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Abstract

Background: Overdose of paracetamol affects liver cells leading to cell death. This is done through hepatic
necrosis, which is characterized by a rupture of the plasma membrane. A variety of investigations has been
conducted using herbal extracts to assess liver toxicity induced by paracetamol. Here we examined herbal plant
species, Acridocarpus orientalis (A. orientalis), ethanolic extract to study its potential to protect against hepatotoxicity
in mice. Serum alanine transaminase (ALT), aspartate transaminase (AST) and reduced glutathione (GSH) enzymes
were estimated for all mice groups. A phytochemical screening was also conducted.

Results: Phytochemical screening showed that A. orientalis contains flavonoids, tannins, carbohydrates and phenolics
derivatives. A. orientalis pretreatment showed significant reduction of liver marker enzymes ALT and AST in almost all
concentrations. Furthermore, serum GSH levels were significantly increased in A. orientalis pretreated mice groups. In
addition, a reduction in liver weights in pretreated mice with A. orientalis showed significant weight loss at dose 250
mg/kg BW (P < 0.05). Moreover, the histological liver analysis showed near normal restoration of liver architecture in A.
orientalis pretreated mice.

Conclusion: pretreatment with A. orientalis protects mice against heplatotoxic adverse effects of paracetamol as
indicated by reduction of serum ALT and AST enzymes, with elevation of GSH antioxidant protective enzyme, which
may have contributed to the main hepatoprotective action of A. orientalis.
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Background
The liver is the most vital organ in the body, with its im-
portant role in the elimination of toxic substances [1].
Overdosing of some of the medicinal drugs causes irre-
versible effect on liver leading to hepatotoxicity. Drug
induced liver toxicity (DILT), occurs rarely due to the
prescription of those drugs for human use with accurate
dose that avoids hepatotoxicity case. In addition, precau-
tions are taken in controlled clinical trials to reduce ser-
ious injuries by minimizing adverse reactions and by
setting up stop points for drug use [2]. However, the
chance of occurrence of DILT could not be completely

ignored. Overdosing of drugs, where patient takes of
drugs regularly for recurring health issues might lead to
DILT. The DILT mainly affects liver parenchymal cells
(hepatocytes); and occasionally the endothelial cells, and
epithelial cells of bile duct (cholangiocytes) and leads to
cell death [3]. Alanine transaminase (ALT) and aspartate
transaminase (AST) are the liver enzymes markers used
to identify the extent of liver damage [4]. Two different
modes of liver cell death are proposed: apoptosis and ne-
crosis [3].
DILT contributes to more than 50% of the acute liver

failure and in the total reported drug-induced acute liver
failure cases, 80% are induced by paracetamol [5–7]. Para-
cetamol causes hepatotoxicity at higher doses [8–10] and
leads to acute liver failure [11]. Overdosed paracetamol
acts on the liver cells and causes cell death by inducing
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hepatic necrosis characterized by the hepatic cells plasma
membrane rupture and subsequent inflammatory re-
sponse [3, 10]. Indeed, the oxidative stress plays a critical
role in the inflammatory response and liver injury [12], es-
pecially the damages persisting after the induction of para-
cetamol [13]. By the formation of a reactive metabolite
NAPQI, over dosed acetaminophen modulates the liver
toxicity which in turn declines the Glutathione levels and
leads to oxidative stress. Following the activation of subse-
quent pathways like JNK leads to the amplification of
mitochondrial oxidative stress and nuclear DNA fragmen-
tation resulting the regulated cellular death [13]. Possibly
these attenuated normal cellular functions can be rejuve-
nated by the application of antioxidant compounds target-
ing the key inflammatory mechanisms.
Among the traditional medicinal plant species in the

UAE, A. orientalis have great medicinal values [14];. A.
orientalis is a floral plant species of flowering plant in
the family Malpighiaceae that is native to tropical Africa,
Asia and the Mediterranean region and in the sandy
plains of the Western Gulf countries [15]. Two flavo-
noids from the methanolic extract of A. orientalis were
separated and identified [16]. The isolated compounds
were reported to be morin and morin-3-O-β-D-gluco-
pyranoside. These compounds were reported to have
anti-lipid peroxidation properties. However, no reports
have been published to assess the hepatoprotective abil-
ities of A. orientalis. In this context, the present study
aims to investigate the hepatoprotective potential of A.
orientalis plant extracts against paracetamol induced
hepatotoxicity.

Methods
Plant material and extract preparation
Fresh young leaves of A. orientalis were collected from the
valley of Jabal Hafeet, Al-Ain, United Arab Emirates (N24°

13t E55° 80t) in October 2016. The leaves were detached,
cut into small pieces, washed with water and dried at
60 °C for 3 days and ground well to get fine powder using
high speed Mill herb grinder (Greatwall, China). Weighed
100 g of the dried plant powder and added 500ml of the
70% ethanol and kept in an orbital shaker for 72 h with
100-rpm speed at room temperature. Filtered using What-
man No: 1 filter paper and the filtrate were concentrated
using a rotary evaporator at about 40 °C (Stuart, UK).

Phytochemical screening and quantification
The plant extracts were subjected to phytochemical
screening using the standard methods [17]. The total
phenolic (TPC) [18], and flavonoid contents (TFC) [17],
of the plant extracts were also analyzed. Quantification
of phenolic A. orientalis extracts content of the dry ex-
tract was measured in terms of Gallic acid equivalent

and total flavonoid was measured in terms of Queceterin
equivalent [19].
Chemicals used: gum acacia (Sigma, MO, USA). Para-

cetamol (acetaminophen) a kind gift from Julphar
Pharma, UAE. All other reagents used were of high pur-
ity grads.

Animals
Male albino mice, weighing about 25–35 g, 8–10 weeks
old, were used for this study. UAE University animal eth-
ics committee has approved the animal study for this
work. The mice were kept at 22 ± 2 °C, suitable degree of
humidity about 50–60% in alternative dark and light for
12 h. Animals were given standard pelleted diet (Abu
Dhabi flour and animal feed factory) and water ad
libtium.

Study design
Mice were weighed, grouped randomly and treated or-
ally with gavage as: Group 1: Saline and paracetamol
(600 mg/kg BW) vehicle (5% gum acacia); Group 2: sa-
line; Group 3: A. Oriental is (125mg/kg BW) and Para-
cetamol (600mg/kg BW); Group 4: A. orientalis (250
mg/kg BW) and paracetamol (600 mg/kg BW) and
Group 5: A. orientalis (500 mg/kg BW) and paracetamol
(600 mg/kg BW). The treatments were given daily for 5
consecutive days. On the last day of treatment, and 30
min after receiving the last dose, the mice in all groups
were given paracetamol suspended in 5% w/v gum acacia
at a dose of 600 mg/kg except group two was given the
vehicle 5% gum acacia only in saline.

Biochemical parameters estimations
Three hours after the paracetamol or gum acacia adminis-
tration, the treated mice were killed by cervical dislocation
and decapitation. Blood samples were collected in sterile
plastic tubes with no additives and centrifuged at 900 g for
15min at 4 °C, to collect serum. Livers from different
groups were quickly removed, inspected, weighed and part
thereof stored at -20 °C for spectrophotometric measure-
ment of GSH concentration in the liver [20]. The activities
of serum AST, ALT, Gamma glutamyltransferase (GGT)
and cholesterol concentrations were measured with a
COBAS auto-analyzer (Roche, Switzerland) using kits sup-
plied by the manufacturer.

Liver histopathology study
Pieces of liver from the same lobe were cut and fixed in
10% formalin. Liver tissues were washed in serial de-
scending washing series of alcohols then embedded into
paraffin wax. Using microtome cut into thin sections
(5 μm thickness). These were then stained with
hematoxylin and eosin (H&E), and were examined under
light microscope (Olympus, Japan).
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Statistical analysis
Data reported are mean ± SEM. Differences between
means were assessed using Student’s t-test with P values
at 0.05 significance levels.

Results
Phytochemical screening and quantification
Phytochemical screening showed the presence of im-
portant phytochemical ingredients such as flavonoids,
phenolics, and tannins. Alkaloids and saponins were not
present (Table 1). Quantification of A. orientalis extracts
contains 154.2 mg/g total phenolic content of the dry ex-
tract and 79.9 mg/g total flavonoid content of the dry ex-
tract (Table 1).

Toxicity
Paracetamol of a concentration 600mg/kg BW adminis-
trated orally showed hepatotoxicity after 3 h as evident
from biochemical and histopathological parameters of
the study indicating a marked hepatocellular injury.
Paracetamol treatment significantly increased the serum
enzyme levels of ALT and AST, 98 IU/L and 407 IU/L,
respectively, as shown in (Figs. 1 & 2). While in case of
the serum cholesterol, the increase was insignificant,
161 mmol/L, as shown in (Fig. 3).

Estimation of biochemical parameters
The pretreatment with A. orientalis reduced significantly
the serum values of ALT in comparison to Paracetamol
treatment alone in all treated groups 54, 59, 76 IU/L, re-
spectively. Serum AST levels reduction were significant
177 and 254 IU/L at A. Oriental (125 and 250 mg/kg),
while it was insignificant effect at A. Oriental (500 mg/
kg) as shown in (Figs. 1 & 2).

The serum cholesterol values showed no marked dif-
ferences between paracetamol treated control group and
A. orientalis pretreated groups as shown in (Fig. 3).
The serum GGT values were also non-significant be-

tween paracetamol treated, untreated and paracetamol
pretreated with A. orientalis groups as shown in (Fig. 4).
In addition, the serum levels of GSH showed signifi-

cant increase in untreated control group and A. orienta-
lis pretreated Paracetamol groups (245, 212, 174,
217 μmol/L) respectively, in comparison to paracetamol
only control group (161 μmol/L) as shown in (Fig. 5).

Liver weight study
Liver weights were reduced in all groups; untreated,
paracetamol pretreated with A. orientalis. The decrease
in liver weight were only significant in untreated control
group and 250 mg/kg BW (4.4 and 4.7 g), respectively
compared to Paracetamol treated 5.2 g liver weight as
shown in (Fig. 6).

Liver histopathology study
In addition, the histopathological paracetamol treated
with 600 mg/kg BW, showed punctuate hemorrhagic ne-
crosis of the liver tissue as seen in (Fig. 7a). Normal liver
cells and cell membranes were seen with clear cytoplasm
enclosing distinctive circular intact nuclei. Moreover, for
paracetamol pretreated with A. orientalis, the gross
structure of the liver tissue showed quit a recovery of
the normal architecture of the liver histology as seen in
(Fig. 7c, d, and e).

Discussions
Paracetamol is considered as one of the most useful
antipyretic and analgesic drug in medication. However,
higher dosage of paracetamol consumption is not rec-
ommended as it adversely affects the liver cells and it
promotes centrilobular hepatic necrosis at toxic doses in
the hepatic cells [21]. Paracetamol and CCl4 induced
liver toxicity models are using generally to screen the
liver protection ability of a drug [22], and the degree of
liver toxicity is evaluated by the level of released hepatic
cytoplasmic enzymes such as ALT and AST [23].
The mechanism of paracetamol action involves its bio-

activation and further reactive metabolite formation.
Bio-activated paracetamol is converted to toxic N-acetyl-
p-benzoquinone imine (NAPQI) by cytochrome P450
and causes oxidative stress leading to reduced glutathi-
one (GSH) depletion [24, 25]. Along with the initiation
of oxidative stress, paracetamol causes mitochondrial
dysfunction and irregular calcium homeostasis resulting
in cell death [3, 6]. In addition, reactive oxygen species-
sensitive NF-KappaB nuclear factor also contribute to
paracetamol induced hepatotoxicity [26]. Since paraceta-
mol is a widely used analgesic and antipyretic medicine,

Table 1 Phytochemical Screening. The table shows the presence
(++) or absence (−-) of the screened phytochemicals in the plant
extract.
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researchers are concerned to look for ways to protect
the liver from paracetamol induced liver toxicity. Trad-
itional medicinal plants are one of such hepatoptotective
options, which have already been used for various health
related problems.
Numerous studies have been conducted using herbal

extracts or herbal formulations to protect the liver tox-
icity induced by paracetamol [27]. Hydro-alcoholic ex-
tract of Calotropis procera brought down the
paracetamol-induced elevated levels of serum ALT,

AST, alkaline phosphatase (ALP), bilirubin and choles-
terol [28]. Additionally, high levels of tissue GSH and
high density lipoprotein (HDL) values are observed in
Calotropis procera plus paracetamol treatments in com-
parison with the paracetamol only [28]. Aqueous-
ethanolic extract of Cassia occidentalis leaves were stud-
ied against paracetamol and ethanol induced liver dam-
age and showed significant hepato-shielding effects [29].
Studies on hepatoprotective effects of herbal extracts of
Kigelia africana, Hibiscus sabdariffa and Alchornea

Fig. 1 Bar charts showing the effect of A. orientalis on liver function markers, serum ALT in paracetamol treated, untreated control, paracetamol A.
orientalis pretreated 125, 250, 500 mg/kg BW mice groups. Note that in all doses ALT levels were significantly reduced compared to paracetamol
treated mice group. Data are presented as: mean ± SEM, n = 6, ** or *** P < 0.05 showed moderate or sever significant difference, respectively

Fig. 2 Bar charts showing the effect of A. orientalis on liver function markers, serum AST in paracetamol treated, untreated control, paracetamol A.
orientalis pretreated 125, 250, 500 mg/kg BW mice groups. Note that in all doses AST levels were significantly reduced compared to paracetamol
treated mice group except at 250 mg/kg BW the reduction was insignificant. Data are presented as: mean ± SEM, n = 6, ** or *** P < 0.05 showed
moderate or severe significant difference, respectively
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cordifolia showed that the hepatoprotective effect of
these extracts were due to the presence of antioxidant
constituents [30]. Antioxidants in Eucalyptus globulus
plant was also reported to reduce paracetamol-induced
oxidative stress on liver [31]. Application of Pyrogallol,
an antioxidant, present in Emblica officinallis plant,
helped to increase the GSH levels when applied with
drugs including paracetamol [32]. Gallic acid, another
antioxidant, provided protection against hepatotoxicity
induced by reactive oxygen species (ROS) [33, 34].
In the current study, ALT and AST levels were re-

duced in different pretreated mice groups as compared
to paracetamol treated control that showed significantly
higher values in almost all A. orientalis pretreated

groups. The decrease in AST and ALT concentrations
after pretreatment was a good indicator of intact hepatic
cell membrane and restoration the normal liver tissue
structure after the harmful toxic effects of paracetamol
on liver cells. This is accomplished by the reduction and
normalization of transaminases levels via curing of hep-
atic parenchyma and regeneration of new hepatocytes
[35].
Acetaminophen binds with protein follows the dys-

function of mitochondria, oxidative stress, the formation
of peroxynitrile are the successive destructive actions of
hepatocytes toxicity [36]. Paracetmol at overdose reacts
with CYP2E1, which is a part of cytochrome P450
mixed-function oxidase system, and produce a toxic N-

Fig. 3 Bar charts showing the effect of A. orientalis on serum cholesterol in paracetamol treated, untreated control, paracetamol A. orientalis
pretreated 125, 250, 500 mg/kg BW mice groups. Note that in all doses cholesterol levels were insignificantly reduced compared to paracetamol
treated mice group. Data are presented as: mean ± SEM, n = 6

Fig. 4 Bar charts showing the effect of A. orientalis on serum GGT in paracetamol treated, untreated control, paracetamol A. orientalis pretreated
125, 250, 500 mg/kg BW mice groups. Note that in all doses GGT levels were insignificantly increased compared to paracetamol treated mice
group. Data are presented as: mean ± SEM, n = 6
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acetyl p-benzoquinoneimine (NAPBQI) [37], which in
turn produces hazards xenobiotic compounds in the
body. Liver injury caused by paracetamol depends on
CYP2E1 enzymatic activity as well as the availability of
glutathione antioxidant enzyme as a hepatoprotetive sys-
tem [38].
In our study GSH, reduced glutathione levels were in-

creased significantly in A. orientalis pretreated mice
groups compared to paracetamol control group. Para-
cetamol intoxication leads to produce oxidative stress by
generating free radicals, depletion of GSH enzyme and

the resultant of liver cells death [39]. Acridocarpus
orientalis has been shown to have an antioxidant poten-
tial Invitro [15]. This report correlated with our investi-
gation and that potentiates the possibility of a preventive
measures against the pathological conditions that involve
the generation of free radicals, especially against the liver
toxicity. In our present study the extract has shown the
high amount of phenolic and flavonoid contents. More-
over, Hussain et al. identified two flavonoids from this
plant extract namely, Morin and morin-3-O-β-D-gluco-
pyranoside [16] also support the presence of high free

Fig. 5 Bar charts showing the effect of A. orientalis on antioxidant enzyme, serum reduced glutathione (GSH) in paracetamol treated, untreated
control, paracetamol A. orientalis pretreated 125, 250, 500 mg/kg BW mice groups. Note that in all doses GSH levels were significantly increased
compared to paracetamol treated mice group. Data are presented as: mean ± SEM, n = 6, ** or *** P < 0.05 showed moderate or sever significant
difference, respectively

Fig. 6 Bar charts showing the effect of A. orientalis on liver weight in paracetamol treated, untreated control, paracetamol A. orientalis pretreated
125, 250, 500 mg/kg BW mice groups. Note that liver weights were reduced compared to paracetamol treated mice group and the reduction was
significant at untreated control and A. orientalis pretreated 250mg/kg BW dose, respectively. Data are presented as: mean ± SEM, n = 6, ** P < 0.05
showed moderate significant difference

Lotfy et al. Clinical Phytoscience            (2020) 6:38 Page 6 of 9



radical scavenging components in the extract. Ksiksi
et al. reported the ethanolic extract of this plant leaves
produces high antioxidant and anti-LOX properties [40].
Based on the above properties and extremely beneficial
component’s availability, it is reasonable to suggest the
presence of flavonoids and or phenolic compounds may
be responsible for the protective activity against the
paracetamol toxicity of Acridocarpus. Many studies
reporting these polyphenolic compounds are known to
scavenge free radicals and accelerate GHS- levels [41,
42]- that might prevent the paracetamol induced toxicity
of the liver. At a toxic dose of paracetamol the satur-
ation of sulfation and glucuronidation pathways became
predominant [43]. So that more NAPQI, the toxic me-
tabolite, formation become more rapid and that facili-
tates the depletion of GSH more easily and binds to the
cellular protein covalently. With the administration of
the plant extract this GSH depletion possibly be reorga-
nized and regulated the normal cellular metabolism. The
oxidized NAPQI might be inactivated by conjugation
with GSH to form a harmless 3-S-glutathionyl conjugate
of paracetamol.
Niharika samala [44] et al. reported that in Non-

Alcoholic Fatty Liver Disease (NAFLD), by declining the
oxidative end product formation, the 12-lipoxygenase in-
hibitors such as ML127, ML351 and ML355 helps in al-
leviating inflammatory responses. In our earlier study
[45] we found the LOX inhibitory activities of the ex-
tract in vitro and it might be correlating to prevent the
inflammation following the liver injury. In our study,
pre-treatment with the extract, the liver weight reduced
than the paracetamol alone is a good indication of re-
generation of the pro-inflammatory state of the liver.
Moreover, Maria c et al. reported the down regulation of
NF-kB transcription factor and Nrf2 up regulations play
the important role in the regulation and normalization

of antioxidant response in the liver [46, 47]. They sup-
plemented DHA and EVOO to HFD mice, prevented
the liver steatosis through PPAR-α and Nrf2 up regula-
tion and NF-kB down regulation [46]. They describes
this might be attributed in the presence of polyphenols
such as hydroxytyrosol and oleuropein (in EVOO)
present in their treatment by down regulating NF-kB.
Possibly this mechanistic view can be applicable in our
study as our extract is a rich source of poly phenols and
they might play a recovery role in preventing liver stea-
tosis by promoting Nrf2 pathway and down regulating
NF-kB. As in the case of NAFLD, the increase in fatty
acid content might be imbalanced the redox potential of
the liver system with paracetamol intoxication as well. In
our study the total cholesterol content also increased
with paracetamol and subsequent decrease with the
plant extract is observed. Possibly the beneficial proper-
ties of Acridocarpus polyphenols might be correspond-
ing to decreased level of total cholesterol with
enhancement of GSH and antioxidant capacity with A.
orientalis.
The histopathological assessment by hematoxylin

and eosin staining identified the cell morphology
showed a protective effect of the A. orientalis in res-
toration of normal liver tissue architecture. These
results are accomplished with the biochemical param-
eters. Various herbal formulations are being used to
treat liver malfunction in traditional medicine [48]
that may be due to the presence of some hematoxylin
and eosin ingredients in the herbal extracts. Since the
preliminary phytochemical screening of the extracts
has revealed the presence of high levels of flavonoids
and phenolic compounds, which had been reported
for their antioxidant and hepatoprotective activities
[49]. Therefore, we may refer the beneficial action of
A. orientalis to those ingredients.

Fig. 7 Histological light micrographs represents the hematoxylin and eosin liver tissue staining of paracetamol treated, untreated control, paracetamol
A. orientalis pretreated 125, 250, 500mg/kg BW mice groups (H&E X400). Paracetamol treated (a), untreated control (b), paracetamol A. orientalis
pretreated 125 (c), paracetamol A. orientalis pretreated 250 (d), paracetamol A. orientalis pretreated 500 (e). Note that the liver structure is almost
normalized in A. orientalis-pretreated mice groups compared to paracetamol treated group
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Conclusion
The present study provides a potential that A. orientalis,
in conjunction with paracetamol, can be used to protect
the liver tissue. Further studies are recommended to ex-
plore the exact mechanism of action of this species as a
hepatoprotective capable agent.
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