
are known to cause many side effects such as ar-
rythmias, impotence, gynaecomastia and
haematopoietic changes. Drugs used in treatment
of ulcer act by blocking receptor (histamine), in-
hibiting proton pump, affecting the mucosal bar-
rier (antacid, cimetidine, omeprazole) and drugs
that act on central nervous system1-4. Numerous
herbal derivatives, formulations and many plants
are known to possess anti-ulcer activity such as
Shankha bhasma5, Cauvery-1006, Normacid7,
Solanum nigrum, Brassica oleracea, Ocimum
basilicum8 and Trigonella foenum graecum9. 

Reactive oxygen species is known to be the
cause many histophysiological disorders including
gastric ulcer10. Many indigenous drugs and plants
are known to possess anti-oxidant properties.
Swarnabhasma11, Shanka bhasma5, Normacid7,
Solanum nigrum12 and Cichorium intybus12 were
found to possess free radical scavenging properties.

Many tribes and people in remote villages
were known to use earthworms for various kinds
of ailments. Recently the coelomic fluid of
earthworm was found to exhibit cytolytic, agglu-
tinating, proteolytic, haemolytic, mitogenic, an-
ti-pyretic, tumorstatic and anti-bacterial activi-
ties13-15. Besides these, Vohora and Khan16 have
also reported the role of earthworms in the heal-
ing of wounds, chronic folds, piles and sore
throat. The anti-inflammatory activity of total
“earthworm paste” and its extracts in different
solvents were reported17-19. But there has not
been, so far, any attempt to study, whether earth-
worm or its derivatives has any anti-ulcer and
antioxidant effect comparable to a reference
drug-ranitidine and hence the present study aims
in evaluating the anti-ulceral and anti-oxidative
properties of “earthworm paste” of an indige-
nous species, Lampito mauritii (Kinberg).
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Abstract. – Studies have been made to un-
derstand the anti-ulceral and anti-oxidant proper-
ties of the “earthworm paste” derived from Lampi-
to mauritii (Kinberg), an indigenous species, in
comparison with the standard anti-ulceral drug-
ranitidine, on the Wistar strain albino rats Rattus
norvegicus. Administration of 200 mg/kg aspirin
was found to increase the volume of gastric juice
secretion, total acidity, free acidity, ulcer index
and reduce the pH. It also had decreased the anti-
oxidant levels such as reduced glutathione, glu-
tathione peroxidase, catalase, superoxide dismu-
tase and increased the level of thiobarbituric acid
reactive substances. Pretreatment with the stan-
dard drug-ranitidine (50 mg/kg) and different dos-
es of “earthworm paste” (20, 40, 80, 160 and 320
mg/kg) in ulcer induced animal had enhanced the
pH, decreased the volume of gastric juice, free
acidity, total acidity and reduced the ulcer index.
Further the activities of reduced glutathione, glu-
tathione peroxidase, catalase, superoxide dismu-
tase were increased whereas the thiobarbituric
acid reactive substance had decreased. The re-
sults were more significant in rats administered
with 160 mg/kg “earthworm paste” than the appli-
cation of ranitidine and other doses of “earth-
worm paste”. This indicates the presence of anti-
ulcer and anti-oxidative effects in “earthworm
paste”. In conclusion, administration of 160 mg
“earthworm paste”/kg was found to have better
therapeutic properties.

Key Words:

Earthworm paste, Anti-ulcer, Anti-oxidant, Polyphe-
nolic compounds.

Introduction

Treatments of peptic ulcer, the most common
gastrointestinal disorder, by modern medicines
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Materials and Methods

Preparation of “earthworm paste” – Earth-
worms Lampito mauritii (Kinberg) were obtained
from the stock culture, Division of Vermibiotech-
nology, Department of Zoology, Annamalai Uni-
versity. 500 sexually mature, clitellated worms
(900 mg/worm) were washed with running tap
water and then fed with wet blotting paper for
18-20 hours for gut clearance. The gut cleared
worms were again washed with distilled water.
The worms were kept in plastic trough covered
tightly with polythene cover and exposed to sun-
light for three days to kill the earthworms. Mu-
cus and coelomic fluid that oozed out digested
the dead worms forming a brown coloured paste
called “earthworm paste”.

Animals used – Healthy and pure strain male
albino rats (Rattus norvegicus), ranging from the
body weight of 150-200 g were procured from
the Department of Experimental Medicine, Cen-
tral Animal House, Rajah Muthiah Medical Col-
lege, Annamalai University, Annamalainagar and
used for the experimental study. The animals
were housed in polypropylene cages at 24˚ ± 2˚
C and were fed with proper food and water ad li-
bitum throughout the experiment. The experi-
ment got clearance from the institutional animal
ethical committee (IAEC).

Drugs – Aspirin, “earthworm paste” and stan-
dard drug ranitidine were suspended in 1% car-
boxy methyl cellulose before experiment and
given orally for 10 days during the experiment.

Aspirin plus pyloric ligation induced ulcer
model – The methods of Goel et al20, Shay et
al21 and Parmar et al22 were followed for the
evaluation of anti-ulceral activity. The animals
were divided into 8 groups of 6 animals each.
Out of 8 groups, group I served as normal con-
trol and received water. Group II served as as-
pirin control receiving aspirin (200 mg/kg). The
remaining 6 groups served as treated groups re-
ceiving ranitidine (50 mg/kg) – a standard drug
and “earthworm paste” administered in different
doses (20, 40, 80, 160 and 320 mg/kg). All the
doses were administered orally once daily for
10 days. From the 6th day onwards, animals in
groups III to VIII received aspirin (200 mg/kg)
orally, one hour after the administration of the
drugs. On the 11th day pylorus ligation was car-
ried out on the 18 hours fasted rats. After 4
hours of pylorus ligation, the animals were sac-
rified by decapitation. The stomach was cut
open along the greater curvature and the gastric

juice was collected and centrifuged at 3000 rpm
for 10 minutes. The supernatant was measured
and used for the estimation of total and free
acidity. The stomach was washed with normal
saline and lesions were observed using a Binoc-
ular magnifier. The gastric lesions were mea-
sured by the following score (point) and the ul-
cer index23 was determined.

1 point: Loss of normal morphology
1 point: Discolouration of mucosa
2 point: Ulcer up to 1 mm (dia)
3 point: Ulcer up to 2 mm (dia)

Estimation of free and total acidity – From the
supernatant collected, 1 ml was pipetted out and
titrated against 0.01 N Sodium hydroxide using
Topfers reagent and Phenolphthalein as an indi-
cator. 

Anti-oxidative studies – The glandular part of
the stomach was removed and used for the assay
of thiobarbituric acid reactive substances and an-
ti-oxidants (enzymatic-superoxide dismutase,
catalase, glutathione peroxidase and nonenzy-
matic-reduced glutathione). 

Assay of thiobarbituric acid reactive sub-
stances24 (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
thoroughly. The mixture was kept in a boiling
water bath for 15 minutes. After cooling the
tubes were centrifuged at 1000 rpm for 10 min-
utes and the pink colour developed in the super-
natant was measured in a UV Spectronic spec-
trometer at 535 nm against a reagent blank. A se-
ries of standard solution in the concentration of
2.5-10 moles were treated in a similar manner
and the values were expressed as µmol/mg pro-
tein in tissue.

Assay of superoxide dismutase25 (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. The as-
say mixture contained 1.2 ml sodium pyrophos-
phate buffer, 0.1 ml phenazine methosulphate
and 0.3 ml nitroblue tetrazolium and appropriate-
ly diluted enzyme preparation in a total volume
of 3 ml. The reaction was started by the addition
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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 reaction 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 sepa-
rated. The colour intensity of the chromogen was
measured in UV Spectronic spectrometer at 560
nm. A system devoid of enzyme served as con-
trol. The enzyme concentration required to pro-
duce 50% inhibition of chromogen formation in
one minute under standard conditions was taken
as one unit. The specific activity of the enzyme
was expressed as units/mg protein. 

Assay of catalase26 (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
hydrogen 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 de-
veloped was read at 620 nm in UV Spectronic
spectrometer. Standards in the concentration
range of 20-100 µmoles were taken and
processed as for the test. The specific activity
of the enzymes was expressed as µmol H2O2

consumed/min/mg protein. 
Assay of glutathione peroxidase27 (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 reduced glutathione28 (GSH) – A
known weight of tissue was homogenized in
phosphate buffer. 0.5 ml of the homogenized
mixture 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 µg) were
treated in a similar manner along with a blank
containing 1.0 ml buffer. The amount of glu-
tathione was expressed as µmoles/mg of protein.

Statistical analysis – The statistical signifi-
cance of difference was tested at 0.05 levels us-
ing one-way analysis of variance (ANOVA).

Results

Study of anti-ulcer activity – Aspirin, a known
ulcerogenic drug and pyloric ligation had signif-
icantly increased the gastric juice volume (64%),
free acidity (32%) and total acidity (28%) except
pH compared to normal control. These symp-
toms of ulcer were brought to near normal con-
dition when the standard drug-ranitidine was ad-
ministered. “Earthworm paste” administration,
particularly 160 mg/kg, had significantly de-
creased the gastric juice volume, free acidity and
total acidity in the ulcerated rats. These values
were better than treatment with ranitidine. The
ulcer index in aspirin treated rat was 15.05 ±
0.17. This was found to get reduced in the
“earthworm paste” treated animal. Particularly
160 mg of “earthworm paste”/kg treated animal
showed 43% reduction in ulcer index (06.50 ±
0.41) (Table I).

Study of antioxidant activity – Aspirin plus py-
loric ligation had significantly increased the per-
oxidation level indicator-TBARS and decreased
the anti-oxidants-SOD, CAT, GPx and GSH lead-
ing to oxidative stress compared to normal con-
trol. Administration of “earthworm paste”
brought a significant reduction in TBARS and
increase in the level of SOD, CAT, GPx and
GSH. Similar results were observed in the raniti-
dine treated animal. Much better to ranitidine,
treatment with 160 mg of “earthworm paste”/kg
showed better results. Other doses of “earthworm
paste” higher/lower than 160 mg/kg, did not have
better effects (Table II).

Discussion

The present experimental study has shown, for
the first time, the anti-ulceral properties along
with anti-oxidant capacity of “earthworm paste”
in rats where ulcer was induced by aspirin and
pylorus ligation.

Ulcer, a common human disease, occurs due
to the imbalance between two opposing factors:
(a) attacking factors including – Helicobacter py-
lori, bile salts, acid and pepsin and (b) defensive
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factors including – mucus and gastric mucosal
barrier particularly cyclo-oxygenase which is re-
sponsible for mucus production, improved blood
flow, and bicarbonate production in the duode-
num. Attacking factors predominate in duodenal
ulcer and failed defensive mechanism in gastric
ulcer. Consequently the treatment of peptic ulcer
is directed against either reduction of the aggres-
sive factors or enhancement of defensive mecha-
nism. Ulcerogens like ACTH, cortisone, aspirin
and phenylbutazone reduce the rate of secretion
of mucus and reduce the concentration of protein
bound carbohydrates in these secretions29. As-
pirin, a non-steroidal anti-inflammatory drug, in-
duces gastric ulcer by causing back diffusion of
H+ ions into the mucosal cells30 reduced mucosed
defense through inhibition of cyclo-oxygenase
(COX) and prostaglandin synthesis and also
known to increase the gastric juice secretion, to-
tal acidity, free acidity and reduce the pH. Dav-
enport30 reported that the aspirin-induced damage
to the gastric mucosa is associated with breakage
of gastric mucosal barrier. Aspirin induced ulcer
is used as experimental evaluation process of an-
ti-ulcer activity. In the present study administra-

tion of “earthworm paste”, particularly 160
mg/kg, was found to bring down the gastric juice
volume, free acidity, total acidity and gastric ul-
cer index clearly indicating its efficacy in reduc-
ing these factors, which lead to ulcer. These re-
sults were even better than the results of the stan-
dard drug – ranitidine – used for treatment of ul-
cer. Various mechanism of actions of anti-ulceral
drugs which reduce the gastric secretion have
been shown: (i) Captopril contributing SH
group31, (ii) Levcromakalim and Nicorandil
opening potassium channel32 and (iii) polypheno-
lic compounds inhibiting histamine H2 recep-
tor33,34. The reduction in the gastric secretion of
“earthworm paste” treated rats could be due to
the highly proteinaceous nature of earthworm,
particularly SH containing aminoacids and due to
the presence of polyphenol in the tissue of earth-
worm35,36, which could inhibit histamine receptor.

Selected flavonoids have been shown to have
antiallergic, anti-inflammatory, antiviral and an-
tioxidant activities37. Flavonoids, a polyphenol,
were known to exert their anti-ulcer activity by
protecting the mucosa by preventing formation
of lesions34. “Earthworm paste” in the present
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Table I. Anti-ulceral activity of earthworm paste on stomach of Rattus Norvegicus (P < 0.05).

X ± SE of six observations a expressed as ml/100 g
x = Sum of square b expressed as mEq/l
y = Mean of square

Gastric Gastric Free Total Ulcer index 
Treatments juice volumea juice - pH acidityb acidityb (ULI)

Normal Control 3.5 ± 0.07 5.1 ± 0.09 08.2 ± 0.14 15.29 ± 0.27 –
Aspirin induced ulcer control 5.4 ± 0.06 2.9 ± 0.05 25.2 ± 0.16 53.15 ± 0.17 15.05 ± 0.17
Standard drug (Ranitidine 50 mg/kg) 4.7 ± 0.05 4.0 ± 0.05 11.5 ± 0.25 24.68 ± 0.16 9.09 ± 0.16
Earthworm paste (mg/kg):
20 4.5 ± 0.05 3.7 ± 0.05 12.9 ± 0.15 33.17 ± 0.40 10.15 ± 0.40
40 4.4 ± 0.04 3.8 ± 0.05 12.2 ± 0.10 30.60 ± 0.54 08.25 ± 0.54
80 4.2 ± 0.15 4.2 ± 0.05 11.1 ± 0.05 22.38 ± 0.21 07.25 ± 0.21

160 3.9 ± 0.05 4.7 ± 0.05 10.5 ± 0.29 20.08 ± 0.41 06.50 ± 0.41
320 4.3 ± 0.10 4.1 ± 0.05 11.9 ± 0.30 29.30 ± 0.28 08.05 ± 0.28

ANOVA (Analysis of variance-one way)

Between groups
x 9.041 10.971 985.711 4378.811 12.854
y 1.507 1.829 164.285 729.802 1.996

Within groups
x 0.708 0.700 6.113 8.773 0.905
y 0.020 0.020 0.175 0.251 0.035

F-value 74.459 91.429 940.564 2911.444 95.624



study was shown to reduce lesions reflected by
low ulcer index. Since significant amount of
polyphenolic compounds are known to be pre-
sent in earthworm tissue35,36 it is likely that these
polyphenolic compounds were responsible for
the inhibition of histamine receptor and reduction
of gastric juice and thereby to the protection of
gastric mucosa.

Oxygen derived free radicals play an impor-
tant role in the pathogenesis of the injury of vari-
ous tissues including the digestive system38. The
free radicals are closely related with peptic ulcer
and gastritis39. The mechanism of damage in-
volve lipid peroxidation which destroy the cell
membrane with the release of intracellular com-
ponents such as lysosomal enzymes leading to
further tissue damage. SOD, CAT and GPx are
the first line of defense mechanism against oxy-
gen derived free radicals and the nonenzymatic
GSH is capable of scavenging reactive oxygen

species either directly or enzymatically via GPx.
GSH is important in maintaining the integrity of
gastric mucosa. The depletion of gastric mucosal
GSH may result in the accumulation of free radi-
cals that can initiate membrane damage by lipid
peroxidation40. We found in the present study, as-
pirin plus pyloric ligation to increase the lipid
peroxidation index (TBARS) and decrease SOD,
CAT, GPx and GSH, thus leading to oxidative
stress. But all these parameters were reversed by
the treatment with the standard drug ranitidine
and “earthworm paste”. Administration of
“earthworm paste”, particularly 160 mg/kg had
resulted in the increase in the levels of anti-oxi-
dant enzymes and the lowering of peroxidation
index (TBARS) indicating the scavenging of free
radicals and reducing lipid peroxidation. Damage
to gastric mucosa was therefore less. A few stud-
ies have shown that plant derived (phenolic)
compounds, like flavonoids to reduce gastric mu-
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Table II. Anti-oxidant activity of earthworm paste on stomach of Rattus Norvegicus (P < 0.05).

X ± SE of six observations a expressed as µmol/mg protein
x = Sum of square b expressed as µmol H2O2 consumed/min/mg 
y = Mean of square c expressed as units/mg protein

d expressed as µg of GSH consumed/min/mg protein protein
e expressed as µg/mg protein

Thio barbituric
acid reactive Superoxide Glutathion Reduced 

Treatments substancese dismutaseb Catalasec peroxidased glutathionee

Normal control 0.2115 ± 0.01 4.5397 ± 0.02 5.0324 ± 0.02 5.9109 ± 0.01 3.3034 ± 0.03
Aspirin induced ulcer control 0.6132 ± 0.06 1.1005 ± 0.02 1.5310 ± 0.03 0.2421 ± 0.15 0.7395 ± 0.01
Standard drug 0.5835 ± 0.02 1.4848 ± 0.02 2.4244 ± 0.02 2.9239 ± 0.02 1.1014 ± 0.03
(Ranitidine 75 mg/kg)

Earthworm paste (mg/kg)
20 0.5910 ± 0.01 1.4228 ± 0.03 1.8218 ± 0.02 1.6127 ± 0.01 0.9278 ± 0.02
40 0.5589 ± 0.07 1.4863 ± 0.02 1.8218 ± 0.02 2.8147 ± 0.01 1.8360 ± 0.01
80 0.4808 ± 0.02 2.0672 ± 0.01 2.2094 ± 0.01 4.5035 ± 0.01 1.7570 ± 0.01

160 0.3906 ± 0.05 3.1546 ± 0.09 3.6463 ± 0.01 4.7303 ± 0.02 2.3512 ± 0.01
320 0.5326 ± 0.01 2.0520 ± 0.02 2.4777 ± 0.01 3.4235 ± 0.01 1.3517 ± 0.04

ANOVA (Analysis of variance-one way)

Between groups
x 0.768 55.489 53.047 137.367 29.463
y 0.110 7.927 7.578 19.624 4.209

Within groups
x 0.002 0.003 0.009 0.708 0.022
y 0.000 0.000 0.000 0.018 0.001

F-value 2133.129 92985.867 32861.926 1109.232 7568.880
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cosal damage by enhancing the level of anti-oxi-
dant enzymes41, reducing the histamine content,
which in turn inhibits the gastric secretion and
free radicals, thereby preventing the gastric mu-
cosal damage34,42. Similar to plant derived pheno-
lic compounds, our present studies on adminis-
tration of animal derived “earthworm paste” has
shown similar mechanisms of protection of gas-
tric mucosa.
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