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INTRODUCTION

Because liver plays important functions in the maintenance, 
performance, and regulating homeostasis of the body, 
maintenance of a healthy liver is essential for the overall well-
being of an individual [1]. In spite of the tremendous advances 
in modern medicine, there were few drugs available that offer 
protection to the liver from damage and help to regenerate 
hepatic cells [2]. Therefore, it is necessary to search for new drugs 
for the treatment of liver diseases to supplement/replace the 
currently used ones. Fortunately, the plant kingdom is a valuable 
source of new medicinal agents, and it has been reported that 
approximately 25% of modern medications have been derived 
from plant materials [3,4]. Hepatoprotective plants contain a 
variety of chemical constituents such as phenols, coumarins, 
lignans, essential oil, monoterpenes, carotinoids, glycosides, 
flavanoids, organic acids, lipids, alkaloids, and xanthenes [3]. 
However, among numerous plant materials used for liver 
protection, a considerable number of them lack the scientific 
prove for these claims [5]. Therefore, it is important to follow 

systematic research methodology to scientifically evaluate the 
plant materials that claimed to possess hepatoprotective activity.

Lawsonia inermis (Henna) is a shrub or small tree cultivated in 
many regions as an ornamental and commercial dye crop [6]. It 
is mostly found in the tropic, sub-tropic, and semi-arid zones of 
Africa (tropical Savannah and tropical arid zones), south Asia, 
and north Australia [7]. As reported by Varghese et al., (2010) [8], 
wide range of chemical constituents have been isolated from 
Henna which includes naphthoquinone derivatives (lawsone 
which is the chief ingredient and the coloring matter in the 
leaves), phenolic derivatives, coumarins, xanthones, tannins, 
flavonoids, aliphatic components, triterpenes, sterols and other 
chemical constituents such as glucose, gallic acid, amino acids, 
mannitol, trace elements and minerals.

As a medicinal plant, Henna has been used in folk remedy 
as astringent, hypotensive, sedative, and against a headache, 
jaundice, and leprosy [9]. Leaves were also used for skin diseases, 
venereal diseases, smallpox, and spermatorrhea. Powered seeds 
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Background: Natural products with therapeutic properties such as plants, minerals, and animal products, 
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obtained by maceration, was orally administered in doses of 100 mg/kg and 200 mg/kg to the tested animals 
to assess its effects on serum levels of hepatotoxicity parameters, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), bilirubin, and total proteins along with histopathological 
liver sections examination, while silymarin (25 mg/kg), a potent hepatoprotective drug, was used as standard 
control. Results: The two doses of the plant extract showed dose-dependent hepatoprotective effect, as 
evident by the significant reduction (P < 0.05) in serum levels of AST, ALT, ALP, and bilirubin along with the 
improvement in histopathological liver sections compared to CCl4-only treated animals. Conclusion: As 
experimentally evident, it could be concluded that this plant material could provide a hepatoprotective effect 
that could be attributed to its antioxidant properties.
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were effective against dysentery and liver disorders. The bark 
used in a variety conditions, such as burns, jaundice, spleen 
enlargement, calculus, leprosy, and skin disorders. Root was 
considered as a potent medicine for gonorrhea, herpes infection, 
sore eyes, as an abortifacient, and in the treatment of some 
nervous disorders [10]. Because, seeds were able to alleviate liver 
disorders, a question was raised about the protective effects of 
other plants’ parts.

Therefore, this work was aimed to study the hepatoprotective 
effect of L. inermis leaves’ methanolic extract on carbon 
tetrachloride (CCl4)-induced hepatotoxicity in rats as an initial 
step that can aid further elucidation of the therapeutic potential 
of this plant product.

MATERIALS AND METHODS

Plants Materials

Fresh leaves of L. inermis were obtained from the local market, 
Wad Medani, Sudan, which was further identified at the 
herbarium of the phytochemistry and taxonomy Department, 
Medicinal and Aromatic Plants Institute, National Center for 
Research, Khartoum, Sudan, and a voucher specimen was placed 
for future referencing.

Extraction of Plants Materials

The leaves of L. inermis were washed with distilled water; 
shade-dried at room temperature for 72 h, then grinded into 
powder by glass mortar and pestle. A 300 g of dry powder were 
extracted by maceration using 1.5 liters of methanol (99%) as 
a solvent system in conical flasks for 72 h, with intermittent 
shaking, and then filtered under vacuum using Buchner funnel. 
The filtrate was allowed to evaporate at room temperature, in 
dark, for 7 days, and the greenish-black semisolid extract was 
collected and stored in an amber glass container in a refrigerator 
until used for biological testing.

Experimental Animals

Albino rats weighing about 130-200 g (12-15 weeks old) males 
and females obtained from the animal house, Faculty of 
Pharmacy, University of Gezira. They were housed in polyacrylic 
cages and acclimatized to laboratory condition for 14 days before 
commencement of the experiment (temperature 25 ± 2°C with 
dark and light cycle 14/10 h). The animals were allowed free 
access to diet and water. They were divided into five groups 
as follow:
•	 Group I (normal control, n = 5) received distilled water
•	 Group II (negative control, n = 5) received CCl4 only
•	 Group  III (standard control, n = 5) received silymarin 

(25 mg/kg)
•	 Groups IV and V (test control, n = 10) received L. inermis 

leaves extract 100 mg/kg and 200 mg/kg, respectively.

Water suspensions of silymarin and L. inermis extract were 
daily orally administered to the animal groups (III, IV, and V), 

respectively. Carbon tetrachloride (CCl4) was administered 
every 72 h with intrapretonial injection in a dose of 2 ml/kg [11] 
to all rats except the rats of Group I.

This study was ethically approved by the Faculty of Pharmacy, 
University of Gezira ethical committee, and in compliance 
with the Faculty of Pharmacy Guiding Principles in the Use of 
Animals in Toxicology 2006.

Determination of Hepatoprotective Effect

Hepatoprotective effect of L. inermis extract on CCl4-induced 
hepatotoxicity in rats were carried out for 21 days based on the 
methods described by Sapakal et al., [12] and Azeem et al., [13].

Blood samples were collected at day 7, day 14, and day 21, 
allowed to clot for 45 min at room temperature, and serum 
was separated by centrifugation at 3500 rpm for 15 min at 4°C 
then used for measurement of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP), 
total bilirubin, and total proteins levels using an auto-analyzer 
(Cobas Integra 400, Roche Diagnostics, Switzerland).

Histopathological Studies

Slices of liver from each animal in all groups were preserved in 
10% buffered neutral formalin, the tissues were mounted in the 
laboratory by embedding paraffin sections, then stained with 
hemotoxyline and eosin and subjected to histopathological 
examination at the Histopathology Department  -  Medical 
Laboratory - University of Gezira.

Data Analysis

The biochemical data were statistically analyzed using paired 
t-test and expressed as mean ± standard error of mean. For 
comparisons with the CCl4-only treated group (Group  II), 
differences were considered significant if P < 0.05. The 
percentages of hepatoprotection (H) were calculated as 
described by Singh et al., [14], using the mean value of each 
group by the following equation:

H = −
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RESULTS

The obtained biochemical data showed that administration 
of CCl4 to rats significantly elevated the serum levels of ALT 
and AST compared to the normal group (P < 0.01) which 
indicated acute hepatocellular damage. A significant reduction 
(P < 0.001) in ALT and AST levels were recorded in Silymarin 
treated group (Group III) compared to CCl4-alone treated group 
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(Group  II) at day 7 and day 14 of the experimental course. 
However, at day 21, all treatment groups (Groups III, IV, and V) 
showed a significant reduction (P < 0.01) in ALT and AST levels 
with the greatest reduction recorded in Group V [Table 1].

The serum levels of ALT, AST, ALP, total bilirubin, and total 
proteins that obtained from the tested animals at day 21, along 
with the percentage of hepatoprotection for each biochemical 
parameter, showed that both plant extract and silymarin 
decreased the levels of liver enzymes that elevated by CCl4 
administration when compared to CCl4-only treated group. The 
two different concentrations that used in this study for the plant 
extract showed a concentration-dependent effect [Table 2].

In the histopathological analysis, the liver section of Group I 
(normal control) exhibited normal hepatic cells with distinct 
hepatic cells, sinusoidal spaces, and central vein [Figure  1], 
whereas that of CCl4-only intoxicated animals showed necrosis 

of hepatic architecture with vacuolization and congestion 
of sinusoids [Figure  2]. Treatment with silymarin, and the 
methanolic extract of L. inermis leaves, showed minimal necrosis 
and regeneration of hepatocytes compared to the CCl4-only 
intoxicated group which provided supportive evidence for the 
biochemical analysis [Figures 3 and 4].

DISCUSSION

In animal model studies, induction of liver injury by CCl4 is 
commonly used to evaluate the of hepatoprotective agents, 
because CCl4 administration significantly elevated the serum 
levels of ALT, AST, ALP, and bilirubin [15] that considered 
as mutual signs for liver injury. CCl4 bio-transformed by 
cytochrome P450 system in the endoplasmic reticulum to produce 
trichloromethyl free radical which combined with cellular lipids 
and proteins in the presence of oxygen form trichloromethyl 
peroxyl radical, and may attack lipids on the membrane 

Figure 1: Histopathological liver section of normal control group 
(H&E, ×10)

Figure 2: Histopathological liver section of carbon tetrachloride-only 
intoxicated group (H&E, ×10)

Table  1: Effects of methanolic extract of L. inermis leaves and Silymarin on serum levels of ALT and AST in CCl4‑induced 
hepatotoxicity
Group Day (7) Day (14) Day (21)

ALT (U/L) AST (U/L) ALT (U/L) AST (U/L) ALT (U/L) AST (U/L)

Group I (normal control) 90±12 134±14 63±3 126±9 94±5 119±16
Group II (CCl4 only) 3165±190 4483±284 1826±367 2897±81 1344±121 2259±117
Group III (CCl4+Silymarin 25 mg/kg) 791±61 1220±115 1565±178 1985±112 214±26 629±99****
Group IV (CCl4+L. inermis 100 mg/kg) 2536±253 3460±216 1430±176 2800±200 691±51 1417±45**
Group V (CCl4+L. inermis 200 mg/kg) 1874±282 3076±168 955±65 1995±148 341±21 777±49****

P value: **P<0.05, ****P<0.001 versus CCL4 group. CCL4: Carbon tetrachloride, L. inermis: Lawsonia inermis, ALT: Alanine aminotransferase, 
AST: Aspartate aminotransferase, ALP: Alkaline phosphatase

Table 2: Hepatoprotective percentage of L. inermis leaves methanolic extract and Silymarin on CCl4‑induced hepatotoxicity at day 21
Group ALT (U/L) AST (U/L) ALP (U/L) Bilirubin (mg/dL) Total proteins (g/dL)

Group I (normal control) 94±5 119±16 81±5 0.19±0.02 6.8±0.12
Group II (CCl4 only) 1344±121 2259±117 383±23 1.4±0.08 5.4±0.2
Group III (CCl4+Silymarin 25 mg/kg) 214±26 (90%)**** 629±99 (76%)*** 255±15 (42%)** 0.3±0.06 (79%)*** 5.7±0.2 (21%)*
Group IV (CCl4+L. inermis 100 mg/kg) 691±51 (52%)*** 1417±45 (39%)* 334±14 (16%)* 0.3±0.07 (79%)*** 5.6±0.14 (14%)*
Group V (CCl4+L. inermis 200 mg/kg) 341±21 (80.2%)**** 777±49 (69.3%)*** 311±12 (24%)* 0.3±0.06 (79%)*** 5.6±0.12 (14%)*

P value: *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 versus CCL4 group, CCL4: Carbon tetrachloride, L. inermis: Lawsonia inermis, 
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, ALP: Alkaline phosphatase, ***: ???
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of endoplasmic reticulum faster than trichloromethyl free 
radical  [16]. The intraperitoneal route was found to be the 
best route for CCl4-induced hepatotoxicity in rats, and the 
optimum dose was found to be 2 ml/kg (dissolved in an equal 
volume of olive oil), and this significantly increased the level of 
serum enzymes, without causing the death of the animals [11].

The serum levels of aminotransferases were markedly elevated 
by hepatocytes damage due to toxins, drugs, or viruses [17], and 
estimating the activities of the serum marker enzymes could 
made a useful quantitative biomarker of the extent and type of 
hepatocellular damage, and the tendency of these enzymes to 
return to near normal levels considered as a clear manifestation 
of antihepatotoxic effects of the administered agent [18].

Hepatoprotective agents exert their action against CCl4-
induced liver injury by impairment of CCl4-mediated lipid 
peroxidation, either through decreased production of free 
radical derivatives or due to the antioxidant activity of the 
protective agent itself [19]. It has been reported that L. inermis 
is a rich plant in phenolic compounds such as phenolic acids, 
flavonoids, tannins, lignin, and others that possess antioxidant, 
anticarcinogenic, and antimutagenic effects as well as 
antiproliferative potentials [20].

The obtained results indicated that the tested plant material 
could protect the liver against CCl4 toxicity in a dose-dependent 
manner as evident from the protection provided when 
compared to the enzyme levels in CCl4-only treated rats along 

with histopathological observations. It has been reported that 
the plant extract affords hepatoprotective activity due to its 
antioxidant property attributed to the flavonoids content that 
are effective scavengers of superoxide anions, peroxynitrite, 
peroxyl and hydroxyl radicals [21].

CONCLUSION

It could be concluded that biochemical and histopathological 
alterations induced by CCl4 administration were improved 
under the effect of the plant extract. The concentration of 
200 mg/kg was found to be more effective than 100 mg/kg. The 
present study also suggested that the traditional medicine could 
have the potential to be transposed successfully in the context 
of modern medical interventions, but additional researches are 
necessary to characterize the active constituents and to assess 
their pharmacological properties.
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