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Abstract
The study was designed to evaluate the hepatoprotective activity of different solvent extracts (hexane, chloroform, ethyl
acetate and methanol) of Enantia chlorantha stem bark in acute experimental liver injury induced by acetaminophen. The
effects observed were compared with a known hepatoprotective agent, silymarin (100 mg/kg p.o.). Preliminary
phytochemical tests and acute toxicity study were done. The degree of hepatoprotection was measured using serum
transaminases (AST and ALT), alkaline phosphatase, bilirubin, albumin, and total protein levels. In the acute liver damage
induced by acetaminophen, E. chlorantha stem bark extracts (200 mg/kg, p.o.) significantly reduced the elevated serum
levels of aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase and bilirubin in acetaminophen
induced hepatotoxicity. The total serum protein was significantly increased (P<0.05) by all the solvent extracts.
Histological examination of the liver tissues supported the hepatoprotection. Our findings suggested that E. chlorantha
stem bark extracts possessed hepatoprotective activity; the hexane extract of stem bark of E. chlorantha plant possesses
better hepatoprotective activity compared to other extracts.
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1. Introduction
The liver is the most important organ in the body. The
liver plays a pivotal role in regulating various
physiological processes (Rajib et al., 2009). It is the
centre of metabolism of nutrients such as carbohydrates,
proteins and lipids. It is also involved in the metabolism
and excretion of waste metabolites, drugs and other
xenobiotics from the body thereby providing protection
against foreign substances by detoxifying and eliminating
them (Mohamed et al., 2010). As a result of this, the liver
is exposed to all types of toxic abuse from both
endogenous and exogenous substances which may
produce liver degeneration.
Liver diseases have become one of the major causes of
morbidity and mortality in man and animals and
hepatotoxicity due to drugs appears to be the most
common contributing factor (Russmann et al., 2009). For
instance, drug-induced liver injury accounts for at least
13% of acute liver failure cases in the United States (Au
et al., 2011). The manifestations of drug-induced
hepatotoxicity are highly variable, ranging from
asymptomatic elevation of liver enzymes to fulminant
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hepatic failure. Acetaminophen also known as
paracetamol, taken in overdose can cause severe
hepatotoxicity and nephrotoxicity (Yakubu et al., 2008).
In spite of the tremendous advances in modern medicine,
there is no effective drug available that stimulates liver
function, offers protection to the liver from damage or
helps to regenerate hepatic cells (Chaudhary, 2010).
Medicinal plants play a key role in human and animal
health care. About 80% of the world population relies on
the use of traditional medicine, which is predominantly
based on plant material (WHO, 1993). Despite the
significant popularity of several herbal medicines in
general, and for liver diseases in particular, they are still
unacceptable treatment modalities for liver diseases due to
lack of standardization of the herbal drugs, lack of
identification of active ingredient(s)/principles(s), lack of
randomized controlled clinical trials (RCTs) and lack of
toxicological evaluation (Radha & Yogesh, 2005).
Therefore, due importance has been given globally to
develop plant-based hepatoprotective drugs effective
against a variety of liver disorders.
There are numerous plants and traditional formulations
available for the treatment of liver diseases. Silybum
marianum, Orthosiphon stamineus and Foeniculum
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vulgare are amongst natural products whose
hepatoprotective effects have been investigated and
documented (Hanefi et al., 2004; Pradhan and Girish,
2006; Subramanian et al., 2006).
Enantia chlorantha Oliv (family-Annonaceae)
common name-African Yellow Wood is widely
distributed along the coasts of West and Central Africa
and also very common in the forest regions of Nigeria
(Adesokan et al., 2007).
Several studies have shown that the stem bark of E.
chlorantha possesses wide spectrum antimicrobial and
antimalarial (Adesokan et al., 2007; Odugbemi et al.,
2007) activities. In Cameroon, the stem bark extract is
also used to treat jaundice, urinary tract infections
(Adjanohoun et al., 1996), hypoglycaemia, typhoid fever (
FAO, 2001). The stem bark is also used for treating
leprosy spots, as haemostatic agent and uterus stimulant
(Gill, 1992). An anti-sickling compound has also been
isolated from the ethanolic extract of the plant (Ejele et
al., 2012).
Despite its numerous medicinal uses and importance
in the treatment of many illness and diseases in Africa, to
our knowledge, no concrete scientific study has been
reported to prove the folklore claim of the utility of E.
chlorantha in the treatment of liver diseases and hence
one of the objectives of the present study was to correlate
the ethnobotanical evidence with scientific study. Further,
the study also attempts to evaluate in vivo
hepatoprotective and curative effects of stem bark extracts
of E.chlorantha on acetaminophen induced hepatotoxicity
models in rats using solvents of various polarities.
2. Materials and Methods
2.1. Plant Material and Authentication
The plant samples were collected from local region
between September and October (rainy season), 2012.
The plant was identified and authenticated at the Forestry
Research Institute of Nigeria, Ibadan and voucher
specimen (FHI. 109950) was preserved at the herbarium.
2.2. Plant Materials Extraction
Stem barks of E. chlorantha were dried under shade
for 7 days until a constant weight was obtained. This was
ground into powder using an electric blender
(Blender/Miller III, model MS-223, Taiwan, China). The
powder was packed into Soxhlet column and extracted
with hexane. The same material was successively
extracted with chloroform, ethyl acetate and methanol.
The solvents were filtered, squeezed off and evaporated
off under reduced pressure in a rotary evaporator to obtain
the crude extract. After concentrated preparation, the
dried powder extract was stored at 4ºC (Prakash et al.,
2008).
2.3. Experimental Animals
Thirty five wistar albino rats (Rattus norvegicus)
consisting of both male and female with average weight
of 150-200 g were obtained from the Animal Holding
Unit of the Department of Veterinary Physiology,
Biochemistry and Pharmacology, Faculty of Veterinary
Medicine, University of Ibadan, Nigeria. The animals

were allowed free access to feed and fresh water ad
libitum. All the animals were acclimatized to laboratory
conditions for two weeks before commencement of the
experiment. The study was approved by the Animal
Ethics Committee of the Faculty of Veterinary Medicine,
University of Ibadan.
2.4. Drugs and Chemicals
Silymarin (Micro labs, Tamilnadu, India), ethanol,
hexane, chloroform, ethyl acetate, methanol and the rest
of the chemicals utilized were of analytical grade and
were prepared in all glass distilled water. Acetaminophen
(Emzor Paracetamol®) was purchased over the counter.
2.5. Phytochemical Screening
The qualitative methods already established to test for
classes of compounds in plant extracts by Ciulei (1964)
and Chitravadivu et al. (2009) were used. The substances
that were tested for included: phenolics, alkaloids,
steroids, tannins, flavonoids, saponins, glycosides and
phlebotanins. The hexane, chloroform, ethyl acetate and
methanol extracts of Enantia chlorantha stem bark were
used to determine the compounds.
2.6. Acute Toxicity Study
This study was conducted according to the
Organisation
for
Economic
Cooperation
and
Development’s (OECD) revised up and down procedure
for acute toxicity testing (OECD, 2001). Animals were
divided into eight groups of five rats each. The control
group received distilled water (10 ml/kg) groups II-VIII
received 100, 200, 400, 800, 1000, 2000 or 3000 mg/kg of
ethanol extract of Enantia chlorantha stem bark orally in
a single dose. Immediately after dosing, the rats were
observed for mortality and clinical signs for the first hour,
then hourly for three hours and then periodically for
72hours and then kept for up to 14 days post-treatment in
order to observe for any toxic symptoms and mortality.
2.7. Experimental Design
Animals were randomly divided into seven groups (IVII) of five animals per group. Group I (normal control)
received neither the plant extract nor acetaminophen for 8
days. Group II (negative control group) Induction of
hepatotoxicity using acetaminophen: The animals
received distilled water for 7 days and were administered
acetaminophen (500 mg/kg) orally on day 8. Group III
(positive control group) – pre-treatment with silymarin
(100 mg/kg) for 7 days (p.o) followed by a single dose of
acetaminophen on day 8. Groups IV, V, VI and VII – Pretreatment with hexane, chloroform, ethyl acetate and
methanol extract of Enantia chlorantha stem bark
respectively at 200 mg/kg for 7 days (p.o) followed by a
single dose of acetamionophen on day 8.
During the period of drug treatment the rats were fed
ad libitum with standard pellet diet and had free access to
water. The biochemical parameters were estimated after
24 hours following the administration of acetaminophen.
2.7.1. Serum Biochemical Analyses
Blood was obtained from all animals by puncturing
retro-orbital plexus. The blood samples were allowed to
coagulate and then serum was separated by centrifuging at
3000 rpm for 20 min, collected into sterilized tubes and
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stored at -20 °C. Serum biochemical parameters were
analyzed: Aspartate aminotransferase (AST) (Reitman
and Frankel, 1957), alanine aminotransferase (ALT)
(Reitman and Frankel, 1957), alkaline phosphatase (ALP)
(Kind and King, 1954), serum bilirubin (Mallay and
Evelyn, 1937), total protein, albumin, blood urea nitrogen
(BUN) using RANDOX® laboratory reagent kits
(RANDOX® Laboratories Ltd., Ardmore, United
Kingdom).
2.7.2. Histopathological Examination
After collection of blood samples the rats in different
groups were sacrificed. 3-5 mm samples of the liver tissue
were collected and placed in 10% formaldehyde solution
for histopathological study. The pieces of liver were
processed and embedded in paraffin wax and sections
were made about 4-6 μm in thickness. After staining with
haematoxylin and eosin (H&E), slides were examined
under microscope (Olympus, Japan) for histopathological
changes and photographed.
2.8. Statistical Analysis
All data were expressed as mean ± standard error of
mean (SEM), comparison was by the student t test using
Graphpad Prism version 4.00 for Windows, Graphpad
Software. Significance was reported at P < 0.05.
3. Results
Phytochemical screening of the extracts of E.
chlorantha stem bark revealed the presence of phenolics,
flavonoids, alkaloids, glycosides and saponins ( Table 1).
All four extracts of E. chlorantha stem bark at a dose
of 3000 mg/kg p.o., did not produce any mortality in the
rats during the pilot acute toxicity study.
There was a significant (P < 0.05) increase in the level
of serum total protein (TP) in the test groups when
compared with the negative control/ untreated group
(distilled water). Rats pre-treated with HX, CH, EE and
ME extracts of E. chlorantha stem bark showed an
insignificant increase (P > 0.05) in the serum albumin
contents when compared with the untreated group.
Groups pretreated with HX, CH, EE and ME extracts of
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E. chlorantha stem bark showed a significant increase in
the serum globulin contents when compared with the
negative control/ untreated group.
The test groups had a significant decrease (P < 0.05)
in activities of AST, ALT and ALP when compared with
the negative control/ untreated group. The extracts (HX,
CH, EE and ME) also decreased significantly the
activities of ALT and ALP relative to silymarin (positive
control group) (Table 2).
The results reported in table 2 also showed that groups
treated with HX, CH, EE and ME extracts of E.
chlorantha stem bark had significantly decreased (P <
0.05) levels of serum bilirubin when compared with the
negative control/ untreated group.
Liver sections from acetaminophen treated rats
showed vacuolar degeneration and different stages of
necrotic alterations in the hepatocytes surrounding the
central
veins.
Focal
mononuclear
leucocytes
inflammatory cells infiltration was observed in between
the degenerated and necrotic hepatocytes, as well as in the
portal area. There was marked congestion of portal
vessels and central vein (Figure 1). Liver sections from
rats pre-treated with silymarin showed diffused
proliferation of Kupffer cells between the hepatocytes
associated with dilatation in the portal vein and
inflammatory cells infiltration in the portal area (Figure
2).
Liver of rats pre-treated with hexane extract of E.
chlorantha prior to acetaminophen administration showed
diffused proliferation of the Kupffer cells between the
hepatocytes, associated with dilatation in the central vein,
and focal inflammatory cells infiltration in the hepatic
parenchyma (Figure 3). The liver of rats given chloroform
extract of E. chlorantha before administration of
acetaminophen showed dilatation in the central and portal
veins with newly formed bile ductules, oedema and
inflammatory cells infiltration in the portal area. Focal
haemorrhage was noticed in the hepatic parenchyma
(Figure 4). The liver of rats dosed with ethyl acetate and
methanol extract of E. chlorantha stem bark showed no
visible histopathological lesion (Figure 5 and 6,
respectively).

Table 1. Phytochemical constituents of hexane, chloroform, ethyl acetate and methanol extracts of Enantia chlorantha stem bark.
Phytochemical
Hexane
Chloroform
Ethyl acetate
Methanol
Phenolics
+
++
++
Flavonoids
+
+
+
+
Alkaloids
++
++
++
++
Glycosides
±
+
±
+
Saponins
++
++
++
++
Tannins
Phlebotanins
Steroids
++ = Strongly positive, + = positive, ± = weakly positive, and - = not detected
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Table 2. Serum biochemical values of rats administered with hexane, chloroform, ethyl acetate, methanol extracts of E. Chlorantha stem
bark and the control groups

Group I

Group II

Group III

Group IV

Group V

Group VI

Group VII

2.75 ± 0.15 a

1.28 ± 0.09 b

1.88 ± 0.23 c

2.65 ± 0.22 a

1.84 ± 0.02 c

1.46 ± 0.04 b

1.98 ± 0.19 a

ALB (g/dL) 0.85 ± 0.07 a

0.43 ± 0.09 b

0.72 ± 0.09 a

0.45 ± 0.05 b

0.80 ± 0.20 a

0.44 ± 0.08 b

0.88 ± 0.03 a

1.16 ± 0.09 c

2.20 ± 0.17 a

1.04 ± 0.02 c

1.02 ± 0.10 c

1.10 ± 0.08 c

TP (g/dL)

GLB (g/dL) 1.90 ± 0.18 a

0.85 ± 0.05 b
a

b

a

a

c

a

41.50 ±1.71 c

AST (U/L)

35.46 ± 2.81

ALT (U/L)

41.39 ± 2.61 a 75.25 ±1.80 b 59.75 ± 2.40 c 42.25 ± 1.03 a 55.00± 1.41 c 46.00 ± 7.48 a 55.25 ± 3.35 c

ALP (U/L)

35.61 ± 3.11 a 72.25 ± 0.85 b 46.25 ± 6.76 b 34.00 ± 2.94 a 30.00±2.97 a

BIL(mg/dl) 6.56 ± 0.34 a

56.00 ± 1.33

9.92 ± 0.17 b

38.50 ±2.26

8.57 ± 0.06 b

34.50 ±0.63

6.52 ± 0.36 a

43.04 ± 0.60

9.05 ± 0.15 b

35.20 ±4.50

38.40 ± 4.35 a 46.75 ± 9.16 b
6.96 ± 0.94 a

7.95 ± 0.20 c

Values are expressed as mean ± SEM (n= 5 mice/ group).
TP- total protein
ALB- albumin
GLB- globulin
AST- aspartate aminotransferase
ALT- alanine aminotransferase
ALP- alkaline phosphatase
BIL- bilirubin
Means with different superscripts within rows are significantly different at P < 0.05

Figure 1. Shows vacuolar degeneration, necrotic hepatocytes,
marked congestion of portal vessels and central vein. H & E
stain ( x100)

Figure 2. Shows diffused proliferation of Kupffer cells
between the hepatocytes inflammatory cells infiltration.H & E
stain (x100)

Figure 3. Shows diffused proliferation of Kupffer cells
between the hepatocytes dilatation in the central vein and
inflammatory cells infiltration in the hepatic parenchyma. H &
E stain (x100).

Figure 4. Dilatation in the central and portal veins with newly
formed bile ductules, oedema and inflammatory cells
infiltration in the portal area. Focal haemorrhage was noticed in
the hepatic parenchyma (H & E stain(x100).

Figure 5. Shows no visible histopathological lesion. (H& E
stain) x 100.

Figure 6. Shows no visible histopathological lesion .H& E
stain (100x).
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4. Discussion
The stem bark extracts of E. chlorantha was found to
contain phenolics, flavonoids, alkaloids, glycosides and
saponins. These are secondary metabolites which have
been reported to cure a lot of diseases (Dongmo et al,
2007; Suman et al, 2011). The fact that methanol
exhibited the strongest reactions; thus being able to
extract more phytochemicals, could mean that there are
more non-polar phytochemicals in the stem bark.
Acetaminophen is a common antipyretic agent,
which is safe in therapeutic doses but can produce fatal
hepatic necrosis in man, rats and mice with toxic doses
(Dash et al, 2007). Protection against acetaminopheninduced toxicity has been used as a test for potential
hepatoprotective activity by several investigators (Sabir
& Rocha, 2008; Parmar et al, 2010).
Proteins are important organic constituents of the
animal cells playing a vital role in the process of
interactions between intra and extra cellular media
(Waqar et al, 2004). In the present study, the untreated/
negative
control
group
administered
with
acetaminophen showed a decrease in the level of serum
total protein (TP) while pre-treatment with solvent
extracts of E. chlorantha (500mg/kg) showed an
increase in the level of serum protein. Being a part of
cell membrane and as an enzyme, protein helps to
balance sub cellular fractions. Protein and amino acids
are also very important nutrients and they play a major
role in the synthesis of microsomal detoxifying enzymes
which help detoxify toxicants that enter into the
animal’s body (Abubakar et al, 2010). The reduction in
the protein levels in the untreated/ negative control
group might thus be as a result of their metabolism to
liberate energy during acetaminophen toxicity. The liver
is also an important site for the synthesis of many serum
proteins (Ahsan et al, 2009). The reduction in serum
total protein observed in the acetaminophen group may
also be associated with decrease in the number of
hepatocytes which consequently results in decreased
hepatic capacity to synthesize protein. Pre-treatment
with HX, CH, EE and ME extracts of E. chlorantha
stem bark significantly increased TP indicating the
hepatoprotective activity of the extracts most probably
through hepatic cell regeneration (Olorunnisola et al,
2011). These results are in line with the report by
Manokaran et al, (2008) that oral administration of
Aerva lanata to acetaminophen treated rats showed
increased serum protein level when compared to
acetaminophen alone treated rats. Similarly oral
administration of hydro-ethanolic extract (70%) of
Calotropis procera flowers to acetaminophen treated
rats showed significantly increased serum protein level
(Setty et al, 2007). The highest increase in serum total
protein content was noticed in the rats treated with the
HX extract (this group had more than a two-fold
increase) of E. chlorantha stem bark and this increase
was statistically significant when compared with the
acetaminophen treated rats. This also explains the
corresponding reduction and increases in albumin in the
untreated group and the test groups as about 60% of
total serum protein is albumin (Musa et al, 2005).
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It has been reported in several studies that liver
enzymes are liberated into the blood whenever liver
cells are damaged and enzyme activity in the plasma is
increased (Chang, 2009). Thus ALT, AST and ALP
activity and serum bilirubin level are largely used as
most common biochemical markers to evaluate liver
injury (Ajayi et al, 2009). Elevation of these liver
enzymes is also associated with cell necrosis of many
tissues especially the liver (Adedapo et al, 2004). The
current study also confirmed these effects of
acetaminophen overdose toxicity, as indicated by
marked increases in serum hepatic enzymes in the
control/ untreated group. This is in consonance with the
findings of Vadivu et al, (2008) who stated that
acetaminophen causes liver damage in rats and
significantly (P < 0.05) increased the AST and ALT
levels in serum when compared with silymarin which
has a remarkable protection of serum AST and ALT
levels towards acetaminophen induced hepatotoxicity.
The significant (P<0.05) decrease in activities of these
enzymes by the extracts may indicate that the plant
extracts did not have necrotic effect on the liver. This
may be due to the fact that the extracts offer protection
and maintain the functional integrity of hepatic cells.
The protective effect may be the result of stabilization of
plasma membrane thereby preserving the structural
integrity of cell as well as the repair of hepatic tissue
damage caused by acetaminophen (Murugaian et al,
2008). The increased ALP concentration following
acetaminophen administration is in line with existing
literature that ALP synthesis is increased by cells lining
bile canaliculi usually in response to cholestasis and
increased biliary pressure (Gaw et al., 1999). Increased
level was obtained after acetaminophen administration
and it was brought to near normal level by E. chlorantha
treatment. This further signifies the curative nature of
the extract against acetaminophen toxicity.
Serum bilirubin is considered an index for the
assessment of hepatic function and any abnormal
increase indicates hepatobiliary disease and severe
disturbance of hepatocellular architecture (Martin and
Friedman, 1992). Acetaminophen administration
resulted in increased serum bilirubin level, (Table 2)
thereby suggesting severe hepatic injury and confirming
the hepatotoxic nature of acetaminophen. Treatment
with E. chlorantha stem bark extracts significantly
decreased the elevated level of total bilirubin in serum
towards normalcy indicating its hepatoprotective
efficacy. The hexane extracts demonstrated the highest
potency in this regard.
Liver of rats administered with acetaminophen
showed severe necrosis, with disappearance of nuclei.
This could be due to the formation of highly reactive
radicals because of oxidative threat caused by
acetaminophen (Shardul, 2010). Histopathological
changes of the group pre-treated with the extracts
showed significant improvement in architecture.
Pretreatment with the ethyl acetate and methanol
extracts restored the hepatic architecture and protected
the liver tissue from fatty and degenerative changes, by
preventing the toxic chemical reaction. Although,
necrotic changes were still evident in the liver of rats
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pre-treated with the hexane and chloroform extracts, the
severity of the damage was less intense significantly.
The various phytoconstituents of the stem bark extracts
of E. chlorantha might be helpful in the changes in the
membrane, in the mitochondria or at the ionic level like
calcium (Rang et al., 2003).The extracts of E.
chlorantha stem bark may have a role in the process of
regeneration and prevention of fibrosis. However, our
study has shown the centrizonal necrosis by
acetaminophen and prevention of such changes and
restoration to normalcy in the centrizonal area by
extracts of E. chlorantha stem bark.
The possible mechanism responsible for the
protection of the acetaminophen induced liver damage
by the extract of E. chlorantha maybe a result of the
extract acting as a free radical scavenger by intercepting
the radicals involved in acetaminophen metabolism by
microsomal enzymes or the phytochemicals constituents
of the plant because a number of scientific reports
indicate the role of certain flavonoids and steroids in
hepatoprotection against hepatotoxins. The presence of
these compounds in E. chlorantha may be responsible
for the protective effect on acetaminophen induced liver
damage in rats.
5. Conclusion
Based on the above results, it could be concluded
that hexane, chloroform, ethyl acetate and methanol
extracts of Enantia chlorantha stem bark exert
significant hepatoprotection against acetaminopheninduced toxicity.
The hexane extract of E. chlorantha showed better
hepatoprotective activity in acetaminophen induced liver
damage compared to chloroform, ethyl acetate and
methanolic extract(s) as indicated by maximum
prevention of increased serum biochemical parameters.
The stem bark extract of E. chlorantha extract may
be hepatoprotective.
References
Abubakar MG, Lawal A and Usman MR. 2010. Hepatotoxicity
studies of sub-chronic administration of aqueous stem bark of
Khaya senegalensis in albino rats. Bayero J Pure and Applied
Sci., 3(1): 26 – 28.
Adedapo AA, Abatan MO and Olorunsogo OO. 2004. Toxic
effects of some plants in the genus Euphorbia on
haematological and biochemical parameters of rats. Veterinary
Archives, 74(1): 53-62.
Adesokan AA, Akanji MA and Yakubu MT. 2007.
Antibacterial potentials of aqueous extract of Enantia
chlorantha stem bark. Afr J Biotechnol., 6(22): 2502-2505.
Adjanohoun JE, Aboobakar N and Dramane K. 1996.
Traditional Medicine and Pharmacopoeia: Contribution to
Ethnobotanical and Floristic Studies in Cameroon, Porto Novo,
Benin. Organisation of African Unity Scientific Technical and
Research Commission. Centre National de Production de
Mannels Scolaries.
Ajayi GO, Adeniyi TT and Babayemi DO. 2009.
Hepatoprotective and some haematological effects of Allium
sativum and vitamin C in lead exposed wistar rats. Inter J
Medicine and Medical Sci., 1(3): 064-067.

Ahsan MR, Islam KM and Bulbul IJ. 2009. Hepatoprotective
activity of methanol extract of some medicinal plants against
carbon tetrachloride-induced hepatotoxicity in rats. Europ
JScientific Res., 37(2): 302-310.
Au JS, Navarro VJ and Rossi S. 2011. Drug-induced liver
injury- its pathophysiology and evolving diagnostic tools.
Alimentary Pharmacol Therapeutics, 34(1): 11-20.
Chang S. 2009. Liver Enzymes [online]. Available from URL:
http://www. Liver Enzymes on RightHealth.html (cited on 11th
Feb 2013)
Chaudhary GD, Kamboj P, Singh I and Kalia AN. 2010. Herbs
as liver savers- A review. Indian J Natural Products and
Resources, 1(4): 397-408.
Chitravadivu C, Manian S and Kalachelvi K. 2009. Qualitative
analysis of selected medicinal plants, Tamilnadu, India. Middle
East J Sci Res., 4: 144-146.
Ciulei I. 1964. Practical Manuals on the Industrial
Utilization of Medicinal and Aromatic Plants, University of
Bucharest, Romania.
Dash DK, Yeligar VC, Nayak SS, Ghosh T, Rajalingam D and
Sengupta P. 2007. Evaluation of hepatoprotective and
antioxidant activity of Ichnocarpus frutescens (Linn.) on
paracetamol-induced hepatotoxicity in rats. Tropical J
Pharmaceutical Res., 6: 755-765.
Dongmo F, Julius EO, Claudia ENM and Damaris EM. 2007.
Phytochemical constituents and antioxidant potential of some
Cameroonian medicinal plants Pharmacol online, 2: 436-452.
Ejele AE, Akpan IO, Ogukwe CE, Onyeocha VO and Ukiwe
LN.
2012.
Bioassay-guided
isolation
and
partial
characterization of an antisickling compound from Enantia
chlorantha. Inter Res J BiochemBioinformatics, 2(7): 149-154.
Food and Agriculture Organization (FAO) 2001. Collecte et
analyse de données pour l’aménagement durable des forêts joindre les efforts nationaux et internationaux. Programme de
partenariat CE-FAO (1998-2001). Données statistiques des
produits forestiers non-ligneux du Cameroun. pp. 36
Gaw A, Cowan, RA, O’Reilly DSJ, Stewart MJ and Shepherd
J. 1999. Clinical Biochemistry – An Illustrated Color Text.
1st ed. New York: Churchill Livingstone; pp. 51‐53
Gill LS. 1992. Ethnomedical Uses of Plants in Nigeria.
Uniben Press Benin Nigeria. pp.143.
Gupta A, Chitme H, Dass SK and Misra N. 2006.
Hepatoprotective activity of Rauwolfia serpentina rhizome in
paracetamol intoxicated rats. J Pharmacol Toxicol., 1: 82-88.
Hanefi O, Serdar U, Irfan, Ismail U, Ender E, Abdurrahman O
and Zübeyir H. 2004. Hepatoprotective effect of Foeniculum
vulgare essential oil: A carbon-tetrachloride induced liver
fibrosis model in rats. Scand J Lab Anim Sci., 31: 9-17.
Kind PRN and King E. 1954. Estimation of plsma phosphatase
by determination of hydrolysed phenol with amino antipyrine. J
Clin Pathol., 7: 322.
Maheswari C, Maryammal R and Venkatanarayanan R. 2008.
Hepatoprotective activity of “Orthosiphon stamineus” on liver
damage caused by paracetamol in rats. Jordan J Biol Sc., 1(3):
105 -108
Mallay HT and Evelyn KA. 1937. Estimation of serum
bilirubin level with the photoelectric colorimeter. J Biological
Chem., 119: 481-484.

© 2013Jordan Journal of Biological Sciences. All rights reserved - Volume 6, Number 4

Manokaran S, Jaswanth A, Sengottuvelu S, Nandhakumar J,
Duraisamy R, Karthikeyan D and Mallegaswari R. 2008.
Hepatoprotective activity of Aerva lanata Linn. against
paracetamol induced hepatotoxicity in rats. Res J Pharmacy
and Technol., 1: 398-400.
Martin P and Friedman LS. 1992. Assessment of liver function
and diagnostic studies. In: Freidman L S and Keefe E B (Eds.),
Hand Book of Liver Disease. Churchill Livingstone,
Philadelphia, pp.1-14.
Mohamed TS, Madhusudhana C, Ramkanth S, Rajan VST,
Mahesh K and Gauthaman K. 2010. Hepatoprotective Herbs.
Inter J Res Pharmaceutical Sci., 1(1): 1-5.
Murugaian P, Ramamurthy V and Karmegam N. 2008.
Hepatoprotective Activity of Wedelia calendulacea L. against
Acute Hepatotoxicity in Rats. Res J Agriculture and Biol Sci.,
4(6): 685-87.
Musa TY, Adebayo OJ, Egwim EC and Owoyele VB. 2005.
Increased liver alkaline phosphatise and amino transferases
activities following administration of ethanolic extract of
Khaya senegalensis stem bark to rats. Biochem., 17(1): 27-32.
OECD. 2001. OECD Guideline 425: Acute Oral Toxicity—Upand-Down Procedure. In: OECD Guidelines for the Testing of
Chemicals Vol.2 Organization for Economic Cooperation and
Development. Paris, France.
Odugbemi TO, Odunayo R, Akinsulire I, Aibinu E and Fabeku
O. 2007. Medicinal plants useful for malaria therapy In
Okeigbo, Ondo State, Southwest Nigeria. Afr J Traditional,
Complementary and Alternative Med., 4 (2): 191- 198.
Olorunnisola OS, Bradley G and Afolayan AJ. 2011.
Antioxidant properties and cytotoxicity evaluation of
methanolic extract of dried and fresh rhizomes of Tulbaghia
violacea. Afr J Pharmacy and Pharmacol., 5: 2490–2497.
Parmar SR, Patel HV and Kiran K. 2010. Hepatoprotective
activity of some plants extract against paracetamol induced
hepatotoxicity in rats. J Herbal Med and Toxicol., 4 (2): 101106
Pradhan SC and Girish C. 2006. Hepatoprotective herbal drug,
silymarin from experimental pharmacology to clinical
medicine. Indian J Med Res., 124: 491-504
Prakash T, Snehal DF, Uday RS, Surendra V, Divakar G,
Perfect S and Kotresha D. 2008. Hepatoprotective activity of
leaves of Rhododendron arboreum in CCl 4 induced
hepatotoxicity in rats. J Med Plants Res., 2(11): 315-320.
Radha KD and Yogesh KC. 2005. Herbal medicines for liver
diseases. Digestive Dis Sci., 50(10): 1807–1812.
Rajib A, Islam KM, Musaddik A and Haque E. 2009.
Hepatoprotective activity of methanol extract of some
medicinal plants against carbon tetrachloride induced

290

hepatotoxicity in albino rats. Global J Pharmacol., 3 (3): 116122.
Rang HP, Dale MM, Ritter JM and Moore PK. 2003. Harmful
ed. Churchill
effects of drugs. In: Pharmacology, 5th
Livingstone. Edinburgh. pp. 724-37.
Reitman S and Frankel SA. 1957. Colorimetric method for the
determination of serum glutamic Oxaloacetic and glutamic
pyruvic transaminase. American J Clin Pathol., 28: 56 – 63.
Russmann S. Gerd A and Grattagliano I. 2009. Current
concepts of mechanism in drug induced hepatotoxicity. Curr
Med Chem., 16: 3041-3053.
Sabir SM and Rocha JBT. 2008. Water-extractable
phytochemicals from Phyllantus niruri exhibit distinct in vitro
antioxidant and in vivo hepatoprotective activity against
paracetamol-induced liver damage in mice. Food Chem.,
111(4): 845-851.

Setty SR, Quereshi AA, Viswanath Swamy AHM, Patil T,
Prakash T, Prabhu K and Veeran GA. 2007. Hepatoprotective
activity of Calotropis procera flowers against paracetamol
induced hepatic injury in rats. Fitoterapia. 78: 451- 454.
Shardul SW. 2010. Antioxidant and hepatoprotective activity of
Tridax procumbens Linn, against paracetamol induced
hepatotoxicity in male albino rats. Advanced Studies in Biol., 2
(3): 105 – 112.
Subramanian K, Nalini R, Palani G, Elango V and Carani VA.
2006. Fenugreek (Trigonella foenum graecum) seed extract
prevents ethanol-induced toxicity and apoptosis in change liver
cells. Alcohol & Alcoholism 41(3): 267–273
Suman P, Siva SN, Durga PP, Subas CD, Vikas S and Amol J.
2011. Hepatoprotective activity of crude flavonoids extract of
Cajanus scarabaeoides (L) in paracetamol intoxicated albino
rats. Asian J Pharmaceutical and Biol Res., 1(1): 22-27
Vadivu R, Krithika A, Biplab C, Dedeepya P, Shoeb N and
Lakshmi KS. 2008. Evaluation of hepatoprotective activity of
the fruits of Coccinia grandis Linn. Inter J Health Res., 1(3):
163-168.
Waqar A, Saad A, Khalid A, Haleema S, Tariq R and Luqman
M. 2004. Diagnostic significance of serum protein
electrophoresis. Biomedica, 20: 40-44.
World Health Oranisation (WHO) 1993. Regional Office for
Western Pacific, research guidelines for evaluating the safety
and efficacy of herbal medicines, Manila.
Yakubu MT, Akanji MA and Oladiji AT. 2008. Alterations in
serum lipid profile of male rats by oral administration of
aqueous extract of Fadogia argrestis stem. Res J Medicinal
Plant, 2: 66-73.

