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Abstract:

This study was conducted to investigate the biochemical effects of Paracetamol which chemically
named as N-acetyl-p-aminophenol (APAP) high dose on experimental animals and to study the anti-
inflammatory, immunomodulatory, antioxidant and hepatoprotective activity of oil (ethanolic) and
aqueous (water) extracts of Moringa oleifera (M. oleifera) leaves supplementation as well as
choosing the best extract. This study was carried out on eighty three male adult albino rats of
Sprague-Dawely strains which were divided into eight groups, of ten animals each except APAP
control group were composed of thirteen rats, all rats were fed commercial diet. Group (lI): rats
received a placebo 1g of 0.9% normal saline by oral intubation daily, while other groups received a
high dose of APAP (1g APAP/kg body weight) daily by oral intubation to induce hepatotoxicity. Group
(I): rats received APAP dose daily without any treatments. Groups (lllI, IV and V): rats received APAP
dose and supplemented with water extract of M.olifera at three tested doses (200,300 and
400mg/Kg body weight) respectively daily by oral intubation. While groups (VI, VII and VIIl), rats
received APAP dose and supplemented with ethanolic extracts of M.olifera at three tested doses
(200,300 and 400mg /Kg body weight) respectively daily for four weeks.

At the end of the experimental period (four weeks) rats were anesthetized using diethyl ether
anesthesia after overnight fasting. Blood samples were collected from the hepatic portal vein and
serum was separated for analysis. Then rats sacrificed and abdomen was opened at greater
curvature as liver and spleen were removed for biochemical and microscopical examination.

The present study showed that APAP administration caused a significant increase in the level of

hepatic protein carbonyl group (PCG), malondialdehyde (MDA) and nitric oxide (NO) levels. On the
other hand, reduced blood glutathione (GSH) level, serum catalase (CAT), glutathione-S-transferase
(GST), and glutathione reductase (GR) activities as well as serum immunoglobulins (IgG and IgM)
levels were significantly decreased compared to healthy control group at (p<0.05). The inflammatory
markers like serum tumor necrosis factor alpha (TNF- a), interleukin 1 beta (IL1b) levels and

myeloperoxidase (MPO) activity
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increased in APAP control group. The study revealed the toxic effect of APAP on the liver
function enzymes asl B serump B gluBamyltransferase (@ GJ, aspartate aminotransferase
(AST),
and alanine aminotransferase (ALT) activities were significantly increased in APAP control
group compared to healthy control group at (p<0.05). Administration of water or ethanolic
extracts at the tested doses (200,300 and 400mg/Kg body weight of rats) daily resulted in a
significant decrease in oxidative biomarkers, inflammatory markers, liver function enzymes
activities and significant improvement in antioxidants levels and the immune function as
compared with APAP hepatotoxicated rats at (p<0.05). Results of this study suggested that
ethanolic extracts were more effective and the highest improvements were found in group
which treated with the highest dose of the ethanolic extract (400mg/kg body weight).
Keywords: Moringa oleifera, paracetamol, oxidative stress, inflammation biomarkers,
immunomodulatory activity.
1. Introduction

APAP is a readily available over-the-counter medication as an effective painkiller and
fever suppressor. APAP retains a virtuous safety profile at therapeutic doses. However, when
its therapeutic index is breached, it results in acute / chronic hepato-renal damage in both
human and experimental animals (Karthivashan et al., 2015). The toxicity of APAP is closely
related to its metabolism in both the liver and extra hepatic tissues. APAP is mainly
metabolized by sulfation and glucuronidation. A small proportion is metabolized through
cytochromes CYP2E1 and to a lesser extent CYP1A2 and CYP3A4, which produce a reactive
metabolite, N-acetyl-p-benzoquione imine, (NAPQI). Liver APAP toxicity is associated with
depletion of glutathione (GSH) followed by covalent binding of reactive APAP metabolites to
tissue proteins resulting in a state of oxidative stress and inflammation (Singh et al., 2011a).

The search for drugs and dietary supplements derived from plants has accelerated.
Medicinal properties of plants have also been investigated in the light of recent scientific
developments throughout the world, due to their potent pharmacological activities, low
toxicity and economic viability, when compared with synthetic drugs (Pracheta et al., 2011).
Therefore, owing to its vast medicinal potentials, M. oleifera plant has recently gained much
attention. Although native to South Asia (particularly India), M. oleifera plant is now widely
cultivated across Nigeria and almost the entire West African sub-region. M. oleifera is the

best known of the thirteen species in the genus Moringa of family Moringaceae (Mahmood
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et al., 2010). M. oleifera is coming to the forefront as a result of scientific evidence that M.
oleifera is an important source of naturally occurring phytochemicals and this provides a
basis for future viable developments (Paliwal et al., 2011). M. oleifera leaves have been
characterized to contain a desirable nutritional balance, containing vitamins, minerals,
amino acids, and fatty acids (Razis et al., 2014). Additionally, the leaves are reported to
contain various types of antioxidant compounds such as ascorbic acid, flavonoids, phenolics,
and carotenoids (Vongsak et al., 2014). M. oleifera provides a rich and rare combination of
zeatin, quercetin, beta-sitosterol and kaempferol. In addition to its high nutritional value, M.
oleifera Lam is very important for its medicinal value. Various parts of this plant such as
leaves, roots, seed, bark, fruit, flowers and immature pods act as cardiac and circulatory
stimulants, possess antitumor, antipyretic, anti-inflammatory, antiulcer, antispasmodic,
diuretic, antihypertensive, cholesterol lowering, antioxidant, antidiabetic, hepatoprotective,
antibacterial and antifungal activities and are being employed for the treatment of different
ailments in the indigenous system of medicine (Neelima et al.,2016).

Aim of the work: This study was conducted to investigate the biochemical effects of APAP
overdose on experimental animals and to study the anti-inflammatory, immunomodulatory,
antioxidant and hepatoprotective activity of ethanolic and water extracts of M. oleifera
leaves supplementation as well as choosing the best extract.

2. Materials and Methods

2.1. Materials

2.1.1. Chemical:-Paracetamol also known as acetaminophen (APAP) was obtained from EL-
Gomhouria Company for Trading Chemicals, Cairo, Egypt. 1g of APAP was suspended in 1ml
distilled water and given to rats.

2.1.2. Animals: - Eighty three adult male albino rats of Sprague-Dawely strains weighing
(15045g), were supplied by Research Center of the Faculty of Medicine, Ain Shams
University, Cairo, Egypt.

2.1.3. Diet: - Standard commercial diet according to NRC, (1995) which obtained from
Egyptian Organization for Biological Products and Vaccines (Helwan, Egypt).

2.1.4. Plant: - M. oleifera leaves were purchased fresh from Moringa production unit in the
National Research Center, Giza, Egypt. Leaves were washed with distilled water and dried in

vacuum oven at 50 °C for 10 h. and then crushed.
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2.2. Methods
2.2.1. Preparation of Moringa leaves extracts
2.2.1.1. Preparation of water extract: - Dried powdered leaves was mixed with 10 ml boiling
distilled water for 5 minutes .The mixture then filtered twice through 2um pore sterile filter
paper into a sterile tube. The water extract stock solution (100 mg/ml) was freshly prepared
and stored at 4°C for up to 5 days (Berkovich et al., 2013).
2.2.1.2. Preparation of ethanolic extract: - One gram dried powdered leaves was mixed with
10 ml of 80% ethanol. The mixture was stirred using magnetic stirrer in air tight container for
about 1 h., and then filtered. The filtrate was evaporated in rotary evaporator to remove
ethanol (at 40-45°C and 250 r.p.m.). The ethanol free sample was weighed (100 mg) and
suspended in 1ml distilled water to give final extract solution (100mg/ml) (Babu et al.,
2003).
2.3.Experimental Design: - Animals randomly classified into eight groups of ten animals each
except APAP control group was composed of thirteen rats and treated as following: Group I:
control group, rats fed commercial diet and received a placebo 1g of 0.9% normal saline by
oral intubation.; Group Il: APAP control group, rats fed commercial diet and received 1g
APAP/kg body weight daily by oral intubation.; Group lll : rats fed commercial pellets diet
and received 1g APAP/kg body weight with 200mg water extract of M.olifera leaves/Kg body
weight daily.; Group IV: rats fed commercial pellets diet and received 1g APAP/kg body
weight with 300mg water extract of M.olifera leaves/Kg body weight daily. Group V: rats fed
commercial pellets diet and received 1g APAP/kg body weight with 400mg water extract of
M.olifera leaves/Kg body weight daily.; Group VI: rats fed commercial pellets diet and
received 1g APAP/kg body weight with 200mg ethanolic extract of M.olifera leaves/Kg body
weight daily.; Group VII: rats fed commercial pellets diet and received 1g APAP/kg body
weight with 300mg ethanolic extract of M.olifera leaves/Kg body weight daily.; Group VIil:
rats fed commercial pellets diet and received 1g APAP/kg body weight with 400mg ethanolic
extract of M.olifera leaves/Kg body weight daily. Animals were maintained on a natural
light/dark cycle and given food and tap water ad libitum during all the experimental period.
After seven days of experimentation three rats of APAP control group were sacrificed to
examine the liver and spleen tissues to confirm inflammation and oxidation status by
microscopic examination. At the end of the experimental period (four weeks) rats were

anesthetized using diethyl ether anesthesia after overnight fasting. Blood samples were
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collected from the hepatic portal vein and serum was separated for analysis. Then rats
sacrificed and abdomen was opened at greater curvature as liver and spleen were removed
to be examined microscopically.
2.4. Biochemical analysis: - Whole blood was analyzed for the immediate determination of
non enzymatic antioxidant GSH according to Beutler et al. (1963). Serum was analyzed for
CAT activity according to Aebi (1984), GST activity according to Habig and Jakoby (1974), GR
activity according to Goldberg and Spooner (1983), TNF-a and IL1b levels using Koma
Biotech kit, MPO activity using Biosource kit, 1gG and IgM levels using Biocientifica kit, B-GT
activity according to Szasz and Persijn (1974), AST and ALT activities using kits of
Biodiagnostic. Hepatic tissue was analyzed for determination of MDA level according to
Draper and Hadley (1990), NO concentration according to Montgomery and Dymock (1961)
and protein carbonyl group content according to Reznick and Packer (1994).
2.5. Microscopical examination:-Liver and spleen were dissected out and fixed
instantaneously in 10% formalin solution for 24 h. Paraffin blocks were prepared and S5um
thick sections were subjected to microscopic examination, Hematoxylin and Eosin stains (H &
E) were used with magnification power 40 or 200 (Kiernan, 2001).
2.6. Statistical analysis: - Results analyzed using the SPSS software (version 16). The results
were expressed as means + standard deviation (SD). Differences between treated groups
were analyzed by one way analysis of variance (ANOVA; F-test) and least significant
difference (L.S.D) according to Levesque (2007).
3. Results
Effect of M. oleifera water or ethanolic extracts administration on hepatic MDA, NO

and PCG levels in APAP intoxicated rats

Table (1) showed that APAP acts as a potent oxidant and caused a state of oxidative stress
by causing a massive increase the level of oxidative biomarkers. Hepatic MDA, NO and PCG
were significantly increased and recorded 5.40+0.03 umol/g, 36.12+0.46 umol/g, and
17.85420.13 nmol/mg respectively in APAP control group. On the other hand, the results
revealed that M. oleifera water and ethanolic extracts have potent antioxidants and
nutrients which improved the oxidative biomarkers levels. The best improvements were
found in 400mg ethanolic extract treated group and the values recorded 2.42+0.02 umol/g,
23.14+0.91 pmol/g, and 6.71+0.06 nmol/mg for hepatic MDA, NO and PCG respectively.
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Effect of M. oleifera water or ethanolic extracts administration on serum CAT, GR, GST

activities and GSH level in APAP intoxicated rats

Table (2) showed that APAP acts as a potent oxidant which caused a state of oxidative
stress manifested by a massive decrease in the activities of serum antioxidant enzymes, CAT,
GR, and GST as well as depletion of the blood non enzymatic antioxidant GSH level in APAP
control group when compared with healthy control group. While we observed that water
and ethanolic extracts contain potent antioxidants caused a noticeable improvement in the
level of antioxidant enzymes as well as nonenzymatic antioxidants as there was a significant
increase in serum CAT, GR, GST activities as well as blood GSH level in water and ethanolic
administered APAP groups when compared with APAP control group.

Effect of M. oleifera water or ethanolic extracts administration on serum ALT, AST and
YGT activities in APAP intoxicated rats

Table (3) showed that APAP induces hepatotoxicity causing degeneration of hepatocytes
which causes a massive increase in the level of liver function enzymes activities. Serum ALT,
AST and yGT were significantly increased and recorded 84.58+2.43 U/ml, 73.37+2.31 U/ml,
and 44.26+1.45 U/| respectively in APAP control group. But water and ethanolic extracts
contain potent antioxidants that have a hepatoprotective effect and thus caused a
noticeable improvement in the level of liver function enzymes in APAP treated groups when
compared with APAP control group.
Effect of M. oleifera water or ethanolic extracts administration on serum TNF-a, IL-18
levels and MPO activity in APAP intoxicated rats

APAP toxicity induces activation of inflammatory cells causing a massive increase in the
level of serum TNF-a and IL-1B, as well as MPO activity in APAP control group when
compared with healthy control group as shown in table (4). Mean while water and ethanolic
extracts have an anti-inflammatory activity and thus caused a noticeable improvement in the
level of inflammatory markers in APAP treated groups when compared with APAP control
group.
Effect of M. oleifera water or ethanolic extracts administration on serum IgG and IgM
levels in APAP intoxicated rats

The suppression of the immune system by APAP administration is recorded in table (5) as
a huge decrease in the level of immunoglobulins. Serum immunoglobulins IgG and IgM were

significantly decreased and recorded 464.82+2.94 mg/dl and 64.33+2.60 mg/dl respectively
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in APAP control group. On the other hand water and ethanolic extracts have an
immunomodulatory activity and thus caused a noticeable improvement in the level of
immunoglobulins in APAP treated groups when compared with APAP control group. The
highest values were found in 400mg ethanolic extract treated group and recorded
715.96+2.63 mg/dl and 176.4912.31 mg/dl for serum 1gG and IgM respectively.
Effect of M. oleifera water or ethanolic extracts administration on microscopical
examination of the liver and spleen in APAP intoxicated rats

The results of microscopical examination of liver and spleen illustrated in figures (1-8)
showed the degenerative changes caused by APAP and the curative role of water and
ethanolic extract on degenerated hepatocytes and splenic tissues. APAP caused multiple foci
of spotty parenchymal mono-nuclear inflammation and focal parenchymal granuloma
formation. The granuloma is made up of histocytes and lymphocytes with minimal fibrous
tissue in the liver. APAP also caused severely widened red pulp, congested sinusoid and
markedly atrophied lymphoid follicles with extreme variability of the size in the spleen. On
the other hand water and ethanolic extract improved the architecture of hepatic and spleen
tissues.

Table (1): Effect of M. oleifera water or ethanolic extracts administration on hepatic MDA,
NO and PCG levels in APAP intoxicated rats:

Groups MDA NO PCG
Parameters (umol/g) (umol/g) (nmol/mg)
Healthy control rats 1.91#0.064" 16.29+1.008 6.02+0.03"
Intoxicated control rats 5.40+0.03° 36.12+0.46° 17.85+0.13°
Intoxicated rats supplemented 4.72+0.01° 30.84+0.26° 15.47+0.08"
with 200mg water extract
Intoxicated rats supplemented 4.02+0.01° 27.1240.29° 13.02+0.06°
with 300mg water extract
Intoxicated rats supplemented 3.41+0.01° 26.43+1.04° 10.58+0.05°
with 400mg water extract
Intoxicated rats supplemented 4.41+0.01° 30.0+0.70° 13.64+0.06°
with 200mg ethanolic extract
Intoxicated rats supplemented 3.30+0.01° 24.91+0.27¢ 10.21+0.04°
with 300mg ethanolic extract
Intoxicated rats supplemented 2.42+0.028 23.14+0.91f 6.71+0.068
with 400mg ethanolic extract
L.S.D (p<0.05) 0.0368 0.8134 0.0823

e Values are expressed as means S.D, n=10.

e There was no significant difference between means have the same alphabetical superscripts letter in

the same column. (p<0.05).
e Intoxicated rats consumed APAP dose of (1g/kg body weight).
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Table (2): Effect of M. olifera water or ethanolic extracts administration on serum CAT, GR,
GST activities and blood GSH level in APAP intoxicated rats:

W CAT GR GST GSH
Parameters L (u/1) (u/n (u/n (mg/dl)
Healthy control rats 102.12+1.46° 77.86+1.87° 72.52+2 45° 80.98+2.13°
Intoxicated control rats 57.50+1.87" 46.42+1.388 34.97+2.45% 49.26+0.53"
Intoxicated rats supplemented 64.75+2.09% 49.02+1.23" 37.31+1.99° 55.46+0.618
with 200mg water extract
Intoxicated rats supplemented 73.46%2.15° 54.13+1.07° 40.43+1.32° 60.24+0.56°
with 300mg water extract
Intoxicated rats supplemented | 76.41+1.74° 57.35+1.43¢ 45.24+2.11° | 62.49+0.73°
with 400mg water extract
Intoxicated rats supplemented 70.87+1.77° 52.49+1.54° 40.07+1.66° 58.04+0.52°
with 200mg ethanolic extract
Intoxicated rats supplemented 81.95+1.41° 58.64+1.09° 48.91+1.72° 66.62+0.74°
with 300mg ethanolic extract
Intoxicated rats supplemented | 89.20+0.92° 67.5+1.203° 56.41+2.05° | 71.17+0.56"
with 400mg ethanolic extract
L.S.D (p<0.05) 2.009 1.610 2.342 1.107

Values are expressed as means +S.D, n=10.

There was no significant difference between means have the same alphabetical superscripts letter in

the same column. (p<0.05).

e Intoxicated rats consumed APAP dose of (1g/kg body weight).
Table (3): Effect of M. oleifera water or ethanolic extracts administration on serum ALT,
AST and yGT activities in APAP intoxicated rats:

Groups ALT AST YGT
Parameters (U/ml) (U/ml) (u/)
Healthy control rats 29.03+1.858 23.06+1.56" 9.93+0.46°
Intoxicated control rats 84.58+2.43° 73.37+2.31° 44.26+1.45°
Intoxicated rats supplemented 73.93+2.61° 64.56+2.170° 36.01+1.40°
with 200mg water extract
Intoxicated rats supplemented 63.93+2.73¢ 49.20+1.38° 30.09+1.58°
with 300mg water extract
Intoxicated rats supplemented 58.19+1.47° 45.08+1.42° 27.06+1.62°
with 400mg water extract
Intoxicated rats supplemented 66.22+3.07¢ 55.12+1.35°¢ 35.80+1.16°
with 200mg ethanolic extract
Intoxicated rats supplemented 52.20+1.673° 42.15+0.97" 21.51+1.96°
with 300mg ethanolic extract
Intoxicated rats supplemented 43.86+1.17" 32.40+0.58% 19.19+1.38'
with 400mg ethanolic extract
L.S.D (p<0.05) 2.591 1.8263 1.3533

e Values are expressed as means +S.D, n=10.

e There was no significant difference between means have the same alphabetical superscripts
letter in the same column. (p<0.05).

e Intoxicated rats consumed APAP dose of (1g/kg body weight).
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Table (4): Effect of M. oleifera water or ethanolic extracts administration on serum TNF-q,
IL-1B levels and MPO activity in APAP intoxicated rats:-

Groups TNF-a IL-1B MPO
m (g/mi) (g/mi) (ng/mi)
Healthy control rats 27.22+0.59® 50.63+0.54" 0.96+0.02"
Intoxicated control rats 77.12+2.11° 91.01+0.76° 9.99+0.01°
Intoxicated rats supplemented 64.381.70° 84.51+0.76° 8.88+0.08"
with 200mg water extract
Intoxicated rats supplemented 56.25+2.39° 77.38+0.66° 6.78+0.37°
with 300mg water extract
Intoxicated rats supplemented 47.76%+1.97° 69.18+1.31° 5.73+0.23°
with 400mg water extract
Intoxicated rats supplemented 61.20+1.80° 78.88+0.61° 7.32+0.22°
with 200mg ethanolic extract
Intoxicated rats supplemented 45.89+1.97° 66.65+1.19" 4.63+0.31"
with 300mg ethanolic extract
Intoxicated rats supplemented 33.9610.45' 57.17+0.518 2.87+0.098
with 400mg ethanolic extract
L.S.D (p<0.05) 2.238 1.084 0.272

Values are expressed as means +S.D, n=10.

There was no significant difference between means have the same alphabetical superscripts

letter in the same column. (p<0.05).
Intoxicated rats consumed APAP dose of (1g/kg body weight).

Table (5): Effect of M. oleifera water or ethanolic extracts administration on serum

IgG and IgM levels in APAP intoxicated rats:

Groups IgG IgM
Parameter (mg/dl) (mg/dl)
Healthy control rats 849.06+5.42° 196.10+1.28°
Intoxicated control rats 464.82+2.94" 64.33+2.60"
Intoxicated rats supplemented 524.78+2.758 86.30+2.47¢

with 200mg water extract

Intoxicated rats supplemented
with 300mg water extract

569.65+1.52°

114.83+2.78°

Intoxicated rats supplemented
with 400mg water extract

619.5+2.09°

126.01+2.63°

Intoxicated rats supplemented
with 200mg ethanolic extract

557.23+2.38f

105.71+3.32

Intoxicated rats supplemented
with 300mg ethanolic extract

626.19+2.88°

146.0843.52°

Intoxicated rats supplemented
with 400mg ethanolic extract

715.96+2.63°

176.49+2.31°

L.S.D (p<0.05)

3.535

3.143

Values are expressed as means S.D, n=10.

There was no significant difference between means have the same alphabetical superscripts

letter in the same column. (p<0.05).
Intoxicated rats consumed APAP dose of (1g/kg body weight).
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Fig. (5):-Photomicrograph of a section in the
rat spleen of healthy control group shows
preserved architecture. The blood sjnusoids
are slightly congested ( ). The lymphpid
follicles are unremarkable ( ) (H. E&E.
x40).

) . (H& E. x 200).

rat liver of APAP control group showing
multiple foci of spotty panenchymal mono-
nuclear inflammation ( T ) and focal
parenchymal granuloma formation. The
granuloma is made up of histocytes and
lygbhocytes with minimal fibrous tissue (
) (H&
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Fig. (4):-Photomicrograph of a section in
the rat liver of 400 mg ethanolic extract
treated APAP group showing preserved
architecture , slightly congested central
vein ( A)and focal parenchymal mono-
nuclear necro-inflammatory infiltrate (

Fig. (6):-Photomicrograph of a section in
the rat spleen of APAP control grpup
showing severely widened red pulp(Y) ,
congested sinusoid( ) and markedly
atrophied lymphoid follicles with extreme
variability of the size( ).(H. & E*O)
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; y‘ 2y "X oyt g~
Fig.(7 ) :-Photomicrograph of a section in the | Fig.(8 ):- Photomicrograph of a section in the
rat spleen of 400 mg water extract treated | rat spleen of 400 mg ethanolic extract treated
APAP group showing| less congested | APAP group in which the splenic tissue
widened blood sinusoid( Jgthan group (4) and | showed preserved architecture. The blood
the lymphoid follicles are variably sized and | sinusojds are more congested than group (1) (
slightly dispersed ( ).(H. & EZNI0) . )- Th*ymphoid ollicles are unremarkable (
).(H. & E. x40).

4. Discussion

Oxidative stress is caused by an imbalance between the production of ROS or oxygen free
radicals and a biological system's ability to readily detoxify the reactive intermediates or
easily repair the resulting damage leading to important health implications (Rainjbar et al.,
2005). APAP toxic metabolite NAPQI forms a covalent adduct with mitochondrial proteins
having thiol groups and plasma membrane proteins involved in calcium homeostasis.
Disruption of calcium homeostasis may result in the activation of many membrane damaging
enzymes like ATPases, phospholipases, proteases and endonucleases, disruption of
mitochondrial metabolism and ATP synthesis and damage of microfilaments used to support
cell structure. Significant amount of evidence has pointed to the potential involvement of
oxidative stress in APAP toxicity (Singh et al., 2011b). A rapidly growing number of published
studies have shown that water, hydroalcohol, or alcohol extracts of M. oleifera leaves
possess a wide range of additional biological activities including antioxidant, tissue
protective (liver, kidneys, heart, testes, and lungs), analgesic, antiulcer, antihypertensive,
radioprotective, and immunomodulatory actions. A wide variety of polyphenols and phenolic
acids as well as flavonoids, glucosinolates, and possibly alkaloids is believed to be
responsible for that observed effects (Stohs and Hartman, 2015).

Results of the current study showed significant increase in MDA,NO, and PCG levels in
APAP hepatotoxicated rats compared to healthy controls, meanwhile there was a significant
decrease in the same parameters among rats which supplemented with water as well as
ethanolic extract of M.olifera table (1).These results were found to be in accordance with

Olatosin et al.(2014); Hamza and Al-Harbi (2015); Dwivedi et al. (2015) and Karthivashan
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et al. (2016).They explained that, the elevation in thiobarbituric acid reactive substance level
is an indicator of lipid peroxidation, which has been suggested to be closely related to APAP-
induced tissue damage. Also and supporting our findings, Abdel-Zaher et al.(2008)
suggested that the generation of ROS appears as an early event which precedes intracellular
glutathione depletion and cell damage in APAP hepatotoxicity. The superoxide formation
may promote peroxynitrite generation and protein nitration that may further result into
oxidative damage to proteins, DNA and lipids. Excess ROS can promote protein oxidation,
forming protein carbonyls which have been described as reliable marker to estimate the
degree of oxidant-mediated protein damage (Margetis et al., 2009). In the same line of our
results Alantary et al. (2014) reported that APAP toxicity increased both hepatic and plasma
MDA levels as well as plasma NO level in APAP treated rats in comparison with healthy
control rats due to a state of oxidative stress and inflammation leading to activation of
inducible nitric oxide synthase activity (iNOS) causing massive increase in NO synthesis and
lipid peroxidation leading to increased formation of MDA.

On the other hand water and ethanolic extract of M. oleifera leaves decreased the level of
MDA, NO, and PCG in APAP treated groups as compared with APAP control group due to
antioxidant activity of leaves extract.

The leaves of M. oleifera are rich in flavonoids. Flavonoids are phenolic substances which
have antioxidant property (Sharma and Rajani, 2011). The M.oleifera leaf is a rich source of
flavonoids like quercetin, kaempferol, catechin, epicatechin, rutin etc, all are potent
antioxidants. Further, previous studies have reported the protective action of flavonoids
against oxidative stress induced cellular damage. Flavonoids can exert their antioxidant
activity by various mechanisms, e.g., by scavenging or quenching free radicals, by chelating
metal ions, or by inhibiting enzymatic systems responsible for free radical generation
(Lukacinova et al., 2008).The antioxidant property also can be due to the presence of
carotenoids, alkaloids, proanthocyanidins in this plant (Mishra et al., 2007).

Our observations were matched with that of Akomolafe et al. (2012); Saalu et al. (2012)
and Eshak and Osman (2013) who demonstrated the free radical scavenging ability of water
extract of M. oleifera leaves in several in vitro systems, and also showed that the extract
inhibited lipid peroxidation.

Our results were supported by Fakurazi et al. (2012); Sikder et al. (2013) and

Karthivashan et al. (2016) who stated that ethanolic extract of M. oleifera leaves has a
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strong potential as curative and therapeutic agent against oxidative stress originating from
any source which warrants further in vitro and in vivo experiments.

In the current study, CAT, GR and GST activities as well as GSH level were significantly
decreased in APAP control rats as a result of the oxidative stress table (2). These results
were found to be in accordance with many studies such as that of Dwivedi et al. (2015) and
Karthivashan et al. (2016).

Dwivedi et al. (2015) confirmed that, APAP toxicity caused a significant decrease in the
level of non-enzymatic antioxidant GSH with depletion of antioxidant enzymes activities due
to oxidative stress and lipid peroxidation.

Also, Karthivashan et al. (2016) illustrated that, APAP administration to mice was
associated with oxidative stress and depletion of CAT activity.

M. oleifera leaves contain different classes of phytocompounds, vitamins and carotenoids
and these compounds mainly contribute to the antioxidant properties as well as other
biological activities. The main antioxidant activity that has been associated with phenolic
content ability to scavenge free radical formation. Phenolic compounds are known for their
potent antioxidant properties. Phenolics are the main dietary antioxidants and possess
higher in vitro antioxidant capacity than the essential vitamins and carotenoids. Certain
phenolic compounds also may induce production of glutathione-S-transferase and other
antioxidant enzymes (Verma et al., 2009).

Our results showed a significant increase in the activity of serum liver enzymes ALT, AST,
and yGT as a result of the oxidative stress caused by APAP toxicity that lead to degeneration
of hepatocytes as shown in table (3) and figure (2). Our results were supported by Alantary
et al. (2014); Hamza and Al-Harbi (2015) and Dwivedi et al. (2015). They showed that
during liver injury caused via overdose of APAP, the transport function of hepatocytes gets
disturbed and resulting in the leakage of the plasma membrane, thus causing an increase
serum hepatic enzyme activities.

M. oleifera leaves are rich in antioxidants, polyphenols and flavonoids that have a
heaptoprotective activity that decrease the activity of liver function enzymes in water and
ethanolic extract APAP treated groups table (3). Our results were confirmed by Saalu et al.
(2012) and Bahr and Farouk (2016) who reported that administration of M.oleifera leaves
water extract decreases significantly ALT, AST, and yGT enzyme activities attributed to the

stabilizing ability of the cell membrane preventing enzymes leakages as well as
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hepatoprotective activity. Also Fakurazi et al. (2012); Eshak and Osman (2013) and El-bakry
et al. (2016) supported our results as they showed that decreased ALT, AST, and yGT
activities after administration of M. oleifera leaves ethanolic extract in APAP toxicated rats
due to reduction in the damage of parenchymal and mitochondrial sites of the liver where
these enzymes are present.

Our results revealed that APAP overdose caused a significant increase in TNF-a, IL-1
levels and MPO activity in toxicated rats as a result of inflammation and oxidative stress
table (4). Our results were forced by Dong et al. (2014); Dwivedi et al. (2015) and
Karthivashan et al. (2016) .They showed that APAP intoxication induces oxidative stress,
which further triggers a secondary inflammatory cascade associated with cytokine release
from Kupffer cells. Pro-inflammatory cytokines like TNF-a and IL-1B are prominently
reported in APAP-induced hepato-renal toxicity. They are engaged in massive tubular
infiltration of leukocytes, thereby inducing a sterile inflammatory environment and further
exaggerating tissue damage. They also explained that high activity of MPO associated with
increased NO production which was used to demonstrate an acute inflammatory process as
observed after the liver injury induced by APAP. This is confirmed by inflammatory hepatic
tissues, including the presence of moderate infiltration of neutrophils in the liver of APAP
treated groups (figure 2).

M. oleifera has health promoting bioactive and nutritive components that increase its
potential as a natural supplement in treating disease. Among the many positive benefits, it
has immune modulating, antioxidant and anti-inflammatory properties (Fahey, 2005 and
Muangnoi et al., 2011). Our results were in agreement with Bahr and Farouk (2016) who
demonstrated that M. oleifera water extract have phenol and flavonoids content which have
anti-inflammatory activity and decreased MPO activity significantly in toxicated rats. Our
results go hand in hand with Ahmed et al. (2014) who explained that the active ingredients
of the ethanolic extract of M. oleifera have a strong anti-inflammatory effect which are
responsible for inhibition of adipocytokines levels like TNF-a and IL-1. Also our results were
similar to that of Karthivashan et al. (2016) who showed that M. oleifera ethanolic extract
has anti-inflammatory activity and ability to suppress production of pro-inflammatory
markers produced as a result of APAP toxicity like TNF-a and IL-1.

The findings of this study revealed that APAP caused a significant decrease in the

immunoglobulins like 1gG and IgM as a result of oxidative stress, tissues injury and
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inflammation which affect the immune system table (5). Our results were in agreement with
Ekam et al. (2012) who showed that administration of APAP statistically decreased serum
total protein, and globulin levels in the APAP group compared to that of the normal control
group. This decrease in serum protein in hepatotoxicity states simply indicates the presence
of para- proteins or decreased antibody production.

Nutrients affect immune function by directly acting within the lymphoid system, or
indirectly by affecting cellular material or other organ systems that act as immune
regulators. The presence of minerals such as selenium, zinc, iron, manganese and
magnesium in the leaf extract may contribute to its immunomodulatory action, since these
minerals have been implicated in immune modulation. Our findings were similar to that of
Deshmukh et al. (2015) who demonstrated the immunomodulatory activity of both
ethanolic and water extracts of M. oleifera. But the ethanolic extract had a more potent
immunomodulatory activity than the water extract. The immunomodulatory activity may be
attributed to the presence of an array of phytochemicals.

APAP caused an observed change on the microscopical examination of the liver and
spleen as a result of degeneration and inflammation resulting from oxidative stress and
confirmed by increased activities of liver function enzymes while water and ethanolic extract
of M. oleifera caused a significant improvement in toxicated tissue as a result of the natural
antioxidants and cytoprotective ability of M. oleifera leaves as shown in figures (1-8).

Our results agree with the results of Kanchana and Sadiq (2011)and Yesmin et al. (2013)
who revealed sever conditions including cell swelling, severe inflammation and necrosis in
APAP-exposed rats, which was quiet contrasting compared to the control group due to
oxidative stress and lipid peroxidation associated with APAP intake. They explained that
paracetamol oxidation product NAPQI, bind covalently to sylphydryl groups of protein
resulting in cell necrosis and lipid peroxidation induced by the glutathione decrease causing
hepatotoxicity.

Our findings were in agreement with that of Lim et al. (2010) who showed that splenic
congestion was observed at APAP dose of 140 mg/kg. Also our results were similar to that of
Omotoso et al. (2015) who showed that M .oleifera water leaf extract has hepatoprotective
properties possibly via its chemical constituents. Moreover our results were confirmed also
by Fakurazi et al. (2012) who discussed that therapeutic properties of M.oleifera leaf

hydroethanolic extract against acute liver injury caused by paracetamol through its potent
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antioxidant activity .Most areas appear to have recovered, hepatocytes well preserved and
no area of necrosis. This may be due to the improvement in hepatic architecture
disorganization, severe hepatic fatty degeneration together with inflammatory cells
infiltration after M. oleifera extract administration. It was also reported that the major
bioactive compounds of phenolics such as quercetin and kaempferol are responsible for
antioxidant activity, anti-inflammatory and anti-arthritic properties of the extract.

In addition the results of Muselin et al. (2010) and Owolabi et al. (2014) were in
agreement with the result of this study. They demonstrated that M. oleifera leaf extract
treat splenic enlargement and necrosis. As well as improved physiological functions of the
tissue. M. oleifera has been reported to produce positive effects on the body’s immunity and
could ameliorate the toxicity on the spleen, thus preventing splenomegaly and splenic
hyperplasia.
5.Conclusion: Both daily water and ethanolic extracts administration at the tested doses
(200,300 and 400mg /Kg body weight) to rats exerted an immunomodulatory, antioxidant,
hepatoprotective and anti-inflammatory effects which were probably mediated by its strong
antioxidants (zeatin, quercetin, beta-sitosterol and kaempferol) as well as minerals and
vitamins. Moreover the ethanolic extracts were more effective when administered in the
dose level of (400mg/kg) due to the highest lipid solubility of these active components.
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