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production of interleukin (IL)-1 beta and IL-6 was tteetreef¥ lowered in scrum samples of gastritis mice on
treatment with dimethyl derivative of ginkgolide-A. Treatment of the mice with dimethyl derivative of
ginkgolide-A also allevinted the gastritis induced upregulation of prostaglandin (PG)E2, nitric oxide synthase
(NOS) and endothelin (ET) significantly (p < 0.05). The dimethyl derivative of ginkgolide-A treatment pre-vented
the gastritis mediated suppression of secretory IgA (slgA) and glutathione (GSH) levels significantly (p < 0.05) in
mice. Molecular docking showed that dimethyl derivative of ginkgolide-A interacts with glutamine and glycine
amino acids residues of prostaglandin E2 protein (3WFH) through conventional H-bonding with binding affinity
0f-8.6 kcal/mol at zero rmsd. Thus, dimethyl derivative of ginkgolide-A prevents chronic gas-tritis in mice by
targeting the oxidative pathways, regulation of gastrointestinal hormones and inhibition of mucosa destruction
factors. Thercfore, dimethyl derivative of ginkgolide-A may be developed as therapeutic agent for treatment of
chronic gastritis.
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SUMMARY. In the present study the effect of dimethyl derivative of ginkgolide-A was investigated on chronic
gastritis in the mice model and underlying mechanism was also explored. In the mice model of gastritis, di-
methyl derivative of ginkgolide-A treatment led to a significant (p < 0.05) alleviation in motilin (MTL) level
in plasma samples in a dose-based manner. Treatment with dimethyl derivative of ginkgolide-A significantly
(p < 0.05) elevated the gastrin (GAS) and somatostatin (SS) levels in plasma samples of gastritis mice model.
Moreover, the production of interleukin (IL)-1p and IL-6 was effectively lowered in serum samples of gastritis
mice on treatment with dimethyl derivative of ginkgolide-A. Treatment of the mice with dimethyl derivative of
ginkgolide-A also alleviated the gastritis induced upregulation of prostaglandin (PG)E2, nitric oxide synthase
(NOS) and endothelin (ET) significantly (p < 0.05). The dimethyl derivative of ginkgolide-A treatment pre-
vented the gastritis mediated suppression of secretory IgA (sIgA) and glutathione (GSH) levels significantly (p
< 0.05) in mice. Molecular docking showed that dimethyl derivative of ginkgolide-A interacts with glutamine
and glycine amino acids residues of prostaglandin E2 protein (3WFH) through conventional H-bonding with
binding affinity of -8.6 kcal/mol at zero rmsd. Thus, dimethyl derivative of ginkgolide-A prevents chronic gas-
tritis in mice by targeting the oxidative pathways, regulation of gastrointestinal hormones and inhibition of
mucosa destruction factors. Therefore, dimethyl derivative of ginkgolide-A may be developed as therapeutic
agent for treatment of chronic gastritis.

RESUMEN. En el presente estudio, se investigé el efecto del derivado dimetilado de ginkgolide-A sobre la gastritis
crénica en el modelo de ratones y también se explor6 el mecanismo subyacente. En el modelo de gastritis en ratones,
el ratamiento con dimetilderivado de ginkgélido-A condujo a un alivio significativo (p < 0,05) en el nivel de moti-
lina (MTL) en muestras de plasma en funcién de la dosis. El tratamiento con dimetilderivado de ginkgolida-A elevé
significativamente (p < 0,05) los niveles de gastrina (GAS) y somatostatina (SS) en muestras de plasma de modelos
de ratones con gastritis. Ademds, la produccién de interleucina (IL)- 1f3 e IL-6 se redujo efectivamente en muestras de
suero de ratones con gastritis en tratamiento con derivado dimetilado de ginkgélido-A. El tratamiento de los ratones
con dimetilderivado de ginkgolida-A también alivié significativamente (p < 0,05) la regulaci6n positiva inducida por
gasltritis de prostaglandina (PG)E2, 6xido nitrico sintasa (NOS) y endotelina (ET). El derivado dimetilado del trata-
miento con ginkgolida-A evitd la supresién mediada por la gastritis de los niveles secretores de IgA (sIgA) y glutatién
(GSH) de forma significativa (p < 0.05) en ratones. El acoplamiento molecular mostré que el derivado de dimetilo
de la ginkgolida-A interactia con los residuos de aminodcidos de glutamina y glicina de la protefna prostaglandina
E2 (3WFH) a través del enlace H convencional con una afinidad de unién de -8,6 kcal/mol a cero rmsd. Por lo tanto,
el derivado dimetilado de ginkgolide-A previene la gastritis crénica en ratones al actuar sobre las vias oxidativas,
la regulacién de las hormonas gastrointestinales y la inhibicién de los factores de destruccién de la mucosa. Por lo
tanto, el derivado dimetilado de ginkgélido-A puede desarrollarse como agente terapéutico para el tratamiento de la
gastritis crénica.

KEY WORDS: acute gastritis, dimethyl derivative of ginkgolide-A, lead optimization, modification, therapeutic
agent-
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Summary

In the present study the effect of dimethyl derivative of ginkgolide-A was investigated on
chronic gastritis in the mice model and underlying mechanism was also explored. In the mice
model of gastritis, dimethyl derivative of ginkgolide-A treatment led to a significant (P <
0.05) alleviation in motilin (MTL) level in plasma samples in a dose-based manner. Treatment
with dimethyl derivative of ginkgolide-A significantly (P < 0.05) elevated the gastrin (GAS) and
somatostatin (SS) levels in plasma samples of gastritis mice model. Moreover, the production of
interleukin (IL)-1B and IL-6 was effectively lowered in serum samples of gastritis mice on
treatment with dimethyl derivative of ginkgolide-A. Treatment of the mice with dimethyl
derivative of ginkgolide-A also alleviated the gastritis induced upregulation of prostaglandin
(PG)E2, nitric oxide synthase (NOS) and endothelin (ET) significantly (P < 0.05). The dimethyl
derivative of ginkgolide-A treatment prevented the gastritis mediated suppression of secretory
IgA (slgA) and glutathione (GSH) levels significantly (P < 0.05) in mice. Molecular docking
showed that dimethyl derivative of ginkgolide-A interacts with glutamine and glycine amino
acids residues of prostaglandin E2 protein (3WFH) through conventional H-bonding with
binding affinity of -8.6 kcal/mol at zero rmsd.Thus, dimethyl derivative of ginkgolide-A prevents

chronic gastritis in mice by targeting the oxidative pathways, regulation of gastrointestinal



hormones and inhibition of mucosa destruction factors. Therefore, dimethyl derivative of

ginkgolide-A may be developed as therapeutic agent for treatment of chronic gastritis.

Keywords:Dimethyl derivative of ginkgolide-A, Modification, Lead optimization, Acute

gastritis, Therapeutic agent

Running title:Ginkgolide-A prevents acute gastritis in mice

Background

Chronic gastritis is a disease of gastrointestinal tract diagnosed most commonly throughout the
world and its characteristics include atrophy of stomach mucosal glands and epithelial lining ' In
gastritis patients, number of mucosal glands is reduced, gastric mucosa becomes thin, base layer
gets thick, development of intestinal metaplasia and dysplasia takes place !. Clinical symptoms
of gastritis include, fullness, pain in abdomen, and decrease in body weight, appetite loss and
belching. Chronic atrophic gastritis is considered to be a sign of precancerous lesions in the
stomach which ranks second highest cause of deaths worldwide related with cancer 23 Thus, it is
believed that inhibition of chronic atrophic gastritis is indirectly equivalent to preventing the
gastric cancer. During last decade, the incidence of chronic atrophic gastritis has shown a
prominent increase every year throughout the world 4 Moreover, the average age of patient’s
diagnosed with gastritis has shifting from elders to the younger people during the past one
decade *. Although pathogenesis of chronic atrophic gastritis is not fully known yet but it is
reported that various endogenous and exogenous stimuli including, microbial infection, improper
production of physicochemical factors and emotional stress contribute towards its development g
The gastric mucosa is damaged in gastritis patients by repeated exposure to these endogenous
and exogenous stimuli >.Several studies have been conducted to understand the pathogenesis of
chronic atrophic gastritis so as to develop the effective treatment for the disease Rl
Unfortunately, drugs have been developed only for inhibition of H. pylori growth, suppression of
acidity and treatment of inflammation >**®, Thus, development of effective treatment for chronic
atrophic gastritis is urgently required to prevent gastric cancer and improve life quality of the

patients.



Ginkgolides are the natural products possessing diterpenoid trilactone structure comprised of
Cy lactone cage molecules and are isolated from Ginkgo bilobaL. °. 1t is reported that
ginkgolides exhibit anti-inflammatory effect and improve vascular inflammation in high-
glucose-stimulated human umbilical vein endothelial cells (HUVECs) via targeting STAT-3 5
Moreover, ginkgolides also inhibit LPS-induced release of TNF-o and IL-6 in mice by targeting
pro-inflammatory mediators like COX-2 and NO ''. Inflammation of liver induced by pregnane
X receptor is also inhibited by ginkgolides in mouse model of hepatitis via inhibiting NF-xB
activity '% Inflammatory response induced by LPS in human coronary artery endothelial cells is
inhibited by ginkgolides through targeting toll-like receptor 4 (TLR4)-NF-kB signaling pathway
In the present study dimethyl derivative of ginkgolide-A(Figure 1) was synthesized and
investigated against chronic gastritis in the mice model and the underlying mechanism was also

explored.
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Figure 1: Structure of dimethyl derivative of ginkgolide-A (GL).

Material and Methods

Synthesis of dimethyl derivative of ginkgolide-A

In the present study dimethyl derivative of ginkgolide-A was synthesized by the reaction
ofginkgolide-A with methyl iodide in presence of cesium carbonate base in tetrahydrofuran
(Scheme 1). The product formed was purified by silica gel chromatography before use for the

experimental purpose.
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Scheme 1: Synthesis ofdimethyl derivative of ginkgolide-A (GL).

Experimental animals

Male BALB/C mice (body weight 18 + 22 g) fifty in number were supplied by the SPF Animals
Biotechnology Co., Ltd. (Beijing, China). All the mice were shifted to the Institutional
Laboratory Animal Care center and housed individually in cages. The mice were housed under
specific pathogen-free (SPF) conditions under 12 h light/dark cycles and provided free access to
tap water and food. The mice were maintained as per guidelines of the National Institute. of
Health, Scripps, USA. The experimental protocol for the present study were approved by the
animal ethics committee for care and use of experimental animals.

Establishment of acute gastrilis mice model

The mice after acclimatization in the laboratory were separated randomly into 5 groups of 10-
each: control, acute gastritis (model) and three dimethyl derivative of ginkgolide-Atreatment
groups (gastritist0.25 mg/kg, gastritis+0.5 mg/kg and gastritist] mg/kg). Gastritis was
established in the mice by administration of N-methyl-N’-nitro-N-nitrosoguanidine for 3-months
according to reported protocol "*'° Dimethy! derivative of ginkgolide-Aat 0.25, 0.5 and 1 mg/kg
doses was given to the mice in physiological saline by intragastric route for three month
alternatively. The mice were weighed after every week during the study to monitor any change in
body weight. The mice were sacrificed after completion of the study to collect the blood samples
from abdominal aorta for biochemical analysis.

Enzyme-linked immunosorbent assay (ELISA)

All the mice were anesthetized after completion of the study and blood samples from the
abdominal aorta were collected. The blood samples were centrifuged for 15 min at 3000 rpm to
separate and collect the serum. In the serum samples gastrin (cat no. D730506, Abcam),
somatostatin (cat no. D730406, Sangon Biotechnology), motilin (Shanghai Jun Yu
Biotechnology), interleukin-1B(cat no. 100768, Abcam), interleukin-6 (cat no. 100772, Abcam),



PGE2 (cat no. 133021, Abcam), NOS (cat no. D730315, Sangon Biotechnology), ET (cat no.
D730150, Sangon Biotechnology), slgA (Cat no. D730381, Sangon Biotechnology), GSSG (Cat
no. D730505, Sangon Biotechnology) and GSH (cat no. D730507, Sangon Biotechnology) levels
were detected using ELISA assay.

Western blot assay

From the gastric tissues of mice total proteins were extracted using the RIPA lysis buffer
(Beyotime) mixed with protease/phosphatase inhibitor cocktail. The lysates were centrifuged for
15 min at 4 °C at 12000 xg to collect the supernatant in which concentration of proteins was
estimated by bicinchoninic acid assay kit (BCA). Proteins in equal amounts (25 pg/lane) were
resolved on 12% SDS-PAGE and subsequently transferred onto the polyvinylidene fluoride
(PVDF) membranes (Merck Millipore, Billerica, MA). The membranes were blocked by
incubation with 5% non-fat dry milk for overnight at room temperature.Incubation of the
membranes was performed with primary antibodies againstBax (cat no. 5023; dilution: 1: 1,000;
Cell Signaling Technology, Inc.), Bcl-2 (cat no. 3498; dilution: 1: 1,000; Cell Signaling
Technology, Inc.), and B-actin (cat no. 49703; dilution: 1: 1,000; Cell Signaling Technology, Inc.)
for overnight at 4°C. Afterwards, the membranes were subjected to incubation with secondary

anti-bodies (cat no. 7074; dilution: 1: 1,000; Cell Signaling Technology, Inc.) for 2 h at room

temperature. Visualization of the protein bands was achieved using ECL Western blotting

detection kits (Millipore) in accordance with the manufacturer’s jnstructions.

Statistical analysis

The data displayed as the mean +SD of experiments conducted in triplicates. Analysis of the data

was carried out using the SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA).

Differences between the groups was determined using thet tests or one-way ANOVA followed

by NSK tests. The values at P<0.05 were considered to be statistically significant.

Results

Dimethyl derivative of ginkgolide-Aalleviates gastritis-mediated loss of body weightin mice
Gastritis induction caused a significant (P<0.05) reduction in body weight of the mice after 4, 8
and 12 weeks compared to the control group (Figure 2). However, dimethyl derivative of

ginkgolide-Atreatment (at 0.25, 0.5 and 1 mg/kg doses) of the mice significantly (P<0.05)



alleviated the gastritis mediated lowering of body weight in dose-based manner. Lowering of

body weight by gastritis in mice was completely prevented on treatment with 1 mg/kg dose of

dimethyl derivative of ginkgolide-A.
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Figure 2:Effect of dimethyl derivative of ginkgolide-A (GL) on body weight in gastritis mice
model. Gastritis was established in mice and then dimethyl derivative of ginkgolide-Awas
administered alternately for 3-months in physiological saline at 0.25, 0.5 and 1 mg/kg doses.
Body weight was measured before 1-week, after 4, 8 and 12 weeks of gastritis establishment in

mice. * p<0.05 and ** p<0.01 vs. control.

Dimethyl derivative of ginkgolide-Aregulates serum GAS, SS and MTL level in mice model of

gastritis

Gastritis induction led to a significant lowering of GAS and SS level in serum samples of the
mice compared to those in the control group (Figure 3). However, dimethyl derivative of
ginkgolide-Atreatment at 0.25, 0.5 and 1 mg/kg dose significantly (P<0.05) alleviated the
gastritis mediated lowering of GAS and SS level in mice serum in dose-based manner. The GAS
and SS level in gastritis mice serum was comparable to the control group on treatment with 1
mg/kg dose dimethyl derivative of ginkgolide-A. Induction of gastritis in mice significantly
(P<0.05) raised the level of MTL in serum compared to the control group. Gastritis induced
upregulation of serum MTL level in mice was effectively alleviated in dose-based manner on

treatment with dimethyl derivative of ginkgolide-A. Again, treatment with 1 mg/kg dimethyl



derivative of ginkgolide-Areduced serum MTL level in gastritis mice comparable to the control
group.
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Figure 3: Effect of dimethyl derivative of ginkgolide-A(GL) on GAS, SS and MTL levelin

gastritis mice model. Gastritis was established in mice and then dimethyl derivative of
ginkgolide-Awas administered alternately for 3-months in physiological saline at 0.25, 0.5 and 1
mg/kg doses. The GAS, SS, MTL level in mice serum samples was measured using the ELISA

assay. * p<0.05 and ** p<0.01 vs. control.

Dimethyl derivative of ginkgolide-Aregulates serum IL-1B and IL-6 level in mice model of

gastritis

In mice model of gastritis, the level of IL-1B and IL-6 after dimethyl derivative of ginkgolide-
Atreatment or without treatment (model group) was determined by ELISA assay (Figure 4).
However, treatment with dimethyl derivative of ginkgolide-Aat 0.25, 0.5 and 1 mg/kg dose
significantly (P<0.05) alleviated the gastritis induced increase in IL-1B and IL-6 level in mice
serum in dose-based manner. The IL-1B and IL-6 level in gastritis mice serum was comparable to

the control group on treatment with 1 mg/kg dose dimethyl derivative of ginkgolide-A.
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Figure 4: Effect of dimethyl derivative of ginkgolide-A(GL) on IL-1P and IL-6 levelin gastritis
mice model. Gastritis was established in mice and then dimethyl derivative of ginkgolide-Awas
administered alternately for 3-months in physiological saline at 0.25, 0.5 and 1 mg/kg doses. The
IL-1B and IL-6 level in mice serum samples was detected using the ELISA assay. * p<0.05 and

** p<0.01 vs. control.

Dimethyl derivative of ginkgolide-Aregulates serum PGE2, NOS and ET level in mice model of

gastritis

The level of PGE2, NOS and ET in mice serum was significantly (P<0.05) raised by gastritis
induction compared to those in the control group (Figure 5). On the other hand, treatment with
dimethyl derivative of ginkgolide-Aat 0.25, 0.5 and 1 mg/kg dose significantly (P<0.05)
alleviated the gastritis induced increase in PGE2, NOS and ET level in mice serum in dose-based
manner. The PGE2, NOS and ET level in gastritis mice serum was comparable to the control

group on treatment with 1 mg/kg dose dimethyl derivative of ginkgolide-A.
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Figure 5: Effect of dimethyl derivative of ginkgolide-A(GL) on PGE2, NOS and ET levelin
gastritis mice model. Gastritis was established in mice and then dimethyl derivative of
ginkgolide-Awas administered alternately for 3-months in physiological saline at 0.25, 0.5 and 1
mg/kg doses. The PGE2, NOS and ET level in mice serum samples was detected using the

ELISA assay. * p<0.05 and ** p<0.01 vs. control.

Dimethyl derivative of ginkgolide-Aalleviates gastritis-mediated reduction in serum siIgd, GSSG,
and GSH level in mice

Induction of gastritis in mice led to a significant (P<0.05) decrease in the level of sIgA, GSSG,
and GSH in mice serum compared to those in the control group (Figure 6). However, treatment
of the mice with dimethyl derivative of ginkgolide-Aat 0.25, 0.5 and 1 mg/kg doses significantly
(P<0.05) alleviated the gastritis mediated lowering of sIgA, GSSG, and GSH level in serum.
Moreover, it was observed that gastritis mediated lowering of sIgA, GSSG, and GSH level in

serum of mice was completely reversed on treatment with 1 mg/kg dimethyl derivative of

ginkgolide-A.
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Figure 6: Effect of dimethyl derivative of ginkgolide-A(GL) on sIgA, GSSG, and GSH levelin
gastritis mice model. Gastritis was established in mice and then dimethyl derivative of
ginkgolide-Awas administered alternately for 3-months in physiological saline at 0.25, 0.5 and 1
mg/kg doses. The sIgA, GSSG, and GSH level in mice serum samples was detected using the
ELISA assay. * p<0.05 and ** p<0.01 vs. control.

Dimethyl derivative of ginkgolide-Aregulates Bcl-2 and Baxexpression in mice model of gastritis

Gastritis induction caused a prominent increase in anti-apoptotic protein Bcl-2 expression in
mice compared to the control group (Figure 7). Moreover, the expression of pro-apoptotic Bax
was reduced in gastritis mice than those in the control group. However, dimethyl derivative of
ginkgolide-Atreatment (at 0.25, 0.5 and 1 mg/kg doses) of the mice significantly (P<0.05)
alleviated the gastritis induced increase in Bcl-2 expression in dose-based manner. Increase in
Bcl-2 expression by gastritis in mice was completely prevented on treatment with 1 mg/kg dose
of dimethyl derivative of ginkgolide-A. Dimethyl derivative of ginkgolide-Atreatment (at 0.25,
0.5 and 1 mg/kg doses) of the mice effectively alleviated the gastritis mediated decrease in Bax
expression in dose-based manner. Decrease in Bax expression by gastritis in mice was

completely prevented on treatment with | mg/kg dose of dimethyl derivative of ginkgolide-A.



Figure 7: Effect of dimethyl derivative of ginkgolide-A(GL) on Bcl-2 and Bax expressionin
gastritis mice model. Gastritis was established in mice and then dimethyl derivative of
ginkgolide-A was administered alternately for 3-months in physiological saline at 0.25, 0.5 and 1
mg/kg doses. The Bcl-2 and Bax expression in mice gastric tissues was detected using the

western blotting assay.

It was observed from the Molecular docking studies that dimethyl derivative of dimethyl
derivative of ginkgolide-Ainteracts with glutamine and glycine amino acids residues of
prostaglandin E2 protein (3WFH) through conventional H-bonding with binding affinity of -8.6

kcal/mol at zero rmsd (Figure 8 and 9).

\. »

Figure 8: Molecular docking of dimethyl derivative of dimethy! derivative of ginkgolide-A (GL)
with prostaglandin E2 protein (3WFH). The docking studies were performed using the

AutoDock Vina and Discovery studio soft wares.



Figure 9: Interaction of lactone moiety of dimethyl derivative of dimethyl derivative of
ginkgolide-A (GL) with prostaglandin E2 protein (3WFH). Glutamine and glycine amino acids
residues of prostaglandin E2 protein (3WFH) interact through conventional H-bonding with
BAE with binding affinity of -8.6 kcal/mol at zero rmsd.

Discussion

Chronic gastritis is worldwide a commonly diagnosed disease of the gastrointestinal tract and its
incidence is increasing due to change in food habits '. There is not only increase in incidence but
also the disease is getting more common in the younger people *. The disease has severe effect
on human health and it affects the quality of life very badly '®7, Presently there is no effective
treatment available for chronic gastritis despite increase in scientific knowledge and
development of medical facilities. Thus, clinicians and medicinal chemists need to put their

efforts to discover effective treatment for chronic gastritis.



Currently gastritis is induced by the administration of N-methyl-N’-nitro-N-nitrosoguanidine to
establish animal models for various studies '*. Its administration acts on stomach epithelial cells
to develop gastritis without influencing the secretion of enzymes '8 Administration of N-methyl-
N’-nitro-N-nitrosoguanidine leads to nitrate intake by the stomach cells improperly resulting in
development of chronic gastritis 181314 " In the present study gastritis mice model was established
to investigate therapeutic effect of dimethyl derivative of ginkgolide-Aon various parameters of
the disease. The preliminary findings showed that dimethyl derivative of ginkgolide-Atreatment
of the mice significantly (P<0.05) alleviated the gastritis mediated lowering of body weight in
dose-based manner. Moreover, dimethyl derivative of ginkgolide-Atreatment significantly
(P<0.05) alleviated the gastritis promoted increase in inflammatory and pathological score in
mice in dose-based manner. Gastritis induced increase in atrophy score in mice was also
significantly (P<0.05) alleviated by dimethyl derivative of ginkgolide-Atreatment in dose-based
manner. Thus, preliminary findings indicated that dimethyl derivative of ginkgolide-Ainhibits
gastritis induced pathological damage in mice and therefore needs to be investigated in detail as
a protective agent.

Gastric antral-G cells produce gastrin which acts as the main nutrient and therefore plays a
prominent role in growth of gastric mucosa'®. It has been found to exhibit protective effect on
gastric mucosa and prevent its damage under normal physiological conditions. Endocrine cells
(D cells) produce somatostatin which inhibits damage to gastrointestinal tract by neutralizing
many factors which have pathogenic effect'®. It has been found that gastritis induction develops
tissue atrophy, decreases G-cells and suppresses production of gastrin and somatostatin.
Downregulation of gastrin and somatostatin promotes development of atrophic lesions in the
mucosal glands of stomach. Motility and electrical activity of the gastrointestinal tract play an
important role in digestion of food and emptying of the stomach. Motility and electrical activity
of the gastrointestinal tract are mainly regulated by motilin'>'®. In the present study gastritis
induction led to a significant lowering of gastrin and somatostatin level in serum samples of the
mice. Moreover, induction of gastritis in mice significantly (£<0.05) raised the level of motilin
in serum. However, dimethyl derivative of ginkgolide-Atreatment at 0.25, 0.5 and 1 mg/kg dose
* significantly (P<0.05) alleviated the gastritis mediated lowering of gastrin and somatostatin level
in mice serum in dose-based manner. Additionally, gastritis induced upregulation of serum

motilin level in mice was effectively alleviated in dose-based manner on treatment with dimethyl



derivative of ginkgolide-A. Thus, dimethyl derivative of ginkgolide-Atreatment regulated the
production of gastrin, somatostatin motilin in gastritis mice serum samples.

It is reported that pro-inflammatory cytokines such as IL-1p and IL-6 play a leading role in the
development and progression of gastritis 2°. Moreover, expression of PGE2, NOS, and ET has
been found to be associated with the destruction of mucosal lining of the stomach. On the other
hand, sIgA, GSSG, and GSH act as protective factors and inhibit damage to the stomach mucosa.
In the present study gastritis induction led to a significant (P<0.05) rise in the level of IL-1B and
IL-6 in mice plasma. However, treatment with dimethyl derivative of ginkgolide-Aat 0.25, 0.5
and 1 mg/kg dose significantly (P<0.05) alleviated the gastritis induced increase in IL-1B and IL-
6 level in mice serum in dose-based manner. Treatment with dimethyl derivative of ginkgolide-
Aalso alleviated the gastritis induced increase in PGE2, NOS and ET level in mice serum in
dose-based manner. Moreover, treatment of the mice with dimethyl derivative of ginkgolide-
Asignificantly (P<0.05) alleviated the gastritis mediated lowering of slgA, GSSG, and GSH
level in serum. Thus, dimethyl derivative of ginkgolide-Aexhibits anti-inflammatory effect in
gastritis mice to prevent the oxidative damage of mucosa tissues. Gastritis induction caused a
prominent increase in anti-apoptotic protein Bcl-2 expression in mice compared to the control
group. Moreover, the expression of pro-apoptotic Bax was reduced in gastritis mice than those in
the control group. However, dimethyl derivative of ginkgolide-Atreatment (at 0.25, 0.5 and 1
mg/kg doses) of the mice significantly (P<0.05) alleviated the gastritis induced increase in Bcl-2
expression in dose-based manner. Increase in Bcl-2 expression by gastritis in mice was
completely prevented on treatment with 1 mg/kg dose of dimethyl derivative of ginkgolide-A.
Dimethyl derivative of ginkgolide-Atreatment (at 0.25, 0.5 and 1 mg/kg doses) of the mice
effectively alleviated the gastritis mediated decrease in Bax expression in dose-based manner.
Conclusions

In summary, the present study demonstrates that dimethyl derivative of ginkgolide-Ainhibits
gastritis induced pathological changes in mice by regulating the secretion of gastrointestinal
hormones. Moreover, it targets the production of inflammatory factors, downregulates mucosa
destroying molecules and promotes level of various mucosa protecting factors. Therefore,
dimethyl derivative of ginkgolide-Ahas protective role against gastritis in mice model and can be

developed as a therapeutic agent.
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