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Effect of Pretreatment with Aqueous Leaf
Extract of Vitex doniana on Cadmium-Induced
Toxicity to Rats

ABSTRACT

Aim: To determine the effect of pretreatment with aqueous leaf extract of Vitex doniana on the
cytotoxic response of the antioxidant defense systems in the liver and kidneys of rats exposed to a
mild dose of cadmium.

Materials and methods: Sixteen Male Wistar strain rats (180-220 g b.wt) were divided into four
groups: Group A served as the control and rats were exposed to and maintained on a normal rat diet
and tap water throughout the period of study. Group B was maintained on a normal rat diet and then
exposed to a single daily oral dose of cadmium (3 mg CdCl,/kg) in drinking water for five days.
Groups C were pretreated with 200 mg/kg Vitex doniana leaf extract for fifteen days and thereafter
received a single daily oral dose of cadmium (3 mg CdCly/kg) in drinking water for five days. Group D
was exposed to only 200 mg/kg Vitex doniana leaf extract for fifteen days. At the end of the
experiment membrane lipid peroxidation, glutathione contents and activities of antioxidant enzymes
catalase, superoxide dismutase and cadmium content were determined in the liver and kidney
samples

Results: The results showed that pretreatment with aqueous leaf extract of Vitex doniana effectively
countered Cd-induced membrane lipid peroxidation, depletion of the non-enzymic antioxidants,
glutathione, and induction of the antioxidant enzymes catalase and superoxide dismutase in the liver
and kidney as well as effectively reduced cadmium accumulation in the liver and kidney and
cadmium-induced liver tissue cell injury. The protective effect of aqueous leaf extract of Vitex doniana
against Cd-induced lipid peroxidation and tissue glutathione depletion was more pronounced in the
kidney than in the liver.

Conclusion: The aqueous leaf extract of Vitex doniana significantly reversed Cd induced deleterious
alterations in the liver and kidney tissue of the rats. The active antioxidant principle was not
determined, but is presumed to be polyphenols.

Keywords: Cadmium, Vitex doniana, polyphenols, pretreatment, endogenous antioxidants, lipid
peroxidation.

1. INTRODUCTION

Cadmium, a toxic heavy metal, a common industrial and environmental pollutant, released into the
environment from natural and anthropogenic sources has been shown to manifest its toxicity in
humans and animals mainly by virtue of its bioaccumulation in target tissues, stimulation of the
generation of free radicals and interference with the utilization of essential metals, all of which
culminate in oxidative stress [1, 2, 3, 4, 5]. Oxidative stress is a condition associated with an

increased rate of cellular damage induced by an imbalance between reactive oxygen species (ROS)
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formation and scavenging by antioxidants [6, 7]. It has been demonstrated that Cd induces oxidative
stress by stimulating the production of free radicals such as hydroxyl radicals [5], superoxide anions,
nitric oxide and hydrogen peroxide [8], resulting in membrane lipid peroxidation and oxidative
deterioration of proteins and DNA and in the process initiating various pathological conditions in

humans and animals [8].

Humans become exposed to Cd pollutants through the food chain and the air. Following oral
exposure, Cd is absorbed and delivered to the liver by endogenous intestinal protein metallothionein
and from the liver it is rapidly redistributed to other organs with the kidney as the main target organ for
Cd toxicity [9]. Public health interest in the toxic effects of environmental Cd was awakened by
epidemiological evidence linking industrial Cd waste pollution of marine food sources to the outbreak
of itai itai disease in Japan, a disease characterized by, among others, severe bone disorders and
renal tubular lesions [10]. Studies with experimental animals have shown that exposure to Cd results
in toxic lesions in many species, with Cd showing various mechanisms of toxicity in particular species
under different experimental conditions [8]. Severity of Cd intoxication of target organs is dependent
on the route, dose, and duration of exposure and it manifests in various forms ranging from acute
toxicosis to cancer. For this reason, it has been postulated that ingestion of antioxidant could counter
Cd oxidative damage to target tissue cells. The role of antioxidants is to neutralize the excess of free
radicals, to protect the cells from toxic effects and to contribute to disease prevention [7, 11]. This has
been demonstrated in experimental cadmium intoxication where certain micronutrients antioxidants
notably, vitamin E and selenium, have reportedly reversed or prevented cadmium toxicity to target

tissue cells [12, 13, 14, 15, 16, 17, 18].

Apart from micronutrient supplements, a number of medicinal plant extracts have been reported to
exhibit a protective role against ROS and lipid peroxidation induced by xenobiotics, including
environmental pollutants like Cd [7, 19, 20, 21, 22]. Vitex doniana leaf has been used for many
decades in the treatment of many illnesses, and as food in Nigeria and some part of Africa [23]. This
plant is usually common, relatively cheap and with promising health-boosting potentials. There is
evidence that Vitex doniana is an important source of polyphenols which are known to act as strong
antioxidants against ROS induced oxidative stress [7, 24]. The study of the biological effects of

polyphenols has become an area of interest in the light of recent advances in the field of nutrition and
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medical sciences. We report on the protective effect of Vitex doniana leaf extract on Cd-induced
oxidative damage to rat hepatic and renal tissues as determined by tissue Cd bioaccumulation
profiles, oxidative stress biomarkers such as membrane lipid peroxidation, antioxidant defense

enzymes activities, non-enzymic tissue antioxidant levels, and biomarkers of tissue cellular damage.

2. MATERIALS AND METHODS

2.1 Collection of Leaf Samples and Preparation of Extract

Fresh leaf of Vitex doniana was obtained in the vicinity of the Faculty of Medical Sciences, University
of Jos, Jos, Plateau State, Nigeria. They were identified and authenticated by Mr Joseph in Federal
College of Forestry Jos, Plateau State. The leaves were washed with distilled water to remove dust
particles and shade dried at room temperature under continuous ventilation for two weeks and the
dried leaves were pounded into fine powder using a pestle and a mortar. Sixty grams of Vitex doniana
powder were weighed and soaked overnight in 500 ml of distilled water. The mixture was shaken on a
mechanical shaker for 3 hrs and filtered through a Whatman No.1 filter paper. The resulting aqueous
extract of Vitex doniana was concentrated and evaporated to dryness using a Rotary Evaporator at
40°C and stored in the refrigerator pending use. The extract was further reconstituted in distilled water

at appropriate concentration before administering to experimental animals.

2.2 Animal Treatment

Wistar Strain male rats (b.wt. 180-220 g) obtained from the Animal House Unit, University of Jos, was
used in the study. They were maintained on a standard rat diet, ‘Vital Feed’ (purchased from Grand
Cereals and Qil Mills Ltd, Kuru, Nigeria) and tap water as drinking water, ad libitum. The respective
working doses of Vitex doniana extract and Cd (as CdCl,) administered orally to experimental animals
in this study was first determined in a pilot study. The Cd dose used was the lowest in the graded
concentration of the Cd salt tolerated by the rats with quantifiable tissue biochemical changes without
fatality. On the other hand, the Vitex doniana extract dose used was the concentration that produced

significant antioxidant defence capability compared to control rats fed normal diet alone.

Rats were weighed and distributed evenly, 3 rats/cages into four standard plastic-metal rat cages,
labeled A-D, respectively. Rats in the four groups were fed the standard ‘Vital feed’ rat diet and

drinking water ad libitum. However, each rat in groups C and D received twice daily, an oral

3
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supplement of aqueous extract of Vitex doniana at a dose of 200 mg Vitex doniana extract/kg
b.wt/day, administered by means of a needle-free Syringe. The daily oral Vitex doniana

supplementation was carried out for 15 days. Thereafter, rats in group B and C were each given one

single oral dose CdCl, in aqueous solution (3 mg CdCl,/kg b.wt) daily for 5 days. (Institute Animal

Ethical Committee number)

2.3 Tissue Collection and Preparation

At the end of the feeding experiment, on day 11, rats under anaesthesia were sacrificed by
decapitation and, in each case, the liver and kidneys were excised and washed in ice-cold normal
saline to remove adhering blood particles. Homogenates of liver and kidney samples of each rat were
prepared separately by homogenizing 1 g portion in ice-cold 50 mM Tris-HCI buffer, pH7.4 (1:10, w/v)
in an Akia homogenizer. The homogenates were centrifuged at 2,400 xg for 10 min in a refrigerated
low-speed centrifuge and the supernatant (S1) fractions were collected with Pasteur Pipette into
plastic vials and stored at 2°C pending biochemical analysis. The rest of the kidney and liver samples

were used for determination of Cd content.

2.4 Phytochemical Analysis

Phytochemical screening of the leaf of Vitex doniana was done using standard methods of Harborne

[25].
2.5 Biochemical Analysis

Membrane lipid peroxidation, non-enzymic tissue antioxidants (ascorbic acid and glutathione)
concentration and antioxidant enzymes (superoxide dismutase, glutathione peroxidase and catalase)
activity were determined in the liver and kidney supernatant fractions and red blood cells. Lipid
peroxidation measured by malondialdehyde (MDA) content was assayed by the thiobarbituric acid
reaction according to the method described by [26]. The concentration of reduced glutathione (GSH)
in the supernatant fraction of the tissue homogenates was assessed by the Ellman reaction [27] using
the method described by [28] Catalase (CAT) activity was determined by measuring the rate of
decomposition of hydrogen peroxide at 570 nm as described by [29]. Superoxide dismutase (SOD)

activity was assayed as described by [30]. Tissue cell injury enzyme biomarkers; serum alkaline
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phosphatase (ALP), alanine aminotransferases (ALT) and aspartate aminotransferases (AST) were

determined according to the method of [31].

2.6 Tissue Cadmium Determination

The cadmium contents of the liver and kidney tissue were estimated with inductively couple plasma
optical emission spectrophotometer (ICP OES) optima 2000DV after wet digestion. 1 g portion of the
tissue was digested with 20 ml HNO3;-HCLO, mixtures (1:4 v/v) at 100°C and the resultant digest

diluted to 100 ml with deionized water [32].

2.7 Statistical Analysis

Statistical analysis of numerical data (expressed as mean + SD) was done using the statistical
package for the social sciences software (SPSS) programme. One way analysis of variance (ANOVA)
with post hoc analysis was used to assess the differences between the experimental groups and

statistical significance was considered at p<0.05.

3. RESULTS

3.1 Tissue Cadmium Content

The results of tissue cadmium determination are summarized in Tablel. It can be observed from the
table that cadmium was detected in both the liver and kidney of both the control and treated rats, but
the mean cadmium contents of both the liver and kidney of rats exposed to Cd alone was significantly
higher (p<0.05) than those of the corresponding tissues in both the control and extract treated groups.
However, the liver and kidney of rats exposed to Cd following pretreatment with aqueous extract of
Vitex doniana (group C) had a significantly lower (p<0.05) Cd content than the corresponding tissues
of rats exposed to Cd alone (group B). This suggests that pretreatment with aqueous extract of Vitex
doniana impaired Cd bioaccumulation in the liver and kidney. Also, it can be observed from the table
that the mean kidney tissue Cd content of rats is significantly higher (p<0.05) than the liver,

suggesting that the kidney is more active in bioaccumulation of Cd than the liver.
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Table 1 Effect of pretreatment with aqueous leaf extract of Vitex doniana on cadmium content of rat
liver and kidneys

Cadmium concentration
(ug/ g tissue)

Group Treatment Liver Kidney
A Control 0.14 +0.30 0.19 +0.10
B Cd 1.60 + 0.29% 2.60 + 0.25%
C VDE + Cd 0.42 +0.10%° 0.65 + 0.24%
D VDE 0.12 +0.10° 0.16 + 0.10%

Data are expressed as mean + SD, n= 4 for each group. VDE = Vitex doniana extract

dvalues are significantly different from control (p<0.05)

®values are significantly different from the group treated with Cd alone (p<0.05)

3.2 Membrane Lipid Peroxidation

The results of the effect of aqueous leaf extract of Vitex doniana on lipid peroxidation are summarized
in Table 2. It can be observed from the table that there was a significant increase (P < 0.05) in the
mean concentration of malondialdehyde (MDA) in rats given Cd alone (group C) when compared with
the control (group A), suggesting that ingestion of Cd induced lipid peroxidation as determined by
MDA. However, pretreatment with aqueous leaf extract of Vitex doniana leads to a significant
reduction (P < 0.05) in MDA level in the tissues examined. The mean MDA level is generally higher in
the kidney than in the liver except in group A, where the reverse is the case.

Table 2 Effect of pretreatment with aqueous leaf extract of Vitex doniana on cadmium- induced lipid
peroxidation in the liver and kidneys of rat

Malondialdehyde concentration
(nmol/g tissue)

Group Treatment Liver Kidney
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A Control 28.53 +2.82 2412 +1.29

B cd 63.62 + 1.66% 73.81 + 1.89%
C VDE + Cd 38.04 + 1.90% 57.40 + 1.65%
D VDE 19.35 + 1.912 15.75 + 1.260%

Data are expressed as mean + SD, n= 4 for each group. VDE = Vitex doniana extract
@values are significantly different from control (p<0.05)
®values are significantly different from the group treated with Cd alone (p<0.05)

3.3 Non-enzymic Tissue Antioxidants

The result of tissue glutathione determination is summarized in Table 3. The level of glutathione was
significantly much lower in the liver and kidney of rats exposed to Cd alone (group B) than in the
corresponding tissue of the control (group A), suggesting that exposure to Cd markedly depleted
glutathione stores of the liver and kidney. However, pretreatment with agueous leaf extract of Vitex
doniana had a sparing effect on tissue glutathione and inhibited its depletion by Cd. The mean
glutathione content of the liver is generally higher than that of the kidney, suggesting that the liver has

higher glutathione reserves than the kidney.

Table 3. Effect of pretreatment with aqueous leaf extract of Vitex doniana on tissue glutathione
content of rats exposed to Cd.

Glutathione concentration
(umol/g tissue)

Group Treatment Liver Kidney
A Control 2.88+0.82 1.24+0.29
B Cd 1.09 +0.63° 0.70 +0.10°
C VDE + Cd 1.92 £0.19® 0.90 + 0.15%
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D VDE 2.90 +0.70° 1.50 + 0.12%

Data are expressed as mean + SD, n= 4 for each group. VDE = Vitex doniana extract
values are significantly different from control (p<0.05)
®values are significantly different from the group treated with Cd alone (p<0.05)

3.4 Antioxidant Enzymes

The results of the antioxidant enzyme catalase and superoxide dismutase in the liver and kidney are
summarized on Table 4. In both the liver and kidneys, the mean activity of each of the antioxidant
enzymes was significantly higher (p<0.05) in rats exposed to cadmium alone (group B) than in the
control rats (group A). This would imply that exposure to cadmium induced the activity of each of the
two antioxidant enzymes, catalase and superoxide dismutase in the liver and kidney. However,
pretreatment with aqueous leaf extract of Vitex doniana moderated the antioxidant enzyme- inducing
effect of cadmium on catalase and superoxide dismutase in both tissues examined. Catalase and
superoxide dismutase activities in the liver and kidney of rats pretreated with aqueous leaf extract
of Vitex doniana were significantly enhanced.

Table 4. Effect of pretreatment with aqueous leaf extract of Vitex doniana on the activities of

antioxidant enzymes catalase and superoxide dismutase in the liver and kidney of rats exposed to
cadmium

Catalase activity SOD activity
(umol/g tissue) (umol/g tissue)
Group Treatment Liver Kidney Liver Kidney
A Control 6.10 £ 0.71 7.64 + 0.66 9.23 +1.23 4458 +3.1.81
B Cd 12.45 +0.73? 17.21 + 0.75° 55.05+0.38*  75.56 +1.81°
C VDE + Cd 8.20 + 0.61% 1454 +0.26°°  36.76 +0.97* 62.55+ 1.20%
D VDE 5.10 + 0.15% 5.23 + 0.55% 8.02+1.21%*  33.94 +2.40%

Data are expressed as mean + SD, n= 4 for each group. VDE = Vitex doniana extract
@values are significantly different from control (p<0.05)
®values are significantly different from the group treated with Cd alone (p<0.05)
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3.5 Tissue Cell Injury Enzyme Biomarkers

The results are summarized in Table 5. The mean ALT, AST and ALP activities in the liver of rats
exposed to cadmium alone was significantly higher (p<0.05) when compared to the control rats. This
would imply that exposure to Cd caused serious tissue cell damage; hence, more of these cellular
enzymes are released. However, pretreatment with aqueous leaf extract of Vitex doniana significantly
lower (p<0.05) the activities of cell injury biomarker enzymes in the tissues examined when compared
to rats exposed to cadmium alone. The results suggest that the use of Vitex doniana extract caused a
reduction in the level of normal metabolic oxidative damage to liver cells.

Table 5: Activities of tissue marker enzymes aspartate and alanine aminotransferases, and alkaline

phosphatase in the liver of rats exposed to cadmium following pretreatment with aqueous leaf extract
of Vitex doniana

Liver enzyme activities (p/g tissue)
(umol/g tissue)

Group Treatment AST ALT ALP
A Control 133.50 +1.19 123.00 + 0.83 81.20 + 2.56
B Cd 176.50 + 6.64%° 128.50 + 3.70° 160.10 + 7.97%
C VDE + Cd 167.50 + 4.30° 121.50 + 2.64° 91.10 + 5.94°
D VDE 131.53 + 3.46° 121.10 + 2.89%° 101.20 + 4.62%°

Data are expressed as mean + SD, n= 4 for each group. VDE = Vitex doniana extract
@values are significantly different from control (p<0.05)
®values are significantly different from the group treated with Cd alone (p<0.05)

3.6 Phytochemical Constituents of Vitex doniana
The results of phytochemical screening of Vitex doniana are summarized in Table 6. The signs +, ++

and +++ represents the presence of phytochemicals in the plant extract in trace, moderate and
abundance respectively. It can be observed from the table that phytochemicals were detected at
varying quantity in the aqueous leaf extract of Vitex doniana. The screening revealed that alkaloids,
saponin, tannins, and cardiac glycosides were moderately present while flavonoids and phenols are

abundantly present in the plant extract
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Table 6 Phytochemical screening of Vitex doniana

Phytochemical Alkaloids Cardiac glycosides Flavonoids  Phenols  Saponins  Tannins

VDE ++ ++ +++ +++ + ++

VDE = Vitex doniana extract, + = present in trace, + = moderately present, +++ = abundantly present
4. DISCUSSION

Cadmium is a toxic metal that promotes early oxidative stress in animals and humans and afterward
contributes to the development of serious pathological conditions because of its long retention in
some tissues [33, 34]. In the current study, cadmium administration to rats leads to a significantly
increased accumulation of cadmium in the liver and kidneys of rats treated with cadmium. The
generally higher concentration of Cd in the kidney than in the liver is consistent with its being the
major target organ for cadmium toxicity [9]. The presence of cadmium in trace quantities in the liver
and kidney of rats on the control diet has also been observed by other workers [14, 32, 35]. It is a
testimony of the ubiquity of cadmium in the food chain and the environment. However, pretreatment
with aqueous leaf extract of Vitex doniana alters the pattern of Cd disposition and markedly reduced
the level of bioaccumulation of Cd in the rat liver and kidney. This is in agreement with the previous
studies which showed that oral intake of cadmium induces its accumulation in these tissues [17]. The
decreased cadmium concentration in the liver and kidneys could be explained by its redistribution to
other tissues and organs as well as by the formation of cadmium-extract complexes or by interfering
with free radical chain initiation and progression of Cd-induced oxidative damage. The decreased
accumulation of cadmium in the liver and kidneys after pretreatment with aqueous leaf extract of Vitex
doniana prior to exposure to cadmium, indicate that extract of Vitex doniana diminished the toxic

effects of cadmium.

Cd-induced oxidative stress is characterized by increased lipid peroxidation and/or altered
nonenzymatic and enzymatic antioxidant system. The results of this study showed that exposure to
cadmium causes a significant increase in membrane lipid peroxidation in the liver and kidneys of rats,
but pretreatment with aqueous leaf extract of Vitex doniana was effective in the prevention of

oxidative damage induced by cadmium, which resulted in significantly lower degree of lipid
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peroxidation in the liver and kidneys. This is consistent with the previous studies in which natural plant
products effectively reduced lipid peroxidation induced in response to various toxicants [36, 37, 38].
This can be explained by the important role of polyphenols in preventing lipid peroxidation and in
protection of the integrity and functioning of tissues and cells. This is in accord with reported
protective effects of antioxidant nutrients against Cd-induced oxidative stress and lipid peroxidation in

the liver and kidney [12, 15, 17].

Reduced glutathione (GSH) is an essential constituent of the endogenous antioxidant defence system
and it functions as a direct free-radical scavenger as well as reduces intracellular reactive oxygen
species [39]. It is usually used up in the course of destroying the oxy-radicals leading to the depletion
of its tissue reserves in the process [16]. In the present study, exposure to cadmium induced a
significant depletion of glutathione in the liver and kidney of rat which was effectively prevented by
pretreatment with aqueous leaf extract of Vitex doniana. The observed sparing effect of aqueous leaf
extract of Vitex doniana on Cd-induced depletion of glutathione in the rat liver and kidney is consistent
with a protective role for aqueous leaf extract of Vitex doniana against Cd toxicity. This would appear
to suggest that sparing effect of aqueous leaf extract of Vitex doniana pre-supplementation or tissue
glutathione was most effective in the kidney. The diminished level of liver GSH in Cd-treated rats in
the present study might be due to its reductive defence role in maintaining an oxidant/antioxidant

balance during cadmium-toxicity

There is an increasing body of evidence suggesting that cadmium induces alterations in the activities
of endogenous antioxidant enzymes with catalase and superoxide dismutase (SOD) being among the
first enzymatic antioxidant defences for the body against oxidant-induced cytotoxic challenge [5, 40].
Upon ingestion, many xenobiotics, including proxidants, such as 2, 4- dinitrophenyl hydrazine [41],
induce the enzymes that metabolize them. Furthermore, when cells are oxidatively challenged,
antioxidant enzymes levels increases as a protective mechanism [18]. In the current study the results
obtained regarding the activities of SOD and catalase in the liver and kidney clearly indicate that
exposure to mild doses of cadmium significantly induced enzyme activity which was effectively
reversed by pre-treatment with aqueous leaf extract of Vitex doniana. This is in accord with reported

protective effects of antioxidant nutrients against Cd-induced oxidative stress and alteration of leaf of
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antioxidant enzymes in the liver and kidney [16, 17, 18, 42]. The overall result suggests that the

extract acts in a similar mode to that of Livolin forte [43].

Measurement of the activities of “marker” enzymes or biomarkers in tissues and body fluids can be
used in assessing the degree of assault and the toxicity of a chemical compound on organs/tissues
long before it is revealed by histological techniques [44, 45]. In this study, a marked increase in the
activities of aminotransferases and alkaline phosphatase in the liver tissue of Cd-exposed rats are
indications that the liver has been injured. However, pretreatment with aqueous leaf extract of Vitex
doniana led to a marked decrease in the activities of these marker enzymes suggesting a marked
reduction in the degree and rate of tissue cell injury. This is in accord with reported protective effects

of the protective effect of carrot juice against cadmium-induced toxicity in the liver [18].

5. CONCLUSION

From the findings of this study on the effect of pretreatment with Vitex doniana leaf extract on all the
indicators of the cytotoxic response to cadmium exposure, it can be concluded that an organism well
nourished with the natural antioxidant components in the plant Vitex doniana at the time of Cd
exposure has a more effective defence capability against Cd-induced oxidative damage to tissue than
otherwise as determined by the various parameters. Although the study did not specifically identify the
active principle but based on the well reported antioxidant properties of Vitex doniana due to the

presence of polyphenols, are presumed as the active antioxidant principle.

REFERENCES

[1] Nath R, Prasad P, Palinal VK, Chopra RK, Molecular basis of cadmium toxicity, Progress in
Food & Nutrition Science, 1984, 8(1-2), 109-63.

[2] Sarker S, Yadar P, Trivedi R, Bansal AK, Bhatnagar D, Cadmium-induced lipid peroxidation
and the status of the antioxidant system in rat tissues, Journal of Trace Elements
in Medicine and Biology, 1995, 9(3), 144-149.

[3] Valko M, Morris H, Cronin MT. Metals, Toxicity and Oxidative Stress. Current Medicinal
Chemistry, 2005, 12, 1161-1208.

[4] Eriyamremu GE, Ojimogho SE, Asagba SO, Osagie VE. Palm oil induced changes in ocular
tissue lipid peroxidation, antioxidant enzymes and ATPases of rabbits in cadmium toxicity,
2008, 3155-3158.

[5] Patra RC, Amiya KR, Swarup D. Oxidative stress in lead and cadmium toxicity and its
amelioration, Veterinary Medicine International, 2011,1-2.

12



311
312
313

314
315
316

317
318
319
320

321

322
323
324
325
326
327

328

329
330
331

332
333

334
335
336

337
338
339
340
341
342
343
344
345
346

347
348
349
350
351

352
353

354
355

356
357
358

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

Zikic RV, Stajn AS, Ognjanovic BI, Saicic ZS, Kostic MM, Pavlovic Sz, Petrovic VM. The
effect of cadmium and selenium on the antioxidant enzyme activities in rat heart. Journal of
Environmental Pathology, Toxicology and Oncology, 1998,17, 259-264.

Roopha PD, Padmalatha C. Effect of Herbal Preparation on Heavy Metal (Cadmium) Induced
Antioxidant System in Female Wistar Rats, Journal of Medical Toxicology, 2012, 8(2): 101—
107.

Waisberg M, Joseph P, Hale B, Beyersmann D. Molecular and cellular mechanisms of
cadmium carcinogenesis: a review, Toxicology 2003, 192, 95-117.

Asagba SO. Role of diet in absorption and toxicity of oral cadmium-A review of literature,
African Journal of Biotechnology, 2009, 8(25), 7428-436.

Tomohito A, Akira K, Koji B, Shinsuke M, Shingo M. Effects of water management on Cd and
As content in rice grain.19th World Congress of Soil Science, Soil Solutions for a Changing
World. Brisbane, Australia, 2010, 103-106.

Douglas RM, Chalker EB, Treacy B. Vitamin C for preventing and treating the Cochrane
Database of Systematic Reviews, 2000 2:10-98.

Tandon SK, Singh S, Prasad S, Khandekar K, Dwivedi VK, Chatterjee M, Mathur N, Reversal
of cadmium induced oxidative stress by chelating agent, antioxidant or their combination in
rat. Toxicology Letters, 2003, 145, 211-217.

Nahed SH, Sahar MA, Reverse effect of vitamin E on oxidative stress, derivatives and
conductivity changes of hemoglobin induced by exposure to cadmium, 2007,437-443.

Ognjanovic BI, Markovic SD, Pavlovic SZ, Zikic RV, Stajn AS, Saicic ZS. Effect of chronic
cadmium exposure on antioxidant defense system in some tissues of rats: protective effect of
selenium, Physiological Research, 2008, 57, 403-411.

Mehmet KL, Burhan A, Meryem A, Yeter TT, Cevat A, Hamdi U, Vitamin E protects against
oxidative damage caused by cadmium in the blood of rats, 2009, 154-160.

Swaran JSG. Structural, chemical and biological aspects of antioxidants for strategies against
metal and metalloid exposure. Oxidative Medicine and Cellular Longevity, 2009, 2(4),191-
206.

Mafulul SG, Okoye ZSC, Protective effect of pre-supplementation with selenium on cadmium-
induced oxidative damage to some rat tissues. International Journal of Biological and
Chemical Sciences, 2012, 6(3), 1128-1138.

Embugushiki RE, Mafulul SG, Okoye ZSC. Protective effect of carrot juice pretreatment on
cadmiuminduced oxidative cytotoxic damage to some rat tissues. IOSR Journal of Pharmacy
and Biological Sciences, 2013, 7(6), 55-62.

Ahmed RS, Seth V, Banerjee BD. Influence of dietary ginger (Zingiber officinale Rosa on
antioxidant defense system in rat: comparison with ascorbic acid. Indian Journal of
Experimental Biology, 2000; 38:604—-606.

Aqil F, Ahmed I, Mehmood Z. Anti-oxidants and free radical scavenging properties of twelve
traditionally used Indian medicinal plants. Turkish Journal of Biology, 2006; 30:177-183.

Quideau ST, Deffieux D, Douat-Casassus C, Pouységu L. Plant polyphenols: chemical
properties, biological activities, and synthesis. Angewandte Chemie International Edition,
2011; 50: 586-621.

13



359
360

361
362
363

364
365
366

367
368
369
370
371
372
373

374

375
376

377

378
379
380
381
382
383

384
385
386

387
388
389

390
391
392

393
394
395

396
397
398

399
400
401

402
403
404

[22]

(23]

(24]

(25]

(26]

(27]
70-7

(28]

[29]

(30]

(31]

(32]

(33]

(34]

[35]

(36]

[37]

(38]

Brzéska MM, Borowska S, Tomczyk M. Antioxidants as a potential preventive and therapeutic
strategy for cadmium. Current Drug Targets, 2016, 17, 1350-1384

Muhammad Al, Wudil AM, Yunusa |, Mukhtar ZG, Sharif AA, Kabara HT. Oral administration
of aqueous bark extract of Vitex doniana affects serum electrolytes levels in Albino rats. Point
Journal of Medical Research, 2015, 1( 1): 001-005.

Noda Y, Metal AK. Hyduoxyl and superoxide anion radical scavenging activities of natural
souuce anti-oxidants using the computerized JES-FR 30 ESR spectrophotometer
system. Biochemistry and Molecular Biology International, 1997;42:35-44.

Harborne JB. Phytochemical methods: a guide to modern techniques of plant analysis.
Chapman and Hall Ltd., London, 1973, 49-188

Ohkawa H, Ohishi N, yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Analytical Biochemistry, 1979, 95:351-358.

Ellman GL. Tissue sulfhydryl groups. Archives of Biochemistry and Biophysics 1959, 82 (1):

Beutler E, Duron O, Kelly BM. Improved method for the determination of blood glutathione,
Journal of Laboratory and Clinical Medicine, 1963,61, 882—-888.

Sinha KA. Colorimetric assay of catalase. Analytical Biochemistry, 1971, 47:389-394

Heikkila RE, Cabbat F. 1976. A sensitive assay for superoxide dismutase based on the
autoxidation of 6-hydroxydopamine. Analytical Biochemistry 75: 356-362.

Reitman S, Frankel S (1957) A colorimetric method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transminases. American Journal of Clinical Pathology 1957,
28:56-63.

Asagba SO, Eriyamremu GE, Adaikpoh MA, Ezeoma A.2004. Levels of lipid peroxidation,
superoxide dismutase and Na+/K+-ATPase in some tissues of rats exposed to a Nigerian diet
and cadmium. Biological Trace Element Research, 2004, 100 (1): 075-086.

Bagchi D, Bagchi M, Stohs SJ, Ray SD, Kuszynski CA, Pruess HG. Free radicals and grape
seed proanthocyanidin extract: importance in human health and disease prevention.
Toxicology 2000; 148: 187-97.

Kanter M, Aksu B, Akpolat M, Tarladacalisir YT, Aktas C, Uysal H. Vitamin E protects against
oxidative damage caused by cadmium in the blood of rats. European Journal of General
Medicine, 2009, 6(3), 154-160.

Asagba SO, Eriyamremu GE, Onyeneke EC, Suru M. 2006.Influence of a Nigerian-like diet on
calcium, phosphate and alkaline phosphatase levels in the plasma and bone of cadmium
exposed rats. Journal of Medical Science 6(5): 758-764.

Hasan SK, Sultana S. Geraniol attenuates 2- acetylaminofluorene induced oxidative stress,
inflammation and apoptosis in the liver of Wistar rats. Toxicology Mechanisms and Methods,
2015, 25:559-73.

Mohamed MA, Eldin IM, Mohammed AE, Hassan HM. Effects of Lawsonia in ermis L.
(Henna) leaf methanolic extract on carbon tetrachloride induced hepatotoxicity in rats. Journal
of Intercultural Ethnopharmacology, 2015; 5:22-6.

Kumar M, Kaur P, Chandel M, Singh AP, Jain A, Kaur S. Antioxidant and hepatoprotective
potential of Lawsonia inermis L. leaf against 2-acetylaminofluorene induced hepatic damage
in male Wistar rats , BMC Complementary and Alternative Medicine, 2017, 17(56), 2-11.

14



405
406
407

408
409
410
411

412
413
414
415
416
417
418
419
420
421
422

423

424
425
426

427
428
429

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Oyinloye BE, Adenowo AF, Osunsanmi FO, Ogunyinka Bl, Nwozo SO, Kappo AP. Aqueous
extract of Monodora myristica ameliorates cadmium-induced hepatotoxicity in male rats.
SpringerPlus, 2016, 5:641, 1-7.

El-Sokkary GH, Nafady AA, Shabash EH. Melatonin ameliorates cadmium-induced oxidative
damage and morphological changes in the kidney of rat, The Open Neuroendocrinology
Journal, 2009, 2, 1-9.

Maduka HCC, Okoye ZSC. The effect of sacoglottis gabonensis stem bark extract, a Nigeria
alcoholic beverage additive, on the natural antioxidant defences during 2,4-
dinitrophenylhydrazine-induced membrane peroxidation in vivo. Vascular pharmacology 202,
39:21-31.

Deepti G, Shabad P, Dua KK. Chronic cadmium toxicity in rats: treatment with combined
administration of vitamins, amino acids, antioxidants and essential metals. Journal of Food
and Drug Analysis 2009,18 (6), 464-470.

Olukiran OS, Akomolafe RO, Bamitale KD, Ajayi AO, Okonji RE, Bejide RA. Protective and
curative effects of Livolin forte® on carbon tetrachlorideinduced liver damage in Wistar rats.
Journal of experimental and integrative medicine, 2014, 4(1):57—-65

Yakubu MT, Bilbis LS, Lawal M, Akanji MA. Effect of Repeated Administration of sildenafl
citrate on selected enzyme activities of liver and kidney of male albino rats. Nigerian Journal
Pure & Applied Science, 2003, 18, 1395-1400.

Nafiu MO, Akanji MA, Yakubu MT. Effect of Aqueous Extract of Cochlospermum Planchonii
Rhizome on Some Kidney and Liver Functional Indicies of Albino Rats. African Journal
of Traditional, Complementary and Alternative medicine ,2011, 8(1), 22-26.

15



