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Abstract The current study aims to determine the healing
activity of water soluble polysaccharide-rich fraction of a
wild mushroom, Termitomyces eurhizus (TEps) against the
indomethacin induced gastric ulceration in mice model.

Gastric tissue histology, myeloperoxidase (MPO) activity,
cyclooxygenases (COX) 1 and 2 expression, prostaglandin
E2 (PGE2) synthesis, and modulation of pro/anti inflammatory
cytokines expression were studied for this purpose. Histolog-
ical study shows that TEps (20 mg/kg) effectively healed the
gastric ulceration. Based on biochemical results, the healing
capacities of TEps could be attributed to reduction of MPO
activity and protection of mucosal mucin content. Enhanced
synthesis of PGE2 by modulation of COX-1 and COX-2
expression and a prominent shift of cytokines expression from
pro (TNF-α, IL-1ß) to anti inflammatory (IL-10) side are also
held responsible for ulcer healing. The preliminary study high-
lights the anti-ulcerogenic property of polysaccharide-rich
fraction of Termitomyces eurhizus and opens an alternative
cure for NSAID induced gastroduodenal diseases.
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Introduction

Gastric ulcer disease is the common illness, affecting mil-
lion of humanity yearly [1]. Gastric ulcer develop due to an
imbalance between aggressive factors (H. pylori, NSAIDs,
gastric acid) and protective factors (mucin, bicarbonate,
prostaglandins) that leads to an interruption in the mucosal
integrity [2]. Apart from Helicobacter pylori infection, non
steroidal anti-inflammatory drug (NSAID) is one of the
main causative factor for induction of gastric ulcer. NSAIDs
are used worldwide for the treatment of pain, rheumatic
arthritis, cardiovascular diseases and more recently, for the
prevention of colon cancer and Alzheimer’s disease [3]. But
long term use of the NSAIDs ultimately causes gastric ulcer.
Twenty-five percent among total gastric ulcer patients are

Highlights 1. Healing activity of water soluble polysaccharide-rich
fraction of Termitomyces eurhizus (TEps) against the indomethacin
induced gastric ulceration in mice model is proposed.
2. Histological study shows that TEps (20 mg/kg) effectively healed
the gastric ulceration.
3. Reduction of MPO activity, protection of mucosal mucin content,
enhanced synthesis of PGE2 by modulation of COX-1 and COX-2
expression and balance between pro inflammatory (TNF-α, IL-1ß) and
anti inflammatory cytokines (IL-10) are responsible for ulcer healing.
4. The preliminary study uncovers the anti-ulcerogenic property of TEps.
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suffering from NSAIDs induced gastric ulcer [4–6]. Most
modern antiulcer drugs, which are currently available in the
market, show limited efficacy against gastric ulcer and are
associated with severe side effects [1, 7]. A drug with multiple
mechanism of protective action including antioxidant activity
may be highly effective in minimizing tissue injury in human
diseases. It has been observed that herbal drugs and formula-
tions which possess potent antioxidant property are effective
in healing experimentally induced gastric ulcer [1, 4, 8–10].

Mushroom had been used for traditional food andmedicine
in China, Japan, and other Asian countries since ancient time.
Edible mushrooms are highly nutritious and could be used as
medicine for the treatment of cancer, heart ailments, diabetes,
inflammation, high blood pressure etc. [11–18].

Termitomyces eurhizus is a wild edible mushroom, which
grow at costal and lateritic region of West Bengal in symbiotic
association with Termites. It produces fruit bodies just after
rainy season (late September to mid October) that earns a
superior position as food among the edible mushroom because
of its flavour, texture and gastronomic delicacy. The medicinal
values of mushrooms are attributed mostly to their content of
polysaccharide because of their biological response modifica-
tion properties [19]. Recent investigation revealed that fungal
polysaccharides have immunomodulatory, chemopreventive,
hypoglycemic and anti-aging effect [20, 21]. Two major types
of polysaccharide are generally present as the structural mate-
rials of mushrooms cell wall, among which the water soluble
fraction mostly composed of glucans and glycoproteins.
Mondal et al. (2004) have isolated two water soluble poly-
saccharides e.g., PSI and PSII from the hot water extract of
fruiting bodies of T. eurhizus and characterized as PSI=(1-3)-
D-Glcp and (1-6)-D-Glcp and PSII=(1-6)-D-Glcp [22]. How-
ever, medicinal properties of the T. eurhizus’s polysaccharide
are not evaluated till date. Since water soluble polysaccharide-
rich fraction is easy to isolate and can be taken as food without
much purification steps. Hence, in the present study, an at-
tempt has been made to evaluate antiulcerogenic activity of
water soluble polysaccharide-rich fraction of T. eurhizus and
compare its antiulcer effect with market available most usable
drug, omeprazole. Omeprazole and TEps may not act at the
same pathway to heal gastric ulcer, but some of the basic
antiulcer parameters follow the same pathway. However, sig-
naling molecules may be different. Omeprazole has a dual
mechanism of action i.e., it inhibits both H+K+ATPase and
gastric mucosa carbonic anhydrase enzymes [23].

Materials and methods

Chemicals

Indomethacin, Omeprazole, 5-bromo-4-chloro-3-indolyl
phosphate (BCIP), nitroblue tetrazolium (NBT), tween-20,

Bradford reagent, hexadecyl trimethyl ammonium bromide
(HTAB), D-Glucose, Folin-Ciocalteau reagent, gallic acid
were purchased from Sigma Chemical Co, Mo, St.Louis,
USA; methanol from E. Merck, Mumbai, India; bovine
serum albumin (BSA), from Merck, Darmstadt, Germany;
dimethylformamide (DMF), tetramethyl benzidine (TMB)
from Acros, Geel, Belgium; polyclonal rabbit anti-goat
COX-1 and polyclonal goat anti-rabbit COX-2 antibodies
from Santa Cruz biotechnology, Inc., Santa Cruz, CA; pros-
taglandin E2 EIA kit from Cayman Chemical. Cytokines
TNF-α, IL-1ß and IL-10 ELISA kit from Pierce Biotechnol-
ogy, Rockford, USA. Other reagents such as 35 % hydrogen
peroxide (H2O2) from Lancaster, Morecambe, UK; disodium
hydrogen phosphate and sodium dihydrogen phosphate from
BDH, Poole, Dorset, UK; Mushroom ß-glucan kit was pur-
chased from Megazyme Int., Wicklow, Ireland. All other
chemicals used for this study were of analytical grade.

Animals

Male Swiss albino mice (6–8 weeks, 25±2 g) bred in-house
with free access to food and water were used. The mice were
kept in 12-h light/dark cycles and housed at 25±1 °C. The
animal experiments were conducted in accordance with the
guidelines of the Animal Ethical Committee, Institute of
Postgraduate Medical Education and Research, Kolkata-20
(Animal Ethical Committee Sanction No:IAEC/SB-
3/2008/UCM-64 Dated-15/05/08-2011) and were handled
following the International Animal Ethics Committee
Guidelines, ensuring minimum animal suffering.

Extraction of Polysaccharide-rich fraction from T. eurhizus
basidiocarps

Basidiocarps of T. eurhizus were collected from the local
market of South 24 parganas, West Bengal, India. Fresh
mushrooms were cleaned and washed thoroughly with dis-
tilled water, freeze-dried and grinded to powder form. Pow-
dered basidiocarps of T. eurhizus (100 g) were extracted
with 80 % ethanol at room temperature for overnight. The
extraction process was repeated for three times. The residual
material was separated through linen cloth, dried and sub-
sequently extracted with distilled water in a boiling water
bath for 4 h. It was kept overnight at 4 °C and then filtered
through linen cloth. The aqueous phase was evaporated and
reduced to half of the volume and precipitated with 99 %
ethanol (1:4 v/v). It was kept overnight at 4 °C and then
centrifuged at 10,000 rpm for 20 min at 4 °C. After centri-
fugation, the pellets were washed with 70 % (v/v) ethanol
and then sequentially washed with ethyl acetate and acetone
[20, 21] and then air-dried. This air-dried water soluble
crude polysaccharide-rich fraction (TEps) was kept at 4 °C
for further use [24] (Appendix).
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Physico-chemical characterization of the polysaccharide-rich
fraction

The physico-chemical characterization comprises determi-
nation of the total carbohydrate, protein and phenol content;
estimation of total glucan, ß glucan, α glucan content and
FT-IR analysis of the crude polysaccharide-rich fraction.

Determination of polysaccharide content

The total polysaccharide content of the TEps was determined
using phenol-sulfuric acid method with D-Glucose as a refer-
ence [25]. The reaction mixture consisted of 1 ml extract
solution, 0.5 ml of 6 % phenol and 2.5 ml of concentrated
sulfuric acid. It was allowed to stand for 30 min at room
temperature and absorbance was taken at 490 nm. Standard
curve was drawn using 10–100 μg of glucose and results were
expressed as g of glucose equivalents/ 100 g of the dry
polysaccharide.

Determination of glucan content

Contents of total glucan and α-glucan of TEps were deter-
mined using the Mushroom and Yeast ß-glucan Assay Pro-
cedure (Megazyme Int.) kit. The enzyme kit contains exo-1,
3-ß-glucanase, ß-glucosidase, amyloglucosidase, invertase,
glucose determination reagent and glucose standard solu-
tion. To estimate the total glucan content, TEps was hydro-
lyzed with 37 % HCl for 1 h at room temperature and 2 h at
100 °C. After neutralization, a mixture of exo-ß-(1–3)-ß-
glucanase plus ß-glucosidase in Na-acetate buffer (pH 5)
was added to break ß1-3 as well as ß1-4 glucans and
incubated at 40 °C. Glucose oxidase / peroxidase reagent
was added to oxidize glucose which can be visualized
spectrophotometrically. The α-glucan content was estimated
upon enzymatic hydrolysis with amyloglucosidase plus in-
vertase yielding glucose. Glucose oxidase / peroxidase re-
agent was added to determine free glucose. The ß glucan
content was calculated by subtracting α-glucan from total
glucan content according to kit’s manual. All values of
glucan content were expressed as g/ 100 g of dry weight
of the TEps.

Determination of protein content

Protein concentration of TEps was determined using the
method described by Bradford (1976) [26]. 750 μl of sam-
ple solution was added with 750 μl of Bradford reagent and
incubated at room temperature for 5 min. Absorbance was
measured at 595 nm and BSA (5–50 μg) was used to
produce standard calibration curve. Total protein content
of the extracts was expressed as g of BSA equivalents/
100 g of the TEps.

Determination of phenol content

The total phenolic compounds present in the TEps were
estimated as described by Ziestin and Ben-Zaker (1993)
[27]. Briefly, 0.5 ml extract solution was mixed with 2.5 ml
distilled water and 125 μl of 1(N) Folin-Ciocalteau re-
agent. Reaction mixture was incubated for 30 min in dark
and absorbance was taken at 725 nm. Gallic acid was used
to calculate the standard curve (10–50 μg). Total phenol
was expressed as g of gallic acid equivalents/ 100 g of
TEps.

FT-IR analysis of TEps

The FT-IR spectra of TEps were recorded on a Perkin Elmer
Precirety, Spectrum 100 Model. The crude polysaccharide
were ground with potassium bromide powder and then
pressed into pellets for FT-IR measurements in the frequen-
cy range 400–4,000 cm−1.

Preparation of test samples

The test samples (TEps and Omeprazole) were prepared as
aqueous suspension in 2 % gum acacia as the vehicle and
administered to the mice orally.

Experimental protocol for ulceration and assessment
of healing

The mice were divided into several groups (six mice per
group) and each experiment was repeated three times. Ex-
cept for the normal control group, ulceration in the other
mice was induced by indomethacin (18 mg/kg, p. o., single
dose), dissolved in distilled water and suspended in 2 %
gum acacia as the vehicle [4, 8, 9]. The animals were
deprived of food but had free access to tap water for 24 h,
before ulcer induction. The normal and untreated control
groups received the vehicle only throughout the course of
the experiments. The treatment groups received different
doses of TEps (1, 10, 20 and 40 mg/kg once daily) and
Omeprazole (Omp) (3 mg/kg, once daily) [28] as positive
control for different periods, with the first dose started at 6 h
after indomethacin administration. On the 1st, 2nd, 3rd, 4th,
and 7th day, the mice were sacrificed by cervical dislocation
under anesthesia (ketamine, 12 mg/kg). Here, only 3rd day
data is incorporated. The stomachs from the normal and
treated groups were removed rapidly, opened along the
greater curvature, and thoroughly rinsed with normal Saline.

Histology and study of damage score

The fundic portion of stomach was sectioned for histologi-
cal studies as well as damage score analysis. The tissue
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samples were fixed in 10 % formalin and embedded in
paraffin. The sections (5 μm) were cut using microtome,
stained with hematoxylin and eosin and assessed under an
Olympus microscope (BX41, Hamburg, Germany). From
the histological slides, the damage scores were assessed
[29] by grading the gastric injury on a 0–4 scale, based on
the severity of hyperemia and hemorrhagic erosions: 0–
almost normal mucosa, 0.5–hyperemia, 1–one or two le-
sions, 2–severe lesions, 3–very severe lesions and 4–mucosa
full of lesions (lesions–hemorrhagic erosions, hyperemia-
vascular congestions). The sum of the total scores divided
by the mean damage score is expressed as the damage score.
The experiments were performed by two investigators blinded
to the groups and the treatment of animals.

Myeloperoxidase assay

Myeloperoxidase (MPO) activity was determined according
to standard procedure [30] with minor modifications. In-
brief whole gastric glandular portions of the stomach taken
from all groups (100–150 mg) were homogenized in a
50 mM phosphate buffer (pH 6.0) containing 0.5 % HTAB.
This was followed by three cycles of freezing and thawing.
The homogenate was centrifuged at 12,000 × g for 20 min at
4 °C. The supernatant (50 μl) was collected for MPO assay
and added to 80 mM phosphate buffer, pH 5.4, 30 mM TMB
and 300 mM H2O2, to make a final reaction volume of
500 μl. After the mixture was incubated at 25 °C for
25 min, the reaction was terminated by adding 500 mM
H2SO4 and the change in the absorbance was measured at
450 nm.

Mucin assay

Following a reported method [31], the free mucin in the
gastric tissues was estimated. Briefly, the glandular por-
tion of the stomach was separated from the lumen of the
stomach, weighed, and transferred immediately to 10 ml
of 0.1 % w/v Alcian Blue (AB) solution (in 160 mM
sucrose solution buffered with 0.05 mM sodium acetate
solution, pH was adjusted to 5.8). After staining for 2 h,
the excess dye was removed from the tissue by two
successive rinses with 10 ml of 250 mM sucrose solu-
tion. The dye, complexed with the gastric wall mucus,
was extracted with 10 ml of 500 mM magnesium chlo-
ride by intermittent shaking (1 min) at 30-min intervals
for 2 h. The blue extract (2 ml) was vigorously shaken
with an equal volume of diethyl ether. The resulting
emulsion was centrifuged at 3,600 rpm for 10 min, and
the absorbance of the aqueous layer was read at 580 nm.
The quantity of AB extracted per gram of wet glandular
tissue was calculated from a standard curve prepared
using various concentrations of AB.

Western blot analysis of COX enzymes

The glandular part of the gastric mucosa was washed with
PBS containing protease inhibitors. Then the tissue was
minced and homogenized in a lysis buffer (1 ml) containing
200 μl of 5X Tris-EDTA buffer, 200 μl of 5 X NaCl, 200 μl
of 5 X SDS, 200 μl of 5 X deoxycholic acid, 200 μl of 5 X
Igepal, and 10 μl of protease inhibitor cocktail. The homog-
enized tissue samples were homogenized and centrifuged at
12,000 × g for 10 min, at 4 °C and the protein concentration
of the supernatant was measured by using commercially
available Bradford reagent [26]. The proteins were resolved
by 10 % non-reducing SDS polyacrylamide gel electropho-
resis and transferred to nitrocellulose membrane. The mem-
brane was blocked for 2 h at room temperature in 20 mM
Tris-HCl, pH 7.4, 150 mM NaCl, and 0.02 % Tween 20
(TBST) containing 3 % BSA.

Overnight incubation of the membrane at 4 °C in primary
antibody (1:500 dilution) of COX-1, COX-2 and ß-actin in
TBST buffer containing 3 % BSA was undertaken. The
membrane was washed three times with TBST buffer and
thereafter incubated with alkaline phosphatase-conjugated
secondary antibody. Then the membrane was washed again
three times with TBST buffer and finally the bands were
visualized using 5-bromo-4-chloro-3-indolyl phosphate /
nitro blue tetrazolium substrate solution.

PGE2 assay

Following the harvesting of the stomach, the corpus (full
thickness) was excised, weighed (100 mg), and suspended
in 10 mM sodium phosphate buffer, pH 7.4 (1 ml). The
tissues were finely minced and incubated at 37 °C for
20 min. After centrifugation (9,000 × g), the PGE2

levels in the supernatant were measured by ELISA,
using the Prostaglandin E2 EIA kit (Cayman Chemical)
instructions.

Estimation of tissue cytokines level

The TNF-α, IL-1ß and IL-10 levels in the tissue homoge-
nate were estimated using commercially available ELISA
kits, according to the manufacturer’s protocol.

The glandular part of the gastric mucosa after being
washed with PBS containing protease inhibitors, was
minced and homogenized in a lysis buffer (10 mM Tris-
HCl pH 8.0, 150 mM NaCl, 1 % Triton X-100) containing
leupeptin (2 μg/ml) and PMSF (0.4 μM). Then the homog-
enate was centrifuged at 15,000 × g for 30 min at 4 °C. Then
supernatant was collected and cytokines levels were mea-
sured. The samples along with the standards were seeded to
each well at an appropriate dilution and incubated at room
temperature for 90 min. The wells were washed (5 times),
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diluted polyclonal antibody (100 μl) was added, and the
mixture was incubated further for 2 h at room temperature.
The wells were washed again and incubated for 2 h after
addition of HRP conjugated (100 μl) secondary antibody.
After the final wash, TMB (100 μl) was added to each well,
the mixture was incubated for 15 min, the reaction was
stopped by addition of 0.16 M H2SO4, and the absorbance
was measured at 450 nm.

Statistical analysis

Data are expressed as mean±S.D. unless mentioned other-
wise. Comparisons were made between different treatments
using one way ANOVA followed by an error protecting
multiple comparison procedure, namely Tukey-Kraemer
post hoc test by Graph Pad InStat (GraphPad Software
Inc., San Diego, CA) software for the analysis of signifi-
cance of all the data.

Results

Extraction yields

Following hot water extraction, the yield of crude polysac-
charide-rich fraction from T. eurhizus was 1.51 g/ 100 g of
mushroom dry weight.

Physico-chemical characterization

The TEps appeared to be whitish powder which is highly
soluble in water. The chemical composition of TEps was
summarized in Table 1. Total carbohydrate, protein and
phenol content were 36.3 %, 2.83 % and 9.5 %, respectively.
Total glucan content was 17.81 g/ 100 g of polysaccharide.
The α-glucan and ß-glucan content were 0.79 g and 17.02 g/
100 g of polysaccharide respectively. In most mushrooms α
glucan was found at levels below 1 % whereas ß glucan
ranges from 4.71 to 46.2 % on a dry weight basis [20].

FT-IR analysis of TEps

In order to investigate structure of polysaccharides such as
monosaccharide types, glucosidic bonds and functional

groups FT-IR spectroscopy was done [32]. The FT-IR spec-
tra showed typical carbohydrate pattern (Fig. 1). A strong
band near the region of 3,429 cm-1 was characteristic of
carbohydrate ring assuming the presence of OH stretching
in hydrogen bonds, which was indicative of strong inter and
intra-molecular interaction of the polysaccharide chains
[33]. Absorption at 2,922 cm−1 indicated CH2 stretching.
Peak of amide band at 1,631 cm−1 indicated the presence of
some residual protein in the crude polysaccharide mixture.
The band between 1,310 and 1,410 cm−1 i.e., 1,384 cm−1

corresponds to OH group of phenolic compound. Absorp-
tion region at 1,076 and 1,066 cm−1 was characteristic of the
presence of ß-glucan due to O-substituted glucose residue
[20].

Histological assessment

Onset of ulceration (i.e., superficial erosion and mild in-
flammation in the stomach) was observed within 6 h after
indomethacin administration, indicating acute ulceration
(figure not shown). However, on the 3rd day, marked dam-
age to the glandular portion of the gastric mucosa was
noticed in the histological photograph of the stomach sec-
tions of the 3rd day-ulcerated group of mice. Hemorrhagic
serosa was evident on the 3rd day of ulceration. Previous
reports [34, 35] have already highlighted some of the

Table 1 Contents of total polysaccharides, protein, phenolics, total glucan, α glucan and β glucan. All values are on a dry weight basis of
polysaccharide

Yield of polysaccharide
g/ 100 g

Total carbohydrate
g/ 100 g

Total protein
g/ 100 g

Total phenol
g/ 100 g

Glucan content g/ 100 g

Total glucan α-glucan β-glucan

1.51±0.23 36.3±0.7 2.83±0.66 9.5±1.5 17.81±2.71 0.79±0.08 17.02±2.63

Fig. 1 FT-IR Spectral analysis of Polysaccharide Fraction of T. eurhizus
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following key players which are responsible for the inflam-
mation viz. neutrophils, eosinophils, monocyte, macrophage
and mast cell. Among them, neutrophils and macrophage
cells are very important for the study of inflammatory re-
sponse [36]. In comparison to normal, the ulcerated
untreated stomach showed much more neutrophils
sloughing in eroted area of the mucosa which loss the
superficial epithelium. Treatment with TEps and Omp for
3 days reduced the number of inflammatory cells and mu-
cosal congestion, and increased the number of healthy nor-
mal cells in the gastric mucosa, submucosa, serosa, and
muscle layers. To verify this data further we have studied
myeloperoxidase activity in tissue which is a marker of
neutrophil infiltration [4, 8, 9, 37].

The healing effect of TEps was better than Omp. The
histological photographs of stomach sections of the 3rd day-
groups of normal, ulcerated, and treated mice are shown in
Fig. 2.

Assessment of ulcer healing

The mice receiving only the vehicle, showed no lesion in the
gastric mucosa. Indomethacin (18 mg/kg, p.o., single dose)
administration produced acute mucosal lesions in the mice
stomach, as evident from damage score analysis. Quantifi-
cation of the damage scores revealed maximum ulcerative
damage on the 3rd day of indomethacin administration.
However, the ulcerative damage was reduced on the 7th
day (data not shown). Among the chosen doses of TEps,
best ulcer healing effect was observed at a dose of 20 mg/kg
once daily × 3 days, p.o. (Fig. 3a) at peak ulceration. Com-
pared to the untreated group, the damage scores in the TEps
and Omp-treated groups were reduced by 4.61 (p<0.001) and
2.4 (p<0.01) fold, respectively.

Regulation of mucosal MPO activity

The mucosal myeloperoxidase (MPO) activity of the
indomethacin-administered mice, increased immediately,
reaching the peak value on the 3rd day (Fig. 3b). The results
were consistent with the damage score data. Treatment
with TEps (20 mg/kg once daily × 3 days, p.o.) and
Omp reduced the MPO activity by 68.41 % (p<0.001)

Fig. 2 Histological assessment
of acute gastric mucosal injury
induced by indomethacin in mice
and its healing by TEps and
Omp. Ulceration in the mice was
induced by indomethacin
(18 mg/kg, single dose, p.o.).
Treatment was carried out with
TEps (20 mg/kg once daily×
3 days, p.o.) and Omp (3 mg/kg
once daily×3 days, p.o.).
Representative gastric tissue
sections are shown at 10X
magnifications. Mucosal and
submucosal layers are shown
by grey and black arrows,
respectively. [a. Control;
b. Ulcerated Untreated; c.
Ulcerated + TEps Treated;
d. Ulcerated + Omeprazole
Treated]

Fig. 3 Ulcer Index (a) and MPO activity (b): Dose-dependent healing
capacities of TEps at 3rd day of ulceration. Ulceration in the mice was
induced by indomethacin (18 mg/kg, single dose, p.o.). Treatment was
carried out with TEps (1, 10, 20, 40 mg/kg, single dose daily up to 3rd
days, p. o.) after ulcer induction. The section of mice stomachs were
dissected on the 3rd day of ulceration. The values are mean±S. D.
**P<0.01, ***P<0.001, compared to ulcerated untreated mice
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and 61.49 % (p<0.001), respectively, compared to that
of the untreated group (Fig. 3b).

Modulation of COX expression

The Western blots of COX-1 and COX-2 expressions in the
gastric mucosa of the sham-treated / control, ulcerated
untreated and drug (TEps or Omp)-treated mice are shown
in Fig. 4a. Ulceration significantly depleted the expression of
gastric COX-1 compared to the normal group. However,
COX-2 expression was not altered by indomethacin. Treat-
ment with TEps in ulcerated group elevated COX-1 and
COX-2 expressions significantly, compared to the ulcerated-
untreated group. In contrast, the effect of Omp in ulcerated
group was less prominent than TEps.

Regulation of PGE2 synthesis

Compared to the normal control, the mucosal PGE2 level
was markedly suppressed (2.66 fold) (p<0.001) in the
untreated-ulcerated mice. Treatment with either TEps or
Omp for consecutive 3 days up-regulated the mucosal
PGE2 level by 2.30 (p<0.001) and 1.7 (p<0.01) fold, re-
spectively, compared to the untreated group (Fig. 4b).

Mucin assay

Compared to the normal control, the mucin content was
markedly suppressed (1.63 fold) (p<0.01) in the untreated-
ulcerated mice. Treatment with either TEps or Omp for
consecutive three days up-regulated the mucin content by

39.89 % (p<0.01) and 19.1 % (p<0.05) respectively, com-
pared to the untreated group (Fig. 5).

Effect on cytokines

Indomethacin administration modulated the balance of
pro/anti-inflammatory cytokines levels. ELISA study
depicted that indomethacin treatment induced TNF-α
(2.08 fold, p<0.001), IL-1ß (6.40 fold, p<0.001), IL-
10 (1.08 fold, p<0.05) levels in compared to normal
control. However, TEps at its dose 20 mg/kg, signifi-
cantly reduced the pro inflammatory cytokines (TNF-α,
IL-1ß) levels (2.21, p<0.001 and 1.53, p<0.01 fold
respectively) (Fig. 6a–b) and induced anti-inflammatory
(IL-10) levels (1.81, p<0.001 fold) (Fig. 7) compared to the
ulcerated-untreated mice.

Fig. 4 Effect of TEps on mucosal COX-1 and COX-2 expressions (a)
and PGE2 synthesis (b) in indomethacin (18 mg/kg, single dose,
p.o.)—induced ulcerated mice. The values are mean±S. D. **P<0.01,
***P<0.001, compared to ulcerated untreated mice

Fig. 5 Effect of TEps (20 mg/kg, single dose daily×3 days, p. o.) on
mucosal mucin synthesis in indomethacin (18 mg/kg, single dose,
p.o.)—induced ulcerated mice. The values are mean±S. D. *P<0.05,
**P<0.01 compared to ulcerated untreated mice

Fig. 6 Effect of TEps (20 mg/kg, single dose daily×3 days, p. o.) on
different cytokines levels in indomethacin (18 mg/kg, single dose,
p.o.).—induced ulcerated mice. a tissue TNF-α level; b tissue IL-1ß
level. The values are mean±S. D. **P<0.01, ***P<0.001, compared
to ulcerated untreated mice
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Discussion

In recent days, gastric ulcer is a serious global problem.
Gastric ulcers have been described as an imbalance of the
luminal acid secretions and the mucosal defenses. Stress,
smoking, nutritional deficiencies, H. pylori infection and
ingestion of NSAIDs are the major factors of gastric ulcer
formation [4, 5, 8, 9, 38].

The conception of gastric ulcer management is changing
fast. Gastric ulcer therapy faces a major drawback in modern
medicine due to the unpredictable side effects of the long-
term use of commercially available drugs [39]. Hence, the
search is still on to find drugs, which will serve as a pow-
erful therapeutic agent to heal gastric ulceration [4, 8, 9, 40].

Mushrooms have been part of the human diet for thou-
sands of years because of their high nutritional value and
medicinal properties. Some of the current reports already
have informed that the wild and edible mushrooms harbor
many bioactive molecules that exhibit interesting biological
activities, including providing remedies for gastric ulcer and
chronic gastritis [1, 39, 41]. In our lab we evaluated the
healing efficacy of a wild mushroom, Termitomyces
eurhizus against the indomethacin-induced gastric ulcera-
tion in mice, and assessed their role in mucosal defense
system. Our present study highlighted that the water soluble
polysaccharide-rich fraction of the T. eurhizus showed
potent healing effect on indomethacin-induced gastric
ulceration.

Our histological results showed marked gastric mucosal
damage in mice, on the 3rd day after indomethacin admin-
istration. The partial auto healing observed in the ulcerated
untreated mice. TEps showed impressive mucosal healing.
Under an optimized three-day treatment regime, TEps
(20 mg/kg) and Omp (3 mg/kg) produced similar ulcer
healing (Figs. 2 and 3a).

To correlate the histological and damage score data we
have assessed the MPO activity. The MPO activity is known
to increase under ulcerated conditions and reduced during

the healing process [42]. It is often used as a risk marker and
diagnostic tool for assessing severity of gastric ulcer [43].
Treatment with TEps sufficiently restored the normal gastric
mucosal integrity, while reducing the MPO activity
(Fig. 3b).

The NSAIDs exert both their therapeutic and toxic effects
mainly by decreasing the levels of circulating PGE at the
gastric mucosa via inhibition of the COX isozymes. The
reduced level of PGs is known to cause gastric ulceration
and also exacerbate preexisting gastric ulcers in rodents and
humans [44, 45]. PGs stimulate mucus and bicarbonate
secretion as well as mucosal blood flow and induce angio-
genesis [46].

All these factors contribute to accelerated ulcer healing.
Our western blots revealed reduced expressions of COX-1
and COX-2 at peak ulceration (Fig. 4a), associated with
reduced synthesis of mucosal PGE (Fig. 4b). Treatment with
TEps increased the expressions of both the enzymes. Omp
showed slightly less effect on these enzymes. The test
samples augented the mucosal PGE that correlated well with
their respective abilities to regulate the expressions of the
COX isoforms.

Depletion of gastric mucosal mucin level also contributes
to the NSAID-mediated gastropathy. Maintenance of mucus
production may provide partial but significant protection
against reactive oxygen metabolites. Our results revealed
that stomach ulceration reduced the gastric mucin content.
This might reduce the ability of the mucosal membrane to
protect the mucosa from physical damage and back diffu-
sion of hydrogen ions [47], and hinder epithelial recovery.
Treatment with TEps and Omp significantly accelerated
ulcer healing by increasing the mucin content of the gastric
mucosa (Fig. 5).

In mucosal defense cytokines also play a central role in
the regulation of the mucosal immune system and are,
therefore, extremely important. The role of cytokines in GI
inflammation and injury-healing has recently been reviewed
in detail [48]. Inflammatory cytokines are extremely impor-
tant in mucosal defense. One of the most prominent modes
of medication of indomethacin-induced gastropathy is the
increased expression of the pro-inflammatory cytokines [49,
50], which also correlates with the extent of ulceration.
After trauma, the Th1/Th2 imbalance with Th2 predomi-
nance is reflected by an increase of anti-inflammatory cyto-
kines such as IL-10 [51]. In view of this, the immune
response due to ulceration and its modulation by the TEps
was monitored. This enabled us to associate the inflamma-
tory response with a better prognosis. Indomethacin admin-
istration raised the levels of pro-inflammatory Th1
cytokines (TNF-α and IL-1ß) and reduced the anti-
inflammatory cytokine, IL-10, as reported earlier [52]. Giv-
en that IL-10 is stimulated by PGE2, we also observed
reduction of IL-10 on indomethacin administration, as

Fig. 7 Effect of TEps (20 mg/kg, single dose daily×3 days, p. o.) on
antiinflammatory cytokine (IL-10) in indomethacin (18 mg/kg, single
dose, p.o.)—induced ulcerated mice. The values are mean±S. D.
***P<0.001, compared to ulcerated untreated mice
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reported earlier [53]. All these are likely to promote oxida-
tive stress and result in the formation of ulceration [54].

The enhancement of the levels of soluble inflammatory
modulators by indomethacin reflected a pro-inflammatory
trigger. Treatment with TEps reversed the imbalance by
lowering the Th1 cytokines drastically (Fig. 6a–b), and
restoring the level of IL-10 to normalcy (Fig. 7). This is
consistent with their respective effects in healing gastric
ulcer as well as altering the other biochemical parameters.
The upregulation of the anti-inflammatory cytokines by the
TEps is likely to inhibit the stimulatory effect of indometh-
acin on the release of the pro-inflammatory cytokines in
tissue. TEps was also found to augent the PGE level in the
indomethacin-treated mice. The increased PGE might stim-
ulate IL-10 release, which, in turn, controls PGE and Th1
cytokines via a negative feedback.

However, the role of cytokine imbalance in gastropathy has
not been adequately emphasized. Our results showed that the
balance of the pro- and anti-inflammatory cytokines could
play a significant role in the NSAID-induced gastric mucosal
injury. Thus all the above studies suggested that TEps healed
the gastric lesion by upregulating the mucin, PGE as well as
cyclooxygenase and the balance of Th1/Th2 in favour of Th2.

Overall, our results clearly revealed the healing ability of
TEps against indomethacin-induced stomach ulceration.
The results are consistent with the anti-inflammatory prop-
erty of TEps. Based on the available evidence, the therapeu-
tic effect of this test sample could be related to their mucin-
protecting, COX and PGE-enhancing properties.

Acknowledgement Authors like to acknowledge Director,
I.P.G.M.E&R, Kol-20 and Director, KPCMC&H, Kol-32 for their kind
support and help. Ananya Chatterjee is thankful to Board of Research
in Nuclear Science (BRNS), Department of Atomic Energy (DAE),
GOI India for providing fellowship. The work was financially
supported by BRNS, DAE, GOI.

Appendix

TEps, Polysaccharide-rich fraction of Termitomyces
eurhizus; NSAID, Non Steroidal Anti Inflammatory Drug;
PG, Prostaglandin; ELISA, Enzyme Linked Immunosorbent
Assay; UI, Ulcer Index; TNF-a , Tumour Necrosis Factor ,
alpha ; IL , Interleukin; Omp, Omeprazole; g, Gram.
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