International Journal of Science & Technology
Volume 2, No 2, 83-92, 2007

The Hepatoprotective Effect of Bael Leaves (Aegle Marmelos) in
Alcohol Induced Liver Injury in Albino Rats

Vinodhini SINGANAN', Malairajan SINGANAN? and Hazeena BEGUM?

'Dept. of Applied Biology, Ambo College — Jimma University, P.O.Box. 19, Ambo Town, Western Shoa, ETHIOPIA
Dept. of Applied Chemistry, Ambo College — Jimma University, P.O.Box. 19, Ambo Town, Western Shoa, ETHIOPIA
3Unit of Biochemistry, Dept. of Siddha Medicines, Fac. of Sci., Tamil University, Thanjavur — 613 007, Tamil Nadu, INDIA
swethasivani @yahoo.co.in

(Received: 02.01.2007; Accepted: 19.03.2007)

Abstract: Herbal drugs are traditionally used in various parts of the world to cure different diseases. The Ayurvedic
and Siddha medical systems are very famous medical practices in Indian traditional medicines. In the present
research studies, Bael leaves (Aegle marmelos, family of Rutaceae) which are also called as Bilva in ancient Sanskrit
was used as herbal drug and its hepatoprotective effect in alcohol induced liver injury in albino rat was evaluated
using essential biochemical parameters. The experiments were performed with four groups of animals. The
experimental animals were administered with 30% ethyl alcohol for a period of 40 days and the fine crude plant
leaves powder was fed to animals for next 21 days. The observed values of TBARS (Thiobarbituric acid reactive
substances) in healthy, alcohol intoxicated and herbal drug treated animals were 123.35, 235.68 and 141.85 pg/g
tissue respectively. The results were compared with the standard herbal drug silymarin (133.04 pg/g tissue). The
experimental results indicate that, the Bael leaves have excellent hepatoprotective effect. A similar experimental
result was also observed in other biochemical parameters.
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Albino Ratlarda Alkoliin Sebep Oldugu Karaciger Yaralarinda Bael
Yapraklarinin (Aegie Marmelas) Hepatoproektif Etkisi

Ozet: Bitkisel ilaclar diinyanin ¢esitli yerlerinde bir takim hastaliklarin tedavisinde geleneksel olarak
kullanilmaktadir. Hyurvedik ve Siddha medikal sistemleri Hint geleneksel tibbinin ¢ok iinlii tibbi uygulamalaridir.
Giinlimiiziin arastirma caligmalarinda antik Sanskritte Bilva olarak adlandirilan Bael yapraklarinin (Aegle
Mammelas, Rutaceaeailesi) bitkisel bir ila¢ olarak kulalnimi ve albinoratlarda alkoliin sebep oldugu karaciger
yaralarindaki hepatopolektif etsinin gercek biyokimsayal parametreler kullanarak hesaplanmasi incelenmektedir.
Deneyler dort grup havyan lizerinde yapilmaktadir. Deney hayvanlarina 49 giinliikk periyotlarla % 30 etil alkol
verilmektedir ve sonraki 21 giinde de hayvanlar ham bitki yapraklar: tozu ile beslenmektedir. Saglikli durumda, alkol
verilmis ve bitkisel ilaclarla tedavi edilmis hayvanlarda TBARS (Thiobarbituriliasit reauif maddeleri)’in gozlenen
degerleri sirasiyla 123-35, 235-68 ve 141-85 Mg/g seklinde bulunmustur. Sonuclar standart bitkisel ilag silymarin
(133.04 Mg-g dow) ile karsilastirilmistir. Deney sonuclari, Bael yapraklarinin hepatoprotektif etkininin miikemmel
oldugunu gostermektedir. Diger biyokimyasal parametrelerle de benzer deney sonuglar1 gozlenmektedir.

Anahtar Kelimeler: Bitkisel ilaglar, Bael yapraklari, Karaciger yaras: ve Albinoratlar.

Introduction

Indigenous plants have been the traditional  plant derivatives could be of clinical importance
source of raw materials for the manufacture of  (Gupta, 1994). The trend of using natural products
medicines. The diverse culture of our country is a  has increased and the active plant extracts are
rich source of traditional medicines, many of  frequently screened for new drug discoveries (Das
which one of plant origin scientific data on such et al., 1999).



V. Singanan, M. Singanan and H.Begum

Aegle marmelos, commonly known as Bael, is
a spiny tree belonging to the family Rutaceae. It is
an indigenous tree found in India, Myanmar,
Pakistan and Bangladesh. The leaves, roots, bark,
seeds and fruits are edible and medicinal values.
The medicinal properties of this plant have been
described in the Ayurveda. In fact, as per Charaka
(1500 B.C) no drug has been longer or better
known or appreciated by the inhabitants of India
than the Bael.

The leaves of Bael are astringent, a laxative,
and an expectorant and are useful in treatment of
ophthalmia, deafness, inflammations, cataract,
diabetes, diarrhoea, dysentery, heart palpitation,
and asthmatic complications (Kirtikar and Basu,
1993). It has been claimed the leaf of Aegle
marmelos ~ posses contraceptive  efficacy
(Bhattacharyay, 1982). Fresh aqueous and
alcoholic leaf extracts of Aegle marmelos were
reported to have a cardio tonic effects in mammals
(Haravey, 1968 and Nadkarni, 2000).

Aegle marmelos leaf extract has been reported
to regenerate damaged pancreatic beta cells in
diabetic rats (Das et al., 1996) and increased the
activities of peroxidase in the liver tissues of
Isoproterenol treated rats (Rajadurai et al., 2005).
An aqueous decoction of the leaves has been
shown to possess a significant hypoglycemic effect
(Karunanayeke et al., 1984).

Aegle marmelos leaf extract was found to be a
potential antioxidant drug, which reduces the
blood sugar level in alloxan induced diabetic rats
(Sabu and Ramadasan, 2004). It was found to be as
effective as insulin in the restoration of blood
glucose and body weight to normal levels on
hyperglycemic state (Seema et al., 1996).

The ethanolic extract of Aegle marmelos leaf
possesses anti spermatogenic activity (Sur et al.,
1999) and aqueous extract of the leaf has anti
motility action on spermatozoa in rats (Sur et al.,
2002). Considering the diverse medicinal
properties of Aegle marmelos, the present study
was under taken to evaluate the hepatoprotective
effect of Aegle marmelos in alcohol induced liver
injury in experimental animal models.
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Materials and Methods

Plant Material

Leaves of Aegle marmelos were collected
from Thanjavur district of Tamil Nadu, India
during the months of September — December.
Fresh leaves were dried at 45°C for 48 hours,
powdered using electric grinder, and stored in a
decicator. This fine crude powder was used as
herbal drug.

Selection of Animals

In this experiments twenty four healthy male
albino Wistar strains rats, 3 months of age,
weighing 150 — 190g were selected for acclimation
for a period of two weeks in laboratory animal
house and maintained under standard conditions of
temperature 27 + 2°C, relative humidity of 60 +
5% and 12: 12 hour light: dark cycle prior to
experimentation. The animals were fed with
standard pellet diet and water ad libitum. The
experimental animals were divided into four
groups (G1, G2, G3 and G4) each contains six
animals as per the drug treatment plan. First group
served as control and the rest served as
experimental groups. The ethics committee of
Tamil University, Thanjavur, approved the
protocol of the present study.

Drug treatment protocol

The fine powder of Aegle marmelos leaves
were suspended in physiological saline and
administered to the experimental animals
intragastrically as per the following experimental
protocol. The first group (Control) received small
amount of physiological saline and the animals has
free asses to standard feed and water for 40 days.
The second group was intoxicated with ImL of
30% ethyl alcohol once in a day in afternoon for
40 days. The third group was intoxicated with 1mL
of 30% ethyl alcohol similarly as second group.
Further, the animals were treated with the powder
of Aegle marmelos herbal drug (1g / Kg. b. wt)
twice a day (morning and evening) for 21 days.
The fourth group served as reference animals,
which were intoxicated similarly as third group
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and treated with the standard drug silymarin at a
dose (0.1g / Kg. b. wt) twice a day for 21 days.

Biochemical Assays

At the end of the drug treatment period, all the
animals were anaesthetized 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 at 3000 g for 5 minutes. Separate
blood samples were collected from another group

of anaesthetized animals in glass test tubes and
allowed to coagulate for 30 min. Serum was
separated by centrifugation at 3000 g for 20
minutes. Plasma and serum samples were kept at —
20°C for biochemical analysis.

The animals were sacrificed by cervical
decapitation, the perfused liver of each animal was
dissected out and washed with isotonic solution,
and their wet weight was recorded. The liver
homogenate was prepared using phosphate buffer
solution for biochemical analysis. The biochemical
parameters analyzed from serum, plasma and liver
homogenate was presented in the Table 1.

Table 1. Biochemical parameters analyzed in liver homogenate, plasma and serum.

Biochemical parameters

References

Thiobarbituric acid reactive substances (TBARS)

Reduced glutathione (GSH)
Superoxide dismutase (SOD)
Glutathione peroxidase (GPx)
Catalase (CAT)

Vitamin — E

Plasma Ascorbic acid (Vitamin — C)

Iron (Serum)
Copper (Serum)

Ohkawa et al., 1979; Esterbauer and
Cheeseman, 1990

Sedlak and Lindsay, 1968

Sun et al., 1998; Kakkar et al., 1984
Paglia and Valentine, 1967

Beers and Sizer, 1952

Barker et al., 1980

Besada, 1987; Noroozifar and Khorasani —
Motlagh, 2003

Yee and Goodwin, 1974

Yee and Goodwin, 1974

Results and Discussions

Thiobarbituric acid reactive substances
(TBARS)

The thiobarbituric acid assay is the most popular
method of estimation of malondialdelyde level,
which is an indication of lipid peroxidation and
free radical activity. The increase in lipid
peroxidation, a  degradative  process  of
membraneous polyunsaturated fatty acid has been
suggested by the increase in malondialdelyde in
ethanol induced toxicity in the liver. The increased
lipid peroxidation results in changes in cellular
metabolism of the hepatic and extra hepatic
tissues, which ultimately leads to the whole cell
deformity and cell death (Winrow et al., 1993).
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The levels of TBARS in liver tissues of
ethanol intoxicated rats were significantly elevated
when compared to the level of TBARS in control
animals. The administration of herbal drugs Aegle
marmelos at the therapeutic doses (1g/Kg. b.wt)
showed maximum reduction in TBARS level. The
standard  hepatoprotective ~ drug  Silymarin
maintained the decreased lipid peroxidation level
to the normal limits in the liver. The results
indicate that, the herbal drug Aegle marmelos has
very good hepatoprotective effect in liver damage.
The results were presented in the Figure 1.
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Fig 1. Effect of Aegle marmelos in TBARS level.

Glutathione Reductase (GSH)

It is an important source of reducing equivalents during oxidative stress generated by reactive oxygen
species. The higher level of ethanol intake develops cirrhosis and liver damage by enhancing lipid
peroxidation in the liver. Acetaldehyde the toxic metabolite of ethanol depresses the liver and plasma
glutathione level by conjugating with the sulphydryl groups of glutathione (Comporti et al., 1973). In the
present research work, we have observed the decreased level of glutathione in ethanol intoxicated rats.

The GSH depletion in hepatic mitochondria is considered the most important sensitizing mechanism in the
pathogenesis of alcoholic liver injury. Treatment with Aegle marmelos herbal drug had significantly
improved the level of glutathione both in plasma and lever tissues. Similar results also observed with the
standard drug Silymarin. The results were presented in the Figure 2.
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Fig 2. Effect of Aegle marmelos in GSH level in plasma and liver.
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Superoxide dismutase (SOD)

SOD is the major attractive metalloprotein in the
antioxidant family. The increased synthesis of
superoxide dismutase against superoxide anion
radical (O;") production is an adaptive response of
the cell to synthesis increased mitochondrial SOD
through the stimulation of gene transcription (Das
et al., 1997). The enzyme SOD was found to be
decreased in ethanol intoxicated rats. This is due to
the low level of Zinc (a metal constituent of the
enzyme SOD) in plasma and liver tissues (Reding

et al., 1984). The low level of zinc was also found
in alcoholic liver cirrhosis (Henkin and Smith,
1972).

In the present study, significant decrease in the
activity of liver SOD in ethanol intoxicated rat was
observed. The therapeutic treatment with Aegle
marmelos herbal drug significantly improved the
level of SOD in liver. This result indicates that, the
herbal drug promoted the hepatoprotection by
elevating free radical scavenging activity. Similar
results were also observed in Silymarin treated
rats. The results were presented in the Figure 3.
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Fig 3. Effect of Aegle marmelos in SOD level.

Catalase (CAT)

The defensive antioxidant enzyme next to SOD is
catalase. CAT traps the harmful hydrogen peroxide
and converts into water and oxygen. The activity
of catalase was found to be decreased in ethanol
intoxicated rats. The inhibition of catalase activity
during ethanol induced toxicity may be due to the
increased generation of reactive free radicals,
which can create an oxidative stress in the cells.
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The administration of herbal drug Aegle marmelos
inversed the catalase activity in the liver tissues
and protected from the free radical induced
oxidative stress (Rajashree et al., 1998). This
results supports that, the antioxidant properties of
the herbal drug was excellent as compared with the
standard drug Silymarin. The results were
presented in the Figure 4.
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Fig 4. Effect of Aegle marmelos in CAT level.

Glutathione peroxidase (GPx)

GPx is a selenium dependent enzyme has high
potency in scavenging reactive free radicals. In the
present experiments, the levels of glutathione
peroxidase activity in liver was elevated during
alcohol intoxication to compensate the free radical
scavenging effect utilized by the GSH as the

substrate (Rajashree et al., 1998). When GPx
activity in liver increased, the glutathione level is
decreased in ethanol fed rats. Treatment with the
herbal drug Aegle marmelos significantly
decreased the level GPx to normal level. The
standard drug Silymarin showed equivalent effect
in the GPx level in the ethanol intoxicated rats.
The results were presented in the Figure 5.
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Fig 5. Effect of Aegle marmelos in GPx level.

Vitamin E and C

Vitamin E and C are natural antioxidants found
in variety of plant materials. Ascorbic acid is most

8

powerful  antioxidant under  physiological
conditions. It exists mostly in the reduced form. It

8
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cam directly scavenge superoxide, hydroxyl
radicals and single oxygen. The ascorbic acid
reduces H,O, to water via ascorbate peroxidase
reaction (Noctor and Foyer, 1998).

Vitamin — E is a chain breaking
antioxidant. It can repair oxidizing radicals
directly, and preventing the chain propagation step
during lipid autoxidation (Serbinova and Packer,
1994). In our present research work, the decreased
level of these vitamins was observed in ethanol
intoxicated rats. This may be due to the high level
of oxidative stress during the intoxication. The
reduced form of glutathione substrate (GSH) is

required for the regeneration of vitamin C, which
is intern necessary for the regeneration of vitamin
E (Thomas et al.,, 1992). The ascorbic acid
functions as an aqueous phase antioxidant.

Therapeutic treatment with the herbal drug
Aegle marmelos in intoxicated rats significantly
increased level of vitamin E and C through the
influence of GSH regeneration. Thus, the herbal
drugs exert a beneficial effect in regenerating the
GSH through the recycling mechanism of these
vitamins. The standard drug Silymarin has similar
effect in GSH regeneration. The results were
presented in Figures 6 and 7.
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Fig 6. Effect of Aegle marmelos in vitamin E in plasma and liver.
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Fig 7. Effect of Aegle marmelos in vitamin C level in plasma



V. Singanan, M. Singanan and H.Begum

Iron and Copper

Serum iron and copper levels were significantly
increased in ethanol intoxicated rats, when
compared with the control animals. The increased
serum iron level indicates that, the generation of
toxic hydroxyl radicals. In the present study, we
have observed that, the herbal drug treatment with
Aegle marmelos drastically decreased the unbound
serum iron. It may be through the chelating
properties of flavonoids compounds of the herbal
drug. Tinospora cordifolia, an herbal drug was
reported to inhibit the Fenton mediated free radical
formation through iron chelating properties (Singh
et al., 2003).

450

Copper plays pathogenic role in primary biliary
cirrhosis. The traces of soluble copper can catalyze
the transformation of superoxide radical anion to
highly reactive hydroxyl radical. Hydroxyl radical
initiate lipid peroxidation results in oxidative
damage of tissues. The level of serum copper was
found to be increased in ethanol intoxicated rats.
This might be due to the hepatic dysfunction and
impaired biliary excretion. The therapeutic
treatment with herbal drug Aegle marmelos
decreased the level of serum iron and copper level
to the normal level found in control animals. The
action of standard drug Silymarin in serum iron
and copper level in ethanol intoxicated rat was
equivalent to the Aegle marmelos herbal drug. The
results were presented in the Figure 8.
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Fig 8. Effect of Aegle marmelos in serum Fe and Cu level

Conclusions

Our research studies data suggest that, there were
significant variations in the observed biochemical
parameters. The level of TBARS in ethanol
intoxicated rats increased two fold when compared
with the control animals. The levels of GSH, SOD
and CAT decreased significantly in the ethanol
intoxicated rats. The level of GPx was increased
in the ethanol intoxicated rats. The value of
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vitamin E in both plasma and liver samples were
less when compared with the control animals.

Similarly, the value of vitamin C was also showed
decreased level in plasma. Serum iron and copper
levels were elevated to a higher level. The
therapeutic administrations of Aegle marmelos leaf
fine powder greatly change the biochemical
parameters in the ethanol intoxicated rats and
maintained well to the normal level. These results
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clearly suggest that, the Aegle marmelos have
enormous hepatoprotective value. The herbal drug
has equivalent therapeutic value with the standards
drug Silymarin. Further, this study creates a hope
on new drug discovery in controlling liver diseases
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