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Evaluation of Hepatoprotective Effect of Essential Oil of Etlingera
Fenzlii (Kurz) Skronick & M. Sabu (Zingiberaceae) –
The Honey Bee Repellent Endemic Plant
Species of Andaman Nicobar Islands

Anju Sudhakaran1*, K.B. Ramesh Kumar2 and R.K. Radha1

1 Biotechnology & Bioinformatics Division and
2 Phytochemistry & Phytopharmacology Division,
Jawaharlal Nehru Tropical Botanic Garden and Research Institute,
Palode, Thiruvananthapuram, Kerala – 695 562, India

Abstract

Background: Etlingera fenzlii (Kurz) Skronick & M. Sabu (Zingiberaceae), is an endemic species of the
Andaman Nicobar Islands. Used by the nomadic tribes, shompens as honey bee repellent and also used
against malaria fever, gastrointestinal disorders, wherein the root and flower is boiled in water and used to
wash the uterus after child birth.

Aim: The present study was aimed to investigate the essential oil of Etlingera fenzlii (EOEF) in ethanol
induced hepatotoxicity in Wistar albino rats and silymarin was used as positive control.

Methods: Standard drug (Silymarin), essential oil, ethanol were administered orally for 28 days. On 28th day
animals were sacrificed and blood was collected for assessment of AST, ALT, ALP, total protein, albumin,
globulin and histopathological changes in the liver of different groups were also studied.

Results: Oral administration of ethanol significantly increased biochemical parameters such as AST, ALT,
ALP levels and whereas reverse was observed with test compounds (Silymarin and essential oil).
Histopathological studies further substantiate the hepatoprotective effect of E.fenzlii essential oil.

Conclusion: Our observation indicates that essential oil of E.fenzlii shows hepatoprotective activity compared
to standard drug silymarin. The present study thus provides a scientific rationale for the traditional use of
E.fenzlii in the management of liver disorders.
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Introduction

Etlingera fenzli i (Zingiberaceae) is an endemic
species in the Andaman Nicobar Islands which is
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exclus ively used by the loca l t r ibe cal led as
Shompens as a bee repellent for honey collection
(1). During their honey collection, chew the plant
parts of E.fenzlii and spit out the sap filled in the
mouth as coarse spray on the bee hives which
tranquilize the honey bees and protect them from
bee st ings. The chemical character izat ion on
essential oils of the species carried out by authors
proved that E.fenzl ii  has effective repellent or
tranquilizing property towards insects (2). The major
constituents identified were long chain aliphatic
compounds (n-dodecanol,  n-undecanol and n-
tetradecanol etc.). Use of natural insecticide is
growing today because of its safety and efficacy as
alternative remedy for synthetic repellent. It is
documented that the volatile oils having all these
constituents/isolates have proved to be effective eco-
friendly and possess varying degrees of insects/pest
controlling properties (3). There is a need for further
standardized studies in order to better evaluate the
repellent compounds and develop new products that
offer high repellency as well as good consumer safety
because natural insecticides are usually prescribed
to be applied for a long period and hence may cause
adverse effects including allergic contact dermatitis,
photosensitization, neurotoxicity, causing an overall
dec l ine  in  the norm a l  f unc t ion  in  l i ve r  and
carcinogenicity in human beings, thereby warranting
evaluation of their efficacy and safety profile(4).
Perusal of the acute and dermal toxicity analysis
reveals that the essential oil of the plant did not
divulge any significant toxicity and was found to be
safe up to 2000 mg/kg in in vivo concentration (2).
Besides this repellent property this plant were
traditionally used for the treatment of malarial fever,
stomach and gastro intestinal disorders.

The liver, an important organ, performs critical
functions such as production of serum proteins and
hormones, metabolism of endogenous and exogenous
substances, detoxification and so on (5). The main
liver functions include the production of energy by
protein, carbohydrate and lipid metabolism, the
synthesis of bile salts, the storage of vitamins and
lipoproteins production. Therefore, hepatic diseases
such as fatty liver disease, hepatitis and cirrhosis
highly impact the homeostasis of the body (6).

Alcoholic liver disease is a worldwide health problem

which has three manifestations in form of fatty liver/
steatosis, alcoholic hepatitis and liver cirrhosis. At
least 80% of chronic alcoholic consumers may
develop steatosis, 10-35% alcoholic hepatitis and
approximately 10% liver cirrhosis. Intake of alcohol
causes accumulation of reactive oxygen species
(ROS) like superoxide, hydroxyl radical and hydrogen
peroxide in the hepatic  cel ls that oxid ize the
glutathione which leads to lipid peroxidation of cellular
membranes, oxidation of protein and DNA resulting
in hepatic damage (7). Treatment options are
available for common liver diseases such as cirrhosis,
fatty liver and chronic hepatitis are inadequate in
modern medicine. Conventional drugs used in the
treatment of liver diseases such as corticosteroids,
antiviral, immunosuppressant may lead to serious
adverse effects; they may even cause hepatic
damage on prolonged use. Therefore, alternative
drugs in the form of herbal medicines which are now
used for the treatment of liver diseases are sought
instead of currently used drugs (8, 9).

However ,  the re  is  s t i l l  no  repor t  on the
hepatoprotective effect of the essential oil of E.fenzlii.
Therefore, the present study was an attempt to
evaluate the hepatoprotective activity of the essential
oil against ethanol induced liver damage in Wistar
albino rats.

Materials and Methods

Plant material

Plants were collected from Mount Harriet hill ranges
of South Andamans and living plant collections are
introduced in to the field gene bank of Jawaharlal
Nehru Tropical Botanic Garden and Research Institute
(JNTBGRI) campus and a voucher specimen was
deposited in the herbarium of the Institute. Fresh
leaves were collected, washed under running tap
water and were used immediately to extract the
essential oil.

Preparation of essential oil of E.fenzli i

Fresh leaves (400 g) were hydro distilled for 3 hours
using a Clevenger–type apparatus to obtain the
essential oil. The oil were collected and dried over
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anhydrous sodium sulphate (NA
2
SO

4
) and stored at

% 10°C until analysed.

Animals

Wistar albino rats, obtained from College of Veterinary
and Animal Science, Mannuthy, Thrissur District were
used. They were housed under standard laboratory
condit ions and were fed commercia l rat feed
(Manufactured by Sai Durga Feeds and Foods,
Bangalore) and boiled water, ad libitum. All animal
experiments were carried out according to NIH
guidel ines ,  af ter  get t ing the approva l  of  the
Institutional Animal Ethics Committee (IAEC) of
CARe KERALAM Ltd.

Hepatoprotective activity

Study design

After acclimation for one week, mice were randomly
divided into five groups consisting of six animals per
group.

Group I (normal control) served as normal and orally
given 2 ml distilled water, p.o. once daily for 28
days

Group II (negative control) is given ethanol 40% v/v,
2 ml/100 g, p.o once daily for 28 days.

Group III (positive control) is given silymarin (100
mg/kg, p.o.) and ethanol (40% v/v, 2 ml/100 g, p.o)
once daily for 28 days.

Group IV received essential oil at a dose of 5 mg/kg
p.o. and ethanol (40% v/v, 2 ml/100 g, p.o) once daily
for 28 days. (From the pilot study, low dose (1 and
2 mg/kg) was not found to be effective, so we select
higher doses of essential oil).

Group V received essential oil at a dose of 10 mg/
kg for a period of 28 consecutive days orally.

After the last treatment, animals were sacrificed by
mild ether anaesthesia and all the five groups, blood
sample were collected and subjected to the liver

function tests (10). All the procedures carried out on
animals were approved by the institutional animal
ethics committee.

Biochemical estimations

The b lood samples were col lec ted and were
centrifuged at 3500 rpm for 15 min to obtain serum.
Serum was separated and used for the assay of
Aspar tate  am ino t rans ferase (AST) ,  A lan ine
transaminase (ALT) Alkaline phospatase (ALP), total
protein, Albumin and Bilirubin.

Histopathological studies

After blood draining, liver samples were excised from
the control and treated groups of animals and washed
with normal saline separately. They were fixed in
10% buffered formalin for 24 h. The formalin-fixed
liver samples were stained with haematoxylin–eosin
for photomicroscopic observat ions of  the liver
histological architecture of  each sample were
performed.

Statistical analysis

Statistical analysis was carried out Analysis of
variance (ANOVA), One way ANOVA followed by
Dunnet’s test is performed in which the Negative
control was compared with all the other groups and
the values are expressed in Mean±SD.

Results

Biochemical estimations

Effect of AST, ALT and ALP levels in serum

Ethanol treated mice groups produced a significant
elevation of ALT, AST and ALP levels in serum
compared with normal group, reflecting the tissue
damages in liver. Administration of essential oil of
E.fenzlii (EOEF) and silymarin had obviously reversed
this  elevation towards normal. Treatment with
essential oil caused significant reduction of these
values (Table I), dose-dependently, almost comparable
to the silymarin treated group.
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In the present study, treatment with 40% ethanol
(2 ml/100 g) resulted in significantly high levels of
AST when compared to the normal control group
(P<0.001). However, treatment with EOEF (5 mg/kg
and 10 mg/kg) and silymarin (100 mg/kg) caused
significant normalization of AST (P<0.01). Elevated
ALT levels were noted in ethanol intoxicated animals
(P<0.001), whereas in treatment groups, EOEF (5
mg/kg and 10 mg/kg) and silymarin (100 mg/kg)
resulted significant reduction of ALT which were
comparable to the normal control group (Table I).

Similar to AST and ALT, ALP levels were also found
to be elevated (P<0.001) in the ethanol (negative)
control group in the present study. However, treatment
with EOEF (5 mg/kg and 10 mg/kg) and silymarin
(100 mg/kg) caused significant reduction in ALT
values in the treatment groups. In comparison with
control group, there was significant increase in the
levels of AST, ALT and ALP in ethanol intoxicated
rats, reflecting the liver injury by ethanol. The elevated
levels of AST, ALT and ALP were signif icantly
reduced in the animals groups treated with essential
oil, almost comparable to the silymarin treated group.

Serum total protein, also known as total protein, is
a biochemical test for measuring the total amount of

protein in serum. Total protein measurements can
reflect nutritional status and may be used to screen
for and help diagnose kidney disease or liver disease.
Serum total protein concentration will reduce if there
is any liver dysfunction. In the present study,
treatment with 40% ethanol (2 ml/100 g) caused
significant reduction in serum total protein (P<0.001).
Treatment with essential oil (10 mg/kg) and silymarin
(100 mg/kg) caused significant increase in the levels
of total protein (P<0.01), indicating normalization of
liver function, but essential oil at the dose rate of
5 mg/kg did not result in any significant elevation in
total protein values. Albumin is the major plasma
protein and is synthesized exclusively in the liver.
Plasma albumin reflects hepatic function. It is one
of the standard liver function tests. Albumin synthesis
is reduced during hepatic toxicity. Treatment with
40% ethanol (2 ml/100 g) caused significant reduction
in serum albumin (P<0.01) in the present study.
However treatment with essential oil (10 mg/kg) and
silymarin caused significant increase in the levels of
albumin (P<0.01), indicating reversal of hepatic
damage, but essential oil at the dose rate of 5 mg/
kg did not result in any significant elevation in
albumin levels (Table II).

Bilirubin is an endogenous anion derived from

TABLE I : Effect of essential oil from Etlingera fenzlii on biochemical parameters of ethanol induced toxicity in Wistar rats.

Groups Design of treatment AST(U/L) ALT(U/L) ALP(U/L)

I Vehicle control 176.08±18.86*** 47.11±6.61*** 552.11±122.83***
II Ethanol (40% v/v, 2 ml/100 g) 276.56±32.75 84.86±11.86 854.61±76.12
III Ethanol (40% v/v, 2 ml/100 g) + Silymarin (100 mg/kg) 211.31±53.83** 55.16±15.58*** 691.91±37.23*
IV Ethanol (40% v/v, 2 ml/100 g) + EOEF (5 mg/kg) 209.03±11.79** 56.60±12.05*** 655.85±123.48**
V Ethanol (40% v/v, 2 ml/100 g) + EOEF (10 mg/kg) 208.31±10.95** 53.10± 9.56*** 658.85±117.59**

Values are Mean±SD, n=6 animals per group, EOEF- Essential oil of Etlingera fenzlii, * P<0.05, ** P<0.01, *** P<0.001 when compared
with Group II. (One way analysis and Dunnet test).

TABLE II : Effect of essential oil from Etlingera fenzlii on nonenzymatic liver function of ethanol induced toxicity in Wistar rats.

Groups Design of treatment Total protein Albumin Bilirubin
(g/dl) (g/dl) (mg/dl)

I Vehicle control 6.83±0.09*** 2.10±0.08** 0.10±0.00**
II Ethanol (40% v/v, 2 ml/100 g) 5.34±0.44 1.68±0.18 0.38±0.14
III Ethanol (40% v/v, 2 ml/100 g) + Silymarin (100 mg/kg) 6.66±0.68** 2.06±0.18** 0.18±0.11
IV Ethanol (40% v/v, 2 ml/100 g) + EOEF (5 mg/kg) 5.76±0.59 1.83±0.22 0.21±0.20
V Ethanol (40% v/v, 2 ml/100 g) + EOEF (10 mg/kg) 6.60±0.70** 2.10±0.15** 0.16±0.05*

Values are Mean±SD, n=6 animals per group, EOEF- Essential oil of Etlingera fenzlii, * P<0.05, ** P<0.01, *** P<0.001 when compared
with Group II. (One way analysis and Dunnet test).
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hemoglobin degradation from the RBC. When the
liver function tests are abnormal and the serum
bilirubin levels more than 17 µmol/L underlying liver
disease is suspected. Serum bilirubin level was
increased significantly by the ethanol (2 ml/100 g)
treatment (P<0.01) in the present study. However
significant reduction in bilirubin (P<0.05) was noted
in t reatment with essential oil (10 mg/kg) and
silymarin. Essential oil at the dose rate of 5 mg/kg
did not show any significant decrease in bilirubin.
High amount of alcohol showed a lower body and
liver weight essentially due to fat mass reduction. In
the present study also it was found that ethanol
treated (negative control) group showed lesser body
and liver weight compared to the normal control group
(Table III).

Histopathological studies

Histological architecture of ethanol treated liver
sections showed fatty degeneration of hepatocytes
with hepatocellular degeneration and areas of
necrosis of hepatocytes. Essential oil treatment
almost normalised these defects in the histological
architecture of the liver resembling that of silymarin
treated groups, showing its potent hepatoprotective
effects (Fig. 1 A-E). Hepatoprotective effect of
essential oil was further confirmed by histopathological
studies of the liver, which basically supported the
results from the serum assays.

Discussion

The hepatoprotective activity of essential oil was
investigated on ethanol induced liver damage in
Wistar albino rats, which is a commonly used animal
model. Alcohol has been used as a successful

experimental model to evaluate the eff icacy of
hepatoprotective agents. In general, ethanol produces
a constellation of dose related deleterious effects in
the liver (11). Both acute and chronic ethanol
adm in is t ra t ion  cause enhanced form at ion  o f
cytokines, especially TNF-alpha by hepatic Kupffer
cells, which have a significant role in liver injury
(12). Reduced adipose tissue may be the foremost
cause of  lower  body weight .  As  ethanol can
supplement a large part of energy requirement
therefore nutritional disorders may occurs (13, 14).
Ethanol caused deleterious effects on rats producing
oxidative stress in the liver as a result of the
generat ion of  superox ide radica ls  by ethanol
metabolism. Elevated levels of serum glutamic
oxaloacetic transaminase (SGOT/AST) and serum
glutamic pyruvic transaminase (SGPT/ALT) are
indications of hepatocellular injury. Silymarin is a
known hepatoprotective compound obtained from
Silybum maianum. It is reported to have a protective
effect on plasma membrane of hepatocytes (15).
Silymarin appears to be effective in reducing the
serum levels and it is indicated the abil ity of
silymarin to preserve the normal functional status of
l iver.  The hepatoprotect ive ef fect was further
confirmed by histopathological examination of the
liver. The histopathological observation basically
supported the results from the serum assays.

Ethanol alters many aspects of endocrine function
such as all levels of the hypothalamic- pituitary-
adrenal axis, gonadal activity and carbohydrate, fat,
m inera l  metabol ism  (16) .  Hept ic l ipogenes is ,
peripheral fat mobilization and heptic uptake of
circulating lipids are increased while heptic uptake
of circulating lipids is increased while hepatic
lipoprotein release is decreased. The altered NADH/
NAD+ ratio impede the function of the tricarboxylic

TABLE III : Effect of essential oil from Etlingera fenzlii on body and liver weight of ethanol induced toxicity in Wistar rats.

Groups Design of treatment Initial body weight (g) Final body weight (g) Liver weight (g)

I Vehicle control 133.33±9.83 211.66±13.66 5.17±0.24***
II Ethanol (40% v/v, 2 ml/100 g) 132.50±9.35 142.50±18.90 2.93±0.17
III Ethanol (40% v/v, 2 ml/100 g) + Silymarin (100 mg/kg) 132.50±9.35 154.16±7.36 3.763±0.389***
IV Ethanol (40% v/v, 2 ml/100 g) + EOEF (5 mg/kg) 132.50±9.35 153.33±17.22 3.497±0.263**
V Ethanol (40% v/v, 2 ml/100 g) + EOEF (10 mg/kg) 132.50±9.35 155.83±13.57 3.70±0.17***

Values are Mean±SD, n=6 animals per group, EOEF- Essential oil of Etlingera fenzlii,* P<0.05, ** P<0.01, *** P<0.001 when
compared with Group II. (One way analysis and Dunnet test).
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Fig. 1 : Effect of EOEF on liver histopathology of ethanol treated Wistar albino rats. Stain: hematoxylin-eosin. (A) Vehicle
control group showing normal histology with normal liver architecture; (B) Ethanol treated section of showing sinusoidal
congestion, hepatocellular degeneration and areas of necrosis of hepatocytes. (C) Silymarin treated group section of
liver tissue shows normal hepatocytes without any fat vacuoles and necrosis. Normal portal triads and hepatic veins.
(D) EOEF (5 mg/kg) treated group section of liver tissue shows normal hepatocytes and absence of hepatic necrosis.
(E) EOEF (10 mg/kg) treated group section shows normal hepatocytes.

acid cycle and slow fatty acid oxidation. These
actions lead to the accumulation of triglycerides in
hepatocytes (steatosis) and increase in serum
triglycerides (17). Ethanol associated liver disorders
include fatty infi ltration, alcoholic hepatitis and

fibrosis (18). Serum activities such as ALT and AST
are sensitive markers employed in the diagnosis of
liver diseases. In the present study serum ALT and
AST levels were significantly increased after ethanol
injection, suggesting that ethanol induced liver
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dam age.  Ethanol  induced hepatotox ic i ty and
nephrotoxicity are evidenced by histopathological
damage as well as elevated levels of alanine
transaminase (ALT), aspartate transaminase (AST)
and alkaline phosphatise (ALP) in liver. The elevated
ALT and AST ac t iv i t ies  m ight  be re la ted to
hepatocellular plasma membrane damage because
these enzym es  or ig ina l ly p resent  in h igh
concentrations in the cytoplasam (19, 20). Ethanol
provokes toxic effects through the generation of
reactive oxygen species (ROS) and lipid peroxidation
in different tissues and cell types. In addition to
oxidative stress, ethanol can provoke apoptosis in
severa l  ce l ls  through  the  induc t ion o f  the
mitochondrial pathway or death receptor signalling
(21, 22). When liver cells are in injury, these enzymes
leak into the blood stream and manifest significantly
elevated serum levels and the extent of liver damage
is in conformity with the elevated serum levels of
these enzymes (23). In this study, cellular damage
was measured in terms of release of leakage
enzymes- AST, ALT and ALP. AST, ALT and bilirubin
are the most sensitive tests for diagnosis of liver
diseases (24). Treatment with essential oil of E.fenzlii
decreased the serum levels of ALT and AST towards
their respective normal value that is an indication of
stabilization of plasma membrane as well as repair
of hepatic tissue damage caused by ethanol. On the
other hand ALP is an indicator of pathological
alteration in bil iary f low (25). Ethanol induced
elevation of serum ALP is in line with high levels of
serum bilirubin. Effective control of ALP and bilirubin
levels in essential oil treatment groups points towards
an early improvement in the secretary mechanism of
hepatocytes. Plasma was obtained for the activities
of alkaline phoshatae and alanine aminotransferase
as well as for the quantification of the total bilirubin
concentration (26). The total protein level will be
depressed in hepatotoxic conditions due to defective
protein biosynthesis in liver. The ethanol intoxication
causes disruption of polyribosomes on endoplasmic

reticulum and thereby reducing the protein synthesis.
The essential oil treatment restored the proteins
synthesis by protecting the polyribosomes. Oxidative
stress is responsible for more than 100 human
diseases (27) and liver diseases remain one of the
serious health problems worldwide (28).

Conclusion

In conclusion, the result of this study demonstrates
tha t  essen t ia l  o i l  o f  E. fenzl i i  has  po ten t
hepatoprotective action upon ethanol induced hepatic
damage in rats. Histopathological observation of the
liver tissue had directly supported this conclusion.
Scientific rationale for the traditional use of the plant
and also points out that E.fenzlii warrants future
detailed investigation as a promising hepatoprotective
agent.
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