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Abstract: Traditional medicine has received considerable acceptance in recent years, especially in Africa probably due to
perceived efficacy and the fact that they are a cheap source of medicine. It can also be attributed to the pharmacological
properties of plants, including antioxidant and hepatoprotective properties. The hepatoprotective effects of aqueous extract and
10% ethanolic extract of the roots of Mitracarpus scaber against paracetamol (PCM)-induced hepatotoxicity in Wistar rats of
both sexes were investigated. Liver damage was induced by oral administration of 1.5mg/kg bodyweight of PCM. After pre-
treatment for 6 days with aqueous and ethanolic extract of Mitracarpus scaber root (200 and 500mg/kg), hepatoprotective
properties of the plant was evaluated by estimating the activities of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and alkaline phosphatase (ALP), followed by histopathology, as compared with the control group (group induced with
liver damage but not treated). Administration of the extracts showed significant (p<0.05) and dose-dependent hepatoprotective
activity resulting in decrease in the activity of ALT and AST. These data revealed that the roots of Mitracarpus scaber aqueous
and ethanolic extracts possess significant hepatoprotective activity against PCM-induced toxicity attributable to its constituent
phytochemicals. The mechanism of hepatoprotection seems to be through the modulation of antioxidant enzyme systems.
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consumption, malnutrition, infection, anaemia and
medications [5]. Almost all kinds of liver damages can be
induced by the reaction of hepatotoxic compounds with basic
cellular components. Harmful substances absorbed from the
small intestine, move first, to the liver which may lead to
certain liver diseases. Thus liver diseases are one of the major
health problems, hence hepatoprotective agents are
developed to reduce ROS production and agents that can also
scavenge free radicals, which serve as causes of liver injuries
and diseases. Chemical toxins (including acetaminophen,
carbon tetrachloride, galactosamine, and thioacetamide) are
often used as the model substances causing experimental
hepatocyte injury in both in vivo and in vitro conditions [6].
Paracetamol is widely used as an analgesic and to also

1. Introduction

The liver is a vital organ in the body that performs several
metabolic functions such as metabolism of macromolecules
and all the biochemical pathways to growth, provision of
energy, reproduction, nutrient supply, fighting against
diseases, regulation of homeostasis of metabolism,
elimination and detoxification of metabolites or xenobiotics
generated due to exposure to drugs in the body [1, 2]. Prior to
the diverse functions of the liver, the liver is vulnerable to
injuries that can be caused by hepatotoxins, free radicals, and
other reactive oxygen species (ROS), drugs, and viral
infiltration through ingestion or infection [3, 4]. Injuries to
the liver can also be caused by xenobiotics, alcohol
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reduce fever. However, it can lead to acute liver necrosis
when in high doses. In the United States alone, it accounts
for more than 50% of overdose-related acute liver failure and
about 20% of the liver transplant cases [7, 8]. Metabolism of
paracetamol takes place mainly in the liver, whereby it is
metabolized to glucuronide and sulphate conjugates that are
subsequently excreted. Paracetamol toxicity has been
attributed to the formation of N-acetyl p-benzoquinone imine
(NAPQI), a highly reactive metabolite, by the hepatic
cytochrome P450. NAPQI is initially detoxified by
conjugation with reduced glutathione (GSH) to form
mercapturic acid. However, when the rate of NAPQI
formation exceeds the rate of detoxification by GSH, it
oxidizes tissue macromolecules such as lipids or thio (-SH)
group of protein and alters the homeostasis of calcium after
depleting GSH [8, 9], causing damage to the macromolecules
in vital biomembranes and liver injury [10].

The use of synthetic drugs to cure liver injuries is
becoming limited due to the fact that these drugs are
sometimes inadequate and can result in serious adverse
effects. Moreover, there are still no specific treatments in
modern medicine that give protection to the liver against
damage or help to regenerate hepatic cells [11]. Recently, the
use of medicinal plants to cure various forms of liver diseases
and dysfunctions is becoming increasingly popular and has
received wide acceptance [12], hence the use of herbal
preparations in traditional medicine is becoming an
alternative and can also serve as a replacement to synthetic
drugs of doubtful efficacy and safety.

Medicinal plants are considered as one of the richest bio-
resource of drugs used in traditional systems of medicine,
modern medicines, nutraceuticals, food supplements, folk
medicines, pharmaceutical intermediates and chemical
entities for synthetic drugs [13]. According to WHO, over
70% of the world populations rely on medicinal plants for
primary healthcare [14].

Despite the achievements in technology, Africa, and other
parts of the world (especially developing countries), use
plants in form of decoction, crude extract, infusion tincture,
and sometimes rubbed on the skin in order to treat certain
diseases [15]. Traditional medicine has been widely accepted
in Africa because of the unwanted side effects and high cost
associated with synthetic drugs, hence researchers developed
interest in some of the medicinal plants in order to check for
plants having hepatoprotective properties so as to improve
the treatment of liver disorders.

Amongst the myriad of therapeutic plant species, M.
scaber is among the species applied in the treatment of
various ailments [16]. The plant family, Rubiaceae,
popularly known as Madder family belongs to the
Gentianales order, recently called Rubiales order. The
family consists of about 500 genera and 6,000 species
distributed all over the world with some of them being
tropical trees and shrubs (erect, struggling or twining) while
few members are herbs (erect or decumbent) [17].
Mitracarpus scaber is a perennial annual herb of about
30cm tall or much smaller and possess rough leaves. The

aerial parts and the leaves of the plants are mostly used. In
Nigeria, it is known as Obuobwa in Igbo language, Gududal
in Hausa language, Irawo lle in Yoruba language, and
Arechek in Rukuba language, a tribe in Jos Plateau State,
Nigeria. The leaves of M. scaber have been widely used in
West Africa for the treatment of headaches, toothaches,
amenorrhea, dyspepsia, hepatic diseases, skin infections,
venereal diseases, as well as leprosy [18, 19]. Leaf extracts
of Mitracarpus scaber have shown antimicrobial,
antitrypanosomal, hepatoprotective, and anti-inflammatory
effects [19, 20]. It is claimed that the plant has both
antibacterial and antifungal activities. In some parts of
eastern Nigeria, it is claimed that the roots of the plant have
the potential for treating liver diseases whereby the roots
are boiled inside palm wine and it is taken orally.

Although several studies have been carried out on
Mitracarpus Scaber, the studies, however, did not discuss
much on the roots of this plant. Therefore, the purpose of this
study was to assess hepatoprotective properties of crude 10%
ethanolic and aqueous roots extracts of Mitracarpus scaber,
in order to ensure its proper use, ascertain veracity of the
claims, and also help in the improvement of public health.

2. Materials and Methods
2.1. Collection of Plant Material

The roots of Mitracarpus scaber were collected from the
Plateau State University, Bokkos, environment. The collected
samples were washed thoroughly in running tap water and
were dried in a shade away from direct sunshine. The dried
samples were crushed using mortar and pestle. The fine
powder was obtained by sieving. After weighing, the powder
was packed in clean labeled bottles and stored until use.

2.2. Preparation of Aqueous Extract

Extraction was performed by macerating air-dried,
powdered roots of M. Scaber (60g) soaked in distilled water
(600ml) at room temperature for 72hrs, and was
occasionally shaken. The crude aqueous extract was filtered
using Whatman NO. 1 filter paper and was concentrated in
a water bath at 70°C to obtain concentrated extract and was
allowed to air dry in a beaker. The dry residue was stored at
4°C, and at the time of use, was re-suspended in distilled
water.

2.3. Preparation of Ethanolic Extract

Extraction was performed by macerating air-dried,
powdered M. Scaber (60g) soaked in 10% ethanol (600ml) at
room temperature for 24hrs, and was occasionally shaken.
The crude 10% ethanolic extract was filtered using, Whatman
NO. 1 filter paper, concentrated using a water bath at 78°C to
remove the ethanol and to obtain concentrated extract and
was allowed to air dry in a beaker. The dry residue was stored
at 4°C, and at the time of use, was re-suspended in distilled
water.
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2.4. Preparation of Stock Plant Extract Solutions

Preparation of the solution was done by dissolving four (4)
grams of the powdered extract in ten milliliters of distilled
water to give a solution of concentration 400 mg/ml of M.

body weight of animal (kg)X dose (I:—gg)

Scaber roots aqueous and ethanolic extracts. The stock
solution was prepared for administering to the rats. The
volumes of the extract administered to the animals were
calculated using the formula by Gosh (1984) as shown
below:

Volume given to each animal (ml) =

2.5. Experimental Animals

Wistar rats weighing between 100 to 150g were purchased
from the Animal House of the National Veterinary Research
Institute (NVRI) Vom. The animals were kept in metal cages
in a well-ventilated room and allowed to acclimatize for 14
days. The animals were fed with standard pelleted rat feed
from Dagwom farm mill, NVRI Vom, with drinking water
provided ad libitum. All experiments were conducted in
accordance with the principles and guidelines for the care
and use of laboratory animals. (NRC, 1996) and approved by
the animals' welfare and ethics committee of the NVRI Vom.

2.6. Experimental Design

A total of 24 rats were used. The rats were randomly
divided, into six groups of four rats each and treated orally as
follows for 4 days 24-h after the induction of liver damage:

Group A: Normal control, received normal saline orally.

Group B: Paracetamol control, administered with
paracetamol 1500mg/kg body wt. in distilled water.

Group C: Paracetamol as in group B + 200mg/kg b. wt. of
the aqueous root extract of Mitracarpus scaber.

Group D: Paracetamol as in group B + 500mg/kg b. wt. of
the aqueous root extract of Mitracarpus scaber.

Group E: Paracetamol as in group B + 200mg/kg b. wt. of
the 10% ethanolic root extract of Mitracarpus scaber.

Group F: Paracetamol as in group B + 500mg/kg b. wt. of
the 10% ethanolic root extract of Mitracarpus scaber.

On the sixth day, all the animals were sacrificed under
chloroform anaesthesia and blood and liver samples were
collected.

2.7. Biochemical Analysis

The blood collected was allowed to clot for 30 minutes and
centrifuged at 3000 rpm (revolution per minute) for 5
minutes to obtain serum. The supernatant was collected using
Pasteur pipette into sample bottles. The serum was used for
biochemical estimations of some liver enzymes; alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP). The activities of serum
transaminases (ALT and AST), were assayed using the
methods of Reitman and Frankel [21]. Serum alkaline
phosphatase activity was determined using the method of
King and Armstrong [22].

2.8. Histological Studies

Histological examination was carried out according to the
methods of Avwioro [23]. The livers and kidneys of rats

Concentration of extract (%)

(D

selected at random from each group were harvested and fixed
in 10% formol saline for 3 days. After the fixation, all tissue
from the organs collected were cut into thin slices of Smm x
2mm % Imm thick and was processed in an automated tissue
machine; The SPIN tissue processor, STP 120 (Thermo
scientific): to undergo dehydration, clearing, and
impregnation for 22 hours. The tissues were embedded in
molten paraffin wax, using embedding molds. The tissues
were embedded using embedding cassettes on a tissue Tek
Embedding Centre (SLEE MPS/P2), and cooled rapidly on
the cooling component and were sectioned using a rotary
microtome (MICROM HM340E Thermo Scientific)) set at 4
microns, picked on well-labelled slides and stained with
haemotoxylin and eosin (H and E) stain. Sections were then
placed in slide carriers and placed in a 40°C oven to dry
overnight. The slides were then observed and analyzed under
the light microscope with magnification of X100 and X400
(oil immersion) and their photomicrographs were taken. The
purpose of the histology section is to observe for any sign of
histopathological changes in the organs.

2.9. Statistical Analysis

Data were expressed in mean + S. E. Liver function
parameters were compared against the animals respective
vehicle groups using one-way analysis of variants (ANOVA)
and LSD post hoc test with SPSS version 20. Values of
p<0.05 were considered statistically significant.

Histopathological data were analyzed by a registered and
practicing veterinary pathologist. All significant changes
detected, after the histopathology, were used to indicate
toxicity to either the liver or kidney.

3. Results and Analyses
3.1. Biochemical Parameters

The hepatic enzymes (AST, ALT, and ALP) in serum
significantly (P = 0.05) increased in PCM-control group
(56.66+£1.56 U/L, 21.00£1.56 U/L and 48.75+0.91 U/L)
respectively when compared to normal control group
(51.32+0.87 U/L, 16.00£1.08 U/L and 44.91£1.18 U/L)
respectively. The aqueous extract of Mitracarpus Scaber
roots treatment with (200 mg/kg) showed increased levels of
AST, ALT and ALP (56.66+1.56 U/L, 21.00£1.56 U/L and
48.75£0.91 U/L) respectively when compared to
paracetamol-treated animals. However, the group treated
with (500 mg/kg) of the aqueous extract, showed decrease in
the levels of AST and ALT (37.24+0.27 U/L and 15.25+0.63
U/L) respectively as compared with the (PCM-control)



American Journal of Biomedical and Life Sciences 2019; 7(6): 148-154 151

except in the levels of ALP which was increased significantly
(from 48.75+0.91 U/L to 66.37£0.73 U/L) as shown in
Figure 1.
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Figure 1. Effect of aqueous crude extracts of M. Scaber roots on alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) activities in paracetamol (PCM)-induced liver damage
Wister rats.

10% ethanol extract of Mitracarpus Scaber roots treatment
with (200 mg/kg) showed decreased AST and ALT levels
(45.96£1.74 and 15.75+1.89 U/L) respectively, while ALP
level was slightly increased (50.29+1.70 U/L) when
compared to paracetamol-control group (AST=56.66+1.56
U/L, ALT=21.00+£1.47 U/L and ALP=48.75+0.91 U/L)
respectively. However, the group treated with (500 mg/kg) of
the ethanol extract, showed an increase in the levels of AST
and ALT (from 56.66+1.56 U/L to 65.55+2.05 U/L and
21.00£1.47 U/L to 32.25+1.84 U/L) with ALP levels
significantly elevated (from 48.75+0.91 U/L to 115.24+6.69
U/L) when compared with the induction control as shown in
Figure 2.
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Figure 2. Effect of 10% ethanolic crude extracts of M. Scaber roots on
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and
alkaline phosphatase (ALP) activities in paracetamol (PCM)-induced liver
damage Wister rats.

3.2. Histopathology of the Liver and Kidney

The results for histopathology is as shown in the plates
below:

Figure 3. Liver of albino rat not induced + normal saline showing normal
tissue architecture evident by the hepatocytes presenting with intact nuclei
(white arrows) surrounded by intact cytoplasm and interspersed by hepatic
sinusoids (black arrows) which are linked with the central vein (white stars).
H&E A: X100 B: X400.

Figure 4. Liver induced + normal saline showing normal morphology. The
hepatic cords present with clearly demarcated cells, with intact cytoplasmic
components surrounding intact nuclei (white arrows). The hepatocytes are
interspersed by hepatic sinusoids (Black arrows), White star=central vein.
H&E A: X100 B: X400.

Figure 5. Kidney (Cortical area) of albino rat not induced + normal saline
showing normal morphology, with clearly defined glomerular capsule (black
arrows) surrounding the glomeruli (white arrows). The capsular space
(white arrows) is clear and contains no substances. H&E A: X100 B: X400.

Figure 6. Kidney of albino rat induced + normal saline showing normal
morphology. The glomerular capsules (white arrowheads) are clearly
defined and give a demarcation between the capsular space (black arrows)
and the kidney tubules. White stars=glomeruli, white arrows=nuclei of
tubules. H&E A: X100 B: X400.
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Figure 7. Kidney of Albino rat induced + 200mg/Kg ethanolic root extract
of M. scaber showing nuclear degeneration, evident by the loss of nuclei in
the kidney tubules (white arrows) thereby presenting the tubules as a
collection of cytoplasmic materials without nuclei. Glomerular hypertrophy
is also evident by a great reduction in capsular spaces (white arrowheads).
Black arrows=collecting tubules, white stars=glomeruli. H&E A: X100 B:
X400.

Figure 8. Kidney of Albino rat induced + 500mg/kg aqueous root extract of
mitracarpus scaber showing mild degeneration and inflammation. Most of
the tubules present with completely lost nuclei while few present remnants of
nuclei (white arrows). Mild inflammation is observed by the presence of
inflammatory cells (white arrowheads) within the tissue. The glomeruli
(white stars) present with hypertrophy thereby causing loss of capsular
spaces. Black arrows=collecting tubules. H&E A: X100 B: X400.

Figure 9. Kidney of Albino rat induced + 500mg/kg ethanolic root extract of
mitracarpus scaber, showing massive inflammation evident by the presence
of inflammatory cells (white arrows) within the tissue. Tubular necrosis is
shown by the appearance of kidney tubules (black arrows) with loss of
nuclear material. H&E A: X100 B: X400.

4. Discussion

Paracetamol (PCM) is a common antipyretic agent that is
safe in therapeutic doses but can produce fatal hepatic
necrosis in man and experimental animals with toxic doses
[2, 24]. Paracetamol is metabolized primarily in the liver and
eliminated by conjugation with sulfate and glucuronide,
thereafter it is then excreted by the kidney. Nevertheless,
paracetamol hepatotoxicity has been linked to the formation
of toxic metabolites, when a part of it is activated by hepatic
cytochrome P-450 to a highly reactive metabolite N-acetyl-

p-benzoquinoneimine (NAPQI). Toxic metabolites (N-acetyl-
p-benzoquineimine) can alkylate and oxidize intracellular
GSH, which results in liver GSH depletion subsequently
leads to increased lipid peroxidation by abstracting hydrogen
from a polyunsaturated fatty acid and ultimately, liver
damage caused by higher doses of paracetamol. Due to liver
damage, cellular leakage and loss of functional integrity
result in elevated serum enzyme levels [24, 25].

The greatest amount of alanine transaminase (ALT) and
aspartate transaminase (AST) are found in the liver followed
by a lesser amount in the heart and in the skeletal muscles.
When cells in these tissues are injured, these enzymes are
released into the blood resulting in their increased serum
levels. Since the liver contains the highest levels of both
transaminases, any damage to the cells of the liver would
result in elevated levels of (ALT and AST) in the serum. The
degree of elevation is usually linked to the severity of the
hepatocellular damage [19, 26], hence assessment of liver
function can be carryout by quantifying these enzymes in the
serum.

In the present study, paracetamol-induced acute hepatic
damage as evidenced by a marked elevation in the levels of
alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP) as compared with the
control group. The altered levels of these enzymes are in
correspondence to the degree of liver damage induced by
paracetamol. The increase in the levels of transaminases and
alkaline phosphatase is a clear indication of cellular leakage
and loss of functional integrity of the membrane resulting
from liver injury [27, 28].

Treatment with the extract of Mitracarpus scaber roots
altered the levels of these marker enzymes to near normal
or only slightly elevated as compared with the control
group, indicating a dose-dependent protection against liver
damage. Pretreatment with 200mg/kg b. w of the aqueous
extract showed an increase in the liver enzymes levels this
may be attributed to low concentration of phytonutrients
like the flavonoids which have antioxidant properties that
will help boost its protective effect, at 500mg/kg of the
ethanolic extract of Mitracarpus scaber roots an increase
in the liver enzymes levels was observed, this might be
due to the fact that alcohol (ethanol) can cause liver
damage when ingested in higher quantity. Since 500mg/kg
is the highest dose of the ethanolic extract given, high
concentration of the ethanol may be the reason behind the
elevated levels of the liver enzymes. What that could be
inferred from above is that the practice of boiling the roots
in palm wine before ingestion may not give the desired
hepato-protective result.

However, treatment with 500mg/kg of the aqueous extract
and 200mg/kg of the ethanolic extract was found to
significantly restore the PCM-induced alterations toward
normalcy by decreasing the levels of AST and ALT except in
ALP which shows slight increase. Hence, a reduction in the
levels of these transaminases demonstrates membrane
stabilizing activity of the extract and regeneration process of
hepatocytes. This is in agreement with the commonly



American Journal of Biomedical and Life Sciences 2019; 7(6): 148-154

accepted view that serum levels of AST, ALT, and ALP
return to normal with the healing of hepatic parenchyma and
the regeneration of hepatocytes. The significant reduction in
liver enzymes after treatment, suggests that the extract
possesses hepatoprotective property [19, 28, 29]. High levels
of AST indicate liver damage. In muscle, ALT catalyzes the
conversion of alanine to pyruvate and glutamate and is
released in similar manner. Therefore AST is more specific to
liver and thus a better parameter for detecting liver damage
[19, 28]. In addition to that, High level of ALT in the serum
has been shown to be a result of hepatocellular damage
indicative of the fact the PCM has damaging effect on liver
tissues.

The alterations in the levels of ALT and AST possibly
occur due to the presence of flavonoids in the extracts used.
Various phytoconstituents such as alkaloids, flavonoids and
other phenolic constituents present in the plant extract could
be responsible for the membrane-stabilizing activity.
Histopathological findings on the kidney, showed that the
administration of PCM at a higher dosage, poses no side
effects to the kidney, however mild inflammation to the
kidney was observed in the groups treated with the extracts
of the plant, which indicates that the administration of the
extract may have certain pharmacological effects to the
functioning of the kidney.

5. Conclusion

Based on this study, it can be concluded that the
hepatoprotective property of the roots extract of Mitracarpus
scaber is dose-dependent and also dependent on the solvent
used for the extraction. At 500mg/kg of the aqueous extract
and 200mg/kg of the ethanolic extract of roots of
Mitracarpus scaber has hepatoprotective action upon PCM
induced hepatotoxicity in rats, which may be attributed to the
presence of phytoconstituents such as alkaloids, flavonoids,
glycosides, and other phytochemicals in the plant extract.
However, the mechanism of hepatoprotection seems to
involve the modulation of the antioxidant enzyme systems.
These beneficial effects may be attributed to the individual or
combined action of the phytoconstituents present in the
extract. Therefore, it is pertinent to further determine, isolate
and purify the exact bioactive constituents with the potential
hepatoprotective property and also to identify the exact
mechanism (s) of action and active phytoconstituent (s)
involved in this effect for future studies. Studies can also be
carried out to check the effect of the plant extract on other
tissues of the body like the heart and spleen.
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