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Abstract

Aim. This study investigated the hepatoprotective effects of aqueous leaf extract of Swietenia mahogani
(Maliaceae) in chronic alcohol-induced liver injury in rats.

Material and Methods. The animals were given increasing concentrations (10% ethanol (v/v) in water
for 1week, 20% (v/v) for another 2 weeks and 30% (v/v) for 9 weeks) per os daily. Treatment with the
extract (250 and 500 mg/kg) was instituted 6 h after given the alcohol for the same period the alcohol
intake lasted.  Thereafter, the activities of alanine aminotransferase (ALT), aspartate amino transferase
(AST) and alkaline phosphatase (AP) were assayed in the serum. The levels of other biochemical
markers of organ damage such as total bilirubin and creatinine, as well as pentobarbitone sleeping time
were determined. Histological examination of the liver was also performed.

Results. The extract at all doses significantly (P<0.05) reduced the serum activities of ALT, AST, AP,
serum levels of bilirubin and creatinine in comparison with the negative control that received only
alcohol. The duration of pentobarbital induced hypnosis was also significantly shortened. The his-
topathological result showed significant (P<0.05) protection in the extract treated groups when
compared with the group that received alcohol alone.

Conclusion. The extract displayed significant (P<0.05) hepatoprotective activity in the model used in
this study.

OPENACCESS

Introduction
The majority of ethanol metabolism occurs in the

liver. Consequently, this organ sustains the greatest
damage from ethanol abuse. The pathogenesis of liver
disease from alcohol abuse comes from the interaction
of several factors, including the generation of oxidants
and reactive metabolites from ethanol oxidation, which,
in turn, causes other metabolic derangements such as
intracellular protein accumulation and liver enlargement.
In addition, both acute and chronic ethanol administra-

tion lead to formation of cytokines, especially TNF-alpha
by hepatic Kupffer cells, which have a significant role in
liver injury [1]. Herbal preparations (decoction, tincture,
tablets and capsules)  with potent antihepatotoxic activ-
ity have been described.

Swietenia mahogani (Maliaceae) is one of the
medicinal plants found in Nigeria. This  plant has various
types of medicinal values like antimalarial and antidiar-
rhoeal effects [2, 3]. The plant also possesses antibac-
terial and antifungal activities [4]. Investigations into the
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chemical constituents of S. mahogani resulted in the
isolation of some tetranortriterpenoids, limonoids and
related compounds like Swietenine acetate; 3,6-di-0-
acetylswietenolide; 2-alpha-hydroxymexioanolide; 3,-0-
tigloylswietenolide; 6-acetylswietenine and  6-acetyl-3-
tigloylswietenolide [5, 6]. This work was designed to
evaluate the aqueous leaf extract of S. mahogani for
anti-hepatotoxic activity in chronic liver injury induced by
ethanol.

Materials and Methods
The experimental protocol used in this study was

approved by the Ethics Committee of the University of
Nigeria, Nsukka, and conforms with the guide to the care
and use of animals in research and teaching of Univer-
sity of Nigeria, Nsukka.

Animals

Eight-week old Albino rats of either sex, weighing
between 180 - 225 g obtained from the laboratory animal
unit, Faculty of Veterinary Medicine, University of Ni-
geria, Nsukka, were used for this study. They were fed
commercial growers mash (Guinea feeds®) and water
ad libitum, and placed in a controlled environment in the
animal house of the Department of Veterinary Physiol-
ogy and Pharmacology, University of Nigeria, Nsukka,
for 2 weeks before the commencement of the experi-
ment.

Plant collection and identification.

The leaves of Swietenia mahogani were obtained
from Nsukka locality in Enugu state, Nigeria, in the
month of April, 2009 and were identified at the Depart-
ment of Botany, University of Nigeria, Nsukka, by a plant
taxonomist. Voucher specimen of the plant is kept in the
herbarium unit of the Department of Botany, University
of Nigeria, Nsukka, for reference purposes.

Preparation of the extracts

The leaves were air dried at room temperature for
2 weeks prior to pulverization using a laboratory grinding
machine at the Department of Crop Science, University
of Nigeria, Nsukka. Five hundred grammes (500 g) of the
ground substance were deffated using petroleum spirit
for 24 h. The dried marc was then soaked in distilled
water for another 24 h. At the end of this period, the
concentration of the water extract was determined. The
extract was stored at 40C in a refrigerator before use.

Chemicals, solutions/reagents

Freshly prepared solutions and chemicals (ana-
lytical grade) were used in all the experiments. ALT,
AST, Creatinine, Bilirubin and AP kits were purchased
from Quimica clinca Applicada, Spain.

The effects of the extract on ethanol-
induced hepatotoxicity in rats

A total of 20 rats (5 rats per group) of mixed sexes
were used in this study  as follows:

Group A: the rats were given 10% ethanol (v/v) in
water for 1week, 20% (v/v) for another 2 weeks then 30%
(v/v) for the remaining period of the experiment (nega-
tive control).

Group B: the rats in this group were given feed
and clean water ad libitum. No treatment was given to
them (positive control).

Group C: the rats were treated as in group A
above, but also received treatment with the extract at
250 mg/kg.

Group D: treated as in C above and received
treatment with the extract at 500 mg/kg (p.o). In both C
and D, treatments with the extract were given once per
day.

All treatments were given per os. At the end of the
12 weeks, 1 h after the last dose, all the animals in all the
groups were given a single dose of pentobarbitone
sodium (35 mg/kg) intraperitoneally (i.p).  The time of
injection, time of sleep (when righting reflex was lost)
and the time of awakening (when righting reflex was
regained) were recorded and the mean sleeping time
calculated. The next day, blood samples for serum
biochemical analyses were collected from the animals
through the retrorbital vein at the media cantus of the
eye. Standard procedures were followed in all the
determinations. Serum was harvested from the clotted
blood after centrifugation at 1,500 g. Serum alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (AP) were determined
using reagent kits based on the methods of [7, 8]. Serum
creatinine was determined by the modified Jaffe method
for in vitro determination of creatinine in serum, plasma
or urine using a QCA (Quimica Clinica Applicada, Spain)
creatinine test kits [9]. Bilirubin was determined by
Jendracsik-Grof method for the in vitro determination of
direct and total bilirubin in serum or plasma using QCA
test kits [10].
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Pathological evaluation

The animals were sacrificed after blood samples
were collected for biochemical analyses. Tissue sec-
tions of the liver were fixed in 10 % formol saline for a
minimum of 24 h. Thereafter, the tissues were cleared in
chloroform overnight, infiltrated and embedded in mol-
ten paraffin wax. The blocks were later trimmed and
sectioned at 5 μm. The sections were deparaffinized in
xylene, taken to water, and subsequently stained  with
Haematoxylin and Eosin (H and E) for histological evalu-
ation of histopathological lesions.

Statistical Analysis

The data collected were subjected to statistical
analysis using the procedure outline by [11] for a com-
pletely randomized design.

Results

Extraction

The aqueous leaf extract of S. mahogani was dark
brown in colour. The yield of the extract was 2.8 % w/w
dry matter. From our previous work, at the dose of 1000
mg/kg of the extract, none of the animals displayed any
acute toxicity signs.

The effects of the extract on ethanol-
induced hepatotoxicity in rats

Ethanol  was able to induce serious injury to the
liver. This manifested as significant increases in the
activities of ALT (50.55 ± 7.34 IU/L), AST (113.95 ± 23.65
IU/L) and AP (167.84 ± 38.90 IU/L) in the serum of the
group that received alcohol only. The levels of bilirubin
(2.25 ± 0.10  mg/dl)  and creatinine (0.67 ± 0.01 mg/dl)
were also significantly increased in the same group.
Treatment with the aqueous leaf extract of S.mahogani
significantly (P<0.05) reduced the activities of these
enzymes and the levels of bilirubin and creatinine. At
500 mg/kg treatment with the extract, creatinine level did
not differ significantly in comparison with the negative
control (Table 1). The activities of the enzymes and the
level of other biochemical parameters are as follows:
[ALT (untreated control: 32.68 ± 4.34 IU/L;  250 mg/kg:
36.35 ± 3.12 IU/L; 500 mg/kg: 35.82 ± 2.98 IU/L),  AST
(untreated control; 91.98 ± 17.12 IU/L, 250 mg/kg;
101.95 ± 10.23 IU/L, 500 mg/kg; 98.95 ± 15.34 IU/L), AP
(untreated control; 114.40 ± 23.76 IU/L, 250 mg/kg;
130.54 ± 26.09 IU/L, 500 mg/kg; 165.76 ± 30.32 IU/L),
Bilirubin (untreated control: 1.47 ± 0.02 mg/dl; 250 mg/

kg: 1.73 ± 0.04 mg/dl; 500 mg/kg: 1.51 ± 0.05 mg/dl) and
creatinine (untreated control: 0.54 ± 0.01 mg/dl; 250 mg/
kg: 0.57 ± 0.01 mg/dl; 500 mg/kg: 0.67 ± 0.02 mg/dl)
Table 1]. In all these parameters, there was no signifi-
cant difference between the untreated control and the
extract treated groups except in the creatinine level.

Table 1: The effects of S.mahogani on some biochemical param-
eters in rats.

BIL= bilirubin; CRTN = creatinine, SLPT = sleeping time; -ve = negative; +ve = positive; ALT
= alanine aminotransferase; AST = aspartate aminotransferase. *p<0.05, **p<0.01 in
comparison with the –ve control; +p<0.05 in comparison with the positive control.

The effects of the extract on pentobarbitone
induced hypnosis in rats

The aqueous leaf extract of S. mahogani at all
doses significantly (P<0.05, P<0.01)  reduced the dura-

Figure 1: Liver section of alcohol exposed and non-extract treated rat
showing abscess (A) and areas of cirrhosis (C). H & E stain.  X 100
(negative control).
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tion of hypnosis induced by pentobarbitone when the
extract treated groups were compared with the negative
control (the group that received ethanol and no treat-
ment). The mean sleeping time for this group was

177.20 ± 34.89 min. The untreated control group slept
for 79.65 ± 15.30 while the mean sleeping time for
extract treated groups are as follows: 250 mg/kg; 76.80
± 12.45 and 500 mg/kg; 77.08 ± 18.90.

Figure 2: Liver section of alcohol exposed and non-extract treated rat
showing areas of necrosis (N), oedema (O) and moderate haemor-
rhage. H & E stain.  X 400 (negative control).

Figure 3: Liver section of normal (positive control) rat  showing central
vein (V), portal triad (P), sinusoids (S) and plates of normal hepatocytes
(H). H & E X 100.

Figure 4: Liver section of alcohol exposed and extract treated (250 mg/
kg) rat showing portal vein (PV), normal hepatocytes (H) and prolifer-
ating hepatocytes (PH). H & E. X 400.

Pathological evaluation

In control groups that received no treatment,
there were no pathological changes in the liver after 12
weeks (Fig. 3). Histopathological changes were ob-
served in rats that received alcohol only and the extract
treated groups. In the former, there were severe ab-
scesses, edema, hemorrhage and cirrhosis (Figs. 2 and
3).  There was significant improvement on the histologi-
cal changes in the extract treated animals. In the liver
section of those that received 250 mg/kg of the extract,

Figure 5: Liver section of extract treated rat (500 mg/kg) showing mild
necrosis (N) around the portal vein (PV), normal hepatic artery (HA),
bile duct (D) and normal hepatocytes (H).
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no serious lesions were seen (Fig. 4). There were
leukocytic infiltration in the group that received 500 mg/
kg (Fig. 5 ).

Discussion
Ethanol-induced liver injury leads to production of

xanthine oxidase which generates reactive oxygen spe-
cies such as superoxide anion and hydrogen peroxide
[12]. The Kupffer and the endothelial cells of the liver as
well as the hepatocytes contain xanthine dehydroge-
nase that is readily converted into xanthine oxidase [13].
It is worthy to note that hypoxia occurs in the liver during
ethanol feeding [14]. Ethanol has been shown to cause
a steepening of the oxygen gradient across the liver
lobule and to cause hypoxia in downstream pericentral
regions [14]. During hypoxia, xanthine dehydrogenase
is converted into xanthine oxidase. The rate of this
conversion is  significantly faster in Kupffer cells than
that in other cell types. Upon reoxygenation, xanthine
oxidase reacts with molecular oxygen to produce a burst
of superoxide radicals that mediate subsequent tissue
injury [15]. Thus, xanthine oxidase in Kupffer cells could
be a potent source of oxidants in the alcohol model of
liver injury.  It is also known that chronic ethanol admin-
istration causes free radical formation in the liver. These
radicals could be involved in triggering liver injury by
increasing transcription factors such as NF-êB, which
induce inflammatory cytokine productions. These
cytokines play a vital pathological role in the develop-
ment of alcoholic liver disease (ALD), as demonstrated
commonly in animal models, and mediates monocyte/
Kupffer cell activation, elevated vascular permeability,
necrosis and/or apoptosis of hepatocytes, over expres-
sion of adhesion molecules on endothelial cells, and the
activation and chemoattraction of neutrophils and mono-
nuclear cells [16, 17].

Oxidants produced during ethanol feeding are
most likely involved in the pathogenesis of alcohol-
induced liver injury [17]. The obvious indicator of liver
injury is the leakage of cellular enzymes into plasma.
The increase in the activity of serum enzyme levels
associated with ALT and AST has been observed in
ethanol-treated rats, which shows an enhanced perme-
ability, injury and necrosis of hepatocytes [18]. Medicinal
plants have been known to act as xanthine oxidase
inhibitors and free radical scavangers [19]. Feeding the
animals with different concentrations of ethanol induced
liver damage. This is manifested by the significant
(P<0.05) increase in the activities of the transaminases

(AST, ALT),  ALP and significant elevation in the levels
of serum bilirubin and creatinine in the ethanol fed group
alone. The hepatoprotective effect of S. mahogani aque-
ous leaf extract on liver injury was significant. This
manifested as significant (P<0.05, P<0.01) inhibition in
the increase of these enzyme levels caused by ethanol.
All the doses of the extract significantly (P<0.05) blunted
the increased activities of these enzymes and the level
of bilirubin in the serum. This is a sign of hepatoprotection.
There was no significant difference in the degree of
activity between the extract treated groups and that of
untreated control groups (positive control).

Alkaline phosphatases (AP) are a family of zinc
metalloenzymes. They release inorganic phosphate from
various organic orthophosphates and are present in
nearly all tissues. AP and bilirubin are measures of
biliary excretion. Elevation of these analytes can indi-
cate a biliary obstructive process, but their respective
specificity for obstruction varies. Bilirubin elevations are
the least specific, whereas AP elevations are relatively
the most specific. There was significant (P<0.05) de-
crease  in the activity of AP in the group treated with 250
mg/kg of the extract. At higher doses (500 mg/kg), there
was significant elevation in the activities of this enzyme.
There  was no significant difference in the activity of the
enzyme when the negative control was compared with
the highest dose of the extract (500 mg/kg). This is a
crude extract that contains many different constituents,
acting in diverse manners. It is possible that at high dose
levels, the extract may be involved in biliary obstruction.
Creatinine is a metabolite of creatine. The level of
creatinine is an indicator of muscular destruction or
activity. There was no significant difference in the level
of creatinine in both the experimental and the untreated
group.

The assessement of hepatic function by pento-
barbitone hypnosis has been described [20]. The test is
based on the fact that pentobarbitone sodium is metabo-
lized primarily in the liver. There was significant (P<0.01)
elongation of sleep in the ethanol treated group in
comparison with the extract treated groups on one hand
and the untreated control group on the other hand.
Significant increase in the duration of sleep in the treated
animals may mean that the ethanol inhibited the activi-
ties of the enzyme or that as a result of liver damage
induced by the alcohol, the liver could not metabolize
pentobarbitone. These results were further supported
by the histopathological studies. A section of the liver of
the animals in the ethanol group showed pathological
lesions such as abscesses, necrosis, cirrhosis and
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hemorrhage whereas negligible damage was seen in
animals treated with extract (Figures 1 - 5). No pathologi-
cal lesion was however, found in the control group. Thus,
the results of histopathological parameters support the
biological and functional parameters. The above studies
reveal that the group of rats treated with ethanol devel-
oped significant hepatic damage as observed from el-
evated level of specific enzymes, pentobarbitone hyp-
nosis and histological studies. The extract treated group
showed a significant protection in the serum enzyme
levels.

The chemical constituent in the extract responsi-
ble for this activity was not investigated. But previous
chemical investigations on S. mahogani resulted in the
isolation of some tetranortriterpenoids [5].
Tetranortriterpenoids have been shown to exhibit anti-
oxidant activity [21]. Anti-oxidants are involved in scav-
enging activities especially against oxidants. Oxidants
are involved in liver inury.

We may conclude by saying that S. mahogani
possesses significant hepatoprotective activities. The
extract may be acting as a membrane stabilizer and/or
scavengers for peroxides. Further work is needed in this
regard to determine the exact chemical constituent (s)
and mechanism (s) of action of the constituent.
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