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ABSTRACT

The antioxidant potentials of Butylated hydroxytoluene (BHT) and L-Ascorbic acid (L-AA) in CCl,-
induced tissue damage were compared in adult female Wistar rats. Toxicity was induced in the
animals via a single dose (i.p) of 20% 2 mL/Kg body weight (BW) of CCl,. BHT and L-ascorbic acid,
each at a dose of 100 mg/kg BW were orally administered (twice daily for 7 days) to different groups
of CCl,-treated animals. Biochemical analyses were carried out on the supernatant fractions of the
liver and kidney homogenates to estimate the levels of tissue protein and malondialdehyde (MDA)
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as well as the activities of antioxidant enzymes: gluthatione s-transferase (GST), superoxide
dismutase (SOD), and catalase (CAT). The data obtained showed that the evaluated antioxidants
(BHT and L-ascorbic acid) elicited notable ameliorative effects against CCl,-induced tissue damage.
Comparatively, BHT elicited relative higher catalase activity and decreased MDA concentration in
CCly-induced liver and kidney damage in rats. BHT also produced significantly higher protective
effect in terms of SOD activity in the kidney of rats. Conversely, L-Ascorbic acid showed a relative
higher GST and SOD activities in CCl, induced liver damage alone. There was no significant
difference in the effect of the two antioxidants on the activity of GST in the kidney. Overall, the data
of this study appear to score BHT (a synthetic antioxidant) relatively higher than ascorbic acid (a
natural antioxidant) in terms of in vivo antioxidant capacities within the limit of the parameters
assessed. It also demonstrates that BHT elicits its antioxidant potential against CCl, induced
reactive species mainly through promotion of catalase activity and inhibition of lipid peroxidation
whereas ascorbic acid maximizes its antioxidant effects against the same toxicant by promoting

GST and SOD activities particularly in the liver.

Keywords: Natural antioxidants; synthetic antioxidants; carbon tetrachloride; tissue damage.

1. INTRODUCTION

Production of free reactive species by CCl,
metabolism in tissues such as liver and kidney
has been well documented and evidently
associated with increased lipid peroxidation and
oxidative stress, leading to tissue damage [1-4].
Also, the protective function of antioxidants via
cascades of reactions against oxidative damage
of biomolecules such as lipids, nucleic acids and
proteins in tissues by free radicals or reactive
species is popular [5-7].

L-ascorbic acid (L-AA), a natural antioxidant
fulfils essential antioxidant and metabolic
functions in the life of animals and plants. It
readily scavenges reactive oxygen and nitrogen
species, such as superoxide and hydroperoxyl
radicals, singlet oxygen, peroxynitrite, nitroxide
radicals, and hypochlorous acid, thus effectively

protecting other substrates from oxidative
damage [8,9].
Besides, there are a number of synthetic

antioxidants such as butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT) and tert-
butylhydroquinone (TBHQ). They are extensively
used as food additives to increase the shelf life,
especially of lipids and lipid-containing products,
by retarding the process of lipid peroxidation in
order to prevent food deterioration during
processing and storage [10]. Study on the effect
of butylated hydroxytoluene and butylated
hydroxyanisole on CCl, induced-hepatotoxicity in
rats by Elgazar et al. [11] revealed that BHA and
BHT significantly decrease elevated serum level
of liver enzymes and malondialdehyde (a
biomarker for lipid peroxidation) with significant
increase in activities of gluthathione peroxidise

(GPx), superoxide dismutase (SOD), and
catalase (CAT). However, there is paucity of
information on the comparative potency of
synthetic antioxidants and naturally occurring
antioxidants. More so, the role of natural
antioxidants in combating free radicals is
apparently favoured compared to synthetic
antioxidants. This observation underscores the
need to comparatively assess the antioxidant
potentials of both class of antioxidants (natural
and synthetic). The current study therefore
compares the effects of butylated
Hydroxytoluene (BHT) (a synthetic antioxidant)
and L-ascorbic acid (a naturally abundant
antioxidant) on CCl-induced tissue damage
(liver and kidney) in animal model.

2. MATERIALS AND METHODS

2.1 Experimental
Treatment

Design and Animal

The animal procedure was carried out
according to the standard protocols approved
by Animal Research Ethics Committee of
Faculty of Information Technology and Applied
Sciences, Lead City University, Ibadan
Nigeria, for the use of experimental animals in
research. Twenty female adult Wistar rats
(mean weight of 139.2+12.3) were used for the
study; and were purchased from a local
breeder. The animals were handled humanely,
kept in metallic suspended cages in a well
ventilated and hygienic rat house under standard
conditions of temperature and humidity. They
were allowed to acclimatize for two weeks and
maintained on normal laboratory chow (Vital
feeds) and with water ad libitum. They were




subjected to natural photoperiod of 12 hours light
and 12 hours dark cycle. All animal experiments
were carried out without anaesthesia during the
study.

The animals were randomly assigned to four (4)
groups with five animals in each group (n=5).
Oxidative damage was induced in experimental
animals by injecting intraperitoneally with a single
dose of 20% 2 mL/kg BW of carbon tetrachloride
dissolved in olive oil. 100 mg of Butylated
hydroxytoluene (BHT) and 100 mg Ascorbic acid
per kilogram body weight were used to challenge
the induced oxidative damage, and were orally
administered to the animals, twice daily using
intubators for a period of 7 days.

Group A: Rats treated with olive oil (0.5 mL),
(Control)
Rats treated intraperitoneally with
CCl4 (CCl,4 alone)
CCl, and Butylated hydroxytoluene
(BHT) treated rats (CCl, + BHT)
CCl, and Ascorbic acid treated rats
(CCls + LAA)

Group B:
Group C:

Group D:

All animals were allowed equal access to normal
laboratory chow and water adlibitum.

2.2 Tissue Preparation and Biochemical
Analysis

At the end of 7 days of administration, the rats
were sacrificed by cervical dislocation and the
target organs (liver and kidney) were harvested
and homogenised with ice cold Tris-HCL buffer
(0.1 M, pH 7.4) using a Potter Elvehjem type
homogenizer. The homogenization was done
using 2 ml buffer to 1 g of liver and 3 ml buffer to
1 g of kidney. The homogenate was centrifuged
at 4°C at 5500 rpm for 10 minutes using 3000i
centrifuge and the resultant supernatant was
used for different biochemical assays.
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Protein concentrations of post mitochondrial-
fractions of different organs were estimated by
the procedure of Lowry et al. [12] using bovine
serum albumin (BSA) as standard. Catalase
activity was determined according to the method
of Sinha [13]. The cytosolic glutathione—S—
transferase activity was determined
spectrophotometrically at 37°C according to the
procedure of Habig et al. [14]. The levels of total
SOD activty in liver and kidney homogenates
were determined by the method of Misra and
Fridovich [15]. A breakdown product of lipid

peroxidation thiobarbituric acid reactive
substance (TBARS) was measured by the
method of Buege and Aust [16].

3. RESULTS

Table 1 shows the difference in mean weight of
rats. Comparisons were made between the initial
and final body weights of rats in each group.
During the experiment, there was a decrease
(5.4%) in the body weights of rats that were
treated with CCl, alone. However, rats in other
experimental groups had increased body weight,
with the highest increase (8.1%) observed in the
control animals. Treatment of rats with ascorbic
acid following CCl, administration caused a
significant (P<0.05) increase in weight gain
(5.5%) compared to the use of BHT which
resulted in 2.1% gain in body weight of rats.

The effects of the different treatments on the
relative organ weights are shown in Fig. 1. The
relative weight of the liver and kidney of rats
treated with CCl, alone when compared to
control group decreased significantly by 26.7 and
26.2% respectively. Co-treatment of rats with
BHT or Ascorbic acid markedly reduced liver
weight loss to 8.04% when compared to control
animals. In the case of kidney, co-treatment with
BHT reduced weight loss from 26.2% to 7.14
whereas co-treatment with ascorbic acid reduced
weight loss to 11.90%.

Table 1. Effects of BHT and ascorbic acid on body weight of CCl, - treated rats

Experimental Final body Initial body Change in body % A in body weight
group weight (g) weight (g) weight (g)

Control 169.5£0.0 157.0+0.0 +12.68+0.5 8.1

CCl, alone 134.0+0.0 141.0+0.0 -7.57+0.5° 5.4

CCly +BHT 136.0+0.0  129.0+0.0 +7.14+0.4 55

CCl4 + Ascorbic acid 130.0+0.0  127.8+0.0 +2.600.2°° 2.1

Values are expressed as meanstSEM of 5 rats. The statistical significance of difference between groups were
analyzed using the one-way analysis of variance (ANOVA) followed by independent-sample t test. Statistical test
were performed using prism graphpad, version 6.0 a=significant when compared to control at 95% CI, P<0.05
b=significant when compared to CCl, alone at 95%CI, P<0.05
c=significant when compared to CCl4+BHT or CCL4+Ascorbic acid at 95%Cl, P<0.05
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The liver and kidney protein concentrations of the
different group of rats are shown in Fig. 2.
Intraperitoneal administration of CCl, was
observed to cause a significant reduction in liver
protein by 11.76% relative to control group. It
however did not significantly affect the level of
protein in the kidney (0.22% decrease). Co-
treatment of rats with BHT as well as with
ascorbic acid did not cause any significant
difference in kidney protein. Ascorbic acid
administration significantly increased liver protein
compared to control group and BHT co-treated

group.

The SOD activities in the liver and kidney of rats
treated with CCl, alone when compared to
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control group decreased significantly by 91.95
and 32.52% respectively (Table 2). Co-treatment
of rats with BHT markedly restored liver and
kidney SOD activities by 80.28 and 46.79%
respectively when compared to CCl; group.
Conversly, Co-treatment of rats with Ascorbic
acid caused a significant elevation in liver and
kidney SOD activities by 92.04 and 34.64%
respectively when compared to CCl, group
(Table 2).

BHT caused a significantly higher SOD
activity in the kidney compared to Ascorbic acid.
Whereas higher SOD activity in the liver was
observed in animals co-treated with Ascorbic
acid.
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Fig. 1. Effects of BHT and ascorbic acid on relative organ weight of CCl, - treated rats
Values are expressed as means + SEM of 5 rats. The statistical significance of difference between groups were
analyzed using the one-way analysis of variance (ANOVA) followed by independent-sample t test. Statistical test
were performed using prism graphpad, version 6.0 a=significant when compared to control at 95% CI, P<0.05
b=significant when compared to CCl, alone at 95%CI, P<0.05
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Fig. 2. Effects of BHT and ascorbic acid on tissue protein of CCl, - treated rats
Values are expressed as means + SEM of 5 rats. The statistical significance of difference between groups were
analyzed using the one-way analysis of variance (ANOVA) followed by independent-sample t test. Statistical test
were performed using prism graphpad, version 6.0 a=significant when compared to control at 95% CI, P<0.05
b=significant when compared to CCl4 alone at 95%Cl, P<0.05 c=significant when compared to CCl4+BHT at
95%Cl, P<0.05



Table 3 shows the effects of treatments on GST
activity rats. GST activity was significantly
reduced by 47.92 and 80.28% respectively in the
liver and kidney of rats that were administered
CCl, alone compared to control group.

Co-treatment of rats with BHT markedly
increased GST activities in the liver and kidney
by 80.28 and 46.79% respectively when
compared to CCl, group.

Conversely, co-treatment of rats with Ascorbic
acid markedly restored liver and kidney GST
activities by 94.03 and 45.50% respectively when
compared to CCl, group.

Ascorbic acid caused a significantly higher GST
activity in the liver of rats compared to BHT,
whereas no significant difference in kidney GST
activity was observed in respect to both
antioxidants (BHT and Ascorbic acid).

MDA levels in the liver and kidney of rats treated
with CCl, alone were significantly elevated by
42.23 and 39.52% as compared to control group.
Co-treatment of rats with BHT markedly lowered
liver and kidney MDA by 20.23 and 32.86%
respectively when compared to CCl, group.
Conversely, Co-treatment of rats with Ascorbic
acid caused a significant reduction in liver and
kidney MDA by 11.17 and 11.34% respectively
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when compared to CCl, group (Fig. 3). The
lowering effect of BHT on CCls-induced MDA
level was significantly higher in both the liver and
kidney of rats compared to Ascorbic acid.

Catalase activity was significantly reduced by
36.17 and 27.30% respectively in the liver and
kidney of rats that were administered CCl,
alone compared to control group. Co-treatment
of rats with BHT markedly increased catalase
activities in the liver and kidney by 23.07 and
20.77% respectively when compared to CCl,

group.

On the other hand, co-treatment of rats with
Ascorbic acid markedly restored liver and kidney
catalase activities by 20.00 and 18.66%
respectively when compared to CCl,; group
(Table 4).

There was no significant difference in the effects
of both BHT and Ascorbic acid on catalase
activities in the liver as well as kidney of rats.

4. DISCUSSION

The protective role of antioxidants via cascades
of reactions against oxidative damage of
biomolecules such as lipids, nucleic acids and
proteins in tissues by free radicals or reactive
species is well documented [2-7].

Table 2. Effects of BHT and ascorbic acid on SOD activity in CCl, - treated rats

Experimental group

Liver SOD (U/mg protein) Kidney SOD (U/mg protein)

Control 1.74+0.03 1.23+0.07
CCl, alone 0.14+0.02° 0.83+0.02°
CCl, +BHT 0.71+0.02° 1.560.01°
CCl, + Ascorbic acid 1.76+0.03"° 1.27+0.11°°

Values are expressed as means + SEM of 5 rats. The statistical significance of difference between groups were
analyzed using the one-way analysis of variance (ANOVA) followed by independent-sample t test. Statistical test
were performed using prism graphpad, version 6.0 a=significant when compared to control at 95% CI, P<0.05
b=significant when compared to CCl4 alone at 95%Cl, P<0.05 c=significant when compared to CCl4+BHT at
95%Cl, P<0.05

Table 3. Effects of BHT and ascorbic acid on Glutathione s-transferase activity in tissues of
CCl, - treated rats

Experimental group

Liver GST (ug/min/mg protein)

Kidney GST (ug/min/mg protein)

Control 2.17+0.13 5.53+1.32
CCl, alone 1.13+0.05° 1.09+0.04°
CCl, +BHT 1.52+0.05° 2.05+0.05°
CCl, + Ascorbic acid 2.18+0.11°° 2.00+0.08°

Values are expressed as means + SEM of 5 rats. The statistical significance of difference between groups were
analyzed using the one-way analysis of variance (ANOVA) followed by independent-sample t test. Statistical test
were performed using prism graphpad, version 6.0 a=significant when compared to control at 95% CI, P<0.05
b=significant when compared to CCl, alone at 95%CI, P<0.05 c=significant when compared to CCl4+BHT at
95%Cl, P<0.05
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Fig. 3. Effects of BHT and ascorbic acid on MDA level in tissues of CCl, - treated rats
Values are expressed as means + SEM of 5 rats. The statistical significance of difference between groups were
analyzed using the one-way analysis of variance (ANOVA) followed by independent-sample t test. Statistical test
were performed using prism graphpad, version 6.0 a=significant when compared to control at 95% ClI, P<0.05+
b=significant when compared to CCly alone at 95%Cl, P<0.05 c=significant when compared to CCl,+BHT at
95%Cl, P<0.05

Table 4. Effects of BHT and ascorbic acid on catalase activity in tissues of CCl, - treated rats

Experimental group

Liver catalase (Kat f)

Kidney catalase (Kat f)

Control 23.50+1.71 21.00 £ 1.58
CCl, alone 15.00 + 1.08° 15.25 + 1.25°
CCl, +BHT 19.50 + 0.65° 19.25 + 0.48°
CCl, + Ascorbic acid 18.75 + 0.85° 18.75 + 1.32

Values are expressed as means + SEM of 5 rats. The statistical significance of difference between groups were
analyzed using the one-way analysis of variance (ANOVA) followed by independent-sample t test. Statistical test
were performed using prism graphpad, version 6.0 a=significant when compared to control at 95% ClI, P<0.05+
b=significant when compared to CCl, alone at 95%CI, P<0.05

In accordance, the result of the current
study revealed that the evaluated antioxidants
(BHT and Ascorbic acid) elicited notable
combative or ameliorative effects against
CCly-induced cellular oxidative damage by
significantly replenishing the body and organ
weights, the protein level and antioxidant
enzyme activities altered by CCl, in the tissues of
rats.

However, the cardinal focus of this study was to
compare the effects of BHT, a synthetic anti-
oxidant and L-ascorbic acid, a naturally occuring
antioxidant against CCl; -induced oxidative
damage in soft tissues of Wistar rats.

The administration of CCl, caused significant
reduction in body and organ (liver and kidney)
weights of rats. This is arguably due to the
toxicity associated with CCl, metabolism which
probably resulted in lowered appetite or

impairment of nutrient absorption following the
damaging of cell linings of the stomach and of
the intestine. The decrease in the body and
organ weights of rats following CCI, treatment
observed in this study is consistent with previous
reports on other free radical-generating
compounds such as Di-n-Butylphthalate and
ethanol [17,18].

Concomitant administration of the antioxidants
(BHT and ascorbic acid) significantly enhanced
organ and body weight gain when compared
to rats treated with CCI, alone, but significantly
lower as compared with control animals.
Moreover, rats co-treated with ascorbic
acid showed more body weight gain (5.5%) as
compared with those administered BHT (2.1%).
Meanwhile no significant difference was
observed in the effects of both antioxidants on
organ weights. Besides its antioxidant status, the
role of ascorbic acid in the synthesis of some



structural proteins such as collagen is well
established. This may have contributed to the
relatively higher body weight gain associated
with ascorbic acid. More so, ascorbic acid is a
notable food nutrient (vitamin) required for body
growth and repair.

CCl, generates a highly reactive species which
among other things lower tissue protein, deplete
enzymatic antioxidant defenses (SOD, CAT,
GST, GPX, GR) and attack lipid molecules to
initiate lipid peroxidation of cell membranes [19].
The data obtained in the present study
corroborate the above claim.

Conversely, treatment of rats with BHT or
ascorbic acid at a dose of 100 mg/kg of body
weight following CCl, administration (20% 2
mL/kg of body weight) resulted in significant
(P<0.05) increase in liver protein and antioxidant
enzymes activities as well as significant decline
in MDA concentrations in the liver and kidney of
rats when compared to rats treated with CCl,
alone. Surprisingly, both CCl, and the
antioxidants had no significant effect on kidney
protein.

Glutathione-S-transferase (GST) performs a
significant function in the detoxification and
metabolism of many xenobiotics and endobiotics
substances which have hydrophilic functional
groups [20]. On the other hand, super oxide
dismutase catalyses the dismutation of
superoxide anion radicals into hydrogen peroxide
(H202) [21]. In this study SOD and GST
activities were found to be significantly higher in
the liver of rats treated with ascorbic acid
following CCl, administration when compared to
those that were administered BHT. There was no
significant difference in the effects of both
antioxidants on the kidney GST activity.
However, BHT produced a significantly better
restorative effect on SOD activity in the kidney of
rats.

Catalase is an essential and integral component
of the cellular antioxidant defense system. It
catalyses the breakdown of hydrogen peroxide
which results from normal body metabolism and
SOD activity [22]. The result obtained in the
present study showed that catalase activity
significantly increased in the liver and kidney of
rats treated with BHT following CCl,
administration as compared with those that were
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administered ascorbic acid. The observed
increase in CAT activity is due to the
accumulation of hydrogen peroxide following
SOD activity.

High level of Malondialdehyde (MDA) is an index
or biomaker of lipid peroxidation. The higher the
MDA level in tissues, the more the degree of lipid
peroxidation [21]. In the current study,
administration of CCl, produce marked increase
in the level of MDA in the liver and kidney of rats.
Both antioxidants (Ascorbic acid and BHT)
reduced the level of MDA caused by CCl, —
oxidative damage in tissue of rats.

Notably, the MDA concentrations in both the liver
and kidney of rats treated with BHT following
CCl, administration was significantly reduced as
compared to the concentrations recorded in rats
treated with ascorbic acid.

The relative higher catalase activities and
decreased MDA concentration elicited by BHT in
CCl; induced liver and kidney damage rats
adduce better antioxidant effect to the compound
compared to ascorbic acid in respect to
their ability to protect against CCls-induced
oxidative damage via the induction of catalase
activity and inhibition of lipid peroxidation of
membranes.

Conversely, data of the study showed that
ascorbic acid elicited a relative higher GST and
SOD activities in CCl, induced liver damage.
This connotes that the molecule has better
antioxidant effect compares to BHT vis-a-vis
GST and SOD activities in the liver of rats.
However, BHT produced significantly higher
protective effect in terms of SOD and GST
activities in the kidney of rats.

5. CONCLUSION

Overall, the data of this study appear to score
BHT (a synthetic antioxidant) relatively higher
than ascorbic acid (a natural antioxidant) in terms
of their in vivo antioxidants capacities within the
limit of the parameters assessed. It also
demonstrates that BHT elicits its antioxidant
potential against CCl,- induced reactive species
mainly through promotion of catalase activity and
inhibition of lipid peroxidation whereas ascorbic
acid maximizes its antioxidant effects against the
same toxicant by promoting GST and SOD
activities particularly in the liver.



COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Badary O, Taha R, Gamal EI-Din A, Abdel-
Wahab M. Thymoquinone from Nigella
sativa seeds is a potent superoxide anion
scavenger. Drug Chem Toxicol.
2003;26(2):87-98.

El-Gendy KS, Aly NM, Mohammed FH, Ke-
nawy A, Sebae AH. The role of vitamin C
as anti-oxidant in protection of oxidative
stress induced by imi-dacloprid. Food
and Chemical Toxicology. 2010;48(1):215-
21.

Kataoka T, Nishiyama Y, Yamato K,
Teraoka J, Morii Y, Sakoda A, et al.
Comparative study on the inhibitory effects
of an-tioxidant vitamins and radon on
carbon tetrachloride- induced hepatopathy.
Journal of Radiation Research. 2012;
53(6):830-839.

Yousef MI, Awad TI, Elhag FA, Khaled FA.
Study of the protective effect of
ascorbic acid against the toxicity of
stannous chloride on oxidative damage,
antioxidant enzymes and biochemical
parameters in rabbits. Toxicology. 2007;
25(3):194-202.

Mongi S, Mahfoud S, Amel M, Kamel B,
Abdel- fattahel J. Protective effects of
vitamin C against hae- matological and
biochemical toxicity induced by delta-
methrin in male wistar rats. Ecotoxicoogy
and Envi-ronmental Safety. 2011;74
(6):1765-9.

Netke S, Roomi M, Tsao C, Niedzwiecki A.
Ascorbic acid protects guinea pigs from
acute afla-toxin toxicity. Toxicology and
Applied Pharmacology. 1997;143(2):429-
35.

Ozturk IC, Ozturk F, Gul M. Protective
effects of ascorbic acid on hepatotoxicity
and oxidative stress caused by carbon
tetrachloride in the liver of wistar rats. Cell
Biochemistry  and Function. 2009;
27(5):309-15.

Ghosh MK, Chattopadhyay DJ, Chatterjee
IB. Vitamin C prevents oxidative damage.
Free Radic Res. 1996;25(2):173-9.

Noctor G, Foyer CH. Ascorbate and
glutathione: Keeping active oxygen under

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ighodaro et al.; ACSJ, 17(1): 1-9, 2016; Article no.ACSJ.16762

control. Ann Rev Plant Physiol Plant Molec
Biol. 1998;49:249-79.

Aziz-ur-rehman, Gulzar S, Abbasi MA,
Shahdazi T, Riaz T, Siddiqui S, et al. In
vitro assessment of the protection from
oxidative stress by various fractions of
Artemisia incisa Pamp. J Serb Chem Soc
2011;76(10):1379-86.

Elgazar AF. Effects of butylated
hydroxytoluene and butylated
hydroxyanisole  against  hepatotoxicity

induced by carbon tetrachloride in rats.
World Applied Sciences Journal. 2013;
22(1):63-9.

Lowry OH, Rosebrough NJ, Farr AL,
Randall RJ. Protein measurement with the
Folin phenol reagent. J Biol Chem.
1951;193:265-75.

Sinha KA. Colorimetric assay of catalase.
Anal Biochem. 1971;47:577-94.

Habig WH, Pabst MJ, Jacoby WB. The first

enzymatic step in mercapturic acid
formation. J Biol Chem. 1974;
249(22):7130-9.

Misra HP, Fridovich |. The role of

superoxide anion in the autooxidation of
ephinephrine and a simple assay for
superoxide dismutase. J Biol Chem 1972;
274(10):3170-5.

Buege JA, Aust SD. Microsomal and lipid
peroxidation. Methods Enzymol. 1978;
52:302-10.

Farombi EO, Adelowo OA, Ajimoko YR.
Biomarkers of oxidative stress and heavy
metal levels as indicators of environmental
pollution in African cat fish (Clarias
gariepinus) from Nigeria Ogun River.
International Journal of Environmental
Research and Public Health. 2007;
4(2):158-65.

Ighodaro OM, Omole JO, Uwaifo AO.
Effects of chronic ethanol administration
on body weight, reduced glutathione
(GSH), malondialdehyde (MDA) levels and
glutathione-s-transferase activity (GST) in
rats. New York Sci J. 2010;3(4):39-47.
Melin AM, Perromat A, Déléris G.
Pharmacologic application of fourier
transform IR spectroscopy: in vivo toxicity
of carbon tetrachloride on rat liver.
Biopolymers. 2000;57(3):160-8.

Ji X, Zhang P, Armstrong RN, Gilliland GL.
The three dimensional structure of a
glutathione S-transferase from the Mu
gene class; Structural analysis of the



Ighodaro et al.; ACSJ, 17(1): 1-9, 2016; Article no.ACSJ.16762

binary complex of isoenzyme 3-3 and disease. Journal of the American Oil
glutathione at 2.2-A resolution. Chemists’ Society. 1998;75:199-212.
Biochemistry. 1992;31:10169. 22. Wu D, Cederbaum Al. Alcohol, oxidative

stress and free radical damage. Alcohol

21. Aruoma Ol. Free radicals, oxidative stress,
Research & Health. 2003;27(4):277-84.

and antioxidants in human health and

© 2016 Ighodaro et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/16422




