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Curcumin Prevents Indomethacin-induced Acute Gastric
Mucosal Damage in Rats
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ABSTRACT

Background: Curcumin, a major constituent of tumeric powder, is renowned for its anti-inflammatory
effect but the studies of its effects on nonsteroidal anti-inflammatory drugs (NSAIDs)-induced gastropathy are still
limited.

Aims: To investigate the gastroprotective effect of curcumin on NSAIDs-induced acute mucosal injury
and its influence on plasma tumor necrosis factor (TNF)-o level.

Methods: Male Sprague-Dawley rats, weighing 200-250 g, were randomly divided into 4 experimental
groups of five rats. Group 1 (Control): Sterile water was given. Group 2: Indomethacin (100 mg/kg) was given.
Group 3: Indomethacin (100 mg/kg) and curcumin (60 mg/kg) were given. Group 4: Indomethacin (100 mg/kg)
and curcumin (200 mg/kg) were given. In groups 3 and 4, indomethacin was given at 30 minutes after curcumin
administration. Four hours after sterile water or indomethacin administration, blood samples for the TNF assay
were withdrawn. The stomach was then removed to study gastric histopathology. Serum level of TNF-ot was
determined using ELISA method.

Results:  Pretreatment with curcumin (60mg/kg) at 30 minutes before administration of indomethacin
resulted in a decrease in mean gastric erosion score (p <0.05). In addition, there was a statistically significant
difference on gastric erosion score between group 2 and group 4 (p <0.001). However, there was no significant
difference on TNF-o level among the four groups.

Conclusion: Curcumin accomplishes the protective effect on NSAIDs-induced gastric mucosal injury
in a dose dependent manner without affecting serum TNF-a level.
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INTRODUCTION

Although nonsteroidal anti-inflammatory drugs
(NSAIDs) have numerous therapeutic and prophylac-
tic roles, there are some adverse effects. A major limi-
tation to the use of NSAIDs is the development of gas-
tric mucosal injury. Many mechanisms have been pro-
posed to describe the ulcerogenic action of NSAIDs.
Previous studies have suggested that depletion of pros-
taglandin, neutrophil accumulation, impairment of
mucosal blood flow and reduction of mucosal cell pro-
liferation contribute to the pathogenic mechanisms."-?

There is evidence implicating that NSAIDs-in-
duced gastric ulceration is a neutrophil-dependent
process. NSAID administration to rats caused a rapid
and significant increase in adhesion between neutro-
phils and vascular endothelial cells in both gastric and
mesenteric venules.®"® Indeed, using monoclonal
antibodies that blocked NSAID-induced neutrophil
adherence to vascular endothelium showed signifi-
cantly reduced the NSAID-induced gastric mucosal
injury. % Tt is considered that an important signal for
NSAID-induced neutrophil adherence within gastric
microcirculation is tumor necrosis factor-ot (TNF-o).
Previous investigations have shown that indometha-
cin administration increases plasma TNF-at levels in
both humans and animals (9,10) and that, in indometha-
cin-treated rats, there is a correlation between the de-
gree of gastric damage, polymononuclear cell margin-
ation, and TNF-o. release.”” Ding et al. demonstrated
in rats that a reduction of prostaglandin E, after in-
domethacin administration was followed by an increase
in TNF-at level and gastric mucosal neutrophil infil-
tration.!) Prostaglandins are well recognized of their
inhibitory effects on the release of TNF-0¢ from mac-
rophages and mast cells">'¥), and TNF-o. is a well-char-
acterized stimulus for expression of adhesion mol-
ecules.'¥ Although there is definitely no information
regarding the regulation of expression of endothelial
adhesion molecules in experimental NSAIDs-induced
gastric mucosal injury, nuclear factor-kB (NF-KB) may
play an important role as a potential signal. Activation
of NF-xB requires proteosome-mediated proteolysis
of IkB that is complexed with NF-kB in the cytoplasm,
preventing translocation of NF-KB into the nucleus!!y,
Brand and colleagues have shown that proteosome in-
hibitors (MG341, lactocystin) inhibited TNF-( induced
NF-kB activation in human endothelial cells in vivo
and significantly reduced indomethacin-induced gas-
tric mucosal injury as well as gastric mucosal intercel-
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lular adhesion molecule-1 (ICAM-1) expression in
rat19,

Curcumin or diferuoylmethane is the major con-
stituent of tumeric powder extracted from the rhizomes
of the plant Curcuma longa L, found in southeast and
south asia. It possesses a broad range of pharmaco-
logical activities including antioxidant!”, anti-carci-
nogenic'®, and anti-inflammatory‘!*2? effects. There
are currently limited studies investigating the effect of
curcumin on NSAIDs-induced gastric ulcer. A recent
in vitro study demonstrated that curcumin blocked the
TNF-mediated attachment of monocytes to endothe-
lial cells by inhibiting the expression of the adhesion
molecules ICAM-1, vascular cell adhesion molecule-
1 (VCAM-1), and endothelial cell leukocyte adhesion
molecule (ELAM-1 or also called E-selectin) on en-
dothelial cell surface.?) This effect of curcumin might
reduce the severity of NSAIDs-induced gastric mucosal
damage. However, whether curcumin decreases se-
rum TNF-at level in NSAIDs-induced gastric mucosal
injury is still undefined.

In the present study, we examined the effects of
curcumin on the serum TNF-o level and severity of
indomethacin-induced gastric mucosal injury in rats.

MATERIALS AND METHODS

Materials

Male Sprague-Dawley rats, weighing 200-250 g,
were obtained from the National Laboratory Animal
Center, Mahidol University (Bangkok, Thailand). In-
domethacin and curcumin were purchased from Cay-
man Chemical (Ann Arbor, MI, USA). The experi-
mental protocol was approved by the Ethical Commit-
tee of Faculty of Medicine, Chulalongkorn University,
Thailand. All rats were kept in 12-h light/dark cycles
and housed at 25 °C room temperature.

Experimental Protocols

The animals were fasted, with free access to
water ad libitum, for 22-24 hours before the experi-
ment in wire-bottomed cages with cellulose bedding
removed. Indomethacin was dissolved in sterile water
while curcumin was dissolved in dimethylsulphoxide
(DMSO). The total of animals were randomly divided
into 4 experimental groups.

Group 1 (Control) : Sterile water was given via
orogastric tube.

Group 2 (Indomethacin) : Indomethacin (100 mg/
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kg) was given via orogastric tube.

Group 3 (Low dose curcumin + Indomethacin) :
Indomethacin (100 mg/kg) and curcumin (60 mg/kg)
were given via orogastric tube.

Group 4 (High dose curcumin + Indomethacin) :
Indomethacin (100 mg/kg) and curcumin (200 mg/kg)
were given via orogastric tube.

The animals in groups 3 and 4 received in-
domethacin at 30 minutes after curcumin administra-
tion. Four hours after sterile water administration in
the first group and indomethacin administration in the
other three groups, the rats were anesthesized with
pentobarbital sodium (50 mg/kg body weight) by in-
traperitoneal injection. Blood sample for the TNF as-
say was withdrawn directly from the heart. The stom-
ach was dissected and removed. The rats were then
killed by the excess of intraperitoneal pentobarbital
sodium administration.

TNF Assay

The blood samples were centrifuged at 2,500 g
for 10 minutes at 4 °C. Serum samples for TNF assay
were stored at -70 “C until analysis. Serum levels of
TNF-o were determined using an ELISA kit for rat
TNF-al (R&D Systems, Inc; Mineapolis, MN, USA)

Histological Examination

The stomach was cut along the greater curvature.
The mucosal surface was exposed, rinsed with 0.9%
NaCl and immersed in 10% formalin for 24 h. The
stomach tissue was processed by a standard method,
initially embedded in paraffin, sectioned, stained with
hematoxilin-eosin (H&E) and then examined under
magnification with a light microscope. Lesions were
scored by an experienced pathologist unaware of the
treatment received using a system described previ-
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ously!® that takes into consideration both the number
and size of the lesions.

Gastric lesions were scored according to the fol-
lowing system: 0 = no lesion; 1 = <5 lesions, all <2
mm; 2 = <5 lesions, at least one lesion >2 mm; 3 = 5-
10 lesions, all <2 mm; 4 = 5-10 lesions, at least one
lesion >2 mm; 5 = >10 lesions, all <2 mm; 6 = >10
lesions, at least one lesion >2 mm.

Statistical Analysis

All data are expressed as means = SE. The statis-
tical significance of differences was determined by
student’s t-test. Statistical significance is based on
probability of <5%.

REsuLTS

Histological examination showed the reduced
extent of gastric erosion in the rats received low dose
and high dose curcumin compared to the control group.
The summarized scores of gastric erosion were pre-
sented in Table 1. There was no gastric mucosal in-
jury in the rats received sterile water. Most rats in in-
domethacin group experienced the gastric mucosal ero-
sion with the score 2 out of 6. Three rats in the group
of curcumin (60 mg/kg) had no erosion in their stom-
ach, whereas five rats in the group received higher dose
of curcumin (200 mg/kg) did not develop any gastric
erosion.

Mean gastric erosion scores were demonstrated
in Figure 1. Pretreatment with curcumin (60 mg/kg)
30 minutes before administration of indomethacin re-
sulted in a decrease in mean gastric erosion score
(p <0.05). In addition, there was a statistically signifi-
cant difference between the indomethacin and high dose
curcumin groups (p <0.001).

Table 1. Summarized scores of gastric erosion.

Erosion score*

Experimental group

0 1 2 3 4 5 6
Sterile water 6 - - - - - -
Indomethacin (100 mg/kg) - - 4 1 1 - -
Curcumin (60 mg/kg) and Indomethacin (100 mg/kg) 3 2 1 - - - -
Curcumin (200 mg/kg) and Indomethacin (100 mg/kg) 5 1 - - - - -

Values are number of animals.

*Scoring system: 0, no lesion; 1: <5 lesions, all <2 mm; 2: <5 lesions, at least one lesion >2 mm; 3: 5-10 lesions, all <2 mm;
4: 5-10 lesions, at least one lesion >2 mm; 5: >10 lesions, all <2 mm; 6: >10 lesions, at least one lesion >2 mm.
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Figure 1. Mean erosion score + SE; n = 6 for each group.
* Significant difference from the indomethacin
group (p <0.05).
** Significant difference from the indomethacin
group (p <0.001).
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Figure 2 illustrated the histological findings of
stomach from each group. Normal gastric histological
finding was characterized in the control group. In con-
trast, marked edema with congestion of all layers, dis-
persed lymphocytic and plasmacytic infiltration, scat-
tered hemorrhagic spots and focal erosion with a depth
of 0.2-0.7 cm were indicated in the stomach of rats
given indomethacin. In low dose curcumin group, its
findings showed submucosal edema, sparse lympho-
cytic and plasmacytic infiltration with superficial fo-
cal erosion of 0.1 cm. Whereas merely submucosal
edema, sparse plasma cells and lymphocytic infiltra-
tion were demonstrated in the group of high dose of
curcumin.

F o

Figure 2. Histopathological findings of the stomach. A: Sterile water; B: Indomethacin 100 mg/kg; C: Curcumin 60 mg/kg

and indomethacin 100 mg/kg; D: Curcumin 200 mg/kg and indomethacin 100 mg/kg
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Figure 3. Comparison of serum TNF-o level.
**Results are expressed as mean + SE; n = 6 for
each group

Serum levels of TNF-ot were displayed in Figure
3. There was no significant difference on TNF-ct level
among the control, NSAID, low and high dose of
curcumin groups.

DISCUSSION

In the present study, we investigated the effects
of curcumin on indomethacin-induced gastric injury
inrats and its influence on serum level of TNF-o.. The
results clearly demonstrate that pretreatment of
curcumin prevents the ulcerogenic effect of indometha-
cin in dose dependent manner. Nonetheless, there is
no significant change of TNF-o! level.

Adherence of neutrophils to vascular endothelium
is considered one of possible pathogenic mechanisms
of NSAID-induced mucosal injury.2!%? A previous
study evidenced that curcumin completely blocked
TNF-o mediated adhesion of monocytes to endothe-
lial cells, as well as the cell surface expression of
ICAM-1, VCAM-1 and ELAM-1 in endothelial
cells.®® This suggests that the gastroprotective effect
of curcumin in indomethacin-induced gastric mucosal
injury which was found in our present study is possi-
bly resulted from its inhibition of TNF-0t mediated ad-
hesion molecule expression in endothelial cells. How-
ever, whether curcumin inhibits the ulcerogenic activ-
ity of indomethacin by affecting TNF-at level has not
been investigated and, if it does, this might be one of
the possibilities explaining its gastroprotective effect
in indomethacin-induced gastropathy. To prove this
hypothesis we then further measured the level of TNF-
o in the plasma. Our study revealed that curcumin
does not change the plasma level of TNF-a at four

Curcumin Prevents Indomethacin-induced Acute Gastric Mucosal Damage in Rats

hours after oral administration of indomethacin. Con-
sequently, it might be proposed that curcumin precludes
the ulcerogenic action of NSAIDs without reducing
TNF-o level.

Curcumin is renowned for its anti-inflammatory
effect2?? and broadly studied in many inflammatory
conditions®*?; however, the studies of its anti-inflam-
matory effect on NSAIDs-induced gastric injury are
very limited. A recent study by Swarnakar et al. has
shown an anti-ulcerogenic effect of curcumin in in-
domethacin-induced gastric ulcer by regulating the
expression and activity of matrix metalloproteinases
9.7

Although in our study there was no significant
difference of TNF-at level between the NSAID and
curcumin groups, the same phenomenon was also ob-
served in the control and NSAIDs groups. Because
normally NSAIDs are taken by the patients along with
water, in this study we therefore dissolved indometha-
cin by sterile water hoping to imitate physiologic con-
ditions. Early in the experimental processes we ob-
served that oral administration of indomethacin dis-
solved in sterile water failed to damage gastric mu-
cosa when it was given at the usual dose used in the
previous studies that dissolved it in 5% sodium bicar-
bonate. In stead of 20 mg/kg, indomethacin at a dose
of 100 mg/kg dissolved in sterile water was given by
orogastric tube and it was found that this created mod-
erate gastric mucosal erosion as well as was still well
tolerated by the rats. However this model is probably
not enough to raise TNF-at level at four hours after
indomethacin administration.

In conclusion, we provided evidence that
curcumin attains the protective effect on NSAIDs-in-
duced gastric mucosal injury without affecting TNF-o
level.
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