Hepaotoprotective and nephroprotective activities of Pistacia
integerrima fruit extract in paracetamol intoxicated male rabbits with
effect on blood cells count
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Abstract: The beneficial effects of Pistacia integerrima (PI) fruit methanol extract on some liver and kidney related
parameters and blood cells count of paracetamol (PCM) intoxicated male rabbits were studied. Paracetamol intoxication
caused remarkable increase in the serum ALT, AST and ALP levels. The PCM intoxicated rabbits that received Pl extract
orally at doses of 200 mg and 400 mg/kg b.w. /oral/day for 16 days showed significant reduction in serum ALT, AST and
ALP levels (P<0.05). Liver microsections from PCM intoxicated rabbits treated with PI fruit methanol extract showed
improvement in the liver histoarchitecture. The urine output of PCM intoxicated control rabbits group was significantly
lower (P<0.05). The PCM intoxicated rabbits that received Pl extract showed significant increase in urine output
(P<0.05). The PCM intoxicated rabbits treated with PI extract also showed significant reduction in the levels of serum
urea and creatinine (P<0.05). The renal creatinine clearance of PCM rabbits treated with Pl extract improved
significantly (P<0.05). Microsections of kidneys from PCM intoxicated rabbits treated with Pl fruit methanol extract
showed improvement in renal histoarchitecture. During this study, Pl extract caused no improvement in the RBC count
of PCM intoxicated rabbits. However, the extract caused significant increase in WBC and platelets count (P < 0.05) of
PCM intoxicated rabbits. From the findings of the present research, it was concluded that oral administration of P.
integerrima fruit methanol extract is beneficial for the liver and kidney related biochemical parameters and blood cells
count of paracetamol intoxicated male rabbits.
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INTRODUCTION leakage of liver function enzymes such as alkaline
phosphatase (ALP), aspartate transaminase (AST) and
Paracetamol (PCM) is one of the most commonly used alanine transaminase (ALT) into the blood stream (Sabir
analgesic drugs and its overdosing results in liver injury ~ and Rocha, 2008). Hepatotoxicity due to paracetamol
(Marks et al., 2017). The detail of mechanism involved in  overdosing is a global issue, and in the USA, paracetamol
paracetamol induced liver injury is much complex and  overdosing accounts for more than 50% of overdose-
many extracellular and intracellular processes are related acute liver failure (Yoon et al., 2016). Massive
involved in this injury, which include paracetamol paracetamol overdose keep the patients at high risk of
metabolism, autophagy, oxidative stress of mitochondria ~ organ damage (Marks et al., 2017).
and endoplasmic reticulum, liver regeneration, sterile
inflammation and dysfunction in microcirculation (Yan et~ Excessive production of NAPQ1 due to paracetamol
al., 2018). During its metabolism, a metabolite known as ~ overdosing also causes renal failure in both humans and
N-acetyl-p-benzoquinonimine (NAPQI) is produced animals (Eguia and Materson, 1997). Paracetamol
which is eliminated from the body after its conjugation ~ overdosing results in vasoconstriction and inhibition of
with glutathione (GSH). In case of excessive production  Vvasodilation in the kidneys, which in turn result in
of NAPQI due to PCM overdose, GSH is not sufficient to decreased blood flow to the renal blood vessels and
detoxify NAPQI (Vermeulen et al., 1992). NAPQ1 binds reduced glomerular filtration rate (Whelton et al., 2003).
with macromolecules on cellular membranes through Paracetamol overdosing is especially toxic for the kidneys
covalent bond which leads to tissue necrosis and of individuals that suffer from starvation or regularly
ultimately organ dysfunction (Bessems and Vermeulen,  drink alcohol or take P450 microsomal oxidase enzymes

2001). Necrosis of liver tissues results in the increased  stimulating drug (Okwuosa et al., 2009). Recently, Zhu et
al. (2018) reported that administration of diclofenac and
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PCM in combination to the patient for pain relief after
surgery causes acute kidney injury.

There are also reports about the adverse effect of
prolonged paracetamol treatment on haematological
parameters in mammals. For example, treatment of
female albino rats with paracetamol at oral dose of 7.5
mg/kg body weight caused reduction in RBC count,
hemoglobin (Hb) concentration, packed cell volume
(PCV) wvalue, total WBCs, neutrophil, eosinophil,
monocyte, lymphocyte and platelet count (Oyedeji et al.,
2013). The treatment of PCM induced hepatotoxicity and
nephrotoxicity has toxicological importance. Some
antioxidants like vitamin C, Vitamin E and melatonin
have been used for the treatment of PCM induced
hepatotoxicity in mice (Sener et al., 2003). Natural
products from plant origin are believed to be an important
source of therapeutic agents (Calixto, 2005). Plant based
medicines are safer than synthetic medicines (Vongtau et
al., 2005). Medicinal plants are rich source of
pharmaceuticals for the treatment of different human
ailments due to their possession of diverse
phytochemicals and broad biological functionality
(Jaroszewski et al., 2005). The protective effects of
medicinal plants on liver and kidney of paracetamol
intoxicated animal models have been reported (Murad et
al., 2015; Saleh et al., 2018).

Pistacia integerrima (Stewart) is a deciduous tree and
belongs to the family Anacardiaceae. It is found in East
Afghanistan, Pakistan, and North West and West
Himalaya at an altitude of 800-1900 m (Pant and Samant,
2010). Traditional medical practitioner uses the bark and
fruit of this tree for the treatment of liver diseases (Ahmad
et al., 2014). The plant has been reported for
pharmacological activities including antimicrobial,
antioxidant, analgesic, cytotoxicity and phytotoxicity
(Bibi et al., 2015). The aim of the present study was to
assess the beneficial effects of methanol extract of P.
integerrima fruit on the liver, kidney and hematological
parameters of paracetamol intoxicated male rabbits.

MATERIALS AND METHODS

Plant materials

Dry fruits of P. integerrima (PI) were purchased from
trader of medicinal plants at Mingora city, Swat, Pakistan.
The fruits were identified by taxonomists in the
Department of Botany, University of Malakand, Khyber
Pakhtunkhwa. The Pl fruits were ground in electric
chopper to get fine powder form. For extract preparation,
450 grams PI fruit powder was soaked in 96% methanol
(2000 ml) for three days. During soaking, the plant
material was shaken occasionally and then filtered
through filter paper (Whatman no. 42). The filtrate was
evaporated through vacuum rotary evaporator (Heidolph
Laborta 4000 efficient). Finally a brown colour crude

extract in thick paste form was obtained. The weight of
extract obtained was 172.5 gram (38.33 % w/w).

Animal grouping and study design

Male domestic rabbits (Oryctolagus cuniculus) weighing
800-1000 grams and 5-6 months of age were used during
experiment. They were housed in Animal chambers at the
campus of University of Malakand. Fresh vegetable
including carrots were provided to the rabbits. The rabbits
had free access to water. This study was approved by
University of Malakand Animal Ethics Committee.

After two weeks of acclimation, the acute toxicity test of
Pl extract was conducted according to the OECD
guidelines no. 420. The extract was found safe up to the
highest dose (2500mg/kg body weight) used during this
test. After acute toxicity test, a total of 16 healthy male
rabbits were selected for experiment. For identity of
rabbit groups and individual rabbits in a group, different
color tags were applied. Sixteen rabbits were divided into
the following four groups (four rabbits in each group): 1)
normal control group which received an intraperitoneal
injection of 10mL normal saline on day 0 and then treated
orally with 5mL normal saline/ day/oral for 16 days, 2)
PCM control group which received an intraperitoneal
injection of paracetamol (1000 mg/ kg. b.w. in 10ml
normal saline) on day 0 and then treated orally with 5mL
normal saline/ day/oral for 16 days, 3) PCM rabbit group
which received an intraperitoneal injection of paracetamol
(1000 mg/kg. b.w. in 10ml normal saline) on day 0 and
then treated orally with Pl extract at a dose of 200mg/kg
b.w. /oral daily for 16 days, suspended in 5ml normal
saline, 4) PCM rabbit group which received an
intraperitoneal injection of paracetamol (1000mg/kg. b.w.
in 10 ml normal saline) on day 0 and then treated orally
with PI extract at a dose of 400mg/kg b.w. /oral daily for
16 days, suspended in 5 ml normal saline.

Collection of urine and analysis

On the 16" day of experiments, all the rabbits were kept
individually in separate cages which were especially
designed for rabbit urine collection. Urine samples were
collected for 24 hours. Each rabbit had free access to
drinking water during the period of urine collection. The
total urine volume of each rabbit collected for 24 hours
was measured in milliliter (ml) by using the graduated
cylinder. Urine samples were stored at 4°C and analyzed
on next day for assessment of urinary creatinine. Urine
creatinine level was estimated through COBAS chemistry
automation using Roche Diagnostic kit. The estimations
of urine volume and urine creatinine were done for
calculation of creatinine clearance.

Blood collection and study of different parameters

After urine collection, the animals were sequentially
anesthetized with inhaled diethyl ether. Each rabbit
restricted on the dissecting board was dissected and 3 mL
blood was collected from the heart ventricle through 5 ml
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syringe with 21 Gauge needle and then expelled gradually
into Ethylene Diamine Tetra-acetic Acid (EDTA)-coated
tubes for hematological analysis. Another 3 ml blood was
collected by the same method in sterile tubes with
coagulant for estimation of liver and kidney related serum
biochemical parameters. These blood samples were then
subjected to centrifuge (Shimazu, Japan) at 3000
revolutions per minute for 5 minutes for separation of
sera. The sera were placed into labeled eppendorf tubes at
room temperature and then assayed for liver related serum
parameters i.e., ALT, AST and ALP, and kidney related
serum parameters i.e., urea and creatinine. The
concentrations of these biochemical parameters were
estimated through COBAS chemistry automation using
Roche Diagnostic kits. The blood samples collected in
EDTA coated tubes were analyzed for estimation of red
blood cell (RBC), white blood cell (WBC) and platelets
count. The RBC, WBC and platelet count were
determined by automated blood cell analyzer (Sysmex
Co, Japan). During dissection of the rabbits, liver and
kidneys were excised, washed with phosphate buffer and
dried with tissue paper and then transferred to 10 percent
formalin fixative solution in glass bottles which were
labeled accordingly. Within 24 hours the liver and kidney
tissues were processed for paraffin embedding and
sections of 5-micron thickness were taken by a
microtome. The sections were stained with hematoxylin
and eosin, slides were prepared and then examined under
microscope for histopathological changes and images
were captured through attached CCTV camera.

Creatinine clearance (C) study

Creatinine clearance tests are widely used to determine
the efficiency of glomerulus in filtration (Rose and Post,
2001). The following method of van Acker et al. (1992)
was used for the determination of Creatinine clearance:

Clearance=

Urine creatinine (%‘]X Urine volume (ml) /24 hours/1440 minutes

Serum creatinine d_lg:'

Data analysis

During this study, the values were presented as means
with standard error. Tukey Test was applied for the
comparisons of parameters among different rabbit groups.
Computer software SPSS 16.0 was used for comparison.
Percent changes in parameters of paracetamol group of
rabbits were calculated by the following method:

Mean value of a parameter of PCM control group —

Mean value of a parameter of control group x 100

Mean value of a parameter of control group

Percent changes in parameters between paracetamol
control rabbits and paracetamol intoxicated rabbits treated
with extract were calculated by the following method:

Ikram Ilahi et al

Mean value of a parameter of extract treated group —

Mean value of a parameter of PCM control group x 100

Mean value of a parameter of PCM control group

RESULTS

Effects of PI extract on some liver related serum
parameters

Table 1 shows the serum levels of some liver related
biochemical parameters i.e., ALT, AST and ALP of
different rabbit groups. The serum ALT, AST and ALP
levels of PCM control rabbit group were 122.5 %, 238.3
% and 59.9 % higher than the normal control rabbit
group, respectively. The difference was significant
(P<0.05). The PCM intoxicated rabbit groups treated at
two extract doses (200 mg and 400 mg/kg) showed
significant decrease in serum ALT, AST and ALP levels as
compared to PCM control rabbit group (P<0.05). For
example, the serum ALT, AST and ALP levels of PCM
intoxicated rabbits treated with 200 mg/kg P1 extract were
23.2 %, 20 % and 20.2 % lower than the serum ALT, AST
and ALP levels of PCM control rabbit group, respectively.
The serum ALT, AST and ALP levels of PCM rabbit
group treated with 400 mg/kg Pl extract were 39.4 %,
50.7% and 27% lower than the serum ALT, AST and ALP
levels of PCM control rabbit group, respectively.

Effect of PIF extract on some kidney related parameters
The effect of PIF extract on some kidney related
parameters of PCM intoxicated rabbits is shown in table
2. The urine output of PCM control group of rabbits was
76.04 % lower than the normal control group of rabbits.
The difference was significant (P<0.05). The PCM
intoxicated rabbits treated at two doses of Pl extract
showed significant increase in urine output as compared
to PCM control group (P<0.05). For example, the urine
outputs of PCM rabbit groups orally treated with 200
mg/kg and 400 mg/kg Pl extract were 250.9% and
269.5% higher than the PCM control rabbit group,
respectively. The difference from PCM control group was
significant (P<0.05). The urine output of PCM intoxicated
rabbits treated with the 400mg/kg Pl extract was
insignificantly higher than the urine output of PCM
intoxicated rabbits treated with the 200mg/kg extract
(P>0.05).

The serum levels of urea and creatinine of PCM control
group of rabbits were 73.33 % and 333.3 % higher than
the normal control group of rabbits, respectively.

The PCM rabbit groups treated with Pl extract showed
significant decrease in serum levels of urea and creatinine
as compared to the serum levels of urea and creatinine of

PCM control rabbit group (P<0.05). The serum levels of
urea and creatinine of PCM intoxicated rabbit group
treated with 200 mg/kg PI extract was 32.7% and 61.53%
lower than the PCM intoxicated control rabbit group,
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Table 1: Effect of PI fruit methanol extract on some liver related biochemical parameters of PCM-intoxicated male

rabbit.
Animal groups ALT (U/L) AST (U/L) ALP (U/L)
Healthy control 31+39°% 30+2.9+3.0% 64.742.7°%
PCM control 69.0 +1.8 ¢ 1015+7.1° 103.5+4.1¢
(+122.5 %) (+238.3%) (+59.9%)
PCM+PI extract 200 mg/kg. b. w 53.0 +2.6 ° 80.6 +4.1° 825+2.2"
[-23.2 %] [-20%] [-20.2%]
PCM+PI extract 400 mg/kg. b. w 41.8 +2.3° 50 +3.2 " 755+2.1%
[-39.4 %] [-50.7%] [-27%]

.- means sharing no letter are significantly different at P<0.05 in Tukey test in one way anova, values in parentheses indicate percent
increase (+) or decrease (—) in parameters of PCM control rabbit group from normal control rabbit group, values in brackets indicate
percent increase (+) or decrease (—) in parameters of PCM rabbit groups treated with PI extract from PCM control rabbit group.

Table 2: Effect of PI fruit methanol extract on urine output and some kidney related biochemical parameters of PCM-
intoxicated male rabbits

Animal groups Urine output (ml/h) Urea in serum Creatinine in serum Creatinine clearance
(mg/dl) (mg/dl) (ml/min)
Healthy control 299.7+8.6 12.01.3% 0.3+0.06 % 47 +1.4°
PCM control 71.8+39° 20.8+0.9° 1.3+0.24° 1.78+0.3
(-76.1 %) (+73.33) (+333.3 %) (-62.1 %)
PCM+PI extract 252.0+5.4° 14.01.3° 05+0.1° 2.5+0.4°
200 mg/kg. b. w [250.9 %] [-32.69] [-61.53 %] [+40.4 %]
PCM+PI extract 269.5+10.2° 12.3+0.9 ° 07+02% 3.1+0.4
400 mg/kg. b. w [274.7 %] [-40.9 %] [-46.15 %] [+74.2 %]°

.- means sharing no letter are significantly different at P<0.05 in Tukey test in one way anova, values in parentheses indicate percent
increase (+) or decrease (—) in parameters of PCM control rabbit group from normal control rabbit group, values in brackets indicate
percent increase (+) or decrease (=) in parameters of PCM rabbit groups treated with Pl extract from PCM control rabbit group

Fig. 1: Photomicrographs of rabbit liver (a-d) and kidney (e-h) microsections.

a- liver microsection from a normal control group showing normal histoarchitecture, b- liver microsection from paracetamol intoxicated control
group showing necrosis and infiltration of inflammatory cells, c- liver microsection from PCM intoxicated group of rabbits treated with PI fruit
methanol extract at a dose of 200 mg/kg showing repaired histoarchitecture with mild infiltration of inflammatory cells, d- liver microsection from
PCM intoxicated group of rabbits treated with PI fruit methanol extract at a dose of 400 mg/kg showing repaired histoarchitecture with some
infiltration of inflammatory cells, e- kidney microsection from a normal control group showing normal renal architecture, f- kidney microsection
from paracetamol control group showing necrosis and epithelial desquamation, g- kidney microsection from PCM intoxicated group of rabbits
treated with PI fruit methanol extract at a dose of 200 mg/kg showing improvement in renal architecture with some necrosis and epithelial
desquamation, h- kidney microsection from PCM intoxicated group of rabbits treated with PI fruit methanol extract at a dose of 400 mg/kg showing
improvement in renal architecture with some necrosis and epithelial desquamation.
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respectively. The serum levels of urea and creatinine of
PCM intoxicated rabbit group treated with 400mg/kg PI
extract was 40.9% and 46.2% lower than the PCM control
rabbit group, respectively. The serum urea and creatinine
levels of PCM intoxicated rabbit group treated with
200mg mg/kg Pl extract were not significantly different
(P>0.05) from the serum urea and creatinine levels of
PCM intoxicated rabbit group treated with 400 mg/kg Pl
extract.

During the present study, the creatinine clearance value of
PCM control rabbit group was 62.1 % lower than the
normal control rabbit group. The PCM rabbit groups
treated with Pl extract showed significantly higher
creatinine clearance value when compared to the PCM
control group. For example, the creatinine clearance
values of PCM intoxicated rabbit groups treated with
200mg/kg Pl extract and 400mg/kg Pl extract were
40.44% and 74.2% higher than the PCM control rabbit
group, respectively. The difference in creatinine clearance
values between 200 mg/kg and 400mg/kg Pl extract
treated groups was significant (P<0.05).
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Fig. 2: Effect of PI fruit methanol extract on blood cells

count of paracetamol-intoxicated male rabbits.
Means sharing no letter are significantly different at P<0.05 in Tukey
test in One Way Anova.

Histopathological study of rabbit liver and kidney

The photomicrographs of rabbit liver microsections are
shown in fig. 1 (a-d). Microsections from the livers of
normal control rabbit group (fig. 1, a) showed normal
histoarchitecture. Liver microsection from paracetamol
control group (figl, b) showed necrosis and infiltration of
inflammatory cells. Liver microsections from PCM
groups of rabbits treated with Pl fruit methanol extract
(fig. 1, c-d) showed improvement in liver
histoarchitecture with mild infiltration of inflammatory
cells. The photomicrographs of rabbit kidney
microsections are also shown in fig. 1 (e-h).
Microsections from the kidneys of normal control group
(fig. 1, e) showed normal renal architecture. Microsection
of kidney from paracetamol control group (fig. 1, f)
showed necrosis and  epithelial  desquamation.

Ikram Ilahi et al

Microsection from PCM groups of rabbits treated with PlI
fruit methanol extract (fig. 1, g-h) showed improvement
in renal architecture with some necrosis and epithelial
desquamation.

Effect of PI fruit methanol extract on blood cell count
The effect of Pl extract on RBC, WBC and platelets
count of rabbits was also studied (fig. 2). PCM control
rabbit group showed insignificant decrease in RBC count
as compared to normal control rabbit group (P>0.05). PI
extract caused no improvement in the RBC count of PCM
rabbit groups. During this study, PCM control rabbits
showed significant decrease in WBC and platelets count
when compared to normal control animals (P>0.05). PCM
rabbits that received Pl extract showed significant
increase in WBC and platelets count when compared to
PCM control rabbits (P> 0.05).

DISCUSSION

During the present study, the beneficial effect of P.
integerrima fruit methanol extract on liver and kidney
related blood biochemical parameters and haematological
parameters was studied. Liver related parameters i.e.,
ALT, AST and ALP levels in serum were significantly
higher in rabbits that received high dose of paracetamol.
Microsections of liver sections from rabbits of PCM
control group showed necrosis and infiltration of
inflammatory cells (fig. 1, b). Sener et al. (2003) and
Feola et al. (2017) also reported similar effect of high
paracetamol dosing on the liver. Hepatic cells produce
and possess the enzymes ALT, AST and ALP and higher
levels of these enzymes are observed in the blood in case
of damaged hepatic cells (Yoon et al., 2016; Marks et al.,
2017; Saleh et al., 2018). Sharp increase in these enzymes
in the blood is considered an important sign of damage in
liver (Thapa and Walia, 2007). During the present study,
high paracetamol dose also caused significant increase in
serum urea and creatinine levels and significant decrease
in creatinine clearance value. Microsection of kidneys
from rabbits of paracetamol control group showed
necrosis and epithelial desquamation (fig. 1, f). This
shows the deterioration of renal architecture and function
following the intraperitoneal administration of high PCM
dose. Sener et al. (2003), Abraham (2005), Marks et al.,
2017 and Saleh et al. (2018) also reported similar results
after administration of high paracetamol dose. Excessive
production of NAPQ1 due to paracetamol overdosing is
responsible for renal toxicity (Whelton et al., 2003).

The PCM intoxicated rabbits treated with Pl extract
showed significant attenuation in the concentrations of
ALT, AST and ALP in serum in a dose related fashion
(table 1). Liver microsections from PCM groups of
rabbits treated with Pl fruit methanol extract showed
improvement in liver histoarchitecture (fig. 1, c-d).
Similarly, the PCM intoxicated rabbits treated with PI
extract showed remarkable decrease in the levels of urea
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and creatinine in serum, and elevation in urine output and
creatinine clearance value in a dose related fashion (table
2). Microsections of kidneys from PCM groups of rabbits
treated with Pl fruit methanol extract showed
improvement in renal architecture (fig. 1, g-h). These
results demonstrate the nephroprotective effect of the Pl
extract. ~ The  observed hepatoprotective  and
nephroprotective effects of PI extract might be a
consequence of the amelioration of oxidative stress and
maintenance of the antioxidant capacity conferred by the
extract. Plants contain high concentration of phenolic
compounds, flavonoids and alkaloids they contain which
possess antioxidant activity (Adeneye and Benebo, 2008).
Plants phenolic compounds are very important because
their hydroxyl groups possess radical scavenging ability
and have the potential to prevent oxidative degradation of
lipids (Kahkonen et al., 1999). Ahmad et al. (2006)
reported the antioxidant activity of extracts of P.
integerrima leaf and gall. Xanthine oxidase inhibitory
activities of its leaf extract has also been reported (Ahmad
et al., 2008). We have also explored the in vitro
antioxidant activity of P. integerrima fruit methanol
extract based on DPPH scavenging activity (llahi et al.,
2013). The hepatoprotective activity of P. integerrima has
also been reported by Khan et al. (2008). According to
Ahmad et al. (2006), the gall of P. integerrima is helpful
in reducing the high level of uric acid in the blood. Other
medicinal plants have also been reported for their
hepatoprotective and nephroprotective activities in PCM
intoxicated animal models (Murad et al., 2015; Menyiy et
al., 2018; Saleh et al., 2018).

During the present study, administration of high PCM
dose resulted in insignificant decrease in RBC count when
compared to normal rabbits (P>0.05) (fig. 2). Oyedeji et
al. (2013) reported significant decrease in RBC count in
rats after administration of high PCM dose. During the
present study, high dose of PCM caused significant
decrease in WBC count (fig. 2) which suggests that
immune system was compromised. PCM intoxicated
rabbits also showed significant (P<0.05) decrease in
platelets count (fig. 2), which could be due to drug-
induced immune thrombocytopenia (Bougie and Aster,
2001). During the present study, the oral administration of
P. integerrima fruit methanol extract improved the red
blood cell, white blood cell and platelets counts of
paracetamol intoxicated rabbits (fig. 2). Such beneficial
effects of other medicinal plants extracts on
haematological parameters of PCM intoxicated animal
models have been reported (Dougnon et al., 2011; Nwodo
et al., 2013; Senthilkumar et al., 2014; Menyiy et al.,
2018; Saleh et al., 2018).

CONCLUSION

From the findings of the present research, it was
concluded that oral administration of P. integerrima fruit

methanol extract is beneficial for the liver and kidney
related biochemical parameters and blood cells count of
paracetamol-intoxicated rabbits.

REFERENCES

Abraham A (2005). Oxidative Stress in paracetamol
induced Pathogenesis (1). Renal damage. Indian J.
Biochem. Biophys., 42: 95-62.

Adeneye AA, Olagunju JA, Benebo As, Elias SO, Adisa
A, ldowu BO, Oyedeji MO, Isioye E, Braimoh OB,
Oladejo OO and Alana EO (2008). Nephroprotective
effects of the aqueous root extract of Harungana
madagascariensis (L.) In acute and repeated dose
acetaminophen renal injured rats. Int. J. Appl. Res. Nat.
Prod., 1: 6- 14,

Ahmad M, Sultana S, Fazl-i-Hadi S, ben Hadda T, Rashid
S, Zafar M, Khan MA, Khan MPZ and Yaseen G
(2014). An Ethnobotanical study of Medicinal Plants in
high mountainous region of Chail valley (District
Swat- Pakistan). J. Ethnobiol. Ethnomed., 10: 36.

Ahmad NS, Farman M, Najmi MH, Mian KB and Hasan
A (2006). Activity of polyphenolic plant extracts as
scavengers of free radicals and inhibitors of xanthine
oxidase. J. Basic & Applied Sci., 2: 1-6.

Ahmad NS, Farman M, Najmi MH, Mian KB and Hasan
A (2008). Pharmacological basis for use of Pistacia
integerrima leaves in hyperuricemia and gout. J.
Ethnopharmacol., 117: 478-482.

Bessems JG and Vermeulen NP (2001). Paracetamol
(acetaminophen)-induced toxicity: Molecular and
biochemical mechanism, analogues and protective
approaches. Rev. Toxicol., 31: 55-138.

Bibi Y, Zia M and Qayyum A (2015). Review: An
overview of Pistacia integerrima: A medicinal plant
species:  Ethnobotany, biological activities and
phytochemistry. Pak. J. Pharm. Sci., 28(3): 1009-1013.

Bougie D and Aster R (2001). Immune thrombocytopenia
resulting from sensitivity to metabolites of naproxen
and acetaminophen. Blood, 97(12): 3846-3850.

Calixto JB (2005). Twenty-five years of research on
medicinal plants in Latin America: A personal view. J.
Ethnopharmacol., 100: 131-134.

Dougnon TJ, Kpodekon TM, Laleye A, Ahissou H and
Loko F (2011). Effects of pineapple (Ananas comosus)
on haematological and biochemical parameters in
albino Wistar rats intoxicated with Doliparen. Afr. J.
Biotechnol, 10 (28): 5418-5422.

Eguia L and Materson BJ (1997). Acetaminophen related
acute renal failure without fulminant liver failure.
Pharmacotheraphy, 17: 363-370.

Feola A and Pietra BD (2017). Acute liver failure caused
by paracetamol toxicity: A case report. Acta Med.
Mediterr., 33: 55.

llahi I, Samar S, Khan | and Ahmad | (2011). In vitro
antioxidant activities of four medicinal plants on the

822

Pak. J. Pharm. Sci., Vol.32, No.2(Suppl), March 2019, pp.817-823


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bibi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26004708
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26004708
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qayyum%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26004708

basis of DPPH free radical scavenging. Pak. J. Pharm.
Sci. 26(5): 949-952.

Jaroszewsky J W (2005). 53 Annual Meeting of the
Society of Medicinal Plants Research (GA) and Joint
Congrees with the Italian Society of Phytochemistry
(SIF), Florence, Italy, 21-25 August 2005.

Kahkanen MP, Hopia Al, Vuorela HJ, Rauha JP, Pihlaja
K, Kujala TS and Heinonen M (1999). Antioxidant
activity of plant extracts containing phenolic
compounds. J. Agr. Food Chem., 47: 3954-3962.

Khan MA, Jehanzeb, Shafiullah, Malik SA and Shafi M
(2008). Hepatoprotective effects of Berberis lycium,
Galium aparine and Pistacia integerrima in carbon
tetrachloride  (CCL4)-treated rats. Journal of
Postgraduate Medical Institute, 22(2): 91-94.

Marks DJB, Dargan PIl, Archer JRH, Davies CL, Dines
AM, Wood DM and Greene SL (2017). Outcomes from
massive paracetamol overdose: A  retrospective
observational study. Br. J. Clin. Pharmacol., 83: 1263-
1272,

Menyiy NE, Al-Waili N, El Ghouizi a, Al-Waili W and
Lyouss B (2018). Evaluation of antiproteinuric and
hepato-renal protective activities of propolis in
paracetamol toxicity in rats. Nutr. Res. Pract., 12(6):
535-540.

Murad HAS, Habib H, Kamel Y, Alsayed S, Shakweer M
and Elshal M (2015). Thearubigins protect against
acetaminophen-induced hepatic and renal injury in
mice: Biochemical, histopathological, immunohisto-
chemical and flow cytometry study. Drug Chem.
Toxicol., pp.1-9.

Nwodo OFC, Joshua PE, Ozoemena NF and Onwuzu N J
(2013). Haematological evaluation of the effect of
coconut (Cocosnucifera) water on paracetamol-
intoxication in laboratory rats. J. of Pharm. Res., 3(8):
1831-1834.

Okwuosa CN, Achukwu PU, Nwachukwu DC, Eze AA
and Azubuike NC (2009). Nephroprotective activity of
stem bark extracts of Canarium Schweinfurthii on
acetaminophen-induced renal injuries in rats. S. Afr. J.
Child Health, 14.

Oyedeji KO, Bolarinwa AF and Ojeniran SS (2013).
Effect of paracetamol  (Acetaminophen) on
haematological and reproductive parameters in male
albino rats. IOSR J. Pharm. Biol. Sci., 4(6): 65-70.

Pakravan N, Bateman D and Goddard J (2007) Effect of
acute paracetamol overdose on changes in serum and
urine electrolytes. Br. J. Clin. Pharmacol., 64(6): 824-
832.

Pant S and Samant SS (2010). Ethnobotanical
observations in the mornaula reserve forest of kumoun,
west Himalaya, India. Ethnobot. Leaflets, 14:193.

Rose BD and Post TW (2001). Clinical Physiology of
Acid-Base and Electrolyte Disorders, 5" ed, McGraw-
Hill, New York, pp. 50-57.

Sabir SM and Rocha JBT (2008). Water-extractable
phytochemicals from Phyllanthus niruri exhibit distinct

Ikram Ilahi et al

in vitro antioxidant and in vivo hepatoprotective
activity against paracetamol-induced liver damage in
mice. Food Chem., 111(4): 845-851.

Saleh NS, Allam TS, El-Rabeaie RM and El-Sabbagh HS
(2018). Protective Effect of Some Egyptian Medicinal
Plants Against Oxidative Stress in Rats. AJVS., 58(1):
1-14.

Sener G, Sehirli AO and Ayanoglu-Dulger G (2003).
Protective effects of melatonin, vitamin E and N-
acetylcysteine against acetaminophen toxicity in mice.
A comparative study. J. Pineal. Res., 35: 61-68.

Senthilkumar R, Chandran R and Parimelazhagan T
(2014). Hepatoprotective effect of Rhodiola imbricata
rhizome against paracetamol-induced liver toxicity in
rats. Saudi Journal of Biological Sciences, 21: 409-
416.

Thapa B and Walia A (2007). Liver function tests and
their interpretation. Indian. J. Pediatr., 74: 663-671.
van Acker BA, Koomen GC and Koopman MG, Arisz L,

Koomen GCM, de Waart DR (1992). Creatinine
clearance during cimetidine administration for
measurement of glomerular filtration rate. Lancet, 340:

1326.

Vermeulen NP, Bessems JG and Van de Straat R (1992).
Molecular aspect of paracetamol-induced
hepatotoxicity and its mechanism-based prevention.
Drug Metab., 24: 367-407.

Vongtau H, Abbah J, Chindo, B, Mosugu O, Salawu A,
Kwanashie H and Gamaniel K (2005). Central
inhibitory effects of the methanol extract of
Neorautanenia mitis root in rats and Mice. Pharm.
Boil., 43: 113-120.

Whelton A, Sturmer T and Porte GA (2003). Non-
steroidal anti-inflammatory drugs. In: De Bore ME,
Porter GA, Bennett WA, Verpooten GA, editors.
Clinical Nephrotoxins. 2. London: Kluwer Academic
Publishers, pp.279-306.

Yan M, Huo Y, Yin S and Hu H (2018). Mechanisms of
acetaminophen-induced  liver  injury and its
implications for therapeutic interventions. Redox. Biol.,
17: 274-283.

Yoon E, Babar A, Choudhary M, Kutner M, and
Pyrsopoulos N  (2016). Acetaminophen-Induced
Hepatotoxicity: A Comprehensive Update. J. Clin.
Transl. Hepatol., 4(2): 131-142.

Zhu Y, Xu P, Wang Q, Luo J, Xiao Y, Li Y, Zhou YG,
Cave A and Banh HL (2018). Diclofenac --
Acetaminophen combination induced acute kidney
injury in postoperative pain relief. Pharm. Pharm. Sci.,
21: 19-26.

Pak. J. Pharm. Sci., Vol.32, No.2(Suppl), March 2019, pp.817-823

823


https://www.sciencedirect.com/science/article/pii/0140673692925027#!
https://www.sciencedirect.com/science/article/pii/0140673692925027#!
https://www.sciencedirect.com/science/article/pii/0140673692925027#!
https://www.sciencedirect.com/science/article/pii/0140673692925027#!

