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ABSTRACT: Objective: This work investigated the probable protective @feof an aqueous extract Rifeurotus tuberregium
on cadmium-induced oxidative stress and activitfesome antioxidant enzymes in the heart and tedtemle albino rats.
Method: Male albino rats were assigned into four groupgeafanimals each in this study that lasted for 4kseThe control
group was administered normal saline whereas ther @roups were all orally treated with 3 mg/kg ypaeeight cadmium
chloride and two of the test groups were also gesfad different doses of aqueous extradPlefirotus tuberregium (either 500
or 1 000 mg/kg body weight). Lipid peroxidationdathe activities of superoxide dismutase (SOD) eatdlase (CAT) as well as
the concentration of cadmium were determined irhéeat and testes of the animals.

Results: The concentration of cadmium in the heart and ¢eefethe rats that were not treated with the agsiemdract of
Pleurotus tuberregium were significantly (g0.05) higher when compared with the controls. Havewadministration of
Pleurotus tuberregium appeared to reduce the level of cadmium in thegans towards values comparable with the controls.
The concentration of malondialdehyde also exhibitedsame trend. The activities of SOD and CATerggnificantly (0.05)
decreased in the rats treated with cadmium compeaitid the controls. However, administration of thgueous extract of
Pleurotus tuberregium seemed to ameliorate the effect of cadmium on ¢tigiees of SOD and CAT as there was no significan
difference (p0.05) when compared with the controls.

Conclusion: The results of this study suggest that the aqueatrsict of Pleurotus tuberregium may be able to considerably
reduce the oxidative stress engendered by cadnmuats.
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Introduction

It has been reported that exposure of hunaaalsrodents to concentrations of cadmium as low as2 mg
Cd/kg body weight results in an impairment of thalenreproductive system as well as cardiovascuyisfudction
(Adaikpoh and Obi, 2009; Benoff et al., 2000). (fieghe mechanisms that have been suggested faoxiwty of
cadmium is that it promotes an early oxidative sstrdue to its long retention in tissues and organs ability to
cause the production of free radicals (Kowalczyklgt2003).
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It is believed that antioxidants should be ofithe important components of an effective treatt of cadmium
poisoning (Kara et al., 2007). So far, numerous alretelating agents and synthetic antidotes such as
butylhydroxyanisole (BHA), butylhydroxytoluene, Netyl cysteine, monoisoamyl 2,3-dimercaptosucciretd
mannitol have been employed to reduce cadmiumeiedwxidative burden (Henneburg et al., 2006; Taretcal.,
2003). However, toxicological studies have showat these chelators accentuate the oxidative stregsndered by
cadmium especially in testes (Jones et al., 1988k may partly account for the increasing inteliasthe use of
naturally-occurring phytochemicals in the managenoéioxidative stress.

Edible mushrooms may play a role in amelintathe deleterious effects of oxidative stresssatering their
high content of phenolic compounds with antioxidardperties as well as mineral elements like KZi, CU and
Se (Chirinang and Intarapichet, 2009; Mattilalet2001). One of such edible mushrooms that gratumally in
Nigeria isPleurotus tuberregium which has been attributed with antitumour, antifangnti-inflammatory and some
other beneficial health effects (ljeh et al., 2009)

It is worthy of note that notwithstanding thpparent widespread use of mushrooms as diet@plesunents
based on the folkloric belief that they confer nuous health benefits, there is surprisingly vergree information
in the literature about the effect of extractsPRbéurotus tuberregium on the activities of antioxidant enzymes in
animal models that have been subjected to oxidatiess. Thus, the aim of this study is to invegéghe probable
protective role of an aqueous extract of the musiron cadmium-induced oxidative stress in the seatel heart
of rats.

Materials and M ethods
Experimental design

Forty (40) male albino Wistar rats (150—18p that were used for this study were purchased fthe
Department of Pharmacology of the University of BenThey were made to acclimatize to our laboratory
conditions for two weeks before there were assigoeiur groups of ten animals each; the distrifmutivas such
that the variation in weight was not more than Blge animals were housed in clear wire cages wébkmfloor in a
warm and well-aerated room; they were allowed uitéichaccess to feed and deionized water.

The first group served as the control and adinistered normal saline but not exposed to aaudnor the
agueous extract d®. tuberregium. The second group was orally given cadmium chlo(®leng/kg body weight)
alone once weekly while the remaining two groupseieed cadmium, once weekly, and also graded dimibage
(500 mg/kg body weight and 1000 mg/kg body weiglithhe aqueous extract Bf tuberregium. The animals were
handled according to the guiding principles enuedan the NIH guide for laboratory animal welfar§'et 3,
1985.

At the end of the study period, the rats wiasted overnight and sacrificed by partial deadjuh and the heart
and testes were excised stored & 4intil analyses which was within 48 h.

Preparation of aqueous extract of Pleurotustuberregium

Pleurotus tuberregium was obtained from the Mycology unit of the Depamtef Plant Biology and
Biotechnology of the University of Benin. The shaiftthe plant was sundried for 3 days to reducentioésture
content and then pulverized using a Binatone® etegtinder. 50 g of the resulting powder was sabkeernight
in 500 ml of deionized water. This mixture was thétered through a Whatman® filter paper. The 88y
homogenous filtrate was then concentrated usingdrouse rotavaporation procedure to give a comanthat
was stored at 2C until use. A stock solution of 500 mg/ml was th@epared by dissolving the concentrate in
deionized water. The appropriate volume of thiglstsolution was administered to the rats daily witirticular
attention to the dosage per body weight.

Preparation of homogenates of the tissues
This was achieved by the method describeddsikpoh et al. (2007). In this method, weighedtioois of the

tissues were homogenized in ice cold 0.05 M phasphaffer pH 7.8. The homogenates were centrifuagekD,000
g for 15 min and the clear supernatant obtainedimasediately used for the analysis of antioxidamtyenes. For
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the assay of malondialdehyde, tissues were hompggiim normal saline. After centrifugation, the sumatant was
used for the assay.

Cadmium analysis

The concentration of cadmium in the tissueslied was determined by atomic absorption spehttametry
(Varian AA 1475 Spectrophotometer). The test metas dissolved in deionized water and used as stanbaall
the determinations, blanks were prepared to deterhie effect of reagent purity on the levels efithetal.

Biochemical assays

The level of malondialdehyde (an index ofdiperoxidation) was assayed by the method of Huettal. (1963)
as modified by Guttrigde and Wilkins (1980). Theasinvolved the determination of Thiobarbituricidh&eactive
Substances (TBARS). Values for TBARS are reportedlalondialdehyde (MDA) and quantitated using aanol
extinction coefficient of 1.56 x $#M/cm and expressed as pmole MDA ¢The activity of catalase was estimated
by the method described by Coharal. (1970). Superoxide dismutase (SOD) activity welsieved by the method
of Misra and Fridovich (1972) and total proteinimsttion by Lowryet al. (1951).

Statistical analysis

The results of this study were expressed aarviE SEM. Differences between the groups wereméied by
one-way ANOVA. Statistically significant differenedetween means were determined by the Duncan’spieul
range test (Sokal and Rohlf, 1969).

Results

The concentration of cadmium in the heart imstes of the rats that were not treated withatiieeous extract of
Pleurotus tuberregium was significantly (g0.05) higher when compared with the controls (TableHowever,
administration of the aqueous extractRbeurotus tuberregium appeared to result in a reduction in the level of
cadmium in these organs towards values that wetrasignificantly (P>0.05) different from the contsofTable 1).
Similar trends were recorded for the degree ofdligieroxidation, represented by the concentration of
malondialdehyde, in the presence of cadmium alamk oth cadmium and the aqueous extracPlalirotus
tuberregium (Table 1). The activities of superoxide dismut§S®©D) and catalase (CAT) were significantly
(p<0.05) decreased in the rats treated with cadmiumpewed with the controls (Table 2). However, adstmtion
of the aqueous extract &feurotus tuberregium seemed to ameliorate the effect of cadmium on thieites of
SOD and CAT as there was no significant differefpe®.05) when compared with the controls (Table 2).

Table 1: Effect of aqueous extract Rieutorus tuberregium on lipid peroxidation levels in the heart and testé
rats exposed to cadmium orally

Biochemical parameter Control Control iControl + Control + cadmium
cadmium cadmium + +
500mg/kgPt 1 000mg/kgPt
Cadmium
Heart ND 1.67 £0.21 0.55 +0.08 0.25 +0.04
Testes ND 3.21 £0.32 0.88+0.1%1 0.35+0.02
Malondialdehyde
Heart 1.34 +0.04 455+0.1% 1.51 +0.09 1.37+0.14
Testes 5.95+2.08 10.83 + 1.61 6.07 +1.55 5.80 +0.68

Values are expressed as Mean + SEM, n=10. Meaheof§ame row followed by different letter differgraficantly (p<0.05).
Values of cadmium are expressed in pg Cdigsue. Malondialdehyde (MDA) levels are expresagdnmole MDA ¢ tissue.
ND means Not Detectable
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Table 2: Effect of aqueous extractRiutorus tuberregium on heart and testes antioxidant enzyme activitigsitis
exposed to cadmium

Biochemical parameter Control Control iControl + Control + cadmium

cadmium cadmium + + 1 000mg/kgPt
500mg/kgPt

Heart

SOD 4.41+0.16 2.06+1.18 3.41+0.14 4,29 +0.5%

Catalase 1.86 £ 0.28 0.73+0.18 1.53+0.28 1.94+0.13

Testes

SOD 11.42 +2.98 2.98+0.78 11.20 +2.53 14.75+0.73

Catalase 5.43+1.38 0.88+0.28 3.18 + 0.57 4,73 +0.68°

Values are expressed as Mean + SEM, n=10. Meaheof§ame row followed by different letter differgraficantly (p<0.05).
SOD and catalase activities are expressed as bigifs/otein.

Discussion

It has been reported that about 80% of tbedwvpopulation depend on plant-based drugs (WH@®6) In
Nigeria and most developing countries of the watthére is a great reliance on plant preparationshi® treatment
and management of numerous diseases despite tiabditp of orthodox medicine (Nwabuisi, 2002). Ag from
plants, mushrooms and their extracts have also egrgloited for their apparently diverse medicinalue such as
antimicrobial, antihypertensive, antitumour and ismamodulatory activities (Fillipie and Umek, 2002y et al.,
2006; Jonget al., 1991; Ngakt al., 2006). The focus of this study was to investghae effects of administering an
aqueous extract ¢leurotus tuberregium on lipid peroxidation and the antioxidant statusdts that had been orally
exposed to cadmium.

In this study, we observed a significantly QF35) higher accumulation of cadmium in the testes heart of rats
exposed to cadmium compared with the controls @ahpl This finding is in consonance with those ofiga et al.
(2008) and Salama and EIl-Bahr (2007) who also tedaan accumulation of the toxicant in rat testéswever,
administration of the aqueous extractRbéur otus tuberregium seemed to prevent this accumulation in both organs
studied. This might be attributed to the presesfa@umerous divalent cations such as Zn which noegpetitively
inhibit the binding of cadmium to tissue proteiskihdahunsi and Oyetayo, 2006; Amara et al., 2088)other
reason for this reduction might be due to the preseof dietary fibres in the mushroom that may actmetal
chelators (Wong and Cheung, 2005).

The results of this work also indicate thaerth was a significantly (P<0.05) increased cone¢ioin of
malondialdehyde (MDA) in the testes and heart tf exposed to cadmium compared with the contrdis agrees
with the findings of Asagba et al. (2007), Karaakt(2007) and Salama and El-Bahr (2007) who sugdethat
oxidative cellular damage might be the reason lierihcrease in malondialdehyde levels. The appsréaigher
accumulation of cadmium in the testes compared thighheart might be related to the long-establigiepdrt of a
high amount of cadmium-binding proteins in thedegCahill et al., 1983; Suzuki et al, 1998).

One of the prominent defence strategies tivatbody deploys to stem the deleterious effectsaofmium-
induced lipid peroxidation are superoxide dismui@®@D) and catalase. This study revealed a sigmificeduction
(P<0.05) in these enzymes in the presence of cadralone (Table 2). However, administration of tlggieous
extract ofPleurotus tuberregium in the presence of cadmium seemed to increasecthatias of these antioxidant
enzymes back to levels that were not significa(@y0.05) different from those of the controls (Teald). The
probable beneficial effects of the mushroom extraigiht be attributed to its high content of sucmenal elements
as Zn, Mg and Se which are cofactors of SOD andatjlione peroxidase (Adejumo and Awosanya, 2005;
Akindahunsi and Oyetayo, 2006).

Bauer et al. (1980) have long establishetldha mechanism by which cadmium diminishes thiwiacof SOD
is by displacing Zn from the Cu-Zn-SOD molecule e¥heffectively inactivates the enzyme. Administatof the
mushroom extract then provides an abundant suggheorequisite mineral elements which may stoiofétrically
restore the activity of the enzyme back to valles ire comparable with the controls. Amara e{24108) have
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postulated that Zn reduces the cytotoxicity of caaimby promoting its efflux from the testicular sehs well as a
probable induction of the synthesis of metallotiier—a cadmium-binding protein.

It was also observed that there was a sigamfi decrease (P<0.05) in the activity of catalaskoth organs
studied in the presence of cadmium alone (Tabl@t@} finding agrees with the work of Amara et(@008) but is
at variance with that of Salama and El-Bahr (200 reported an increase in the activity of theyemz This
discrepancy may be due to a difference in reldtiothe method of administering the cadmium. Treatméth the
extract of Pleurotus tuberregium appeared to restore the activity of this enzymekhacvalues that were not
significantly (P>0.05) different from the contralfgble 2). It is possible that the mushroom extratieves the
inhibition of cadmium by providing a rich supply loéneficial trace elements that might prevent ihectlinhibitory
binding of cadmium to the sulphydryl (—SH) grougsatalase and thus restore its activity.

In conclusion, the findings that we have régaiin this study suggest that administration ofagneous extract
of Pleurotus tuberregium might mitigate cadmium-induced lipid peroxidationrats by a probable reduction in the
accumulation of cadmium as well as by a possildedtion of the antioxidant defence mechanism.
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