
genesis of alcohol associated liver injury. The
peroxidation of endogenous lipids has been
shown to be a major factor in the cytotoxic action
of alcohol2. The oxidative damage induced by al-
cohol is attributed to the formation of the highly
reactive hydroxyl radical (OH), which is the
stimulator of lipid peroxidation and the source of
destruction leads to damage in the cell
membrane3. Srivastava and Shivanandappa4 pre-
viously reported that administration of alcohol
decreases the antiperoxidative enzymes (SOD,
CAT & GPx).

Earthworms possess rich natural sources of
antioxidants. Perionyx excavatus (Perrier) is an
indigenous earthworm which play major role in
recycling of wastes. Typically, earthworm is used
with other herbs to treat a wide range of condi-
tions ranging from spasms and convulsions to
pain relief, treatment of fever and certain type of
arthritis. Earthworms are also used to treat some
types of asthma and bronchitis.

Earthworms play an important role in the sus-
tainability of soil fertility and productivity. Re-
cently earthworm protein and its coelomic fluid
are known to have cytolytic, agglutinating, prote-
olytic, haemolytic, mitogenic, antipyretic and tu-
morstatic activities5-11. Bhatnagar and Palta12

have reported that earthworms when ingested in-
to our body systems increase body heat and are
of value in neurone disorders, bronchitis and tu-
berculosis and earthworms holding a substances
effective in curing rheumatism. The earthworm
extract significantly inhibit the development of
liver fibrosis in rats induced by CCl4 and its un-
derlying mechanism might relate to decreasing
the expression of TGF-β1 and TIMP-113. In addi-
tion, earthworms offer another rich source of
molecules that have been characterized and
shown to be strongly lytic against a variety of tu-
mor cell target grow in vitro14. Prakash et al15

studied that earthworm exerts anti-ulceral and an-
ti-oxidative activity.
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Abstract. – Earthworms have been widely
used in traditional medicine for thousands of
years. However, it is only during the past few
decades, with the development of biochemical
technologies, that research on the pharmaceuti-
cal effects has been initiated. The present study
was carried out to investigate the hepatoprotec-
tive and antioxidant properties of indigenous
earthworm powder (Perionyx excavatus), using
alcohol induction as a model of hepatotoxic and
oxidative damage. Alcohol-hepatotoxic rats ex-
hibited elevation in the lipid-peroxidative marker
thiobarbituric acid reactive substance (TBARS).
A decrease in the activities of enzymatic antioxi-
dant enzymes: Superoxide dismutase (SOD),
Catalase (CAT), Glutathione peroxidase (GPx),
and non-enzymatic antioxidant vitamin C, vita-
min E and reduced glutathione (GSH) was ob-
served. Oral administration of dried earthworm
powder (500 mg/kg body weight) for 42 days re-
versed these parameters towards normalcy.
These results suggest that the indigenous earth-
worm Perionyx excavatus could afford a signifi-
cant hepatoprotective and antioxidant effect
against alcohol induced rats.

Key Words:

Earthworm, Perionyx excavatus, Alcohol, Antioxi-
dant, Hepatotixicity. 

Introduction

Liver disease is a common condition in which
major amounts of parenchyma cells are replaced
by fibrous connective tissue. It is one of the seri-
ous health problems throughout the world. Liver
is the main organ to metabolize any chemical
substances, which can lead to liver damages after
chronic abuse. Alcohol is a well-established he-
patotoxicant that induces a diffuse type of liver
injury closely resembling human viral hepatitis1.
Oxidative stress plays a vital role in the patho-
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No reports are available on the hepatoprotec-
tive effect of earthworm Perionyx excavatus in
alcohol induced toxicity. Hence in this study, we
have made an experimental attempt to evaluate
its influence on hepatic damages and tissue an-
tioxidant status. 

Materials and Methods

Animals
Male albino Wistar rats (weighing 140-175 g)

were procured from the Central Animal House,
Department of Experimental Medicine, Rajah
Muthiah Medical College and Hospital, Anna-
malai University, India, and maintained in an air-
conditioned room (35 ± 1ºC) with a 12 h light/12
dark cycle. Feed and water were provided ad li-
bitium. All the experimental studies were con-
ducted in the Department of Zoology, Faculty of
Science, Annamalai University, in accordance
with the National Institute of Health of Guide for
the Care and Use of Laboratory Animals (NIH
1985). The experimental study was approved by
the Ethical Committee of Rajah Muthiah Medical
College and Hospital, Annamalainagar.

Earthworm

Preparation of Earthworm Powder
The earthworm powder was obtained follow-

ing the method of Ishii et al16 with slight modifi-
cation. Earthworm Perionyx excavatus (Perrier)
were obtained from the stock culture, Depart-
ment of Zoology, Annamalai University. 1000
sexually mature, clitellated worms (900
mg/worm) were washed with running tap water
to remove any dirt from the body surface. Then
the living earthworms are placed in fresh water
or an aqueous solution containing not greater
than 0.3% by weight of at least one organic acid.
The solution can also be characterized as a
slightly acidic aqueous solution having a pH of 3
to 6.5. The living earthworms are left there at a
temperature of 25°C for a period of 72 hours.
Thus the alimentary canal of the living earth-
worm is substantially freed of soil by their own
excretory power. Thereafter the living earth-
worms are wet-ground by using chloroform and
methanol in the ratio of 20:20 (v/v) and the re-
sulting suspension is frozen at a low temperature

of –5°C or below. Then the frozen suspension is
freeze-dried and vacuum dried. The temperature
is increased stepwise from –10 to 90°C, the sus-
pension is freeze dried and then vacuum-dried
under a vacuum of 100 mmHg or below for a pe-
riod of 5 to 60 hours. Thus there is obtained ster-
ile dried earthworm powder.

In the step of wet-grinding the earthworms
i.e., the step of destroying the tissues of earth-
worms, it is preferable to form the earthworms in
to a suspension or homogenate by means of a
suitable device such as homogenizer.

Experimental Induction of Hepatotoxicity
Alcohol has a caloric value of about 7 calories

of dietary carbohydrates, so in moderate quanti-
ties it is a food in itself except for vitamins, min-
erals etc. Hence throughout the experiment, some
quantity of glucose (isocaloric to the amount of
alcohol) was also administered to all the animals
of the control group in order to equalize the calo-
ries due to alcohol in other groups.

Experimental Design

Group I: Normal [(normal saline 5 ml/kg
orally (p.o.)] 

Group II: Control + earthworm powder (500
mg/kg p.o.)

Group III: Normal + alcohol (6 g/kg/day p.o.)
Group IV: Normal + alcohol + earthworm

powder (50 mg/kg p.o.)
Group V: Normal + alcohol + earthworm

powder (250 mg/kg p.o.)
Group VI: Normal + alcohol + earthworm

powder (500 mg/kg p.o.)
Group VII: Normal + alcohol + Silymarin (25

mg/kg p.o.)

The total experiment duration is 30 days. At
the end of the period, the rats will be anaes-
thetized by intra muscular injection of Ketamine
(24 mg/kg body weight) and zylazine (10 mg/kg)
and sacrificed by decapitation. Tissues will be
dissected out, cleared of blood and immediately
kept in ice-cold containers containing 0.9% sodi-
um chloride. Sample of tissues will be homoge-
nized in appropriate buffer and used for the de-
termination of various enzymes.

Anti-oxidative studies – The liver and kidney
were removed and used for the assay of thiobar-
bituric acid reactive substances and anti-oxidants
(enzymatic-superoxide dismutase, catalase, glu-
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tathione peroxidase and non-enzymatic-vitamin
C, vitamin E and reduced glutathione).

Assay of thiobarbituric acid reactive sub-
stance17 (TBARS) – The tissue homogenate was
prepared in Tris-HCl buffer (0.025 M, pH 7.8). To
1.0 ml of the tissue homogenate, 2.0 ml of TCA-
TBA-HCL reagent was added and mixed thor-
oughly. The mixture was kept in a boiling water
bath for 15 minutes. After cooling the tubes were
centrifuged at 1000 rpm for 10 minutes and the
pink colour developed in the supernatant was
measured in a UV Spectronic spectrometer at 535
nm against a reagent blank. A series of standard
solution in the concentration of 2.5-10 moles
were treated in a similar manner and the values
were expressed as mM/100 g tissue.

Assay of lipid hydroperoxides18 – 1.8 ml of
the fox reagent was mixed with 0.2 ml of the
tissue homogenate. Then incubated for 30 min-
utes at room temperature and read at 560 nm.
Lipid hydroperoxides was expressed as mM/100
g tissue.

Assay of superoxide dismutase19 (SOD) – Tis-
sue was homogenized in sodium pyrophosphate
buffer (0.025 M, pH 8.3). 0.5 ml tissue ho-
mogenate was diluted to 1.0 ml with distilled wa-
ter followed by addition of 2.5 ml ethanol and
1.5 ml chloroform (chilled reagents were added).
This mixture was shaken for 90 minutes at 4°C
and then centrifuged. The enzyme activity in the
supernatant was determined as follows. Briefly,
the assay mixture contained 1.2 ml sodium
pyrophosphate buffer, 0.1 ml phenazine metho-
sulphate and 0.3 ml nitroblue tetrazolium and
appropriately diluted enzyme preparation in a to-
tal volume of 3 ml. The reaction was started by
the addition of 0.2 ml NADH. After incubation at
30°C for 90 seconds, the reaction was stopped by
the addition of 1 ml glacial acetic acid. The reac-
tion mixture was stirred vigorously and shaken
with 4 ml n-butanol. The mixture was allowed to
stand for 10 minutes, centrifuged and butanol
layer was separated. The colour intensity of the
chromogen was measured in UV Spectronic
spectrometer at 560 nm. A system devoid of en-
zyme served as control. The enzyme concentra-
tion required to produce 50% inhibition of chro-
mogen formation in one minute under standard
conditions was taken as one unit. The specific ac-
tivity of the enzyme was expressed as units/mg
protein.

Assay of catalase20 (CAT) – Tissue ho-
mogenate was prepared by using phosphate
buffer (0.01 M, pH 7.0). To 0.9 ml phosphate
buffer, 0.1 ml tissue homogenate and 0.4 ml hy-
drogen peroxide were added. The reaction was
arrested after 15, 30, 45, and 60 seconds by
adding 2.0 ml of dichromate-acetic acid mixture.
The tubes were kept in a boiling water bath for
10 minutes, cooled and the colour developed was
read at 620 nm in UV Spectronic spectrometer.
Standards in the concentration range of 20-100
microM were taken and processed as for the test.
The specific activity of the enzymes was ex-
pressed as microM of H2O2 consumed/min/mg
protein.

Assay of glutathione peroxidase21 (GPx) – To
0.2 ml Tris buffer, 0.2 ml EDTA, 0.1 ml Sodium
azide and 0.2 ml enzyme preparation (tissue ho-
mogenate) were added and mixed well. To this
0.2 ml of GSH followed by 0.1 ml of H2O2 were
added. The contents were mixed and incubated at
37°C for 10 minutes. The reaction was arrested
by the addition of 0.5 ml 10% TCA. The tubes
were centrifuged and the remaining was deter-
mined as in the GSH procedure and the activities
were expressed as µg of GSH consumed/min/mg
protein.

Assay of vitamin C22 – 0.5 ml of tissue ho-
mogenate was mixed thoroughly with 1.5 ml of
6% TCA and centrifuged for 20 minutes at 3500
g. To 0.5 ml of the supernatant, 0.5 ml of DNPH
reagent was added and mixed well. The tubes
were allowed to stand at room temperature for an
additional 3 hours. Removed, placed in ice-cold
water and added 2.5 ml of 85% sulphuric acid
and allowed to stand for 30 minutes. A set of
standards containing 10-50 µg of ascorbic acid
were taken and processed similarly along with a
blank, containing 0.5 ml 4% TCA. The color de-
veloped was read at 530 nm. The values were ex-
pressed as µg/mg tissue.

Assay of vitamin E23 – To 0.1 ml of lipid ex-
tract, 1.5 ml of ethanol and 2.0 ml of petroleum
ether was added, mixed and centrifuged. The su-
pernatant was evaporated to dryness at 80°C. To
this was added 0.2 ml of 2, 2’-dipyridyl solutions
and 0.2 ml of ferric chloride solution. Mixed well
and kept in dark for 5 minutes and added 2 ml of
butanol. The intense red color developed was
read at 520 nm. Standard tocopherol in the range
of 10-100 µg were taken and treated similarly
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along with blank containing only the reagent.
The values were expressed as µM/mg tissue.

Assay of reduced glutathione24 (GSH) – A
known weight of tissue was homogenized in
phosphate buffer. 0.5 ml of the homogenized mix-
ture was treated with 2.0 ml 5% TCA, mixed and
centrifuged. 2.0 ml of the supernatant was the
treated with 1.0 ml Ellman’s reagent and 4.0 ml
0.3 M disodium hydrogen phosphate. The ab-
sorbance of the yellow colour developed was read
in a UV Spectronic spectrophotometer at 412 nm.
A series of standards (20-100 µ/100 g) were treat-
ed in a similar manner along with a blank con-
taining 1.0 ml buffer. The amount of glutathione
was expressed as mg/100 g of protein.

Statistical Analysis
Statistical evaluation was done using one-way

analysis of variance (ANOVA) by Duncan’s Mul-
tiple Range Test (DMRT) using Statistical Pack-
age of Social Sciences (SPSS) 10.0 for windows,
significance level was set at p < 0.05.  

Results

Table I shows the level of TBARS and lipid
hydroperoxides in the liver and kidney of normal
and experimental animals. A significant elevation
in tissue TBARS and hydroperoxides were ob-
served in alcohol induced hepatotoxic animals.
This was decreased or controlled by the oral ad-
ministration of the earthworm powder and sily-
marin. 

Table II shows the effect of oral administration
of earthworm powder on enzymatic antioxidants,
viz SOD, CAT and GPx in normal and alcohol
induced hepatotoxic rats. Hepatotoxic rats
showed decreased activities of SOD, CAT and
GPx. Whereas the administration of earthworm
powder and silymarin significantly increased
these enzyme activities near normal to the con-
trol. 

Table III shows the concentration of non-enzy-
matic antioxidants such as vitamin C, vitamin E
and GSH in the liver and kidney of normal and
experimental animals. Significant reduction of
non-enzymatic antioxidants observed in alcohol
induced hepatotoxic rats. Earthworm powder and
silymarin reversed the levels of these non-enzy-
matic antioxidants.

Discussion

Alcohol is a well-established hepatotoxicant
that induces a diffuse type of liver injury closely
resembling human viral hepatitis. The prolonged
intake ingestion of alcohol is associated with al-
coholic hepatitis, fatty infiltration, and accelerat-
ed progression of liver disease and higher fre-
quency of cirrhosis25. Escalating liver injury can
lead to fibrosis and ultimately to cirrhosis. The
renal failure is also a common phenomenon oc-
cur in chronic alcoholism. 

Alcohol administration in rats disrupts the
membrane permeability of the plasma membrane
causing leakage of the enzymes from the cells,
which leads to the elevation of lipid peroxides.

M. Prakash, G. Gunasekaran, K. Elumalai

Table I. Effect of earthworm powder on TBARS and lipid hydroperoxide in the normal and alcohol-hepatotoxic rats.

Values are mean ± SD for 6 rats in each group. Values not sharing a common superscript differ significantly at p < 0.05 (DMRT)

TBARS Hydroperoxides
Groups (m moles/100 g wet tissue) (m moles/100 g wet tissue)

Liver Kidney Liver Kidney

Normal 0.75 ± 0.05a 1.41 ± 0.11a 91.75 ± 6.05a 76.15 ± 0.15a

Control + earthworm powder (500 mg/kg) 0.72 ± 0.25a 1.39 ± 0.25a 90.91 ± 2.15a 74.75 ± 3.15a

Alcohol (6 g/kg/day) 1.97 ± 0.15b 2.75 ± 0.10b 158.54 ± 7.15b 124.44 ± 5.25b

Alcohol + earthworm powder (50 mg/kg) 1.65 ± 0.35bc 2.30 ± 1.15bc 135.05 ± 3.25bc 110.23 ± 2.08bc

Alcohol + earthworm powder (250 mg/kg) 1.25 ± 0.1c 1.97 ± 1.01c 110.12 ± 1.15c 99.34  ± 1.05c

Alcohol + earthworm powder (500 mg/kg) 0.91 ± 025d 1.68 ± 1.2 d 96.15 ± 2.01d 90.11 ± 0.25d

Alcohol + Silymarin (25 mg/kg) 0.82 ± 1.05d 1.60 ± 0.75d 93.22 ± 1.15ad 81.25 ± 0.75d



Lipid peroxidation is a free radical induced
process leading to oxidative deterioration of
polyunsaturated fatty acid. Under physiological
condition, low concentrations of lipid-peroxides
are found in tissues. It has been reported that the
mechanisms of liver damage induced by alcohol
is due to the instability of cellular membrane as a
result of lipid peroxidation26. In the present study
we have observed an increase in the levels of

TBARS and hydroperoxides in the tissue of alco-
hol induced toxic rats. Lipid peroxidation arising
from the reaction of free radicals with lipids is
considered to be an important feature of the cel-
lular injury brought by free radical attack27. In-
creased lipid peroxidation in various tissues has
long been known to cause functional degrada-
tion. Thus, degradation of vital tissue leading to
complications may be due indirectly to the in-
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Table II. Effect of earthworm powder on SOD, CAT and GPx in the normal and alcohol-hepatotoxic rats 

Values are mean ± SD for 6 rats in each group. Values not sharing a common superscript differ significantly at p < 0.05 (DMRT) 
U* = enzyme concentration required to inhibit the NBT to 50% in one minute. U# = µmole of H2O2 consumed/minute. Us = µg
of GSH utilized/minute.

SOD CAT GPx
Groups (U*/mg protein) (U#/mg protein) (Us/mg protein)

Liver Kidney Liver Kidney Liver Kidney

Normal 6.75 ± 0.38a 13.11 ± 1.05a 75.15 ± 2.01a 36.15 ± 1.42a 7.25 ± 0.41a 8.25 ± 0.17a

Control + earthworm 6.68 ± 0.44a 13.08 ± 2.15a 74.35 ± 1.15a 35.75 ± 1.25a 7.10 ± 1.05a 8.10 ± 0.45a

powder (500 mg/kg)
Alcohol (6 g/kg/day) 3.40 ± 0.22b 7.15 ± 0.67b 47.65 ± 3.09b 17.15 ± 1.14b 3.35 ± 0.15b 4.15 ± 0.24b

Alcohol + earthworm 4.15 ± 1.25bc 8.75 ± 0.75bc 54.75 ± 1.50bc 22.10 ± 0.75bc 4.45 ± 0.50bc 5.10 ± 0.95bc

powder (50 mg/kg)
Alcohol + earthworm 5.30 ± 0.50c 10.05 ± 1.15c 62.25 ± 2.10c 27.75 ± 1.15c 5.80 ± 1.15c 6.50 ± 0.25c

powder (250 mg/kg)
Alcohol + earthworm 6.36 ± 1.15d 12.25 ± 0.50d 70.25 ± 1.15d 31.95 ± 0.75d 6.55 ± 1.50d 7.25 ± 2.05d

powder (500 mg/kg)
Alcohol + Silymarin 6.55 ± 1.50d 12.73 ± 1.05d 72.25 ± 0.75ad 33.75 ± 1.25d 6.90 ± 0.75d 7.92 ± 1.15d

(25 mg/kg)

Table III. Effect of earthworm powder on vitamin C, vitamin E and GSH in the normal and alcohol-hepatotoxic rats.

Values are mean ± SD for 6 rats in each group. Values not sharing a common superscript differ significantly at p < 0.05 (DMRT).

Vitamin C Vitamin E GSH
Groups (µg/mg protein (µg/mg protein) (mg/100 g protein)

Liver Kidney Liver Kidney Liver Kidney

Normal 1.15 ± 0.07a 0.95 ± 0.06a 3.75 ± 0.12a 3.15 ± 0.15a 110.96 ± 1.46a 101.15 ± 1.68a

Control + earthworm 1.16 ± 0.08a 0.97 ± 0.05a 3.79 ± 0.40a 3.25 ± 0.36a 108.66 ± 2.47a 99.75 ± 3.41a

powder (500 mg/kg)
Alcohol (6 g/kg/day) 0.75 ± 0.04b 0.51 ± 0.02b 2.15 ± 0.21b 1.65 ± 0.13b 72.15 ± 5.13b 65.25 ± 1.12b

Alcohol + earthworm 0.82 ± 0.24bc 0.65 ± 0.75bc 2.65 ± 0.11bc 1.95 ± 0.24bc 83.75 ± 3.45bc 75.15 ± 2.75bc

powder (50 mg/kg)
Alcohol + earthworm 0.95 ± 0.12c 0.79 ± 0.15c 3.15 ± 0.25c 2.55 ± 0.75c 96.15 ± 2.15c 87.76 ± 3.45c

powder (250 mg/kg)
Alcohol + earthworm 1.10 ± 0.15d 0.91 ± 0.50d 3.70 ± 1.05d 3.08 ± 0.50d 105.35 ± 3.56d 95.25 ± 4.01d

powder (500mg/kg)
Alcohol + Silymarin 1.08 ± 0.75d 0.92 ± 0.25d 3.71 ± 1.25d 3.06 ± 0.25d 105.15 ± 3.15d 96.56 ± 3.05d

(25 mg/kg)
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creased oxidative stress. Administration of earth-
worm powder, in our study, significantly reduced
the levels of TBARS and hydroperoxides. This
observation demonstrates the antiperoxidative ef-
fect of earthworm on alcohol toxicity.

Oxidative damage inflicted by exceeding Re-
active Oxygen Species (ROS), is considered as
an important pathophysiological condition, pro-
moting cell injury and death in a broad variety of
disorders28. The enzymatic antioxidant defense
system is the normal protector against lipid per-
oxidation that includes SOD, CAT and GPx. Re-
duced activities of these enzymes in the tissue of
alcohol – hepatotoxic rats have been observed in
our study. SOD protects against superoxide radi-
cal (02

-), which damages membrane and its bio-
logical structure. CAT primarily decompose hy-
drogen peroxide to H2O at a much faster rate,
sharing this function with GPx. GPx may play an
important role in the removal of lipid hydroper-
oxides. The balance between these enzymes is
important for the efficient removal of oxygen
radicals from tissues29. Therefore, reduction in
the activity of these enzymes may result in a
number of deleterious effects due to the accumu-
lation of superoxide radicals and H2O2. Adminis-
tration of earthworm powder results in the eleva-
tion of these enzymes to near-normal values, thus
protecting the tissues from free radical damage. 

GSH acts as an antioxidant both intracellularly
and extracellularly in conjunction with various
enzymatic processes. GSH is a major non-protein
thiol in living organisms and plays a central role
in coordinating the body’s antioxidant defense
process30. In our study also, alcohol hepatotoxic
rats showed a significant decrease in the levels of
GSH in the tissues. The reduced form of GSH
becomes readily oxidized to GSSG on interacting
with free radicals. GSH is known to protect the
cellular system against the toxic effect of lipid
peroxidation. Rats treated with earthworm pow-
der showed significant restoration of GSH con-
tent in the liver and kidney. The finding of elevat-
ed GSH content in the tissues suggests that pro-
tection of membrane tissue may be due to the
GSH-dependent detoxification of free radicals.

Vitamin C is a water-soluble antioxidant pre-
sent in the circulation and tissues31. It scavenges
and destroys the free radicals in combination
with vitamin E and glutathione. The observed de-
creased in these antioxidants in alcohol-hepato-
toxic rats may be due to increased utilization in
scavenging the free radicals. Administration of
earthworm powder increased the levels of Vita-

min C and vitamin E in alcohol-hepatotoxic rats.
Earthworm paste has been reported to possess
antioxidant properties15.

In conclusion, our study reveals that earth-
worm powder exhibits potent antioxidant and he-
patoprotective properties in alcohol-hepatotoxic
rats and these properties were comparable to the
control drug, silymarin.
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