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Background: Peptic ulcer is a condition characterized by open sores resulting from excessive acid production in
the stomach or digestive tract, causing damage to the mucosal lining. Tamarix gallica (TG), is traditionally known
for its anti-inflammatory, antioxidant, antibacterial activity, etc. Objective: The scientific evidences based on its
efficacy specifically for anti-ulcers activity are limited, hence, the study aimed to evaluate protective effect of TG
against aspirin-induced peptic ulcers. Materials and Methods: Phytochemical screening was performed fol-
lowed by assessment of protective effect of TG against aspirin induced toxicity in rats. Network biology and
polypharmacology studies were performed to determine the possible molecular targets involved in pathophys-
iology of ulcers. Results: The study revealed that the TG extract at high dose (500 mg/kg b.w.) significantly
exhibits protective effect against aspirin induced ulcers via regulation of free acidity pepsin production, overall
acidity via regulating antioxidant status (SOD, GSH, CAT, etc). Morphological studies revealed less damage with
less disruption of the gastric mucosa layer having normal mucosal structure, no swelling or oedema was found in
drug treated groups. Conclusion: Moreover, network biology and polypharmacology outcomes revealed that
SOD2, CAT, EPO, IL10, EGF, TGFB1 etc. play a significant role in functional gastrointestinal-associated disease or
peptic ulcer. Hence, the study concludes that TG polyphenols including phenols and flavonoids play an important
role in alleviation of peptic ulcer or associated complication and thus demonstrating TG as a natural therapeutic
regimen against ulcers in glance of nature.

1. Introduction

Peptic ulcer disease (PUD) is a prevalent condition that affects
around 15% of the population. It is considered as a common result of
rising stress levels in daily life. Due to an imbalance between the
defensive & aggressive factors that control production of gastric acid,
PUD affects the region of GI tract with high conc. of gas increasingly
considered the tric acid. It is utmost recurrent GIT ailments, causing
patients pain, disturbing their daily routine & causing emotional
suffering. H2 receptor antagonists (cimetidine, ranitidine) and PPIs
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(omeprazole, lansoprazole) may have potential side effects, including
gynacomemia and loss of libido [1-3]. It is one of the utmost common
GIT problems in experimental practice, and especially widespread in
affluent nations. Treatments for ulcers are largely non-specific, focusing
on minimising stomach acid production and reinforcing gastric mucosal
protection by frequent eating, proper rest, and avoiding ulcerogenic
substances like alcohol and cigarettes. Antiacids, proton pump in-
hibitors, and antihistaminic have all been used to treat ulcers, although
the majority of these medications cause a variety of side effects [4-7].
Hence, there is a growing need for more effective and safe anti-ulcer
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medications. Recently, there has been a notable surge in interest in
natural remedies rooted in the traditional understanding of plant
pharmacology. Numerous medicinal herbs have demonstrated gastro-
protective properties via encompassing the common causing factors of
ulcers like NSAIDs, H. pylori infection, medications, etc, and rare causes
like anxiety (acute sickness, injuries), chemotherapy, malignancy (gas-
tric/lung cancer, lymphomas), viral infection, Crohn’s disease, radiation
therapy, vascular insufficiency, and Zollinger’s Ellison syndrome.
Recognizing and addressing these diverse causes is crucial for devel-
oping more targeted and efficient treatments for ulcer management. The
exploration of natural remedies and traditional herbal knowledge adds a
dimension to the search for safer and more potent anti-ulcer solutions in
the ongoing pursuit of improved healthcare [4,8-10]. The second most
common cause of PUD is H. pylori infection, the use of NSAID & aspirin.
The stomach mucosa is frequently protected by prostaglandin secretion.
Non-opioids decrease the formation of PGs by inhibiting the COX-1
enzyme, which lowers the production of GI mucus, bicarbonate, and
mucosal blood flow [11-13].

Medicinal plants have been acknowledged as a growing therapeutic
regimen for peptic ulcer because of least even no side effects of these
medications due to the multi-diversity of the chemical components. The
disruption of the gastric mucosal defense and repair mechanisms causes
ulcers in the stomach or duodenal lining. The stomach ulcer is referred
to as a gastric ulcer, while the duodenal ulcer is referred to as a duodenal
ulcer, and the two combined are referred to as a peptic ulcer [14-17].

Tamarix gallica (TG) (family: Tamaricaceae) is one of the Indian
medicinal plants that has been used for many acute and chronic ailments
such as antioxidant, anticancer, hepatoprotective, anti-inflammatory,
analgesic, antibacterial, and nephrolithiasis inhibitory effects. The
main component of TG is tamarexin, which has shown some positive
anti-A aggregation and anti-diabetic effects. It also exhibits anti-
hyperlipidemic activity. Various components are present in TG namely
polyphenolic compounds like flavonoids like Naringenin, Quercetin,
Rhamnetin, Rhamnazin, Tamarixetin, and Kaempferol with other com-
pound phenolic acids, tannins, alkaloids, and glycosides. It is demon-
strated that TG is quite safe at doses up to 3000 mg/kg body weight
[18-21].

The principal constituent in TG is tamarexin along with polyphenolic
compounds such as flavonoids such as Naringenin, Quercetin, Rham-
netin, Rhamnazin, Tamarixetin, Kaempferol with some other compound
phenolic acids, tannins alkaloids and glycosides, and has showed some
beneficial anti-Ap aggregation and anti-diabetic effects in-vitro. Addi-
tionally, TG was reported to possess multiple pharmacological activities
with significant effect as antioxidant and anti-inflammatory. Although,
TG is relatively safe at a dose of up to 3000 mg/kg body weight in an
acute oral toxicity study [19,20,22].

Taking all these facts into consideration, the study is aimed to
explore anti-ulcer activity of a hydro-alcoholic extract of TG flowers in
experimental rat model, where ulcers were induced by administrating
excess dose of aspirin. Biochemical and morphological and network
pharmacology studies were performed to determine multi-targets and
therapeutic approaches of TG in anti-ulcer activity.

2. Material and methods
2.1. Chemicals & drugs

All chemicals that were used in this study are of analytical grade,
procured from Sunder Deep Pharmacy College Lab & SD-Fine Chemicals
Ltd. Mumbai, India. Diagnostic kits for assessment of biochemical pa-
rameters & histopathology evaluation were obtained from Erba diag-
nostic, India. Cytoscape 3.9.1 version software was used to conduct
network pharmacology study.

Journal of Ayurveda and Integrative Medicine 15 (2024) 100947

2.2. Plant collection and authentication

The plant drug Tamarix gallica (TG) was collected from the local
nursery in the month of November. The plant material was authenti-
cated by Department of Botany, CCS University, Meerut, India. The
sample specimen was submitted in the institutional laboratory for future
prospectus.

2.3. Preparation of extract

The freshly collected flowers of TG was washed away with distilled
water to remove dirt and soil. After that plant was dried in shade in
aerated place at room temperature. Dry flowers (50 g) were reduced into
small pieces & coarse powder by mechanical grinder and then extraction
process was conducted using reflux method. A hydroalcoholic solvent
(1:1, v/v, 250 ml) was used for extraction for 8 h. After complete
extraction, extract was filtered and concentrated under reduced pressure
using vacuum rotary evaporator. The extractive yield of the plant ma-
terial was weighed and stored at room temperature in an air tight closed
container [23,24].

2.4. Phytochemical screening of extracts

The phytochemical analysis of hydroalcoholic extract of TG was
carried out to identify various chemical constituents (e.g. alkaloids,
steroids, phenolic acids, flavonoids, coumarins, terpenoids, carbohy-
drates, and tannins) as per the reference protocol with some modifica-
tions present in the extracts [25-27].

2.5. In-vivo studies for assessment of anti-ulcer activity of Tamarix gallica

2.5.1. Study design

In this study, the choice of animals was used for the experimental
study and each animal were divided as per the experimental objectives.
A normal control group was taken in the experiment aims to compare a
treatment group. A negative control group was used to determine
whether a possible changes or difference between groups is caused by
drug used for induction of disease. A positive control group is used for
possible determination and support the interpretation of other treatment
groups (Negative control group and drug treated group).

2.5.2. Experimental animal

Adult Wistar rats weighing 160 + 20 g were obtained from National
Institute of Biologicals, Noida, Uttar Pradesh-201309 for the study. They
were kept in Animal House of Sunder Deep Pharmacy College, Ghazia-
bad. The animals were kept independently in polypro-pylene cages for
acclimatization at a 23 + 2 °C temp. & RH-50-60%, with a 12hr light/
dark cycle one week beforehand & during the beginning of experiment.
Animal were retained on std. pellet diet & H20 ad libitum during housing
period. All experimental procedures including rats were shown in
accordance with the guidelines of CPCSEA. The protocols of study were
approved by the (IAEC) of Sunder Deep Pharmacy College, Ghaziabad,
India with approval number 1673/Po/Re/S/12/CPCSEA/2022-8.
Acute toxicity studies were conducted permitting to the OECD guide-
lines 423 and animals observed for any behavioral and physical changes
for 14 days.

2.5.3. Experimental procedure

The study was carried out under controlled environment. A total of
25 animals were divided into five groups and each group contain five
animals. Group 1 represented as control group, received normal saline 2
ml/kg/day (p.o.) for 28 days. Group 2 represented as disease control
group, received aspirin (in fasted condition) 150 mg/kg/day dissolved
in 1 % CMC in water for first 3 days followed by treatment with normal
saline for 28 days. Group 3 represented as standard or positive control
group, received Cimetidine (100 mg/kg, p.o.) for 28 days + Aspirin
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(150 mg/kg, p.o.) for first 3 days. Group 4 and group 5 represented as
drug treated group received TG extract low dose and high dose (250 and
500 mg/kg, p.o.) for 28 days + Aspirin (150 mg/kg, p.o.) for first 3 days,
each.

After completion of treatment, each animal was anesthetized using a
ketamine and sacrificed via cervical dislocation. Before cervical dislo-
cation, blood samples from each group was collected through direct
puncture to the heart for assessment of biochemical studies. The
collected blood samples were stored in separate EDTA vial. In order to
assess morphological and biochemical parameters, stomach from each
rat was collected and released on larger curvature, their gastric contents
were combined into straightforward tubes & centrifuged in order to
measure several aspects of gastric secretion, including gastric volume,
total & free acidity, pH. The condition of the gastric mucosa was
assessed to determine the ulcer score, ulcer index, percentage inhibition.
Thereafter, the oxidative markers were analysed on homogenates of the
stomach tissues [28-31].

2.5.4. Evaluation parameters

Evaluation parameters includes biochemical analysis and antioxi-
dant parameters in which biochemical analysis was done on ulcer index,
free acidity, total acidity, pepsin activity and protein content and
oxidative parameters such as glutathione (GSH), superoxide dismutases
(SODs), catalase (CAT) in serum and malondialdehyde (MDA) formation
were determined. The study is performed as per the reference protocol
[32-36]. The formula’s used to calculate ulcer index and inhibition
follows as;

Ulcer Index = Ulcerated area/ Total Stomach Area x 100

%Ulcer inhibition =

[UL in control — Ulcer Index in test & intervention group| x 100
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3. Results

Extraction process for hydroalcoholic extract of TG was conducted
successfully. The extractive yield of TG was found 15.17 + 0.524 g (w/
w) of the sample. the extractive yield was found under the range of
ayurvedic pharmacopoeia of India. After extraction, phytochemical
screening and in-vivo anti-ulcer activity was performed.

3.1. Phytochemical screening of extracts

Phytochemicals screening of TG extract was performed as per
reference protocol, successfully. The outcome of the study showed that
alkaloids, steroids, phenolic acids, flavonoids, coumarins, terpenoids,
carbohydrates, and tannins were found in hydroalcoholic leaves extracts
of TG. Tannins and flavonoids or polyphenols were found significant in
the extract while the constituents such as alkaloids, steroids, coumarins
etc were found in less extant in the extract.

3.2. In-vivo studies for assessment of anti-ulcer activity of Tamarix gallica

In-vivo anti-ulcer activity of TG was performed as per reference
protocol, successfully. biochemical and histopathological examination
were assessed to determine protective effect of TG. The parameters such
as ulcer index, free acidity index in different study groups, pepsin ac-
tivity, protein content estimation and anti-oxidant parameters (CAT,
SOD, GSH and MDA) evaluated that are followed as.

3.2.1. Ulcer index
The ulcer index at the time of sacrifice was observed macroscopically
and noted in each group. The mean ulcer index for each animal was

Ulcer Index in control

2.5.5. Morphological characterization of ulcers

Sample of stomach tissues from each group were morphologically
assessed to observe the intensity of ulcers. The intensity of the ulcers on
stomach inner part were assessed via directly proportion of wounds on
stomach tissue. The images of each stomach tissue were captured for the
record purpose [28,29,31].

2.6. Network biology and polypharmacology analysis

Network pharmacology and polypharmacology analysis was per-
formed to determine the possible therapeutic targets to get more effec-
tive treatment approaches in alleviation of gastric or peptic ulcers. This
analysis was performed as per the reference protocol using Cytoscape
software (Version: 3.9.1) and the target protein or biomarkers have been
selected based on the present study. CAT, SOD, GSH and MDA and their
associated targets were gathered in this analysis and their possible
involvement in different pathogenesis was predicted [37,38].

2.7. Statistical analysis

Each group’s data was represented as the Mean + SEM (n = 5). Using
Prism Pad software (Version 6.05), the student t-test was used to
compare each participant individually before Newman-Keuls test was
used to determine degree of significance. Statistically significant was
defined as *p < 0.05 while most statistical significance values were
expressed as ***p < 0.0001.

I

noted down and the drug effect was calculated on the basis of percentage
inhibition when compared to standard treated group. In case of % ul-
ceration the negative control was considered as 100% ulceration, for this
calculation the negative control will be treated as control for % ulcer-
ation inhibition calculation. The results are shown in Table 1.

3.2.2. Free acidity index in different study groups

The free acidity index was calculated in all groups. The free acidity
levels were found to improve after dosing of Cimetidine (100 mg/kg b.
w.), when standard drug was intervened the free radical index was
significantly reduced (p < 0.05) in comparison to the disease control
group. TG when intervened at low dose level (250 mg/kg) showed a
decrease in the free acidity index in comparison to disease control but
was found significantly higher while compared to control, a substantial
decrease was found. However, free acidity index after the intervention of
TG at high dose level (500 mg/kg) was more decreased when compared
with disease control group. The outcome of the study has been

Table 1
Estimation of Ulcer Index (units) in different group treated with positive,
negative and drug treated groups

Group Group name Ulcer index %Ulcer inhibition
Group 1 Control group 0 NA

Group 2 Disease group 22 0

Group 3 Standard or positive control 5 86

Group 4 TG extract (Low dose) 7 58

Group 5 TG extract (High dose) 6 82
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Fig. 1. Graph showing the changes in ulcer profile parameters in different intervention group Free acidity, Pepsin activity, Total acidity, protein content P < 0.05
when compared with control P < 0.05 when compared with aspirin. (n = 5 animals in each group) Values are shown as mean SEM.

represented in Fig. 1.

3.2.3. Pepsin activity index in different study groups

The pepsin activity is an important marker for the pathogenesis of
gastric ulcer was studies in the current examination. The levels of pepsin
were observed to be significantly increased after aspirin induction in rats
while in comparison with non-treated control group, level was found to
normalize after the cimetidine intervention, the values were also found
to be normalizing in both low and high dose treated group. The outcome
of the study has been represented in Fig. 1.

3.2.4. Protein content estimation in different groups

A high protein administration is prescribed to give basic amino acids
to tissue protein synthesis and in this manner promote healing process.
Proteins are additionally included in view of their great buffering ac-
tivity. The level of protein content was found to be significantly decrease
after the aspirin induction in rat when compared with the non-treated
group, the level was found to be increased after the cimetidine inter-
vention, the value was also found to be normalize in both low and high
dose TG hydroalcoholic extract in treated group. The outcome of the
study has been represented in Fig. 1.

3.2.5. Total acidity index in different study groups

Total acidity is an important marker to access the gastric ulcer was
studied in different groups. The total acidity index was calculated in all
groups. The total acidity levels have been reported to be higher after the
dosing of aspirin (150 mg/kg), When standard drug i.e. cimetidine was
intervened the free radical index was significantly reduced (p < 0.05) in
comparison to disease control group. TG when intervened at low dose
level (250 mg/kg) showed decrease in the total acidity index in com-
parison to disease control but was found significantly higher in com-
parison to control group, while a substantial decrease was observed in
total acidity index after the intervention of TG hydroalcoholic extract at
high dose level (500 mg/kg) when compared with disease control group.
The outcome of the study has been represented in Fig. 1.

3.2.6. Antioxidant activity

Anti-oxidant activity was performed to assess protective effect of TG
against oxidative stress promoted peptic ulcers induced by aspirin. In
this study, stomach tissue homogenate was used to assess the anti-
oxidant effect of TG. The outcome of the study was represented statis-
tically that revealed that of TG significantly alleviate the oxidative stress
in stomach tissue and ameliorates tissue of stomach against lesions via
strengthening the anti-oxidative system of enzymes such as CAT, SOD
and GSH while significantly (p < 0.05*) reduces MDA level in stomach
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Fig. 2. Anti-oxidant effect of hydroalcoholic extract of ... against aspirin induced oxidative stress via regulation of oxidative markers Figure (A) GSH, Figure (B),
Figure (C), Figure (D). The data is represented statistically as Mean + SEM and the significance level were considered at p < 0.05. Control group was compared with
disease control group while disease control group was compared with drug treated group.

tissue. Comparatively, high dose of the extract exhibited high protection
against altered level of oxidative markers via ameliorating the lever of
anti-oxidant enzymes such as CAT, SOD and GSH. The outcome of the
study has been represented in Fig. 2.

3.2.7. Morphological characterization of ulcers

Anti-ulcer activity of TG extract was determined to explore its pro-
tective effect against aspirin induced ulcers. The effect of drug was
determined in two different doses while aspirin was used a negative
control to induce ulcers. The results of the study showed that oral
administration of aspirin significantly induces ulcers that has been
shown with the red color representation in Figure (B) with the marked
area. Oral administration of standard drug (Cimetidine; 100 mg/kg, p.
o0.) significantly alleviates ulcers and showed normal morphology of
stomach tissue. In drug samples (extract) treatment or oral administra-
tion of extract alleviate the stomach ulcers as it is represented in figure
(D and E). However, low dose of extract showed less effect against
alleviation of ulcers compared to high dose of the drug. High dose of
extract (500 mg/kg, bw) significantly alleviate ulcers formation against

adverse effect of aspirin. The outcome of the study has been represented
in Fig. 3.

3.3. Network biology and polypharmacology analysis

Network pharmacology analysis was conducted to determine multi-
targeted and therapeutic approached for treatment of ulcers. For
confirmation of possible biomolecular targets in production of ulcers
and their regulation, this study was conducted by Cytoscape DisGeNET
analysis and the results of the study showed that there are several bio-
markers or genomes that are involved in regulation of ulcers, namely
SOD2, CAT, EPO, IL10, MIF, GEG, EDN1, LEP, CCK, EGF, TGFB1 etc that
play an important role in functional gastrointestinal associated disease.
TGFBL1 play a role in alleviation of curling ulcers and duodenal ulcers.
Peptic ulcers and marginal ulcers are significantly regulated by EDN1
genomic expression. Colitis and stomach diseases significantly induces
GI normal function that are possibly occurs due to up or down regulation
of GCG. In gastric ulcers, the genes such as EPO, IAPP, ADM, VGF, GHRL,
LEP, CAT, CCK and EGF are the most prominent genes that not only
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Fig. 3. Morphological assessment of anti-ulcer activity of extract against aspirin induced ulcers in rats. Figure (A) represent normal or control group that showed no
destruction in stomach tissue or formation of ulcers. Figure (B) represents the toxic control group or disease control group where high dose of aspirin was
administered to induce ulcers and it showed significant induction of ulcers. Orla administration of standard drug (Figure C) showed significant alleviation of ulcers
while drug treated groups (Figure D and E) significant (p < 0.05) alleviation of ulcers at high dose.
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Fig. 4. Gene ontology based DisGeNET analysis was conducted to determine possible targets to determine multi-targeted therapeutic effect for treatment of ulcers.
Gene and disease association network involved in ulcer or associated complications represents several genes with sky blue color node while purple color node

represents disease group.

involves in gastric ulcers but also GI associated complications such as
cholera infantum, functional GI disorders, etc. The gene and disease
association network involved in ulcer or associated complications has
been depicted in Figs. 4 and 5.

4. Discussion

Medicinal plants are playing an immense role in healthcare system to
promoting health and evading disease or disorder, hence contributing as

an effective medicinal regimen. TG is one of the Indian medicinal plants
that has been used since history for treating various acute and chronic
disease [19]. Due to lack of ethnopharmacological evidence and mo-
lecular mechanism of TG against ulcers or anti-ulcer effect, the present
aim of the study is associated to validate the anti-ulcer effect of TG using
in-vivo approaches as well as network pharmacology analysis. In this
study, the ulcers were induced in rats by high dose administration of
aspirin. Cimetidine was used as standard drug. The drug extract was
administered to rats in two different doses (Low: 250 mg/kg and High;
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Fig. 5. Developed gene and disease association network with multiple targets involved in ulcer and associated complications.

500 mg/kg). The results of the study showed that aspirin significantly
induces the ulcers on stomach tissue that are significantly alleviated
after administration of Cimetidine as standard drug as well as TG as test
drug. low dose of the drug shoed comparatively less effect then its high
dose that significantly reduce the ulcers on stomach tissue. Several
studies that has been already reported that aspirin significantly induces
the stomach ulcers via inhibition of COX-1 activity that creates a pro-
pensity state of gastrointestinal ulcers and ulcer complications as well as
simultaneously it acts to induce oxidative and inflammatory stress [15,
30,39]. Furthermore, it has been demonstrated that natural derived
medicine or medicinal plants are a good source of anti-oxidant and
anti-inflammatory activity that significantly alleviates oxidative and
inflammatory stress via scavenging free radicals and reducing inflam-
matory cytokines [24,36,38,40].

It has been reported that oxidative stress plays a pivotal role in the
pathogenesis of peptic ulcers and gastric carcinoma. Increased reactive
oxygen species (ROS) levels contribute to tissue damage and inflam-
mation in the gastrointestinal tract. In peptic ulcers, oxidative stress
disrupts the delicate balance between aggressive and defensive factors,
exacerbating mucosal injury. Conversely, in gastric carcinoma, chronic
oxidative stress can promote carcinogenesis by causing DNA damage
and genetic mutations. Antioxidants, crucial in maintaining cellular
homeostasis, demonstrate a potential protective role. Understanding the
intricate relationship between oxidative stress and antioxidant status is
essential for developing targeted therapeutic strategies for both peptic
ulcers and gastric carcinoma [41,42].

However, in a study conducted by Tandon et al. (2004) reported that
cold restraint stress-induced gastric ulceration in rats showed elevated
gastric mucosal LPO and SOD, alongside decreased CAT levels. Simi-
larly, clinical observations in peptic ulcer and gastric carcinoma patients
revealed increased serum LPO and a tendency toward decreased SOD
and CAT levels. These findings suggest a positive correlation between
free radical-induced oxidative stress in both gastric and duodenal ulcers
and gastric carcinoma [41].

In a study conducted by Ksouri et al., reported that the flowers of TG
had stronger antioxidant activity than leaves, with lower ICs( values for
flower extracts than leaves for lipid peroxidation inhibition ranging

from 1.3 (beta-carotene bleaching) to 19 times. Likewise, floral extracts
had the greatest total phenolic content (135.35 mgGAE/gDW), and RP-
HPLC analysis revealed that the main phenolics were isoquercitin,
syringic acid, and catechin. Additionally, when tested against human
pathogen strains, Tamarix extracts had notable antibacterial activity.
When the concentration rose from 2 to 100 mg/1, the average inhibition
zone was from O to 6.5 mm. Escherichia coli had the lowest activity,
whereas Micrococcus luteus displayed the maximum activity. Organ
extracts also exhibit a mild to moderate level of efficacy against the
tested Candida. According to these results, Tamarix may be a valuable
source of antioxidants for the medicinal or nutraceutical businesses as
well as food producers [43]. Hmidene et al., reported that that ability of
10 antioxidant flavonoids compound that are isolated form TG to pre-
vent amyloid aggregation. The in-vivo and invitro activities were
examined for the medicinal halophyte Tamarix gallica. In comparison to
their aglycone analogues, glucuronosylated flavonoids exhibit compar-
atively high or significant anti-amyloid (A) and anti-human islet amy-
loid polypeptide (hIAPP) aggregation action. According to the
flavonoids’ structure-activity connection, the catechol moiety is crucial
for preventing amyloid aggregation, but the methylation of the carboxyl
group in the glucuronide moiety and the hydroxyl group in the aglycone
flavonoids reduced it [44].

Furthermore, in morphological analysis of stomach tissue that were
isolated for different group of rats, it is observed that TG high dose
significantly alleviates aspirin induced ulcers or tissue injury. However,
the effect of TG high dose and standard drug showed comparative or no
significant difference in their therapeutic effect. Kamada et al., reported
that cimetidine significantly reduce the aspirin induced ulcers and
restore the normal archeticture of stomuch tissue [45].

Network biology and polypharmacology analysis was conducted to
determine the possible targets in alleviation of ulcers or GI associated
complications. Tarnawski et al., reported that invading the granulation
tissue to rebuild glandular structures inside the ulcer scar, epithelial
cells multiply and move into the ulcer margin to cover (reepithelialize)
the ulcer [29,46]. Growth factors, including trefoil peptides, EGF, its
receptor (HGF and Cox2), HGF, bFGF, and PDGF, as well as locally
generated cytokines, regulate the reepithelialization and rebuilding of
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glandular structures by regenerating cells in an organized and integrated
manner to assure the quality of mucosal regeneration [47]. Certain
growth factors, most notably EGF, activate transcription factors and cell
proliferation after moving to the nucleus via signal transduction path-
ways including EGF-R, MAP (Erk1/Erk2) kinases, adaptor proteins (Shc,
Grb2, and Sos), Rafl, and Ras. Growth factors regulate cell migration
through the Rho/Rac and signalling pathways including PLC-gamma,
PI-3 K, and phosphorylation of focal adhesion proteins. Cell migration
also necessitates cytoskeletal rearrangements. The base of the ulcer
produces granulation tissue. It is made up of connective tissue cells like
fibroblasts, macrophages, and proliferating endothelial cells that form
microvessels under the control of angiogenic growth factors like bFGF,
VEGF, and angiopoietins. These factors are all necessary for the resto-
ration of the microvascular network in the mucosa, which is essential for
the supply of oxygen and nutrients. Hypoxia, which stimulates
hypoxia-inducible factor, which binds to the VEGF promoter, appears to
be the main mechanism of angiogenic growth factor activation and the
production of their receptors [48], [49].

5. Conclusion

The hydro-alcoholic extract of TG flowers revealed possible anti-
ulcer efficacy against aspirin induced ulcer. In all metrics, the ex-
tract’s activity was compared to that of the Standard drug, demon-
strating that it significantly suppresses proton pump activity. Based on
the current findings and available information, it can be stated that
Tamarix gallica’s anti-ulcer effect is mostly attributable for the regula-
tion of defensive factors via improved stomach cyto-protection and
partly due to acid inhibition. The high dose of TG flower extract
significantly suppress aspirin induced ulcers lesions than its low dose.
The future directions for accelerating and improving ulcer or wound
healing by TG or isolated active principles can target the gene and
protein therapy approaches with growth factors specially EGF, HGF
Cox2, HGF, bFGF, and PDGF, their combinations, and the use of stem
cells and tissue engineering. These limitations can be overcomed by
using combinatorial protein engineering to improve growth factor sta-
bility, and increase GF expression, biodistribution, and tissue half-lives;
or by altering their cell or receptor binding affinity.
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