al., 2000; Wang et al., 2003;
Moustafa et al., 2004; Villegas et al., 2005). Several investigators (Kodama et al., 1997; Aitken et al., 1998; Saleh et
al., 2002b; Oger et al.,2003; Wang et al., 2003; Henkel et al., 2005; Kao et al., 2007)have now confirmed the link
between oxidative stress and sperm DNA damage using various techniques such as terminal
deoxynucleotidytransferase-mediated dUTP nick-end labeling (TUNEL), sperm chromatin structure assay (SCSA)
and measurement of the byproduct of DNA oxidation, 8-hydroxydeoxyguanosine(8-OHdG).

CAF pretreatment particularly in lower doses seems to be affective in neutralizing the chromium induced
oxyradicals, by protecting the antioxidant enzymes like catalase and peroxidase. It is supposed that those antioxidant
activities may be due to high level of total phenolic compounds (Hwang et. al. 2010). The protective behavior of
CAF is also visualized in the increase of sperm count and decrease in sperm abnormality percentage. The probable
mutational affects incurred by chromium induced oxyradicals are neutralized by lower dose of CAF hence
significant decline in sperm abnormality is observed. However higher doses of CAF seems to be detrimental in
increasing oxidative stress in Cr treated mice. The activity of catalase and peroxidase were also declined.
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Furthermore, the potentative activity of CAF at higher doses is linked with increased sperm abnormality and
decreased sperm count profile.

Effect of Cr acid and CAF on lipid peroxidation
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Graph I: -Effect of Cr acid (1mg/kg b wt.) and Cr acid + CAF (25mg/50mg and 100mg/kg b wt.) on lipid
peroxidation (n moles of MDA/gm wet weight) of the testes of Swiss mice.

Effect of Cr acid and CAFon Catalase

50 -
45 A
40 A
35 A
30 A
25 A
20 A

protein) of catalase

15 A
10 A

Enzyme activities (U/mg of tissue

24hrs 4th Week 8th Week

Time of exposure

[@ Control @ Cr O Cr+25CAF 0 50CAF B 100CAF |

Graph II: - Effect of Cr acid (1mg/kg b wt.) and Cr acid + CAF (25mg/50mg and 100mg/kg b wt.) on the activity
of Catalase enzyme (U/mg of tissue protein of the testes of Swiss mice.
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Effect of Cr and CAF on peroxdase
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Graph I11: - Effect of Cr acid (1mg/kg b wt.) and Cr acid + CAF (25mg/50mg and 100mg/kg b wt.) on the activity
of Peroxidase enzyme (U/mg of tissue protein) of Swiss mice.

Effect of Cr acid and CAF on Sperm count
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Graph 1V: - Effect of Cr acid (1mg/kg b wt.) and Cr acid + CAF (25mg/50mg and 100mg/kg b wt.) on sperm count
(in millions) the testes of Swiss mice
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Effect of Cr acid and CAF on Sperm abnormality
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Graph V:-Effect of Cr acid (1mg/kg b wt.) and Cr acid + CAF (25mg/50mg and 100mg/kg b wt.) on sperm
abnormality (%) of Swiss mice.
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