BIBLIOGRAPHIC INFORMATION SYSTEM

Journal Full Title: Journal of Biomedical Research & Environmental Sciences ° DOI: 10.37871 (CrossRef)
Journal NLM Abbreviation: J Biomed Res Environ Sci Plagiarism detection software: iThenticate
Journal Website Link: https://www.jelsciences.com Managing entity: USA
Journal ISSN: 2766-2276 Language: English
Category: Multidisciplinary Research work collecting capability: Worldwide
Subject Areas: Medicine Group, Biology Group, General, Environmental Sciences Organized by: SciRes Literature LLC
Topics Summation: 128 License: Open Access by Journal of Biomedical Research & Environmental Sciences is

licensed under a Creative Commons Attribution 4.0 International License. Based on a
work at SciRes Literature LLC.

Manuscript should be submitted in Word Document (.doc or .docx) through

Issue Regularity: Monthly
Review Process type: Double Blind
Time to Publication: 7-14 Days :
Indexing catalog: Visit here Online Submission
Publication fee catalog: Visit here . form or can be mailed to support@jelsciences.com

T Vision: Journal of Biomedical Research & Environmental Sciences main aim is to enhance the importance of science and technology to the scientific community and also to provide an equal opportunity to
seek and share ideas to all our researchers and scientists without any barriers to develop their career and helping in their development of discovering the world.


https://portal.issn.org/resource/ISSN/2766-2276
https://www.jelsciences.com/assets/img/subjects.php
https://www.jelsciences.com/archive.php
https://www.jelsciences.com/peer-review-process.php
https://www.jelsciences.com/indexing.php
https://www.jelsciences.com/publication-fee-2021.php
https://search.crossref.org/?q=%22Journal+of+Biomedical+Research+%26+Environmental+Sciences%22&from_ui=yes
https://www.jelsciences.com/crossref-similarity-check.php
https://www.jelsciences.com/submit-form.php

JOURNAL OF

BIOMEDICAL RESEARCH

1ssn: 27662276 CENVIRONMENTAL SCIENCES

BIOCHEMISTRY

)
=
=
=
=
=
x)
=
]
o
=
Z
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Hepatoprotective Effect of Eulophia
gracilis on Benzene-Induced Liver

Toxicity in Wistar Rats
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"Department of Chemical Sciences, Biochemistry Unit, Ajayi Crowther University, PMB 1066, Oyo, Oyo State 211213, Nigeria
2Department of Biochemistry, Cancer Research and Molecular Biology Laboratories, College of Medicine, University of Ibadan, Ibadan

Abstract

Benzene (BZ) is an organic solvent that can induce pathological disorders such as
haematological disburbance and liver damage. Eulophia gracilis (EG) plant is a medicinal
orchid explored traditionally to treat myriads of ailments including anemia and liver disease.
The present study investigated the protective effect of Eulophia gracilis extract against
Benzene-induced hepatotoxicity in haematologically disturbed rats. Male Wistar rats (100-
120)g were randomized into four groups (n = 6 / group): | (control), Il BZ-treated: 175 mg/
kgbw benzene every alternate days for two weeks; Ill Co-treated with 175 mg/kgbw benzene
and E. gracilis 200 mg/kgbw each day for two weeks and IV administered 200 mg/kg of
E. gracilis for two weeks. BZ caused a significant reduction in PCV, Hb, RBC and altered
white blood cell count. Similarly, activities of hepatic biomarker enzymes such as alkaline
phosphatase, aspartate aminotransferase, alanine aminotransferase, and y-glutamyl
transferase were significantly increased in the BZ-treated group relative to control.
Furthermore, BZ caused a significant decrease in the activities of hepatic arylesterase,
superoxide dismutase, catalase and glutathione-S-transferase and levels of Ascorbic Acid
(AA) and Glutathione (GSH). A significant increase in hepatic malondialdehyde content, altered
liver ultrastructure and modulation of p53 and BCI-2 protein in the liver also accompanied
benzene intoxication. However, coadministration of E. gracilis ameliorated the BZ-induced
changes in haematological parameter and liver biomarkers and improved hepatic antioxidant
biomarkers and ultrastructure. Overall, the results suggest that Eulophia gracilis protected
against BZ-induced hepatic oxidative damage and haematological disturbance in rats.

Introduction

Benzene is a monocyclic aromatic hydrocarbons used as solvent in
many industries especially as a feeder chemical in the manufacture of
detergents, lubricants, rubber, dyes and pesticides. However, it constitutes
an industrial and environmental contaminant that continues to raise
significant medical concern as chronic exposure to benzene was associated
with progressive decline of hematopoietic function that lead to various
disorders like aplastic anemia, myelo-dysplastic syndrome and leukemia
[1]. Therefore, benzene is a known leukemogen to humans and is classified
as a Group 1 carcinogen [2,3]. In human beings, the main health risk linked
to low levels of benzene exposure is acute myelogenous leukemia [4]. It
was reported that exposure to benzene reduced the packed cell volume
which is a reliable indication of the quantity of circulating erythrocytes
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and the degree of anemia or polycythemia and
induced leukocytosis in animal model [5]. In modern
medicine, patients with acute myelogenous leukemia
most often present with nonspecific symptoms
that begin gradually or abruptly and are the
consequence of anaemia, leukocytosis, leucopoenia
or leukocyte dysfunction, or thrombocytopenia [6].
Hematotoxicity and chronic toxicity of benzene is
the result of a series of biotransformation events that
initiate with the generation of reactive intermediates.
These reactive metabolites form covalent adducts
with diverse critical macromolecules such as proteins
and nucleic acids in liver, kidney, spleen, and blood
[7]. Oxidation of benzene in the liver by cytochrome
P450 2E1(CYP2E1) to benzene oxide and other reactive
intermediates is an initial step in the bioactivation of
benzene and is a prerequisite for cellular toxicity [8].
Benzene affects some enzyme activities in the liver
and peripheral blood that can cause decrease in the
activity of antioxidant enzymes and consequently
oxidative stress [9]. Occupational exposure to benzene
has been shown to cause liver damage in humans
which may be alleviated by antioxidant molecules
[10]. The association between occupational exposure
to different chemical and liver injury has been well
established. This is because liver is the primary
organ for the biotransformation of chemicals and
the main organ involved in the metabolism of toxins
and xenobiotic agent within the body [11]. Moreover,
biotransformation or metabolism of chemical agent
was always linked to the disturbance of hepatocyte
biochemistry and generation of reactive oxygen that
are likely cause of oxidative damage in liver and
hematopoietic system species [12].

Eulophia gracilis belongs to family of Orchidaceae
found in swampy rocky area in Nigeria. It is one
of the medicinal plants in Nigeria used in the
treatment of different ailments such as liver disorder,
tumor, diabetes and also utilized as aphrosidiac.
Its involvement in traditional medicine has been
linked to the presence of secondary metabolites such
as glycoside, alkaloid, tannins, phlobatanins and
flavonoid [13].

Thus, the aim of this study was to determine the
possible hepatoprotective effect of Eulophia gracilis
extract on Benzene-induced leukocytosis in rats
using the antioxidant indices and markers of liver
damages.
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Materials and Methods
Chemicals and reagents

The following substances were employed in the
study: Benzene (JHD Guangdong Guanghua Sci-Tech
Co, Ltd, China), GSH, Thiobarbituric acid (TBA),
epinephrine, 5’,5’-dithio-bis-2-nitrobenzoic acid,
1-chloro-2,4dinitrobenzene, para-nitrophenyl
phosphate, and hydrogen peroxide (Sigma Chemical
Company, London, UK). Assay kits for alanine
transferases, aspartate transferases, gammaglutamyl
transferase (Randox Laboratories Ltd, Antrim, UK).
All the remaining substances used were of analytical
grade.

Plant collection, identification and preparation

Fresh Eulophia gracilis plants were collected from
rocky area in Oyo, Nigeria. The plant was identified
and authenticated by plant taxonomist at Herbarium
section of Department of Botany, University of Ibadan,
Nigeria with UIH number 22528. The tubers were
thoroughly washed with tap water, sliced into pieces
and shed dried. The dried tuber were pulverized into
powder form using electric grinder. 200 g of Eulophia
gracilis fine powdered sample was extracted with
800 mL aqueous methanol (20:80) for 48 hours by
cold marceration. The extract was evaporated under
reduced pressure by using a rotary evaporator and
further lyophilized using freeze-dryer machine.

Animal selection and care

A total of 24 adult male Wistar rats (100-120 g)
were used in this experiment. They were obtained
from University of Ibadan animal housing unit,
Ibadan, Nigeria. The rats were then acclimatized
for 2 weeks before the commencement of the study.
During the course of the study, rats were housed in
laboratory wire-meshed cages and supplied food and
water ad libitum. Experimental animals were handled
in compliance with international guidelines on animal
use and care [14].

Experimental design

Twenty four rats were randomly assigned into four
experimental groups (I-IV) of six animals each. The
dose for Benzene (175 mg/kgbw of benzene mixture)
was selected based on the available literature and
dose for Eulophia gracilis (200 mg/kgbw) was arrived
at from rationale on pilot in each treatment group
and administered in one mL of distilled water by oral
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gavage using oral intubator. The animals in each
group were treated accordingly as presented in table 1.

Collection of blood samples for haematological
analysis and plasma preparation and animal
sacrifice

Blood was collected from the retro orbital plexus
of the animals into EDTA bottle and heparinized tubes
for haematological analysis and Plasma Preparation
respectively. The rats were then sacrificed by cervical
dislocation. The blood samples were centrifuged for 5
min at 4000 rpm using a bench centrifuge (Analytica,
Athens, Greece) to prepare the plasma. The clear
supernatant was used for the estimation of liver
function enzymes.

Preparation of post mitochondrial fraction of
liver homogenate

Liver was excised from rat, blotted on filter paper,
rinsed in 1.15% KCl and homogenized in 4 volumes of
ice-cold 0.01 M potassium phosphate buffer (pH 7.4).
The homogenates were centrifuged in a refrigerated
centrifuge (Eppendorf, Stevenage, UK) at 12,500 g
for 15 min and the supernatants, known as the Post
Mitochondrial Fractions (PMF), were used for enzyme
assays.

Measurement of haematological parameters

Percentage Packed Cell Volume (PCV), Red Blood
Cell (RBC) count, haemoglobin concentration and
White Blood Cell (WBC) count were determined
following the procedure for full blood count using
automated cell counter (Mudrain).

Biomarkers of liver function

Activities of GGT, alanine transaminase and
aspartate transaminase were assayed using assay
kits (RANDOX). GGT activity was evaluated by the
principle described by Szasz GA [15]. ALT and AST

Table 1: Experimental design.

Treatment Groups Treatment (2 Weeks)

I. Control (CTRL) Distilled water

175 mg/kgbw of benzene mixture
every two days for 2 weeks
175 mg/kgbw of benzene mixture

Eulophia gracilis extract every two days for 2 weeks + 200
cotreatment group (BZ + 200 mg/kg EG extract every day for 2
mg EG) weeks
IV. 200 mg Eulophia gracilis
extract alone group (200 mg
EG)

II. Benzene only (BZ)

Ill. Benzene and 200 mg

200 mg/kg EG extract every day for
2 weeks
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activities were determine by principle developed by
Reitman S, et al. [16]. ALP activity was determined
in accordance with the principles of Tietz NW, et al.
[17]. The p-nitrophenol formed by the hydrolysis of
p-nitrophenyl phosphate confers a yellowish color
to the reaction mixture and its intensity can be
monitored at 405 nm to give a measure of enzyme
activity.

Determination of non-enzymatic antioxidants
and lipid peroxidation

Reduced glutathione (GSH) level was determined
according to procedure of Jollow DJ, et al. [18] where
GSH reacts with Ellman’s reagent to give 2-nitro-
5-thiobenzoic acid, a chromophoric product, with
a molar absorption at 412 nm. The absorbance
was measured at a wavelength of 412 nm. Reduced
GSH concentration in the liver homogenate was
extrapolated from the standard curve for GSH.
Ascorbic acid level was determined by the procedure
of Jagota SK, et al. [19]. Folin Ciocalteu (Folin-phenol)
reagent and ascorbic acid in biological samples
react together to give a blue color, which absorbs
maximally at 760 nm. Ascorbic acid (mg/mL) in the
liver post-mitochondrial fraction was obtained from
the standard curve for AA. Level of Lipid Peroxidation
(LPO) was assessed following the method of Varshney
R, et al. [20]. The principle involved the reaction
between malondialdehyde, a known product of lipid
peroxidation and Thiobarbituric acid to yield a stable
pink chromophore which intensity is measured
spectrophotometrically at 532 nm.

Assay of antioxidant enzymes

Superoxide Dismutase (SOD) activity in liver
was determined by measuring the inhibition of
autooxidation of epinephrine at pH 10.2 and 30°C
following the procedure of Misra HP, et al. [21] as
described by Magwere T, et al. [22]. SOD activity was
expressed in U/mg protein. Catalase (CAT) activity was
determined as described by Sinha BK. [23] based on
the principle that dichromate in acetic acid is reduced
to chromic acetate when heated in the presence of
hydrogen peroxide (H,0, The chromic acetate was
measured spectrophotometrically at 570 nm and the
amount of H O, remaining was extrapolated from
the standard curve for H,0,. The activity of catalase
was expressed as micromole of H,0, consumed per
minute per mg protein. Glutathione S-Transferase
(GST) activity was determined as described by Habig
WA, et al. [24] where 1-Chloro-2, 4-Dinitrobenzene
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(CDNB) was used as substrate. GST activity in post-
mitochondrial fraction expressed in mol/min/mg
protein. Activity of Glutathione Peroxidase (GPx) in
liver homogenate was determined using procedure
developed by Rotruck JT, et al. [24]. GPx activity
was expressed as mg GSH/mg protein. Arylesterase
activity was measured using phenylacetate as the
substrate by the procedure of Junge W, et al. [26]
where the rate of phenol generation was monitored
at 270 nm wavelength at 30 seconds interval for 3
minutes. 1 unit of arylesterase activity is defined as
the quantity of enzyme that disintegrated 1 milimole
of phenylacetate substrate in 1 minute.

Statistical analysis

Data were expressed as the MeansStandard
(SD) for 6 rats in each group. Graphpad Prism 6.0.1
(Graphpad Software, La Jolla, CA) was used for
statistical analysis and graphical constructions.
The statistical significance of differences among
experimental groups were determined by one-way
analysis of variance. P values of < .05 were considered
to be significant.

Results

Effect of Eulophia gracilis extract on benzene-
induced changes in haematological parameters
in wistar rats

Table 2 shows the effect of Eulophia gracilis extract
on Benzene-induced changes in haematological
parameters in wistar rats. PCV, Hb and RBC were
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drastically reduced in rats treated with Benzene when
compared with control group as shown in table 1.
However, white blood cells was greatly increased in
rats treated with benzene when ompared with control
group. The coadministration of Eulophia gracilis
alongside with Benzene intoxication restored the
amount of PCV, Hb, RBC and WBC to near the level of
control group.

Protective effects of Eulophia gracilis on benzene-
induced changes in the plasma activities of ALT, AST,
ALP, and y-GT in rats

The protective effects of Eulophia gracilis on
Benzene-induced changes in the plasma activities of
ALT, AST, ALP, and y-GT in rats is presented in table 3.
Benzene significantly increased the activities of ALT,
AST, ALP and GGT by 23.76%, 35.86%, 246.24% and
80.82% respectively, when compared with control (p
< 0.05) asreprensented in table 2. However, treatment
with aqueous methanolic extract of Eulophia gracilis
significantly ameliorated the Benzene-induced
increase in plasma activities of ALT, AST, ALP and
vy-GT in rats.

Influence of Eulophia gracilis extract on
benzene-induced changesinhepatic biomarkers
of oxidative stress in rats

Figure 1 presents influence of Eulophia gracilis
extract on benzene-induced changes in hepatic
biomarkers of oxidative stress in rats. Hepatic
levels of the nonenzymatic antioxidants: reduced
glutathione and vitamin C were significantly reduced

Table 2: Effect of Eulophia gracilis on Benzene-induced changes in haematological parameters in wistar rats.

Groups PCV HB RBC WBC
I. Control 40.00 + 6.09 13.03 £2.02 6.65+1.20 3916.70 £ 160.72
Il. BZ only 26.00 + 4.36 8.17+1.18 4.09 +0.65 5533.30 + 1274.10
(BZ +200 mg EG) 37.00+£2.83 12.40 +1.27 574 +0.66 3225.00 £ 671.75
IV. 200 mg EG alone 40.00 + 3.61 13.13+£0.83 6.60 + 0.64 4300.00 * 1375.68

Data represent the means + SD for six rats in each group.
PCV: Packed Cell Volume; HB: Heamoglobin; RBC: Red Blood Cell; WBC: White Blood Cell; BZ: Benzene; EG: Eulophia gracilis

Table 3: Protective effects of Eulophia gracilis on Benzene-induced changes in the plasma activities of ALT, AST, ALP, and y-GT in rats.

Treatment ALT (U/L) AST (U/L) ALP (U/L) v-GT (U/L)
I. CTRL 83.21+ 16.64 125.26 + 18.38 2420.08 + 568.72 13.66 + 1.90
II. BZ only 102.98 + 13.64 (23.76%)" 170.18 + 13.24 (35.86%)" 8379.14 + 1400.21 (246.24%)"  24.70 + 1.77 (80.82%)"
IIl. (BZ + 200 mg EG) 73.78 + 6.48* 130.53 + 18.38* 4870.49 + 678.14% 13.66 +3.00*
IV. 200 mg EG alone 71.78 +10.13 129.47 +17.69 3173.165 +565.00 11.35+3.61

Data represent the means + SD for six rats in each group; *significantly different from the Control; *significantly different from Benzene group
(p <0.05).
Values in parenthesis represent percentage (%) increase.

Ola OS, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1724 668
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Figure 1 Protective effect of EG on Benzene-induced alterations in hepatic biomarkers of oxidative stress in rats: A). SOD B). CAT C). GST D).

GPx E). Arylesterase F). GSH G). Vitamin C H). MDA.

Each bar represents the mean + standard deviation of 6 rats. Significantly different compared with control; #Significantly different compared

with BZ (p < .05).

CAT: Catalase; GPx: Glutathione Peroxidase; GSH: Glutathione; GST: Glutathione S-Transferase; MDA: Malondialdehyde; EG: Eulophia gracilis;

SOD: Superoxide Dismutase; GSH: Reduced Glutathione

(p < 0.05) after administration of BZ (Figures 1F,G).
Concurrently, a similar decrease was also observed
in the hepatic activities of enzymatic antioxidants:
SOD, CAT, GST, GPx and arylesterase (Figures 1A-E).
However, cotreatment with Eulophia gracilis extract
significantly ameliorated the levels of GSH and AA
and the activities of liver SOD, CAT, GPx, GST and
arylesterase in rats especially at 200 mg/kg weight
dose. MDA is a stable product of lipid peroxidation
consequent to oxidative stress. Compared to the
control group, BZ induced a significant (p < 0.05)
increase in the hepatic lipid peroxidation as depicted

by the MDA level in figure 1H). Cotreatment with
EG, however, ameliorated this increase in liver MDA
levels.

The influence of Eulophia gracilis extract on
benzene-induced alteration in architecture of
rats liver

The pictures in plate 1 presents the influence
of Eulophia gracilis extract on Benzene-induced
alteration in architecture of rats liver. The picture in
plate 1A shows normal histology of the liver cell with

Ola 0S, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1724
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Plate 1 Photomicrograph (x 400) showing the Influence of Eulophia gracilis extract on Benzene-induced alteration in Architecture of Rats liver

(Haematoxylin and Eosin stained).
A: CTRL; B: BZ; C: BZ + 200 mg EG; D: 200 mg EG alone

no visible lesions seen. Similarly administration of
200 mg/kgbw of Eulophia gracilis into rats does not
have remarkable effect on the architectural structure
of liver as there is no visible leision observed (E). In
contrast, exposure of rats to 175 mg/kgbw benzene
by intravenous administration once in two days
for two weeks resulted in a mild diffuse kupffer cell
hyperplasia in (B). Coadministration of 200 mg/kgbw
of Eulophia gracilis extract for 14 days into animals
exposed to benzene intoxication resulted into a mild
to moderate portal congestion, with mild periportal
cellular infiltration in rats.

Influence of Eulophia gracilis extract on p53 and
bcl-2 expressionin liver cell of benzene-induced
toxicity in rats

Figures 2,3 present the influence of Eulophia
gracilis Extract on p53 and BCl-2 expression in Liver
cell of benzene-induced toxicity in rats respectively.
Exposure of rats to benzene intoxication resulted into
increased expression of proapoptotic p53 protein as
shown in figure 3. However, coadministration with
the plant extract modified the expression.

Figure 3 shows the influence of Eulophia gracilis
extract on BCI-2 expression in Liver cell of benzene-
induced toxicity in rats. The expression of BCl-2
protein in liver was reduced following the intravenous
administration of Benzene mixture. However,
treatment with Eulophia gracilis extract restored the
expression of this anti-apoptotic protein to a level
near that of control group.

Discussion

The association between occupational exposure
to benzene and liver injury has been well established.
This is because biotransformation or metabolism of
this organic chemical was linked to the disturbance of
hepatocyte biochemistry and generation of reactive
oxygen species that likely caused oxidative damage
in liver and hematopoietic system [13]. Liver was
previously reported to be one of the important target
organs affected by benzene vapour toxicity [27]. The
increased activities of plasma ALT, AST, ALP and y-GT
has been related to hepatic oxidative damage [27,28].
Plasma activities of liver function biomarkers such as
ALT, AST, ALP and y-GT were significantly increased

Ola 0S, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1724 670
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Figure 3 Influence of Eulophia gracilis Extract on BCI-2 expression in liver cell of benzene-induced toxicity in rats.

relative to control group on exposure to benzene in
this present work. It was earlier reported that benzene
intoxication enhanced cellular lipid peroxidation
that affect the permeability barrier of the biological
membrane of the cell [29]. Therefore, the significant
increase in LPO of the liver homogenate and liver
function enzymes observed in this study supported
the earlier findings of other researchers. The result
of this study indicated that benzene was probably
metabolized in the liver to reactive species which
interactedwiththetissuestoinducelipid peroxidation.
The observed increase in the activities of plasma ALT,
AST, ALP and y-GT is likely due to peroxidation of

biomembrane lipid that causes leakage of cellular
components including these cytosolic transaminases
and y-GT which is a membrane bound enzyme [30].
However, administration of Eulophia gracilis plant
extract restored the cellular integrity of liver cell as
observed in significant reduction of liver function
enzymes and MDA levels in animal supplemented
with extract when compared to animal exclusively
treated with benzene.

The connection between chemical-induced
hepatotoxicity and oxidative stress had been
established by several studies [31-33]. This therefore
prompted the consideration of the effect of the extract

Ola 0S, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1724 671
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on major enzymatic and non-enzymatic antioxidant
systems of rats. Activities of enzymatic antioxidants
such as SOD, CAT, GPx and GST are vital to the
maintenance of the cellular redox balance [34]. In this
study, benzene significantly reduced the activity of
SOD, CAT, GPx and GST in the liver of benzene treated
rats. SOD catalytic activity effected the dismutation of
superoxide radical to hydrogen peroxide and dioxygen
after which catalase catalyzed the conversion of the
hydrogen peroxide formed in this process and other
cellular processes to molecular oxygen and water [35].
Significant reduction in the activities of SOD and CAT
by benzene may expose the liver to oxidative stress
[17]. Decreased activity of SOD in liver is an indication
of oxidative stress [36]. Similarly, reduction in the
activity of catalase in the liver of benzene treated rats
may have resulted from accumulation of superoxide
anion radical due to reduction in hepatic superoxide
dismutase activity [37]. GST enzyme is a vital
component of the antioxidant defense mechanism
that is found in most tissues [38,39] and it is actively
involved in the detoxification of ingested xenobiotics
in the liver [38,40]. However, supplementation of
benzene-intoxicated rats with extract of Eulophia
gracilis boosted the activities SOD, CAT, GPX and GST
in rats as shown by the results of this work.

Moreover, non-enzymatic antioxidant molecules
like AA and GSH also play a crucial role in cellular
redox balance. Ascorbic acid is a water soluble
vitamin that functions in the aqueous environments
of the body and take part in the regeneration of
tocopherol from tocopherol radicals in membranes
and lipoproteins [41,42]. A glutathione is a tripeptide
antioxidant molecule that acts as a cofactor for several
enzymes such as Glutathione Peroxidase (GPx) and
glutathione-S-transferase which possess antioxidant
properties [43]. Disturbance in the cellular redox
status of AA and GSH has been reported to enhance
oxidative stress and tissue injury [44]. In this study,
a decrease in the levels of GSH and ascorbic acid were
observed in animals following benzene exposure. This
observation agreed with previous findings in both
human being and animal models [45]. The decrease
in these antioxidant molecules may be due to their
utilization in preventing cellular damage from free
radicals as vitamin C was shown to be an effective
antioxidant molecule against lipid peroxidation
initiated by a peroxyl radical [46,47]. and GSH in cells
can be consumed during the condensation reaction
that yields phenylmercapturic acid leading to its
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depletion [48]. More importantly, reactive metabolite
of benzene biotransformation, p-benzoquinone can
readily deplete GSH content in the cells resulting to
depletion GSH in an ROS independent manner [49,50].
However, treatment with Eulophia gracilis extract
significantly improved the levels of ascorbic acid and
GSH in rats which supports the previous report that
plant rich in polyphenolic compounds may attenuate
Benzene-Induced Oxidative Stress [51].

The presence of oxidative stress with concomitant
severe inflammatory response had been used to
characterize chronic liver diseases [52]. Paraoxonase
is an enzyme that is produced in liver which possess
both paraoxonase-1 and arylesterase activity and has
antioxidant effect [53,54]. It is widely distributed in
the body but its higher activity is found in blood and
liver [55,56]. It catalyzes the hydrolysis of paraoxon,
aromatic esters, lipid peroxides and circulates in
plasma bound to High-Density Lipoproteins (HDL)
protectinglipoproteins against oxidative modification
by reducing the accumulation of peroxidation
products [57,58]. Experimental study showed that
PON1 over-expression offers protection against the
development of liver disease [59]. However, Low
PON1 levels was related to enhanced sensitivity to the
development of liver damage [60]. Therefore, serum
PON1 and arylesterase activities were suggested as
useful markers of liver function status [58,61]. This
present study showed a significant reduction in
arylesterase activity after benzene exposure relative
to control group. This result is in agreement with
previously report that associated decrease in serum
PON1 activity to liver diseases [62,63]. This might be
mediated by enhanced lipid peroxidation induced by
benzene metabolite in the liver. This is because the
ability of PON to protect against oxidation is usually
accompanied by an inactivation of the enzyme [64].
However, administration of the plant extract raised
the activity of arylesterase in this study relative
to animal treated exclusively with benzene. This
result agreed to previous finding that paraoxonase
activity was preserved by antioxidant suggesting the
antioxidant potential of the plant extract [64].

The induction of oxidative stress and alteration
in liver biomarkers in rats exposed to the benzene
corroborated the histopathological lesions observed
in this study. The histopathological result of liver
organ cross section showed a diffuse kupffer cell
hyperplasia in the liver of benzene exclusively treated
group as compare with no visible lesion observed in
control group. These observations indicated marked
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changes in the overall histoarchitecture of liver
organ in response to benzene. These changes could
be due to benzene vapor toxic effects primarily by
the generation of reactive oxygen species causing
damage to the various membrane components of
the cell. These histopathological results support
the earlier results previously reported by other
investigators [65,66]. However, administration of the
extract ameliorated histopathological lesions in livers
of animal supplemented with the extract therefore
improved the liver architecture.

Various hepatocarcinogens had been shown to
induce high levels of p53 protein in the rat liver
[67]. In most cell types the levels of wild type p53
are reported to be low [68]. Exposure of normal
cells to certain genotoxic compounds like cytostatic
drug and benzo[alpyrene (B[a] P*) induced high
levels of p53 in normal cells [69]. This is probably
due to recognition of DNA damage by a DNA
activated protein kinase that subsequently leads to
phosphorylation and stabilisation of the wide type
p53 protein [70,71]. The significant increase in level
of p53 protein expression found in animal group
exposed to benzene corroborated the findings of
other researchers [72,73]. Free radical-induced lipid
peroxide has been associated with formation of DNA
adduct which is the mutagenic pirimedopurinone
adduct of deoxyguanosine [74]. Moreover DNA
damage was implicated in expression of p53 in order
toblocks cell cycle, and repairs the damaged DNA [67].
In this study administration of the extract reduced
the expression of p53 in supplemented animal group
relative to the animals treated only with benzene.
This likely suggested the genoprotective role of this
extract mediated via free radical scavenging activity
and therefore prevented lipid peroxidation and
subsequent DNA damage as observed in this study.

Some studies have reported that benzene induced
apoptosis which is a potential toxic effect of benzene
that results in proliferation, cytotoxicity and diseases
[75-77]. It was well accepted that apoptosis can be
modulated or enhanced by oxidative stress [78].
Benzene was reported to induce ROS generation that
damaged cell ultrastructures and caused cell death
[79]. Bcl-2 overexpression was suggested to disturb
the normally physiologic surveillance in genomic
stability and caused cells to become more susceptible
to genotoxic agents-induced genetic mutation [80].
However in this study, low expression of Bcl-2
protein was observed in animal exposed to benzene
which may be due to adaptive responses to the
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benzene toxicant. Bcl-2 is an antiapoptotic protein
whose dissociation from beclini —bcl2 complex
promote autophagy. The administration of the extract
however nearly normalizes the expression level of
bcl-2 in supplemented animal group when compared
to control group.

Conclusion

Overall, aqueous methanolic extract of Eulophia
gracilis  protected against benzene-induced
hepatotoxicity and haematological influence in
Wistar rats.
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