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Effect of lansoprazole on acute and sub-acute models of inflammation in

male Wistar rats: an experimental study
Somnath Mallikarjun Matule*, Ashutosh Dattatray Shende**, Anil P. Hogade***, Shashikant Torgal****, Ranjit P. Kangle*****, Akshit Modji*****

Abstract
Aims & Objective: To evaluate effect of lansoprazole on acute and sub-acute models of inflammation in rats.

Materials and Methods: The study was carried out in two models of inflammation viz, carrageenan induced rat paw edema and
foreign body induced granuloma. Animals were divided into three groups. Control group received 0.5ml of 1% gum acacia
suspension while test groups received lansoprazole and aspirin. The rat paw volume was measured with the help of a mercury
plethysmograph at regular intervals and percentage inhibition of edema was cal culated. In sub-acute model of inflammation, two
sterile cotton pellets and two sterile grass piths were implanted subcutaneously in the axilla and groin. The treatment was started
on the day of implantation and was repeated every twenty-four hours, regularly, for ten days. On eleventh day, rats were sacrificed
and mean granuloma dry weight of cotton pellets for various groups was calculated. The sections of grass piths were sent for
histopathological studies.

Results: In the present study, lansoprazole showed significant anti-inflammatory effect in acute as well as sub-acute models of

inflammation when compared to control.

Conclusion: Lansoprazole showed anti-inflammatory effect in the current study.
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Introduction

The ability of organisms to get rid of damaged or necrotic tis-
sues is essential for their survival. Host response to noxious
stimuli in the form of inflammation accomplishes these goals.
Inflammation isacomplex reaction intissuesthat consistsmainly
of vascular and cellular response. The inflammatory responseis
closely interwined with the process of repair. During repair, the
injured tissue is replaced through regeneration of native paren-
chymal cellsor by filling of the defect with fibrous tissue (scar-
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ring) or most commonly by a combination of these two pro-
cesses.!

Many steroidal and non-steroidal anti-inflammatory drugs
(NSAIDs) areinclinical useto reduceinflammation. Also, some
other drugs like penicillamine,? allopurinol etc.,? have been in
clinical useto treat inflammatory conditionslike rheumatoid ar-
thritis, gout etc. Some adrenergic agonists,® calcium channel
blockers?, calcium®, angiotensin receptor blockers®?, dipeptidyl
peptidase 4 inhibitors?, statins®*'! and sulfamethizole® have
also been reported to possess anti-inflammatory activity in ex-
perimental studies though they are not routinely used in the
treatment of inflammatory disorders. But, these drugs are not
completely devoid of adverse effects.2 Hencethe search for safer
and better anti-inflammatory agents continues.

Gastro-oesophageal reflux disease (GERD) and peptic ulcer dis-
ease (PUD) are among the most prevalent gastro-intestinal in-
flammatory disorders. Population based studies show that up to
15% of individual s have heartburn or regurgitation at least once
aweek and 7% have daily.** Untreated GERD may cause erosive
or non-erosive oesophagitis. Erosive oesophagitis may lead to
peptic stricture dueto fibrosis or intestinal metaplasia (Barrett's
oesophagus) which is risk factor for oesophageal adenocarci-
noma. Reflux may also cause peptic ulcer formation in oesopha-
gus.

Histopathological features of GERD and peptic ulcer show neu-
trophils with other inflammatory infiltrates and granulation tis-
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sue. Theseinflammatory cellscan cause epithelial cell injury by
production of reactive oxygen or nitrogen species. Also, inflam-
matory responseinfluencesthe clinical outcome of PUD such as
progression to pangastritis and multifocal atrophic gastritis, gas-
tric cancer etc.*Other PUD related complications are gastrointes-
tinal bleeding, perforation and gastric outlet obstruction sec-
ondary to inflammation and scar formation.*®

Interestingly, proton pump inhibitors (PPIs) which areroutinely
used in treatment of GERD and PUD are reported to possess
anti-inflammatory properties, in vitro. Various in vitro studies
have shown that lansoprazole suppresses induction of inflam-
matory mediatorslike TNF-§,*% IL-14,* IL-6 and induce pro-
tective enzyme.’® PPlshave also been reported to inhibit certain
neutrophil functions, like Reactive Oxygen Species (ROS) re-
|ease, chemotaxis'’*8 and neutrophil-endothelial cell interactions!®
all of which contribute to the development and progression of
inflammation. In addition, lansoprazol e has been found to ame-
liorateischemic reperfusion induced intestinal mucosal damage
inexperimental rats.’

However, review of literatureindicates scarcity of animal studies
regarding the effects of lansoprazole and other PPIs on inflam-
mation. In view of role of inflammation in GERD and PUD and
paucity of information regarding effects of PPIs on inflamma-
tion, the present study was planned to evaluate the effect of
lansoprazol e on acute and sub-acute models of inflammation.

Materials & Methods

Adult male healthy Wistar rats weighing 175 £ 25 g were ob-
tained from the central animal house of institution and were ac-
climatizedto 12:12 hlight - dark cyclefor 10 daysprior to the day
of experimentation. They were maintained on standard rat chow
pellet and water ad libitum. The study was approved by the
Institutional Animal Ethics Committee (IAEC). (Ref: MDC/PG/
2241; dated 08-10-2010)

Ratswere divided into three groups of six each (n=6). They were
starved overnight with water ad libitum prior to the day of ex-
periment. Group | - Control group received 0.5ml of 1% gum
acacia suspension orally, Group |l — Standard group received
aspirinin the dose of 200 mg/kg body weight equivalent to 2222
mg of clinical dose orally,2? Group |1l — Test group received
lansoprazole in the dose of 16.2 mg/kg body weight equivalent
to 180 mg of clinical dose orally?2t. Aspirin was administered
thirty minutes prior, while lansoprazole was administered one
hour prior to theinduction of edemafor acuteinflammation study.
1. Carrageenan induced rat paw edema:*

0.05ml of 1% carrageenan in normal salinewasinjected into the
sub-plantar region of one of the hind paws. A mark was put on
the hind limb at the malleolus to facilitate uniform dipping at
subsequent readings. The paw edema volume in millilitre was
measured with the help of mercury plethysmograph by mercury
displacement method at zero hour i.e. immediately after injecting
carrageenan. The same procedurewasrepeated at 0.5, 1, 3, 4 and
5 hours. The difference between 0 hour and subsequent reading
wastaken as actual edemavolume. The percentage inhibition of

edema in the various treated groups was then calculated by us-
ing theformula,

Mean increase in paw
volumein control group

Percentage Inhibition 1- X 100

of edema

Mean increase in paw
volumein treated group

2. Foreign Body Induced Granuloma Method:?

After clipping the hair in axillae and groin, under thiopentone
anaesthesia, two sterile cotton pellets weighing 10mg and two
sterile grass piths (25x2mm) were implanted, subcutaneously,
through a small incision. Wounds were then sutured and ani-
mals were caged individually after recovery from anaesthesia.
Aseptic precautions were taken throughout the experiment. The
treatment was started on the day of implantation and was re-
peated every twenty-four hours, regularly, for ten days.

On eleventh day, the rats were sacrificed with an overdose of
anaesthesia to remove the cotton pellets and grass piths. The
grass piths were sent to pathologist for histopathological stud-
ies. The pellets, free from extraneoustissue were dried overnight
at 60°C to note their dry weight. Net granuloma formation was
calculated by subtracting initial weight of cotton pellet (10mg)
from the weights noted. Mean granulomadry weight for various
groupswas cal culated and expressed as mg/100 gm body weight.
The percentage inhibition of granuloma dry weight was calcu-
lated using the formula,

[ Dry weight of granul oma |

Percentage Inhibi- .

tionof =1 in treated group % 100
granulomadry Dry weight of granuloma

weight in control group

Statistical analysis:

The data was analyzed by one way ANOVA followed by post
hoc Dunnet’s test. ANOVA followed by Bonferroni’s test was
used to compare aspirin and lansoprazole group. Statistical analy-
siswas done using Graph pad prism software and p < 0.05 was
considered statistically significant.

Result

In the present study lansoprazole was investigated for its pos-
sible anti-inflammatory effect, in acute and sub-acute model s of
inflammation.

Acute inflammation (Carrageenan induced paw edema):

The mean paw edemavolumesin millilitres (ml), as measured by
mercury displacement using a plethysmograph, for control, as-
pirin treated, and lansoprazole treated groups at various time
intervals, and calculated percentage inhibitions of aspirin and
lansoprazol e treated groups are tabulated in Table 1 and graphi-
cally represented in Figurel and 2.

Aspirin treated group showed statistically significant inhibition
of paw edema volume when compared to control. Also, Inhibi-
tion of paw edema volume in lansoprazol e treatment group was
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statistically significant, when compared to control which clearly
show the anti-inflammatory effect of lansoprazolein acute model
of inflammation.. Further anti-inflammatory effect of lansoprazole
was compared with anti-inflammatory effect of aspirin. It was
found that anti-inflammatory effect of lansoprazolewasinferior
toaspirin. (Table-1).

Sub-acute inflammation (foreign body induced granuloma):

Themean dry weight of ten-day old granuloma, expressed asmg
percent (mg/100 g) body weight of rat, in control group was
43.57+0.83. Inaspirintreated group, it was significantly decreased
with the mean value of 26.55+0.74 and percentage inhibition of
39.06%. Similarly, lansoprazoletreated group exhibited statisti-
cally significant decrease in granuloma dry weight with mean
value of 28.73 + 0.48 with percentageinhibition of 30.46% when
compared to control. (Table-2, Figure 3and 4)

Further, mean granuloma dry weight of lansoprazole was com-
pared with mean granulomadry weight of aspirin group anditis
found that there was no statistically significant difference
(p>0.05). It shows that the anti-inflammatory effect of
lansoprazole was comparable to aspirin in sub-acute model of
inflammation (Table-2 and Figure 4).

Theseresultswere further confirmed by histopathological stud-
ies. The tissue was processed in pathology department and sec-
tions of granulation tissues were stained with haematoxylin and
eosin stain. Histopathological study showed thereisincreasein
number of fibroblasts, thick fibroustissue and excessive granu-
lation tissue in the control group. Whereas in aspirin and
lansoprazole treated groups it is found that number of fibro-
blasts were decreased, scanty collagen tissue and decrease in
thickness of fibroustissue (Figure 5a, 5b, 5¢).

Table 1: Effect of control, aspirin and lansoprazole treatments on carrageenan induced paw edema.

Time after Drug treatments

carrageenan Control Aspirin Lansoprazole

injection Paw edema Inml Paw edemaln ml Percentage Paw edemaln ml Percentage
(Mean+SEM) (Mean £SEM) Inhibition (Mean £SEM) Inhibition

Y hr 0.32+0.01 0.15+0.01* 53.12% 0.28+ 0.01** % 12.5%

1hr 0.51+£0.01 0.26+0.01** 49.02% 0.46+ 0.01** o 9.8%

3hr 0.84+£0.01 0.36+0.02** 57.14% 0.65+ 0.02** o 22.62%

4hr 0.99£0.02 0.43+0.02** 56.57% 0.73+ 0.02%* o 26.27%

Shr 0.86 £0.02 0.32+0.01** 62.79% 0.69+ 0.02%* o 19.77%

ANOVA: p<0.0001

Post hoc analysis: By Dunnet's Test: **P<0.01, By Bonferroni’stest: °°P<0.01
Table 2: Effect of control, aspirin and lansoprazole treatments on granuloma dry weight.

Sr.No. | Drug Treatment(Oral) Mean granuloma dry weight Percentage inhibition
mg/100gm body weight
(Mean £SEM)

1 Control 43.57+0.83 _

2 Aspirin 26.55+0.74* 39.06

3 Lansoprazole 28.73+0.48* 30.46

ANOVA: p<0.0001

Post hoc analysis. By Dunnet’s Test: " p<0.01, By Bonferroni’s Test: p>0.05
Figure 1: Effect of control, aspirin and lansoprazole treatments on carrageenan induced paw edema.
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Figure 2: Percentage inhibition of paw edema in aspirin and
lansoprazole treatment groups.

Figure 3: Effect of control, aspirin and lansoprazole treatments
on granuloma dry weight.

Figure 4: Percentage inhibition of granuloma dry weight in aspirin
and lansoprazole treatment groups.

Fig. 5a Fig.5b Fig. 5¢

Figure 5: Photomicrographs of granulation tissue (H & E stain,
10X). 5a) Control, 5b) Aspirin, 5¢c) Lansoprazole

Discussion

Asmentioned intheintroduction, the present study was planned
to evaluate the effect of lansoprazole in acute and sub-acute
models of inflammation in male Wistar rats.

Results of the present study clearly indicate that lansoprazole
showed significant anti-inflammatory effect in acute as well as
sub-acute models of inflammation when compared to control
group. Anti-inflammatory effect of lansoprazole wasinferior to
aspirininacutemodel of inflammation, but in sub-acute model of
inflammation it was found to have anti-inflammatory effect com-
parable to aspirin. PPIs, being weak bases, can be expected to
accumulatein the acidic environment at the site of inflammation.
Accumulation and activation of PPIsin the acidic environment
of inflammation after repeated dosing could be the explanation
for comparable efficacy with aspirin in sub-acute model of in-
flammation.

Recent in vitro studies have suggested a number of mecha-
nismswhereby PPIs can exert anti-inflammatory effects. Obser-
vations of the current study are in agreement with the earlier
study reports stating that proton pump inhibitors may have anti-
inflammatory activity. The PPIs are weak bases which accumu-
late in the acid-secreting mucosa and block the p-type
H*K*ATPase of gastric parieta cells that secrete acid into the
gastric lumen.? I nterestingly, in addition to gastric parietal cells,
some non-gastric cellslike neutrophils and vascular endothelial
cellshave been reported to have vacuolar (v-type) H*AT Pases?2,
Vacuolar proton pumps have been found prominently in the
membranes of the phagolysosomes of neutrophils.?>%2” When
neutrophils are activated by chemotactic factors, these vacuolar
H*ATPases pump H* into the phagolysosome. This lysosomal
acidification appearsto play arolein mediating the neutrophil’s
oxidative burst and the rapid release of toxic ROS.Y” Some of
these v-type H*ATPases have been found to be inhibited, in
vitro, by PPIs.?® In the process of inflammation, neutrophil-en-
dothelial cell interactions mediated by adhesion molecules are
important for transmigration of neutrophils through the endot-
helium. Inaninvitro study in human peripheral neutrophilsand
umbilical vein endothelial cells, lansoprazol e has been found to
attenuate the expression of adhesion moleculeslike CD11b and
CD18 on neutrophils and intercellular adhesion molecule-1
(ICAM-1), vascular adhesion molecule-1 (VCAM-1) on endot-
helial cells.*® PPls have a so been reported to inhibit chemotaxis
of neutrophils in studies on human polymorphonuclear leuco-
cyte (PMN) suspensions.'® 26

Thereforeit isconceivable that treatment with PPIsmight inter-
fere with neutrophil functions, like ROS release, adhesion mol-
ecule expression and chemotaxis, all of which contribute to the
development and progression of inflammation. Lansoprazole has
been shown to decrease the levels of various pro-inflammatory
cytokinesincluding IL-6 and TNF-ain cultured human neuro-
blastoma cells.’> Furthermore, in a human monocytic cell line,
lansoprazole has been found to suppress the production of
TNF-aand IL-14induced by lipopolysaccharide and H. pylori
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water-soluble extract. It does so by inhibition of nuclear factor
(NF)-kB and extracellular signal regulated kinase (ERK) aswell
as by prevention of phosphorylation and degradation of inhibi-
tory factor-kB. These intracellular signaling pathways from re-
ceptorsto the nucleus, which activate the production of inflam-
matory cytokines and proteins, could be the therapeutic targets
of PPIsfor prevention and regulation of deleterious inflamma-
tory responses.’* Heme oxygenase (HO) is an enzymeinvolved
in heme catabolism, a process in which the oxidation of heme
leadsto the production of iron, biliverdin and carbon monoxide.
Two mammalian HO isozymes have been identified, HO-1 (in-
ducible) and HO-2 (constitutive). HO-1 is a stress-responsive
protein. HO-1 isinducible by avast array of stimuli, including
oxidative stress, ultraviolet radiation, ischemia-reperfusion,
heavy metals, bacterial lipopolysaccharide (L PS), cytokines, ni-
tric oxide, and substrate heme. HO-1 is a potent anti-inflamma-
tory mediator and induction of HO-1 inhibits inflammation.?®?
Lansoprazole has been found to induce HO-1, in vitro, in rat
gastric epithelial cells.*® Lansoprazole has also been found to
protect against ischemia-reperfusion injury of the bowel inrats.?
Beneficial effectsof PPIshave been reported in the patientswith
inflammatory bowel disease.®3t Anti-inflammatory effectsof the
PPIs might influence avariety of inflammatory disorders, both
peptic and non-peptic, within and outside of the gastrointestinal
tract.

Sincelansoprazole showed significant anti-inflammatory activ-
ity, their use can be promoted in treating GERD, esophagitis,
Barrett’s esophagus, gastritisincluding PUD and complications
like peptic strictures, gastric outlet obstruction. In the treatment
of acid peptic disorders, lansoprazole can be expected to have
dual benefit by virtue of itsacid lowering aswell as anti-inflam-
matory effect. This study also suggests that lansoprazole might
have beneficial effectsin number of inflammatory diseases, in
which acid and pepsin have no rolelike non reflux inflammatory
conditions (e.g. Eosinophilic esophagitis), Ulcerative calitis etc.
For patients with upper gastrointestinal symptoms of uncertain
etiology, such as non-ulcer dyspepsia, improvement with PP
therapy is considered as prima facie evidence for acid-peptic
disease. Anti inflammatory effect of lansoprazole may pose a
serious challenge to the common clinical practice of assuming
that a symptomatic response to PPl treatment is proof of an
underlying acid peptic disorder.

However, these speculations need to be confirmed clinically.
Clearly, the role of PPIs as anti-inflammatory agentsis an area
that warrants further investigation.

Conclusion

In the current study, lansoprazole have shown significant anti-
inflammatory activity in acute and sub-acute models of inflam-
mation. In acute model of inflammation, |ansoprazole shown sig-
nificant anti-inflammatory effect when compared to control, but
it was inferior to aspirin. In sub-acute model of inflammation,
lansoprazol e have shown comparable anti-inflammatory effect
with aspirin. Thefindings of the present experimental study ap-

pear to beclinically relevant. Use of PPIsin treating GERD and
PUD can reduce the inflammatory complications, by virtue of
their anti-inflammatory activity, in addition to acid lowering prop-
erty. Also, PPIs might have a role to play in the treatment of
variety of inflammatory disorders, both peptic and non-peptic,
within and outside of the gastrointestinal tract.
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