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ABSTRACT

Cadmium is an extremely toxic metal which has no known necessary funetion in the body.
Industrial use and agricultural fertilizers are the major source of its environmental contamination.
It principally affects lung, liver, kidney and testes following acute intoxication. The present study
pertains to the protective role of rutin against cadmum (Cd)-induced hepatotoxicity in mice. Rutin
is a naturally occurring citrus flavanone which has been reported to have a wide range of
pharmacological properties. In the present investigation cadmium (5 mg kg™) was administered
orally for 4 weeks to induce hepatotoxicity. Cadmium treatment enhanced the lipid peroxidation
in liver significantly (p<0.001). Cadmium treatment also decreased the amount of non-enzymatic
antioxidant viz., reduced glutathione (GSH) significantly. Cadmium treatment decreased the level
of enzymatic antioxidant enzymes wviz., super oxide dismutase (SOD), catalase (CAT) and
Glutathione-S-Transferase (GST). Two different doses of rutin (80 and 20 mg kg™ b.wt.) were
given to the mice along with the cadmium. High dose treatment of rutin (80 mg kg™ b.wt.) resulted
in significant decrease in lipid peroxidation (p<0.001). It also restored the amount of reduced
glutathione significantly (p<0.001). Administration of high dese of rutin also brought the activities
of eellular antioxidant enzymes viz., SOD (p<0.001), CAT (p<0.01) and GST (p<0.001) significantly
to normal. The study result suggested that rutin may be beneficial in ameliorating the cadmium-
induced oxidative damage in the liver of mice.
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INTRODUCTION

Cadmum (Cd) 1s highly toxic heavy metal which is used in smelting, electroplating and in the
manufacturing of batteries, dyes, paints and plastics (Al-Khedhairy ef al., 2001; Natzir, 2004;
Kaplan et «l., 2011). Industrial use and agricultural fertilizers are the major source of its
environmental contamination (Hashem and Abed, 2007, Erivamremu ef af., 2008), Animals
including human heings are exposed to cadmium through food, water and some time through
contaminated scil. Lipid peroxidation is considered as the primary mechanism for Cd-induced
toxicity though it indirectly involved in the generation of free radicals (Bagchi et al., 1996;
Dabak et al., 2009; Cinar et al., 2011; Eneman et ¢l., 2000). Cadmium exerts its toxic effects via
oxidative damage to cellular organelles by inducing the generation of Reactive Oxygen Species
(ROS) (Stohs et al., 2001), which consist mainly of O,", H,O, and OH". The molecular mechanism
by which the generation of free radicals are far from being understood but reports have indicated
that cadmium does this via an indirect phenomenon (Stohs and Bagechi, 1995; Yiin ef al., 1999).
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Reactions of these ROS with cellular biomolecules have been shown to lead to lipid peroxidation,
membrane protein damage, altered anti-oxidant system, DNA damage, altered gene expression and
apoptosis (Stohs and Bagchi, 1995; Stohs ef al., 2001). In addition to that depletion of glutathione
and other endogenous antioxidants may also contribute significantly to the development of
cadmium-induced toxic oxidative stress (Bagehi ef af., 1996). As Cadmium indirectly induces the
generation of free radicals so it 1s possible to treat the cadmum toxicity by antioxidants. There are
many reports in which naturally occurring phytochemicals having antioxidant properties were used
against Cd-induced hepatotoxicity (Choi ef af., 2003; Gramza-Michalowska and Korczak, 2007,
Vincente-Sanchez et al., 2008). Among those, flavonoids are one of the most numerous and
widespread group of naturally occurring antioxidants and as potent inhibitors of lipid peroxidation
in a biological membrane. Rutin, a citrus flavonoid glycoside present mainly in buckwheat, has
antioxidant, antiallergic, anti-inflammatory, antiangiogenic and antiviral properties because of
its  superoxide radical scavenging nature (Guruvayocorappan and RKuttan, 2007,
Kamalakkannan and Prince, 2006; Bishnoi ef af., 2007). It showed many pharmacological benefits
including anti-tumor (Deschner et ¢l., 1991), anti-diarrhoeal (Di Carlo ef af., 1993) and myocardial
protecting (Pozin et al., 1996), immunomodulator (Chen et al., 2000). Many pecple have shown the
antioxidant properties of rutin in different experimental models (Alsaif, 2009; Gao ef al., 2002;
Nagasawa et al., 2003). Taking the above into account, present work was carried out to assess the

efficacy of rutin on Cd-induced hepatotoxicity protection in mice.

MATERIALS AND METHODS

Chemicals: Oxidized and reduced glutathione (GSSG and GSH), reduced nicotinamide adenine
dinuclectide (NADPH), potassium dichromate, dithionitrobenzene (DTNE), 1-chloro-2,4-
dinitrobenzene (CDNB), Reduced Glutathione(GSH), Thicbarbiturie acid (TBA), Trichlorcacetic acid
(TCA 10%), physiclogical normal saline (0.9%), Formalin {4%), Sulphosalicylic acid (4%), Glycine
were purchased from Sigma Chemical Co. (St. Louis, MO, USA). All other chemicals and reagents
used were of highest purity commercially available.

Animal maintenance: Swiss albino male mice of 6-8 weeks weighing 20-35 g were housed in
groups of six in polypropylene cages. Lighting was regulated to provide equal hours of light and
dark. Animals were obtained from the central animal house facility of Jamia Hamdard, New Delhi,
India. The animals were acclimatized to standard laboratory conditions (temperature 25+£10°C,
relative humidity 50£15%) 1 week pricr to the actual commencement of the experiment. They were
provided with standard food pellets (Hindustan Lever Ltd., India) and tap water ad libitum. The
study was approved from the Committee for the Purpose of Control and Supervision of
Experimental Animals (CPCSEA). CPCSEA guidelines were followed for animal handling and

treatment.

Experimental design: Twenty five Swiss albine mice were divided in to five groups.
Group I served as control group and received vehicle i.e olive oil. Group II received cadmium
(6 mg ke ! b.wt) for four weeks. Group III received cadmium along with low dose of rutin
(20 mg kg™ b.wt.). Group IV received cadmium along with high dose of rutin (80 mg kg™ b.wt.).
Group V received only rutin (80 mg kg™ b.wt.).
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Preparation of homogenates: At the end of potassium dichromate exposure, liver was excised
under anesthesia. The organs were washed thoroughly in ice-cold physiological saline and weighed.
A 10% homogenate of each tissue was prepared separately in 0.1 M phosphate buffer (pH 7.4)
using a motor driven Teflon-pestle homogenizer (Fischer) and centrifugation at 4000 rpm for 5 min
at 4°C. The supernatant obtained was called “homogenate” and used for the assays.

Preparation of PMS (post mitochondrial supernatant): The homogenate was centrifuged at
12000 rpm for 20 min at 4°C. The supernatant fraction obtained was called “PMS” and used for the

assays.

Biochemical estimations

Determination of lipid peroxidation: Briefly, 0.6 mL of homogenate was mixed with 0.4 mL of
phosphate buffer pH 7.4 and 1 mL 10% trichloroacetic acid (TCA) and finally kept for 5 min at room
temperature (Wright ef al., 1981). Then 1 mL 0.67% thicbarbituric acid (TBA) was mixed and tubes
were placed in boiling water bath at 90°C for 45 min and on ice bath for 15 min. Tubes were
centrifuged at 2500 xg for 10 min. Pellet was discarded and supernatant was collected to measure
the absorbance at 535 nm in spectrophotometer. The result was expressed in nmoles of TBARS
formed min~' g™ tissue at 37°C by using a molar extinction coefficient of 1.56x10° M~ em™".
Determination of reduced glutathione (GSH): 1.0 mL of PMS fraction {(10%) was mixed with
1.0 mL of sulphosalicylic acid (4%) (Jollow et al., 1974). The samples were incubated at 4°C for at
least 1 h and then subjected to centrifugation at 1200xg for 15 min at 4°C. The assay
mixture contained 0.4 mL filtered aliquot, 2.2 mL phosphate buffer (0.1 M, pH 7) and 0.4 mL
DTNB (4 mg mL™) in a total volume of 3.0 mL. The yellow colour developed was read immediately
at 412 nm on spectrophotometer (Milton Roy Model-21 D). The GSH concentration was calculated

as nmoles GSH formed g™! tissue using a molar extinction coefficient of 1.36%10%

Assay of catalase: In brief, the assay mixture consisted of 1.950 mL phosphate buffer (0.1 M,
pH 7), 1 mL hydrogen peroxide (0.34%) and 0.05 mL of PMS (10%) in a final volume of 3.0 mL
(Claiborne, 1985), Change in absorbance was recorded at 240 nm. The catalase activity was
caleulated in terms of nmoles H,O, consumed min ' mg ™ protein using a molar extinction coefficient

of 43.6 M em ™.

Assay of super oxide dismutase (SOD): The reaction mixture consisted of 1.6 mL hot glycine
buffer (50 mM, pH 10.4), 0.2 mL of FMS (10%) and 0.04 mL of chilled epinephrine in a final
volume of 1.84 mL (Stevens ef al., 1980). The change in absorbance was recorded at 480 nm and
the enzymatic activity was caleulated as nmol of epinephrine protected from oxidation mg™*

protein min~! using a molar extinction ceefficient of 4.02x10° M ™! em ™.

Assay of glutathione S-transferase (GST): The reaction mixture consisted of 2.4 mL phosphate
buffer (0.1 M, pH 6.5), 0.2 mL reduced glutathione (1.0 mM), 0.2 mL CDNB (1.0 mM) and 0.2 mL
of cytosolie fraction in a total volume of 3.0 mL (Habig ef al., 1974). The changes in absorbance
were recorded at 340 nm and the enzymatic activity was calculated as nmol CDNB conjugate

formed min~! mg™! protein using a molar extinction coefficient of 9.6x10% M em ™.
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Statistical analysis: Data from experiments were compared by one-way ANOVA followed by
Turkey's t-test. All values were reported as MeanxSE for each group. The significant level was
showed as p<0.001, p<0.01 and p<0.05.

RESULTS

Rutin attenuated cadmium induced lipid peroxidation (LPO) in liver: Thiobarbituric acid
reactive substances (TBARS) are measured to evaluate the extent of lipid peroxidation induced by
cadmium in the liver tissue homogenate of mice. Kesults indicate that cadmium (Cd) treatment
increased TBARS level significantly (p<0.001) in liver (Table 1). Co-administration of rutin with
cadmium caused significant decrease in TBARS content as compared to control group. High
dose (80 mg kg™) of rutin (p<0.01) showed better protection as compared to low dose (20 mg kg™
p<0.05),

Rutin reinstated cadmium induced depletion in cellular reduced glutathione content
(GSH): GSH, a non-enzymatic cellular anti-oxidant is estimated in PMS of liver. The content of
GSH was significantly (p<0.001) decreased in liver of mice treated with cadmium as compared to
control (Table 2). Treatment with low dose of rutin (20 mg keg™') did not show any change
significant change in GSH content. But high dose of rutin (80 mg kg ™) restores the reduced GSH
content of the liver significantly (p<0.001).

Rutin restored cadmium induced changes in cellular enzymatic antioxidants: S0OD, CAT
and GST were measured as an index of antioxidant status of liver tissues. Significantly lower liver
SOD (p<0.001), CAT (p<0.001) and GST (p<0.001) activity were cbhserved in cadmium treated
group as compared to the normal control group (Table 2). Treatment of high dose rutin restored the
activities of SOD (p<0.001), CAT (p<0.001) and GST (p<0.001) significantly (Table 3). High dose

of rutin showed better restoration as compared to low dose.

Table 1: Effect of rutin on cadmium induced alterations in lipid peroxidation in liver

Treatment LPO (liver)
Control 3.047+0.196
Cadmium (5 mg kg™ 4.973+0.207%
Cadmium+rutin (L) 3.549+0.459*%
Cadmium-+rutin (H) 3.29310.180%*
Rutin 3.605+0.193

Values are Mean+SE of five mice per group, Lipid peroxidation (LPQ) is expressed as nmoles of TBARS formed min~! g~! of tissue, Values
are significant at ®¥p=<0.001, (compared with Group I) and **p=<0.01, (compared with Group II), L: Low dose, H: High dose

Table 2: Effect of rutin on cadmium induced alterations in cellular GSH content

Treatment GSH (liver)
Control 3.401+0.042
Cadmium (5 mg kg™ 2.962+0.020%*
Cadmium+rutin (L) 2.841+0.019
Cadmiium-+rutin (H) 3.44440.023%%*
Rutin 3.225+0.020

Values are MeantSE of five mice per group, GSH is expressed as nmoles of GSH formed g * tissue, Values are significant at *p=0.001,
(compared with Group I) and ***p<0.001 (compared with Group II), L: Low dose with, H: high dose, GSH: Reduced glutathione
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Tahble 3: Effect of rutin on cadmium induced changes on enzymatic antioxidants of liver

Treatment SOD CAT GST
Control 46.66+3.39 1.688+0.0478 0.217+£0.0062
Cadmium (5 mg kg™ 17.96+2.86" 0.768+0.05621 0.167+0.0055%
Cadmium-+rutin (L) 28.28+4.36 0.506+0.0436 0.211+0.0059***
Cadmium-+rutin (H) 52.49+6.54%%* 1.4564+0.0288%%* 0.243+0.0039***
Rutin 57.34+4.87 1.272+0.0126 0.231+0.0035

Values are Mean+SE of five mice per group, Values are significant at *(compared with Group I) and *(compared with Group ID), L: Low
dose, H: High dose, SOD: Superoxide dismutase (nmol of epinephrine protected from oxidation mg ! protein), GST: Glutathione-S-

transferase (mmol CDNB conjugate formed min—* mg™?! protein), CAT: Catalase (mmoles H;O; consumed min—! mg™! protein)

DISCUSSION

Different people have explained the mechanism of cadmium-induced hepatotoxicity which
includes lipid peroxidation and interaction with membrane components (Bagchi et al., 1996). It
induces oxidative stress and lipid peroxidation by depleting GSH or by inhibition of antioxidant
enzymes {Bagchi ef al.,, 1996). Because of its oxidative stress inducing nature the Cd-induced
toxicity can be restored by the treatment of various antioxidants (Eriyvamremu ef al., 2006;
Karbownik ef al., 2001). Corroborating to these findings the present study also confirmed that the
administration of rutin (80 mg kg™') significantly restored the liver enzymatic and non-enzymatic
antioxidants against the toxicities induced by cadmium. Cd gets accumulated in the liver and
causes tissue damage (Stohs and Bagchi, 1995). Cd indirectly generates various radicals like
superoxide, hydroxyl and nitric oxide and induces oxidative stress and tissue damage (Stohs et al,,
2001). These reactive oxygen species generated indirectly by Cd, attack on the cell membrane and
cause destabilization and disintegration of the cell membrane resulting in lipid peroxidation
{(Shakun and Vysotski, 1982; Kaplan et al., 2011). In this study, Cd intoxication induced elevation
of hepatic LPO, lipid hydroperoxides contents was similar to other reports (Santos ef al., 2005). Cd-
intoxication is also characterized by the depletion of tissue and circulating non-enzymatic
antioxidants including GSH, vitamin K and vitamin C (Hossain and Bhattacharya, 2006). Because
of sulthydryl group in GSH it works as a first line of defense against oxidative stress by acting as
a non-enzymatic antioxidant. It can also be involved in the enzymatic detoxification reaction of
ROS as a cofactor or as a ceoenzyme (Sumitha ef al, 2001). Our GSH result is in consistent
with the other reports in which GSH concentration is decreased during Cd administration
(Pari and Murugavel, 2005). Pretreatment of rutin in Cd-intoxicated mice reinstated the reduced
GSH level, CAT, GST and SOD, represent commonly a helpful array of protection against Reactive
Oxygen Species (ROS). In our study the decreased level of SOD, CAT and GST on Cd-intoxication
are in consistence with the previous study (Tang ef al., 1998; Whanger, 1979) and that may either
be due to the direct binding of the metal to the enzyme-active site or because of its increased usage
in free radical scavenging (Waisherg et al., 2003). Co-administration of rutin restored the activities
of BOD, CAT and GST in the liver of Cd-intoxicated mice to normal level which might be due to the
capability of rutin to decrease the gathering of free radicals generated during lipid peroxidation
induced by cadmium.

CONCLUSION

In conclusion findings of the present study indicates that the administration of rutin in
cadmium treated animals counteracted the oxidative hepatic dysfunction attributed by cadmium.
Co-administration of rutin substantially diminished the abnormal changes because of Cd-
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intoxication and restored the hepatotoxicity to near normal. This was contributed by the augment
in the activities of antioxidant enzyme cascade, enhancement in the levels of non-enzymatic
antioxidants along with the attenuation of TBARS contents in liver. In the light of this study, it can
be concluded that rutin played an important role of an antioxidant which may be due to its free
radical scavenging and metal-chelating property and there by improved the damaging state of liver
cells which tattered its use as a possible socthing agent in cadmiume-induced hepatotoxicity.
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