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Fruit Peels of Citrus Tangerina Attenuate the Oxidative
Stress and Cell Damage Caused by Acetaminophen on

Wistar Rats

Moke EG', Umnkoro EK', Anachuna KK, Duabry TME’, Eszedom T, Asiwe ]N

ABSTRACT

Introduction: The regulation of the physiological processes in the body is one of the vital roles of the
liver. Hepatic damage or liver dysfunction is a major health concern in the society. The need to explore
alternative drugs for the treatment of hepatic diseases necessitated the present study on the effect of fruit
peels extract of Citrus tangerina on acetaminophen-induced hepatotoxicity in Wistar rats.

Materials and methods: Animals were grouped as follows: group I received normal diet, group II was
given acetaminophen 500 mg/kg/day, groups 11 and IV received fruit peel extracts of Citrus tangerina at
200 and 400 mg/kg/day respectively, while group V received silymarin 100 mg/kg/day (standard drug).
Groups III-V were simultaneously administered acetaminophen 500 mg/kg/day to induce
hepatotoxicity. All drugs were given orally. At the end of a 7-days experimental period, the animals' serum
and liver were obtained for biochemical and histopathological analyses.

Results: Results of this study showed that acetaminophen dosing increased serum AST (aspartate
transaminase), ALT (alanine transaminase) and ALP (alkaline phosphatase), as well as decreased
antioxidant enzymes. Treatment with C. Zangerina fruit peel extract significantly reversed acetaminophen
hepatotoxic effectin a dose-dependent manner.

Conclusion: This study suggests that C. fangerina fruit peel extract possesses antioxidant property and

attenuates liver damage induced by acetaminophen in Wistar rats.
Keywords: acetaminophen, Citrus tangerina, flavonoid, antioxidants
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Introduction

The regulation of the physiological
processes in the body is one of the vital roles
of the liver. The liver is involved in the
metabolism clearance of most chemicals,
including drugs, and toxins.The metabolic
functions of the liver are important for the
removal of waste, the accumulation of
which causes complications to the

body'.Hepatic damage or liver dysfunction is
a major health concern in the society. Chronic
exposure of the liver to certain chemical
substances, alcohol, long-term drug therapy,
and even commonly prescribed medicines
such as acetaminophen and diclofenac, affect
hepatic functioning, Some disease conditions
have been implicated in liver dysfunction.
Overdose of acetaminophen(paracetamol)
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can cause acute liver failure and even death™.
Hepatotoxic effect of acetaminophen has
been shown to be due to its toxic metabolite,
N-acetyl-p-benzoquinineamine which binds
to macromolecules of the liver cells resulting
in cell necrosis”.

Treatment of common liver diseases with
various synthetic antioxidants like butylated
hydroxyanisole and butylatedhydroxyto-
luene and also conventional drugs like corti-
costeroids, antiviral and immunosup-
pressants are quite unsafe and accompanied
with serious adverse effects’. Hence, the
need to explore alternative drugs with lesser
side effects for the treatment of hepatic
diseases. Herbal medicine involving the use
of natural remedies from medicinal plants
for medical therapy is now on the rise,
particularly in developing regions like Africa,
as it is considered to be efficient and safe’.
Majority of these medicinal plants have been
shown to possess pharmacological
activities .

Citrus tangerina (family, Rutaceae) has been
used as folk medicine across the African,
Asian, and South American continents. Parts
of the plant possess biological properties
which have been shown to be medicinal ™",
Free radical scavenging activity and oxidative
stability of C. tangerina oils extracted from
the seeds of citrus have been reported ™.
Little or no research to the best of our
knowledge, have been carried out to evaluate
the effect of fruit peels extract of C. tangerina
on antioxidant status of acetaminophen-
induced hepatotoxicity in Wistar rats, thus,
the aim of this present study.

Materials and Methods

Plant material and preparation of extract
Citrus tangerina truits were collected from the
local market of Abraka, Nigeria and
authenticated in the Department of Botany,

Faculty of Sciences, Delta State University,
Abrakaby a taxonomist (Dr. A.H.Erhenhi).
The fruits' peels were rinsed propetly with
water, air-dried, and powdered. The
powdered peel of Citrus tangerina (1.67 kg) was
extracted exhaustively with 3200 ml of 70%
methanol using Soxhlet evaporator at 25-
35'C. The filtrate was further concentrated to
dryness with the aid of a water bath set at 40
'C. The weight of the final extract was
recorded and stored in the refrigerator prior
to the study.

Animals

Wistar rats (150 — 200 g) were procured from
Animal House, Faculty of Basic Medical
Science, Delta State University, Abraka,
Nigeria. The animals were acclimatized for a
period of two weeks under standard
conditions before starting the study, and were
fed rat feed and portable water ad lbitum.
Guidelines followed in the handling of
animals were in accordance with the global
standard adopted by the Ethical Committee
of the Faculty of Basic Medical Science,
Delta State University, Abraka, Nigeria.

Experimental design

The rats were randomly placed into five
groups, n = 5:

Group I — Normal Control, rats were fed
with normal diet for 7 days.

Group II — Acetaminophen Control, rats
were given acetaminophen at 500 mg/kg daily
for 7 days.

Group III-C. tangerina 200, rats were
simultaneously given acetaminophen at 500
mg/kg daily + Citrus tangerina peel extract at
200 mg/kg daily for 7 days.

Group IV - C. fangerina 400, rats were
simultaneously given acetaminophen at 500
mg/kg daily + Citrus tangerina peel extract at
400 mg/kg daily for 7 days.

Group V- Silymarin (standard drug
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treatment), rats were simultaneously given
acetaminophen at 500 mg/kg daily +
silymarin at 100 mg/kg daily for 7 days.

The experimental animals were orally
administered the extracts or silymarin once
daily for 7 days. All the animals except the
normal control group were administered
acetaminophen 500mg/kg/day orally for 7
days™ before blood samples were collected
under chloroform anaesthesia by cardiac
thoracic puncture into plain sample bottles
and centrifuged at 4000 rpm for 10 min. The
serum obtained was used to estimate
biochemical paraments. Antioxidants
activity via the estimation of serum level of
superoxide dismutase (SOD), catalase
(CAT) and malondialdehyde (MDA)was
analyzed” ™. Methods of Reitman and
Frankel”and Roy” were used in determining
alkaline phosphatase (ALP), aspartate
aminotransefrase (AST), and alanine
transaminase (ALT) in serum.

Histopathological studies

The liver was harvested for histopathological
studies using haematoxylin-cosin staining
method. The tissues were processed
andembedded in paraffin wax. Sections of
liver tissue were cut and stained with
hematoxylinand cosin following standard
microtechnique, and were examined under
the microscope to analyze the histopatho-
logical changes in the liver, with micrographs
taken.

Data analysis

Results are presented as the mean * standard
error of the mean (SEM). Data were
analyzed using one-way analysis of variance
(ANOVA) followed by Tukey's post hoc test.
P-values < 0.05 were taken as significant.
Data were processed by GraphPad Prism
software version 7.

Results

Biochemical assay

There was significant (P<0.05) increase in the
serum liver enzymes (AST, ALT, and ALP) of
rats in the acetaminophen (ACM) control group
as compared with those in the normal control
group. Administration of 200 mg/kg and 400
mg/kg of C. tangerina peel extracts resulted in
significant (P<0.05) reduction in serum AST. At
400 mg/kg, the extract also significantly
(P<0.05) reduced serum ALT and ALP levels
when compared to the acetaminophen control
group. Significant (P<0.05) decrease in AST was
observed in silymarin-treated rats when
compared to the acetaminophen control group.

(Table 1)

Non-significant (P>0.05) increase in kidney
function indices (urea and creatinine) was seen
with the acetaminophen control group when
compared with the normal control group. Both
doses of C. tangerina (200 and 400 mg/kg)
showed significant (P<0.05) decrease on serum
urea and creatinine when compared to the
acetaminophen control group. Similarly,
silymarin significantly (P<0.05) decreased urea
and creatinine (Table 1).

Comparative significant (P<0.05) decrease in
serum antioxidant levels (SOD and CAT) and
increase in MDA (lipid peroxidation biomarker)
were observed in acetaminophen control group
as against those in the normal control group. A
significant (P<<0.05) increase in SOD and CAT
enzymes with decreased MDA were seen in rats
administered C. fangerina peel extract at doses of
200 and 400 mg/kg as compared with the
acetaminophen control group. (Table 2)

Histopathological analysis

Histopathological analysis of the liver tissues
showed massive necrosis of hepatocytes and
hepatic congestion, with extensive infiltration
by macrophages obviously induced by
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acetaminophen administration. Simultan-
eous treatment with C. zangerina peel extracts
ot silymarin diminished the level of hepatic
lesions induced by the hepatotoxin. The
observed alterations of the liver architecture

coincided with the corresponding changes in
the enzyme levels, thus the hepatoprotective

effect of C. tangerina fruit peel extract was
established. (Figure 1)

Table 1: Effect of Citrus tangerina fruit peel on liver and kidney parameters in acetaminophen

(PCM)-induced hepatoxicity in rats

AST ALT ALP Urea Creatinine

(IU/L) (IU/L) (IU/L) (mg/dL) (mg/dL)
Normal Control 46.41 £ 1.51 11.53 £ 1.79 31.23 £ 3.27 16.30 = 0.64 2.63 £ 0.05
ACM control 66.71 £ 0.94 " 18.92£3.18° |4877+1.18° 19.43 £ 2.78 3.80 £ 0.34
C. tangerina 200 4874 £ 071 7 | 13.66 + 2.13 38.70 + 3.18 1476 £0.61 © [281+0.51 "
C. tangerina 400 4855+ 1.17 7 | 9.64+1.76 " 3570 +£220 7 |10.10+£0.80 " [225+0.35"
Silymarin 4886 £0.75 7 | 13.94 £ 1.85 40.42 £ 2.04 726 £0.54 " 223+0.76 "

Al values are expressed as mean x standard error of mean (SEM); n=5

"= P<0.05 when compared with normal control:” = P<0.05 when compared with acetaminophen control group

Table 2: Effect of Citrus tangerina fruit peel on antioxidative parameters in acetaminophen

(PCM)-induced hepatoxicity in rats

SOD (IU/L) CAT(IU/L) MDA (TU/L)
Normal Control 0.59 + 0.03 1.02 £ 0.05 0.41 % 0.06
ACM control 0.37 + 0.04 055+ 0.09 " 0.73 + 0.07
C. tangerina 200 0.65 +0.01 " 0.93+0.01 " 042+ 0.04 ~
C. tangerina 400 0.77 £ 0.01 ~ 1124006~ 0.40 +0.02
Silymarin 0.99 +0.05 ~ 151+ 0.04 042+ 0.04 "

Allvalues are expressed as mean £ standard error of mean (SEM); n=>5

"= P<0.05 when compared with normal control;” = P<0.05 when compared with acetamingphen control group
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Figure 1: Photomicrograph of liver histology. I (normal control) — shows hepatic tissue free from inflammatory cells and
congestion; IT (acetaminophen control) — shows marked periportal hepatitis (circle) infiltrated by inflammatory cells; III (C.
tangerina 200) — shows moderate activation of hepatic macrophage (arrow) within the sinusoids; IV (C. fangerina 400) — shows
mild hepatic macrophage (arrow) within the sinusoids; V (silymarin) — shows mild periportal inflammatory cells infiltration
(star) with sinusoids free from congestion. (C1"—central vein; H—hepatocytes; s—sinusoids; BV —blood vessel; BD—bile duct) (HSE staining

X 400 magnification).

Discussion

In recent times, search for newer drug of
herbal origin is on the rise as researches
continue to attempt discoveries at best
therapy for hepatic diseases™. The present
study evaluated the efficacy of methanol
fruit peel extract of C. fangerinain preventing
hepatic cell damage produced by excessive
dose of acetaminophen. Acetaminophen
elicits its hepatotoxic effect by its toxic phase
I metabolite (N-acetyl-p-benzoquininea-
mine) binding to cellular components of
hepatocytes, consequently leading to cell
necrosis™”. Silymarin is a well established

drug treatment for liver damage”. As an
antioxidant compound, silymarin scavenges
free radicals that are destructive to cell,
increases the level of antioxidant enzymes in
the liver, and promotes hepatic cell
regeneration by stimulating protein synthesis

. . 29,30
in the liver .

Acetaminophen resulted in an increase in the
levels of serum AST, ALT, and ALP, which
are biomarkers of hepatic cell damage and
loss of functional integrity”. Results from this
study revealed that C. famgerina fruit peel
extract reduced the acetaminophen-induced
elevated serum liver function enzymes,
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although this effect was profound at the
higher dose of 400 mg/kg, This implies that
400 mg/kg of C. tangerina fruit peel will
improve health status of hepatocytes. Liver
histology revealed that C. Zangerina fruit peel
extract can possiblyattenuate hepatic
damage induced by acetaminophen. The
observed cellular repair by C. tangerina fruit
peel extract is much similar to that produced
by silymarin in this study.

Daily dosing with acetaminophen 500
mg/kg caused a decrease in the serum levels
of superoxide dismutase and catalase, and
induced lipid peroxidation by increasing
malondialdehyde serum level. This resulted
in elevation of oxidative stress on hepatic
cell”. Citus tangerina fruit peel extract co-
administration with acetaminophen
markedly alleviated the induced oxidative
stress in a dose-dependent manner by
decreasing the elevated MDA level while
increasing SOD and CAT levels. This is an
indication that generated reactive oxygen
species could be scavenged by the fruit peel
extract of C. tangerina, hence, its oxidative
stability potential. The antioxidant effect of
C. tangerina fruit peel extract may be
implicated in the cell damage repair of liver
cells as reported in this study (Figure 1).

The hepatoprotective and antioxidant
effects of the fruit peel extract of C. tangerina
may be attributed to the fact that it is
enriched with flavonoids and phenolic
compounds which have potent antioxidant
actions' . Absorption and neutralization of
free radicals, inhibition of enzymes
associated with reactive oxygen species
(ROS) pathways, and improvement of
antioxidant enzymes activities (SOD, CAT,
GSH) are basic mechanisms by which these
phytochemicals exhibit antioxidant actions™
36

Conclusion

The result of this study evidently reveals that
alterations produced by the administration of
acetaminophen in the various biochemical
parameters, namely AST, ALT, ALP, urea,
creatinine, SOD, CAT, and MDA were
reversed significantly by the treatment with
extracts of C.tangerina fruit peels.
Histopathological examinations of the rat
liver supported this finding as shown from
the regeneration of hepatocytes upon treat-
ment with C. zangerina fruit peel extract. This
study suggests that C. fangerina fruit peel
extract possess antioxidant property and
attenuates cell damage in acetaminophen-
induced hepatotoxicity.
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