CELL BIOCHEMISTRY & FUNCTION

CELL BIOCHEMISTRY AND FUNCTION

Cell Biochem Funct 2012; 30: 480—486.

Published online 28 March 2012 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/cbf.2823

Lack of recovery from hepatic oxidative damage in rats treated with
Nigerian bonny light crude oil

Isaac A. Adedara and Ebenezer O. Farombi*

Drug Metabolism and Toxicology Research Laboratories, Department of Biochemistry, College of Medicine, University of Ibadan, Ibadan, Nigeria

The use of Nigerian bonny light crude oil (BLCO) in the treatment of gastrointestinal disorders, burns, foot ulcers and reproductive capacity
is a common practice in the southern part of Nigeria. Towards understanding the mechanism and the reversibility of hepatotoxicity induced
by BLCO, adult male Wistar rats were orally administered with BLCO at 0, 50, 100 and 200 mg kg~" for 21 days. One-half of the rats were
sacrificed on day 22, whereas the remaining half stayed for an additional 21 days without treatment. Whereas the activities of antioxidant
enzymes such as superoxide dismutase, catalase, glutathione S-transferase were significantly (p < 0.05) increased, gamma glutamy] transfer-
ase activity was significantly decreased in a dose-dependent manner. The levels of glutathione, hydrogen peroxide and malondialdehyde were
significantly elevated in BLCO-treated animals. In addition, hepatic degeneration was accompanied with elevation in serum aminotransferases
activities without affecting bilirubin levels. Whereas most of the above-mentioned parameters were consistent in animals from withdrawal
experiment, both total and conjugated bilirubin levels were significantly increased after 21 days of BLCO-treatment withdrawal. Taken together,
BLCO-induced hepatotoxicity could be due to increased oxidative stress which was not reversible upon withdrawal of treatment within the time

course of investigation in male rats. Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION

The harmful effects of unorthodox remedies may outweigh
the expected beneficial effects. A case of crude oil poisoning
in a 2-year-old child following ingestion and dermal applica-
tion of Nigerian bonny light crude oil (BLCO) for treatment
of a febrile convulsion with sequel of shock, acute renal
failure, mechanical intestinal obstruction, extensive epidermo-
lysis, conjunctivitis, mucositis, oesophagitis and chemical
pneumonitis has been reported.' Characterizing the effects
of exposure to BLCO as a result of increase incidence of oil
spillage in Niger Delta region of Nigeria and the use of BLCO
in folklore medicine is not only of interest to clinicians but has
become of significant issue to those in the environmental com-
munity and an actual subject of interest of many researchers.

Studies that demonstrate detrimental effects of BLCO in
different organs and animals exist. Oral administration of
BLCO has been shown to be hematotoxic with severe patho-
logic liver changes in the forms of necrosis and oedema.” It
has also been reported to be nephrotoxic.>* Intraperitoneal
injection of adult guinea pigs with BLCO at 2.50 and
5.0mlkg ™" body weight for 2 days increased the availability
of crude oil hydrocarbons in the liver cells with subsequent
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induction of unscheduled mitochondrial DNA synthesis and
alteration of mitochondrial/endoplasmic reticulum Ca**
sequestration or Ca>*-concentration gradient, leading to inhib-
ition of Ca”* influx into the cytosol as well as increased regen-
erative DNA concentration in partially hepatectomized rat
liver.” BLCO dose-dependently increased the binding of nickel
to chromatin proteins and changes to DNA concentration in the
liver of guinea pigs.® BLCO exposure adversely affects male
fertility and results in severe impairment of testicular functions
including degenerative changes in seminiferous tubules and
leydig cells’ and alteration of antioxidant systems in a dose-
dependent manner via induction of oxidative stress following
oral gavage at 200, 400 and 800 mgkg ™" for a week.'®

Till date, the use of BLCO in the treatment of gastrointes-
tinal disorders, burns, foot ulcers and reproductive capacity
among adults is common in the southern part of Nigeria.
The liver plays a major role in xenobiotic metabolism and is
consequently the primary target of most toxic responses. Liver
injury does not only depend on the type of chemical agent
involved but also on the period of exposure.’ Although our
laboratory had previously shown, for the first time, the
involvement of free radicals in the BLCO-induced pathogen-
esis in the testes, there is still much to understand about the
mechanism of its toxicity. The ability of the adult liver to
restore its function and mass after injury or extended resection
is unique.'® Considering the defence capacity of the body, the
question then arises as to whether hepatic damage resulting
from exposure to BLCO is transient or permanent.
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In taking up the present study as a result of our continued
interest in BLCO toxicity, we attempt to determine the role
played by hepatic antioxidant defence mechanism following
withdrawal of BLCO-treatment from experimental rats. It
seemed rational to investigate using lower doses of BLCO
and longer duration than previously reported.

MATERIAL AND METHODS
Bonny light crude oil

Bonny light crude oil was obtained from the Nigerian National
Petroleum Corporation, Ekpan, Warri, Delta State, Nigeria.

Chemicals

Glucose-6-phosphate, adenosine monophosphate, L-y-
glutamyl-3-carboxyl-4-nitronilide, glycylglycine, epineph-
rine, glutathione (GSH), 5, 5’-dithio-bis-2-nitrobenzoic acid,
hydrogen peroxide (H,0O,), thiobarbituric acid and 1-chloro-2,
4-dinitrobenzene were purchased from Sigma Chemical
Co. (St. Louis, MO, USA). All other reagents were of ana-
lytical grade and obtained from the British Drug Houses
(Poole, Dorset, UK). Kits for serum biochemistry were pur-
chased from Randox Laboratory Limited, United Kingdom.

Experimental protocol. Forty-eight healthy adult male
Wistar rats weighing approximately 175+ 15g obtained
from the Department of Biochemistry, University of Ibadan,
Nigeria, were randomly assigned to control, 50, 100 and
200mgkg ' groups of 12 animals per group. They were
housed in plastic-suspended cages placed in a well-
ventilated rat house, provided rat pellets and water ad
libitum and subjected to natural photoperiod of 12-h light:
dark cycle. All the animals received humane care according
to the criteria outlined in the ‘Guide for the Care and Use of
Laboratory Animals’ prepared by the National Academy of
Science and published by the National Institute of Health.
The ethic regulations have been followed in accordance with
national and institutional guidelines for the protection of
animal welfare during experiments.

Bonny light crude oil was dissolved in corn oil and admi-
nistered orally at doses of 50, 100 and 200mgkg ™' body
weight per day for 21 days. Corresponding group of animals
were administered with corn oil alone and served as control.
One-half of the rats from each group were sacrificed on day
22, and the remaining half stayed for an additional 21 days
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without treatment before they were sacrificed. In each case,
the livers were quickly removed, weighed and placed on an
ice bath. The body weights of rats were taken before expos-
ure to various treatments and prior to sacrifice.

Histopathology. Biopsies from each liver were fixed in 10%
formalin and processed accordingly for histology. All slides
were coded before examination with light microscope by inves-
tigators who were blinded to control and treatment groups.

Serum biochemistry. Serum activities of aspartate and
alanine aminotransferases (AST and ALT) were determined
by the method of Reitmann and Frankel.'” The level of serum
bilirubin was determined according to Jendrassik and Grof."?

Biochemical assay. Remaining portions of liver were homo-
genized in 50 mM Tris—HCl buffer (pH 7.4) containing 1.15%
potassium chloride, and the homogenate was centrifuged at
10000 g for 15min at 4°C. The supernatant was collected
for the estimation of catalase (CAT) activity by using H,O,
as substrate according to the method of Clairborne.'* Super-
oxide dismutase (SOD) was assayed by the method described
by Misra and Fridovich.'””> Gamma-glutamyl transferase
(GGT) was assayed using L-y-glutamyl-3-carboxyl-4-
nitronilide and glycylglycine as substrates according to the
method of Szasz,'® and protein concentration was determined
by the method of Lowry er al.'” Reduced GSH was deter-
mined at 412nm by using the method described by Jollow
et al.'"® H,O, generation was assessed by the method of
Wolff.'* Glutathione-S-transferase (GST) was assayed by
the method of Habig er al.*® Lipid peroxidation was quantified
as malondialdehyde (MDA) according to the method
described by Farombi et al.*' and expressed as micromoles
of MDA g~ tissue.

Statistical analysis. All values are expressed as the
mean =+ standard deviation. Levels of statistical significance
were analysed by ANOVA, followed by Student’s r-test to
compare the means between BLCO-treated groups and con-
trols. Significance was set at p < 0.05 using the Student’s #-test.

RESULTS
Body and organ weights and serum biochemical indices

Data on the body and organ weights and biochemical indi-
ces are presented in Table 1. There were neither abnormal

Table 1. Body and organ weights (g) of male rats sacrificed immediately after BLCO treatment and after the recovery period

21-day treatment with BLCO 21-day withdrawal period
Parameters Control 50mgkg ™! 100mgkg ™! 200mgkg ™! Control 50mgkg ™! 100mgkg ™ 200mgkg ™
Final weight 194 £27 195 +£24 192 £31 187 £30 232 +48 225+21 22024 211+£25
Initial weight 174 +£32 175 +41 176 £33 175 +31 194 +£27 195 +£24 192 +31 187430
Weight gain 20£5 207 164 11£2 38+21 30+4 28+£7 24+6
Liver weight 3.57+£0.23 3.73+£044 4.254+0.13 4.37+0.16 4.64+2.14 4.71+1.48 4.88+1.34 4.92+1.68

BLCO, bonny light crude oil.

Copyright © 2012 John Wiley & Sons, Ltd.
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clinical signs nor changes in the behaviour of animals fol-
lowing 21 consecutive days of BLCO treatment. The table
revealed a non-significant dose-dependent decrease in the
final body weight as well as body weight gain in animals
sacrificed immediately after BLCO treatment and those
sacrificed after the recovery period at all dose levels when
compared with respective control rats. Serum activities of
AST and ALT were dose-dependently increased following
exposure of rats to BLCO (Table 2). Whereas AST activity
was significantly (p <0.05) increased by 25%, 45% and
39%, ALT activity was significantly increased by 9%,
90% and 88% at 50, 100 and 200 mgkg ', respectively,
when compared with the control. Serum bilirubin level
was unaffected in all treated BLCO animals compared with
the control values. In animals left to recover, whereas ALT
activity was significantly (p < 0.05) increased, AST activity
was unaffected in all treated animals when compared with
the control animals. However, a significant increase in both
total and conjugated bilirubin levels was observed following
21 days withdrawal of BLCO treatment, whereas the uncon-
jugated bilirubin level was unaffected.

Hepatic antioxidant status. Table 3 shows the effect of
BLCO on hepatic antioxidant status in rats. Following
21 days of BLCO exposure to animals, a significant
(p <0.05) dose-dependent increase in the activities of anti-
oxidant enzymes SOD, CAT and GST were observed in
the livers in all treated groups. Whereas the hepatic CAT ac-
tivity increased by 11.2%, 15.5% and 17.8, SOD activity

increased by 22.2%, 25.8% and 36.6%. Whereas we noted
7.4%, 20.9% and 19.8% increase in GST activity at doses
of 50, 100 and 200 mgkg ™", respectively, when compared
with the control animals. In addition, the levels of GSH,
H,0, generation and MDA (an index of lipid peroxidation)
were significantly (p < 0.05) increased in a dose-dependent
manner following BLCO administration.

When compared with the control values, the percentage
elevation in the levels of H,O, generated were 12.7%,
38.4% and 40.6%; GSH by 100.7%, 123.8% and 132.8%
and MDA by 26.8%, 29.8% and 35.2% above the control
values at 200, 400 and 800mgkg ' doses, respectively.
However, the activity of GGT decreased dose-dependently
by 0.15%, 22.5% and 24.8% at 50, 100 and 200 mgkg '
doses, respectively, when compared with control animals.
In animals left to recover, activities of GGT and MDA were
consistent with those of the animals sacrificed after 21 days
of treatment (Figures 1 and 2). However, whereas a non-
significant increase in H,O, level and CAT activity were
observed, activities of SOD and GST were significantly
decreased following the 21-day withdrawal of BLCO treat-
ment (Table 3).

Histopathology. Histological examination of the livers of
animals sacrificed immediately after 21days of BLCO
intoxication revealed that BLCO at 50 mgkg ™' dose caused
periportal necrosis and fibroplasias, 100mgkg ' dose
resulted in central venous congestion with few numbers of
neutrophils and 200mgkg ™" dose caused necrosis, portal

Table 2. Bilirubin level in male rats sacrificed immediately after BLCO treatment and after the recovery period

21-day treatment with BLCO

21-day withdrawal period

Parameters Control 50mgkg " 100mgkg ™! 200mgkg ! Control 50mgkg ! 100 mgkg ™! 200 mg kg™
Total bilirubin 62+1.8 93+1.6 84+18 87+12 4.8 £0.6 7.7+0.4% 6.7+ 0.6* 6.9+0.5%
Conjugated bilirubin 4.7 £1.7 8.0+1.8 7.0+£35 73+£0.5 3.8+0.5 6.9+ 1.2% 6.0£0.6% 6.2+0.4%
Unconjugated bilirubin 1.5+04 13+1.2 1.44+0.7 1.4+0.9 1.0+0.2 0.8+0.1 0.7+0.2 0.7+0.1
ALT 51.7+£0.29 64.5 £3.54* 75.0 £5.6* 72.0+2.51%  50.8+£25 55.5+4.0% 57.34+3.5% 57.34+3.5%
AST 2554427 27.67+1.6 48.5+4.9* 48.0+2.0* 208+29 20.8+05 21.84+2.2 220412
BLCO, bonny light crude oil; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
The data are expressed as mean =+ standard deviation of 12 animals.
*Values differ significantly from control (p < 0.05).
Table 3. Hepatic antioxidant status in male rats sacrificed immediately after BLCO treatment and after the recovery period

21-day treatment with BLCO 21-day withdrawal period
Parameters Control 50mgkg ™! 100mgkg ™ 200mgkg ™ Control 50mgkg ™! 100 mgkg ™ 200mg/kg ™"
SOD 1.524+0.6 1.84+£0.2% 1.91+0.1%* 2.08 +£0.2% 1.54+0.6 1.25+0.4%* 1.19+£0.6* 1.17+£0.5%
CAT 10.1£0.2 11.9£0.3* 13.8 £0.5% 14.1 £0.5% 10.2£0.5 10.3£0.7 10.8 £0.6 10.7+0.4
GST 1.55+0.3 1.72+0.1%* 1.87+£0.6* 1.82+£0.2% 1.60+0.9 1.32+£0.5% 1.15+£0.2% 1.10+0.32%*
GSH 103£1.2 28.5 £2.4% 3224£2.1% 34.0£2.5% 10.1£2.5 12.5 £ 1.0% 15.3 £3.5% 16.6 £ 1.5%
H,0, 26.1+3.4 323431 37.4£2.7* 38.24+4.9% 25.8+2.2 26.3+2.1 26.7+3.2 27.1+3.1

BLCO, bonny light crude oil. Superoxide dismutase (SOD) activity (units mg’1 protein), catalase (CAT) activity (umoleH,O, consumed min mg’1 Protein),

glutathione-S-transferase (GST) activity (imolel-chloro-2,4-dinitrobenzene—GSH complex formed min mg ™" protein), glutathione (GSH) level (umol g

tissue),

hydrogen peroxide (H,O,, level (umolH,O, generated mg ! protein). The data are expressed as mean + standard deviation of 12 animals.

*Values differ significantly from control (p < 0.05).

Copyright © 2012 John Wiley & Sons, Ltd.
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Figure 1. Effect of bonny light crude oil on the activity of gamma-
glutamyltransferase (GGT) in the livers of treated and recovering rats
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Figure 2.  Effect of bonny light crude oil on the lipid peroxidation in the
livers of treated and recovering rats

congestion and cellular infiltration by macrophages and
neutrophils (Figure 3). The result from the recovery study
was consistent with the result following the 21-day intoxica-
tion (Figure 4).

DISCUSSION

The severity of oxidative damage depends on the extent of
disturbances in normal redox state within the cells.
Although a cell can regain its original functional state after
overcoming small perturbations, more severe oxidative
stress can cause cell death and necrosis. To counteract the
damaging effect of reactive oxygen species (ROS), aerobic
cells are provided with extensive antioxidant defence
mechanisms.”? Endogenous antioxidant enzymes such as
SOD, CAT and GST as well as non-enzymatic antioxidant
GSH can limit the effects of ROS but quickly become over-
whelmed by large quantities of ROS.

The present study demonstrated that administration of
BLCO for 21 consecutive days resulted in a dose-dependent
increase in the activities of SOD, CAT and GST. The

Copyright © 2012 John Wiley & Sons, Ltd.

increase in activities of these enzymes indicates enzyme
induction. An increase in SOD activity has been reported
to be beneficial in the event of increased free radical gener-
ation.”> A simultaneous increase in CAT activity is essential
for overall beneficial effect of increase in SOD activity.**
GST is directly responsible for the elimination of electro-
philic oxidants at the expense of GSH.?* The dose-
dependent induction of GST by ROS may represent an
adaptive response to detoxify peroxide-containing me-
tabolites, such as lipid and nucleic acid hydrogeroxides
and alkenals, generated during oxidative stress>*® and
might be partly related to the increased availability of its
substrate, GSH, observed in the present study. In addition,
GSH plays an important role in protecting cells against
oxidants that are produced during normal metabolism.?’
Elevated level of intracellular hepatic GSH concentration
observed in the BLCO-treated rats indicates an adaptive
response to reduce damage and promote better survival
under the conditions of oxidative stress induced by BLCO
treatment. BLCO has been shown to mediate the induction
of GSH in testes and spermatozoa.®

Lipid peroxidation is a degenerative pathway of mem-
brane Comgonents mediated through free radicals produced
in the cell.”® This reaction leads to the formation of MDA
which is cytotoxic and mutagenic. Because a large propor-
tion of crude oil components is lipophilic in nature,
biological membranes may be the target sites where the
adverse effect occur.®* H,O, molecules are freely dissolved
in aqueous solution and can easily penetrate biological
membranes. Their deleterious chemical effects can be
divided into the categories of direct activity, originating
from their oxidizing properties, and indirect activity in which
they serve as a source for more deleterious species, such as
hydroxyl radicals and hypochlorous acid.”® The sequential
elevation in the H,O, level along with increased MDA level
observed in this study clearly indicates a state of stress in the
liver possibly induced by BLCO or its metabolites.

Gamma-glutamyltransferase (GGT) is involved in the
catabolism of GSH, the main thiol antioxidant in mamma-
lian cells. It is the most sensitive enzymatic indicator of
hepatobilliary diseases.® The decreased GGT activity in
the livers of BLCO-treated rats observed in the present study
might indicate its inactivation by ROS which may be
responsible for the elevated GSH level. The decrease in
GGT activity is in contrast with that of 7-day exposure.®
However, the present result is consistent with Aslan
et al.*' who reported similar reduction in the activity of
GGT in rat liver and attributed it to free radicals gener-
ated from the unsaturated chemical components of crude
oil ingested through contaminated diet. The differences
in these data may be due to the differences in treatment
time. The increase in GGT activity reported after acute
BLCO treatment may possibly indicate an initial adaptive
response of the liver to the BLCO exposure but become
overwhelmed by large quantities of ROS because of a
longer period of exposure as observed in this study.

It is evident from the results of the present study that the
applied dosages of BLCO did not affect both the body and

Cell Biochem Funct 2012; 30: 480—486.
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Figure 3.  Histopathological alterations identified in the livers of rats treated with bonny light crude oil for 21 consecutive days. (A) Control liver with normal archi-
tecture. (B) 50 mgkg ™" treated liver showing periportal necrosis and fibroplasia. (C) Marked central venous congestion with a few number of neutrophils in livers
treated with 100 mgkg ' dose. (D) 200mgkg " treated liver showing severe foci necrosis, portal congestion cellular infiltration by macrophages and neutrophils

liver weights. The liver damage was determined by meas-
uring the levels of serum transaminases and bilirubin
along with microscopic examination of the organ. Ele-
vated levels of AST and ALT in circulation were indica-
tive of a dose-dependent hepatic injury after 21 days of
BLCO exposure which is well supported by the

histopathological report. However, the levels of unconju-
gated, conjugated and total bilirubin levels remain
unaffected, suggesting that erythrocyte degradation rate
and liver conjugating function were not affected,
although there was hepatic injury after 21 days of BLCO
treatment.

Figure 4. Histopathological alterations identified in the livers of rats sacrificed after the recovery period following bonny light crude oil treatment. (A) Control
liver with normal architecture. (B) 50 mg kg " treated liver showing vacuolar degeneration and haemorrhage. (C) Cortical congestion and infiltration in liver treated
with 100mgkg " dose. (D) 200mgkg " treated liver showing cortical congestion, cellular infiltration by macrophages and neutrophils with mild haemorrhage

Copyright © 2012 John Wiley & Sons, Ltd.

Cell Biochem Funct 2012; 30: 480-486.



HEPATIC OXIDATIVE DAMAGE IN RATS TREATED WITH BONNY LIGHT CRUDE OIL 485

It is interesting to discover that most of the above-
mentioned parameters were consistent in animals from with-
drawal experiment. Although we observed that whereas
CAT activity and H,0, level were completely reversed,
activities of SOD and GST were significantly decreased
after 21 days of BLCO treatment withdrawal. The low level
of H,O, might be due to decreased SOD activity which
could have informed the normal CAT activity observed in
the recovering animals. The decreased GST activity may
lead to decreased protection against oxidants,’> whereas
the decrease in SOD activity in BLCO-treated animals
suggests increased }groduction of superoxide radical and
enzyme inactivation.” Hepatic degeneration was accompan-
ied with elevation in serum ALT activity, whereas serum
AST activity was normal in recovering animals. In addition,
the observed elevation in total and conjugated bilirubin
levels without affecting the unconjugated bilirubin level
suggests BLCO-induced post-hepatic toxicity possibly
caused by an interruption to the drainage of bile in the
biliary system after treatment withdrawal.

Taken together, the results suggest that induction of
oxidative stress may be the initial mechanism of hepatotox-
icity effect of BLCO, and this was not reversible upon with-
drawal of treatment within the time course of investigation
in male rats. To the best of our knowledge, the data pre-
sented are novel and have significant implications for human
health problems especially if extrapolated to individuals
using BLCO as folklore medicine.

CONFLICT OF INTEREST

The authors have declared that there is no conflict of
interest.

ACKNOWLEDGEMENTS

This work was supported by Senate Research grant code no.
SRG/Com/2006/34A from the University of Ibadan, Nigeria
(E. 0. F.).

REFERENCES

1. Otaigbe BE, Adesina AF. Crude oil poisoning in a 2 year old
Nigerian—A case report. Anil Aggrawal’s Internet J Forensic Med
Toxicol 2005; 6: 2 (July — December).

2. Orisakwe OE, Akumka DD, Njan AA, et al. Hepatotoxic and haemato-
logical effects of Nigerian bonny light crude oil in male albino rats.
Toxicol Environ Chem 2005; 87: 215-221.

3. Orisakwe OE, Njan AA, Afonne JO, et al. Investigation into the
nephrotoxicity of Nigerian bonny light crude oil in albino rats. Int J
Environ Res Public Health 2004; 1: 106—-110.

4. Adedara IA, Teberen R, Ebokaiwe AP, er al. Induction of oxidative
stress in liver and kidney of rats exposed to Nigerian bonny light crude
oil. Environ Toxicol 2011. doi:10.1002/tox.20660.

5. Oruambo IF, Jones AB. Alterations in the concentrations of liver
mitochondrial DNA, Cytoplasmic total hydrocarbon and calcium in
guinea pigs after treatment with Nigerian light crude oil. Int J Environ
Res Public Health 2007, 4: 23-27.

Copyright © 2012 John Wiley & Sons, Ltd.

6. Oruambo IF, Kachikwu S, Idabor L. Dose-related increased binding of
nickel to chromatin proteins and changes to DNA concentration in the
liver of guinea pigs treated with Nigerian light crude oil. Int J Environ
Res Public Health 2007; 4: 211-215.

7. Orisakwe OE, Akumka DD, Njan AA, et al. Testicular toxicity of
Nigerian bonny light crude oil in male albino rats. Reprod Toxicol
2004; 18: 439-442.

8. Farombi EO, Adedara IA, Ebokaiwe AP, et al. Nigerian bonny light
crude oil disrupts antioxidant systems in the testes and sperm of rats.
Arch Environ Contam Toxicol 2010; 59: 166-174.

9. Plaa GL, Charbonneau M. Detection and evaluation of chemically
induced liver injury. In Principles and Methods of Toxicology, Hayes
AW (ed). Raven Press: New York, 1994; 839-869.

10. Ladurner R, Traub F, Schenk M, et al. Cellular liver regeneration after
extended hepatic resection in pigs. Hepatobiliary Surgery 2009.
doi:10.1155/2009/306740.

11. PHS (Public Health Service). Public health service policy on humane
care and use of laboratory animals. US Department of Health and
Human Services, Washington, DC, 1996. [PL 99-158. Health
Research Extension Act, 1985].

12. Reitmann S, Frankel S. Colorirnetric method for the determination
of serum transaminase activity. Am J Clin Pathathol 1957; 28:
56-68.

13. Jendrassik LP. Grof. Vereinfachte photometrische methoden zur
bestimmung des blutbilirubins. Biochemische. Zeitschrift Band 1983;
297: 81-89.

14. Clairborne A. Catalase activity. In Handbook of Methods for Oxygen
Radical Research, Greewald AR (ed.). CRC Press: Boca Raton, FL,
1995; 237-242.

15. Misra HP, Fridovich I. The role of superoxide anion in the autooxida-
tion of epinephrine and a simple assay for superoxide dismutase. J Biol
Chem 1972; 247: 3170-3175.

16. Szasz G. Gamma glutamyltranspeptidase. In Methods of Enzymatic
Analysis, 2nd edn, Bergmeye HU (ed.). Academic Press: New York,
USA, 1974; 715.

17. Lowry OH, Rosenbrough NJ, Farr AL, et al. Protein measurement with
folin phenol reagent. J Biol Chem 1951; 193: 265-275.

18. Jollow DJ, Mitchell JR, Zampaglione N, et al. Bromobenzene
induced liver necrosis: protective role of glutathione and evidence
for 3,4 bromobenzene oxide as the hepatotoxic metabolite.
Pharmacology 1974; 11: 151-169.

19. Wollf SP. Ferrous ion oxidation in the presence of ferric ion indicator
xylenol orange for measurement of hydroperoxides. Methods Enzymol
1994; 233: 182-189.

20. Habig WH, Pabst MJ, Jakoby WB. Glutathione S- transferase. The first
enzymatic step in mercapturic acid formation. J Biol Chem 1974; 249:
7130-7139.

21. Farombi EO, Tahnteng JG, Agboola AO, et al. Chemoprevention of
2-acetylaminofluorene-induced hepatotoxicity and lipid peroxidation
in rats by kolaviron—a Garcinia kola seed extract. Food Chem Toxicol
2000; 38: 535-541.

22. Alpsoy L, Yildirim A, Agar G. The antioxidant effects of vitamin A, C,
and E on aflatoxin B1-induced oxidative stress in human lymphocytes.
Toxicol Ind Health 2009; 25: 121-127.

23. Yen HC, Oberley TD, Vicchitbandha S, et al. The protective role
of manganese superoxide dismutase against adriamycin-induced
acute cardiac toxicity in transgenic mice. J Clin Invest 1996; 98:
1253-1260.

24. Schaefer J, Peters T, Neirhaus KH, ef al. Mechanism of autoprotection
and the role of stress proteins in natural defences, autoprotection, and
salutogenesis. Med Hypotheses 1998; 51: 153-163.

25. Coles B, Ketterer B. The role of glutathione and glutathione trans-
ferases in chemical carcinogenesis. Crit Rev Biochem Mol Biol 1990,
25(1): 47-70.

26. Kaur P, Kaur G, Bansal MP. Tertiary-butyl hydroperoxide induced
oxidative stress and male reproductive activity in mice: role of
transcription factor NFkB and testicular antioxidant enzymes. Reprod
Toxicol 2006; 22: 479-484.

Cell Biochem Funct 2012; 30: 480—486.



486

27. Whitfield JB. Gamma glutamyl transferase. Crit Rev Clin Lab Sci

28.

29.

2001; 38: 263-355.

Veena CK, Josephine A, Preetha SP, et al. Effect of sulphated polysac-
charides on erythrocyte changes due to oxidative and nitrosative stress
in experimental hyperoxaluria. Hum Exp Toxicol 2007; 26: 923-932.
Kohen R, Nyska A. Oxidation of biological systems: oxidative
stress phenomena, antioxidants, redox reactions, and methods for
their quantification. Toxicol Pathol 2002; 30: 620-650.

Copyright © 2012 John Wiley & Sons, Ltd.

30.

31.

32.

I. A. ADEDARA AND E. O. FAROMBI

Mayne PD. Clinical Chemistry in Diagnosis and Treatment. 6th edn.
Arnold International Students’ Edition. Hodder Arnold Publisher:
London, 1998; 196-205.

Aslan M, Thornley-Brown D, Freeman BA. Reactive species in sickle
cell disease. Ann N Y Acad Sci 2000; 899: 375-391.

Amstad P, Peskin A, Shah AG, et al. The balance between Cu, Zn-
superoxide dismutase and catalase affects the sensitivity of mouse
epidermal cells to oxidative stress. Biochemist 1991; 30: 9305-9313.

Cell Biochem Funct 2012; 30: 480-486.



