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ABSTRACT
Objective: To study the hepatoprotective activity of ethanolic extracts of Avicennia alba leaves against paracetamol-induced liver damage in rats.
Methods: Hepatotoxicity was induced by paracetamol, and the biochemical parameters such as serum aspartate aminotransferase (AST), alkaline
phosphatase (ALP), alanine aminotransferase (ALT), and total bilirubin (serum bilirubin); and the antioxidant such as superoxide dismutase, catalase,
glutathione (GSH) peroxidase, GSH, vitamin C and E, and thiobarbituric acid reactive substances were recorded, and histopathological changes in liver
were studied along with silymarin as standard hepatoprotective agents.
Results: The phytochemical investigation of the extracts showed the presence of alkaloids, flavonoids, tannins, terpenoids, proteins, and steroids.
Treatment with herbal extract to paracetamol administered rats caused a significant reduction in the values of AST, ALP, ALT, and total bilirubin
(p<0.05) almost comparable to silymarin. The hepatoprotective was confirmed by histopathological examination of the liver tissue of control and
treated animals.
Conclusion: From the results, it can be concluded that A. alba leaves possess hepatoprotective effect against paracetamol-induced liver damage in
rats.
Keywords: Liver, Avicennia alba, Hepatoprotective and antioxidant activities.

INTRODUCTION
Liver is an essential organ regulating significant metabolic functions and
homeostasis within the body. Liver damage caused by toxic drugs and
certain chemicals have been recognized as a toxicological problem [1].
Hepatotoxicity is one of the very general ailments resulting into serious
debilities ranging from severe metabolic disorders to even mortality.
A number of drugs and chemical agents that are used on a usual basis
cause cellular as well as metabolic liver injury [2].
Paracetamol is universally used as an antipyretic and analgesic. It
is considered as safe in its therapeutic doses, but overdose toxicity
of paracetamol causes poisonings that lead to liver damage. It exerts
hepatotoxic effects in a dose-dependent manner [3,4]. Avicennia alba
(Blume) of the family Avicenniaceae is a mangrove tree growing at the
river mouth in the tidal forests, widely distributed all over the tropical
and subtropical regions of the world. It is an evergreen bush or small
tree that can grow up to 30 m tall but is typically much smaller. It is
used in Indian system of medicine for the treatment of numerous
diseases such as asthma, scabies, paralysis, rheumatism, and snakebites, skin disease, and ulcer [5]. Present day drugs, which are mainly
based on synthetic chemical compounds, have harmful side effects and
toxicity on the human system. This has triggered off broad research
and development in the ground of herbal medicine. In fact, there is a
growing demand for herbal medicine in most of the developed and
developing countries of the world today [6]. Herbs play a major role in
managing various liver disorders along with other system associated
diseases. The use of natural remedies for the treatment of liver diseases
has a long history and herbal plants, and their derivatives are still used
all over the world in one form or the other for this purpose. Scientific
assessment of plants has often shown that dynamic principles in these
are responsible for therapeutic success. A huge number of therapeutic
medicinal plants have been tested and found to contain active principles
with curative properties against a variety of diseases. Hence, the present

study is carried out to evaluate the hepatoprotective and antioxidant
activity of the medicinal plant, A. alba (Blume) on paracetamol-induced
hepatotoxicity in rats.
METHODS
Collection, identification, and authentication of selected plant
Fresh, healthy, and young leaves of A. alba were collected from
Muthupet, Thiruvarur district, Tamil Nadu, India, and authenticated
by professionals in the Department of Botany, St. Joseph’s College,
Tiruchirappalli, India. The voucher specimen number of the plant is
TRK 001.
Preparation of plant extracts
The leaves were cleaned and dried in shade for 7 days and then ground
well to fine powder. About 500 g of dry powder was extracted with
ethanol (80%) at 70°C by continuous hot percolation using Soxhlet
apparatus. The extraction was continued for 24 hrs, and the ethanolic
extract was then filtered and kept in hot air oven at 40°C for 24 hrs to
evaporate the ethanol from it. A dark brown residue was obtained. The
residue was kept separately in airtight containers and stored in a deep
freezer.
Phytochemical analysis tests
Phytochemical analysis of ethanolic extract of A. alba leaves for
secondary metabolites such as alkaloids, flavonoids, carbohydrates,
proteins, phenols, saponins, tannins, terpenoids, phytosterols, and
phlobatannins was done using standard methods [7].
Animals
Healthy, matured male albino Wistar rats weighing 170-210 g were
used for the present study. They were kept in plastic animal cages at
animal house maintained at standard temperature and humidity with
12 hrs light and dark cycle. The animals were fed with standard pellet
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diet and water. The animals are handled according to good laboratory
practice. After 1 week of acclimatization, the animals were used for
further research experiments. The ethical clearance was obtained from
the Institutional Animal Ethical Committee as per the Indian CPCSEA
guidelines (CPCSEA/265).
Groupings and experimental design
The animals were divided into four groups. Each group contains six
animals.
Group I: Normal control (n=6, the animals were given distilled water
only).
Group II: Hepatotoxic control (n=6, the animals were given
paracetamol [2 g/kg po] single dose for 7 days).
Group III: Treatment group (n=6, the animals were given paracetamol
[2 g/kg po] single dose and A. alba extract (500 mg/kg po)
simultaneously for 7 days).
Group IV: Treatment group (n=6, the animals were given paracetamol
[2 g/kg po] single dose and silymarin [100 mg/kg po] simultaneously
for 7 days).
At the end of the drug treatment period, all the animals were anesthetized
by application of light chloroform, and blood samples were collected
from a group of animals from dorsal aorta by heparinized syringe in
vacutainer tubes. Plasma was separated from the collected blood by
centrifugation of 3000 rpm for 5 minutes. Separate blood samples
were collected from another group of anesthetized animals in glass test
tubes and allowed to coagulate for 30 minutes. Serum was separated by
centrifugation at 3000 rpm for 2 minutes. Plasma and serum samples
were kept at −20°C for biochemical analysis.
Finally, the animals were sacrificed by cervical decapitation. The
perfused liver of each animal was dissected out and washed with
isotonic solution and then homogenized to get 11% solution of tissue
homogenate in Tris-HCl buffer (10 mm, pH 8.0). This homogenate was
used for the determination of various parameters.
Acute toxicity study
The acute toxicity study was carried out as per the guidelines set by
OECD-423, received from Committee for the Purpose of Control and
Supervision of Experiments on Animals, Ministry of Social Justice
and Empowerment, Government of India [8]. The ethanolic extract
was orally administered to adult Wistar albino rats. The groups were
continuously observed for mortality and behavioral changes during the
first 24 hrs and then daily for a fortnight. The oral lethal dose, 50% was
found to be more than 3000 mg/kg.
Evaluation of antioxidants
The enzymatic antioxidants such as superoxide dismutase (SOD),
catalase (CAT), and glutathione (GSH) peroxidase (GPx) [9-11] and
the non-enzymatic antioxidants such as GSH, vitamin E, vitamin C, and
thiobarbituric acid reactive substances (TBARS) [12-15] are evaluated.
Evaluation of effect on biochemical variables
The clear serum obtained after centrifugation was used for the
estimation of serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and total serum
bilirubin (SB) [16-18].
Histopathological studies
The abdomen of the sacrificed animals was cut open to remove the
liver. The volume (LV), weight (LW), and appearance of the liver was
observed. The normal saline was used to wash the liver and fixed in
Bouin’s solution (mixture of 25 ml of 40% formaldehyde, 75 ml of
saturated picric acid, and 5 ml of glacial acetic acid) for 12 hrs, then
embedded in paraffin using conventional methods and cut into 5 μm
thick sections and stained using hematoxylin-eosin dye and finally
mounted in diphenylxylene. The compound microscope was used to
observe the histopathological changes in liver architecture and their
microphotographs were taken [19].

Statistical analysis
The data were statistically analyzed, and all values were expressed as
mean±standard error of mean. The data were also analyzed by one-way
ANOVA using SPSS software. p<0.05 was considered significant.
RESULTS
Qualitative phytochemical analysis
The qualitative phytochemical analysis of ethanolic extracts of A. alba
leaves revealed the presence of alkaloids, flavonoids, steroids, cardiac
glycosides, anthraquinones, tannins, and terpenoids (Table 1).
Enzymatic antioxidant activities

SOD
Table 2 shows a significant decrease in the activity of liver SOD in
paracetamol intoxicated rat. The therapeutic treatment with A. alba
500 mg/kg significantly improved the level of SOD in plasma. This
result indicates that A. alba promoted the hepatoprotection by elevating
free radical scavenging activity. Similar results were also observed in
silymarin treated rats.

CAT
Table 2 shows the inhibition (decrease) of CAT activity in paracetamolinduced rats due to the improved generation of reactive free radicals,
which can create an oxidative stress in the cells. The administration of
A. alba 500 mg/kg dose inversed the CAT activity in the blood plasma,
which protected rats from the free radical-induced oxidative stress.
This results support that the antioxidant properties of the A. alba were
excellent as compared with the standard drug silymarin.

GPx
Table 2 reveals the decrease in levels of GPx activity in plasma during
paracetamol intoxication. Treatment with A. alba significant dose
500 mg/kg significantly increased the level GPx to normal level.
The significant effect of A. alba extract is equivalent to standard
drug silymarin showed increase in the GPx level in the paracetamol
intoxicated rats.
Non-enzymatic antioxidant activities

GSH
Acetaldehyde, the toxic metabolite of paracetamol depresses the plasma
GSH level by conjugating with the sulfhydryl groups of GSH. The GSH
depletion in hepatic mitochondria is considered the most important
sensitizing mechanism in the pathogenesis of paracetamol liver injury.
Treatment with A. alba 500 mg/kg dose had significantly improved the
level of GSH in plasma (Table 3).

Vitamin C and E
Table 3 shows the decreased level of these vitamins in paracetamol
intoxicated rats. This may be due to the high level of oxidative stress
during the intoxication. The reduced form of GSH substrate (GSH) is
required for the regeneration of vitamin C, which in turn necessary
for the regeneration of vitamin E. The ascorbic acid functions as an
aqueous phase antioxidant. Treatment with A. alba 500 mg/kg dose on
Table 1: Qualitative phytochemical analysis
S.No

Phytochemicals

Appearance

Results

1.
2.
3.
4.
5.
6.
7.
8.

Alkaloids
Flavonoids
Cardiac glycosides
Steroids
Terpenoids
Tannins
Anthraquinones
Saponins

Pale precipitate
Dirty brown color
Brown ring formation
Violet to blue color
Reddish brown color
Yellow precipitate
Red color
Absence of honeycomb
like froth

+
+
+
+
+
+
+
-
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paracetamol intoxicated rats significantly increased the level of vitamin
E and C through the influence of GSH regeneration. Thus, the herbal
compound exerts a beneficial effect in regenerating the GSH through
the recycling mechanism of these vitamins. The herbal extract has a
potent effect in GSH regeneration similar to standard drug silymarin.

TBARS
Table 3 shows the levels of TBARS in liver tissues of paracetamol
intoxicated rats were significantly elevated when compared to the level
of TBARS in control animals. The administration of herbal drug A. alba
at the therapeutic doses 500 mg/kg showed maximum reduction in
TBARS level. The standard hepatoprotective drug silymarin maintained
the decreased lipid peroxidation level to the normal limits in the serum.
The results indicate that A. alba has very good hepatoprotective effect
in liver damage.

normal lobular architecture. Silymarin treated group showed normal
hepatocytes and their lobular architecture was also normal (Fig. 1).
DISCUSSION
The liver complication is still a universal health problem. Unfortunately,
conventional or synthetic drugs used in the healing of liver disease are
scanty and sometimes can have serious side effect. It has been reported
earlier that when paracetamol is taken in excess of dose, it produce
hepatic necrosis and liver injury. Due to the absence of modern medicine
for liver protection, there are a number of medicinal preparations
in Ayurveda recommended for the treatment of liver problems.
Nowadays, the focus is on systematic scientific research methodology
and to evaluate the traditional herbal medicines to overcome the
severe adverse side effects of synthetic agents that are claimed to
possess hepatoprotective activity [20]. Liver marker enzymes such as

Liver marker enzymes
Table 4 shows the serum levels of AST, ALP, ALT, and total bilirubin,
which have been used as biochemical markers for the early acute hepatic
damages. Increased activities of AST, ALP, ALT, and total bilirubin in liver
serum after paracetamol intoxication compared with those of normal
rat indicate hepatocellular damage and leakage of cytosolic contents
into the systemic circulation. Moreover, the elevated levels of serum
AST, ALP, ALT, and total bilirubin were significantly reduced (p<0.05)
in the groups treated with A. alba (at a dose of 500 mg/kg). The results
demonstrated that the administration of A. alba could decrease the
levels of AST, ALP, ALT, and total bilirubin in serums of paracetamol
treated rat liver. Silymarin also reduced all measured serum biochemical
activities toward normalization.
Histopathological studies
In histopathological studies, the normal control group showed a normal
lobular architecture of the liver. Whereas, in the paracetamol-induced
group, the hepatocytic necrosis and inflammation were observed in
the centrilobular region with portal triaditis. The A. alba treated group
showed minimal inflammation with reasonable portal triaditis and

a

b

c

d
Fig. 1: Histopathological studies, (a) control, (b) paracetamolinduced group, (c) paracetamol + Avicennia alba 500 mg/kg
extract, (d) paracetamol + silymarin 100 mg/kg po

Table 2: Effect of A. alba on enzymatic antioxidants of control and experimental rats against paracetamol-induced toxicity
Group

Treatment

SOD (U/mg protein)

CAT (U/mg protein)

GPx (U/mg protein)

Group I
Group II
Group III
Group IV

Control
Paracetamol 2 g/kg (po)
Paracetamol+A. alba 500 mg/kg
Paracetamol+Silymarin 100 mg/kg

46.8±3.5
19.3±2.1
42±3.6**
44.12±3.12***

18.1±1.9
9.7±1.4
16.5±0.82**
17.01±0.12***

75.6±5.2
36.2±6.2
70.01±5.4**
73.12±4.12***

Values are given as mean±SEM (n=6 rats). *p<0.05 versus control, **p<0.005 versus control. SEM: Standard error of mean, A. alba: Avicennia alba, SOD: Superoxide
dismutase, CAT: Catalase, GPx: Glutathione peroxidase

Table 3: Effect of A. alba on non-enzymatic antioxidants of control and experimental rats against paracetamol-induced toxicity
Group

Treatment

GSH
(Lmol/g)

Vitamin E
(mg/g)

Vitamin C
(mg/g)

TBARS
(nmol/mg protein×10−6)

Group I
Group II
Group III
Group IV

Control
Paracetamol 2 g/kg (po)
Paracetamol+A. alba 500 mg/kg
Paracetamol+Silymarin 100 mg/kg

35.4±1.4
18.4±0.9
33.0±2.1**
34.18±2.4***

4.13±0.21
2.22±0.14
3.77±0.15**
3.99±0.15***

1.57±0.03
0.62±0.02
1.38±0.07**
1.44±0.04***

123±1.12
308±1.23
176±1.47**
87±1.39***

Values are given as mean±SEM (n=6 rats). *p<0.05 versus control, **p<0.005 versus control. SEM: Standard error of mean, A. alba: Avicennia alba, GSH: Glutathione,
TBARS: Thiobarbituric acid reactive substances

Table 4: Effect of A. alba on liver function marker enzymes of control and experimental rats against paracetamol-induced toxicity
Group

Treatment

AST (IU/L)

ALT (IU/L)

ALP (IU/L)

SB (mg/dL)

Group I
Group II
Group III
Group IV

Control
Paracetamol 2 g/kg (po)
Paracetamol+A. alba 500 mg/kg
Paracetamol+Silymarin 100 mg/kg

138±18
576±193
201±114**
190±55***

64±11
747±201
160±121**
151±116***

201±58
344±93
195±31***
202±24**

0.05±0.03
0.23±0.09
0.05±0.05*
0.05±0.05*

Values are given as mean±SEM (n=6 rats). *p<0.05 versus control, **p<0.005 versus control. SEM: Standard error of mean, A. alba: Avicennia alba, AST: Aspartate
aminotransferase, ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, SB: Serum bilirubin
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ALT, AST, ALP, and bilirubin are considered to be very sensitive and
reliable for measuring hepatotoxicity as well as hepatoprotective effect
of various compounds. Hepatic necrosis induced by ibuprofen usually
associated with elevated levels of liver marker enzymes is due to the
loss of functional integrity of the cell membrane and cellular leakage in
liver [21]. Assessment of liver function can be made by estimating the
actions of serum ALT, AST, ALP, and ACP, which are enzymes originally
present at more concentration in the cytoplasm. These enzymes
leak into the bloodstream during hepatopathy, which confirms the
extent of liver damage [22]. In this present investigation, the level of
these enzymes are elevated in the group II, paracetamol treated rats
corresponded to the wide-ranging liver damage induced by the toxin.
The reduced concentrations of ALT, AST, and ALP were observed in the
group administered with ethanolic leaves extract of A. alba remarkably
prevented paracetamol-induced hepatotoxicity and control the level of
marker enzymes.
SB is one of the best sensitive tests for the diagnosis of hepatic diseases.
Hyperbilirubinemia was observed due to excessive heme destruction
and obstruction of the biliary tract. As a result of blockage of the biliary
tract, there is a throng inhibition of the conjugation reaction. This
leads to the release of non-conjugated bilirubin from damaged and
dead hepatocytes [23]. In the present study, the oral administration
of ethanolic leaves extract of A. alba treated groups shows decreased
level of bilirubin when compared to paracetamol-induced rats. Hence,
this study reveals that leaves of A. alba have a potent hepatoprotective
activity. The enzymatic antioxidant is the nature protector against lipid
peroxidation. SOD, CAT, and GPx enzymes are important scavengers
of hydrogen peroxide and superoxide ion. These enzymes prevent
generation of hydroxyl radical and protect the cellular constituents from
oxidative damage [24]. It was also observed that the ethanolic leaves
extract of A. alba significantly increased the hepatic SOD, CAT, and GPx
activity in paracetamol-induced liver damage in rats. This show A. alba
can reduce reactive free radicals that might lessen oxidative damage to
the tissues and improve the activities of the hepatic antioxidant enzyme.
The non-enzymatic antioxidant, GSH is one of the most abundant
tripeptides present in the liver. Its functions are mainly concerned
with the removal of free radical species such as hydrogen peroxide,
superoxide radicals, alkoxy radicals, and maintenance of membrane
protein thiols and as a substrate for GPx and GST [25]. In the present
investigation, the decreased level of vitamin C, vitamin E, and GSH has
been associated with an enhanced lipid peroxidation in paracetamoltreated rats. Administration of A. alba leaves extracts significantly
increased the level of vitamin C, vitamin E, and GSH in a dosedependent manner when compared to normal drug silymarin. The
histopathological observations in paracetamol-induced rats showed
severe necrosis, with the disappearance of nuclei. This could be due
to the formation of highly reactive radicals because of oxidative threat
caused by paracetamol. All these changes were very much reduced
histopathologically in rats treated with A. alba.
CONCLUSION
The study results demonstrated that A. alba has a potent
hepatoprotective action on paracetamol-induced oxidative stress and
liver toxicity in the rat. The hepatoprotective effect of A. alba can be
correlated directly with its ability to reduce levels of serum enzymes
and enhance antioxidant defiance status. The findings of this study
suggest that A. alba can be used as a safe, cheap, effective alternative
chemopreventive and a protective agent in the management of liver
diseases.
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