
INTRODUCTION
One of the major health issues of concern is the prevalence of 
peptic ulcer disease among a wide range of populations.1 A 
peptic ulcer is an ailment of the gastrointestinal tract resulting 
from the perturbed relative balance between the contributing 
endogenous and exogenous factors. Normal gastrointestinal 
physiology entails the undisturbed equilibrium between the 
defending and belligerent factors. The defending features 
comprise bicarbonate secretion, mucus production, and 
prostaglandin generation. Acid, pepsin, stress, Helicobacter 
pylori, non-steroidal anti-inflammatory drugs (NSAIDs), 
alcohol intake, and abridged blood flow to the mucosa are 
among the belligerent aspects.2,3 Current approaches to treat 
ulcerogenic lesions involve prescribing proton pump inhibitors, 

H2 blockers, prostaglandin analogues, anticholinergics, 
ulcer protective, antacids, and antibiotics. However, none 
of these drugs assure a complete cure or freedom from side 
effects and recurrence.4 Thus, began the quest for substitute 
remedies with safe and effective therapeutic potential.5 It 
is well known that crude herbs have been used as folklore 
medication for centuries.6 A tremendous amount of society still 
depends on traditional medications for their regular healthcare 
requirements.7 Among the alternate medicines, plant-origin 
drugs are the most preferred sources due to their relatively 
low cost, adverse effects, and toxicity with high efficacy in 
treating ulcers.4,8

The oral route is the highly convenient and hence favored 
route of administration for systemic effects. However, 
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conventional oral formulations release the drug quickly, 
which is absorbed systemically and eliminated from the body 
at a faster rate with short half-lives. Thus, frequent dosing is 
needed to attain the desired therapeutic effect.9 Hence, ample 
research had been carried out on the design of dosage forms 
to retain them in the upper gastrointestinal tract.10 Over 
the past three decades, several attempts have been made to 
develop gastro-retentive drug delivery systems to enhance the 
gastric retention period of the drugs.11 The benefits offered by 
these drug delivery systems over conventional dosage forms 
include improvement in the therapeutic efficacy, reduction in 
the dose, local action, enhanced bioavailability, decrease in 
the frequency of dosing with improved patient compliance, 
and minimization of fluctuations in the plasma levels.9-13 
Recent studies have also revealed the rationale of using gastro-
retentive formulations in treating ulcers to be beneficial over 
conventional formulations.10,14,15

The core objective to take up the present research work is 
to evaluate the comparative anti-ulcer potential of the in-house 
gastro-retentive polyherbal formulation with the marketed 
formulation AV gastro (by Amsarveda Pvt. Ltd., Goa). The 
composition of the formulation includes the hydroalcoholic 
extracts of Zingiber officinale Rosc. rhizomes, Glycyrrhiza 
glabra Linn. root, Andrographis paniculata Nees. whole 
herb, Aegle marmelos Correa. unripe fruits, and Holarrhena 
antidysenterica wall stem. Z. officinale Rosc. had been 
reported by researchers to possess antioxidant, anti-ulcer, 
and anti H. pylori activity.16-18 G. glabra Linn. had been 
documented to be evident of anti-ulcer potential.19 Antiulcer 
and antioxidant properties of A. paniculata Nees. had been 
reported in previous studies.20-22 A. marmelos Correa. had 
been testified for antioxidant and anti ulcer properties.23,24 
Antioxidant property of H. antidysenterica Wall. had been 
proven.25

MATERIALS AND METHODOLOGY

Collection and Authentication of Plant Material
The rhizomes of Z. officinale Rosc., the root of G. glabra Linn., 
whole herb of A. paniculata Nees., unripe fruits of A. marmelos 
Correa., and stem of H. antidysenterica Wall. were collected 
from the Konkan region of Maharashtra and shade dried. The 
plant material was authenticated by Dr. Sangram Keshari Das 
Professor and HOD Dravyaguna (Pharmacology) at Gomantak 
Ayurved Mahavidyalaya and Research, Centre, Shiroda, Goa.
Extraction and Formulation Development
The dried plant parts were ground coarsely and subjected 
to soxhlet extraction using 70% ethanol as solvent. The 
extracts were mixed in the proportion: A. paniculata 15 mg, 
A. marmelos 150 mg, H. antidysenterica 150 mg, Z. officinale 
15 mg, and G. glabra 120 mg. The mixture was granulated 
using the optimized concentration of carbopol 971 G and filled 
into cellulose capsules to obtain a gastro-retentive polyherbal 
formulation (GRPF).

Phytochemical Investigation
The developed polyherbal formulation was subjected to 
various phytochemical tests to confirm the extraction of prime 
phytobiological classes viz., glycosides, flavonoids, saponins, 
alkaloids, terpenoids, tannins, and steroids.26

In-vitro Antioxidant Study 

2,2’-azino-bis-3-ethylbenzothiazoline-6-sulfonic Acid (ABTS) 
Method
To determine the ABTS radical scavenging estimation, a 7 
mM solution was prepared in methanol. ABTS radical cation 
generation was achieved by reacting ABTS solution with 
2.4 mM potassium persulfate. This blend was allowed to 
incubate at room temperature in the darkness for 12 hours. 
One mL of the mixture was then diluted with potassium 
phosphate buffer (0.1 M, pH 7.4) to attain the absorbance of 
0.706 ± 0.001 units spectrophotometrically at 734 nm. Diverse 
concentrations of the test sample were added to ABTS solution, 
and after 7 minutes the absorbance of this mixture was read 
spectrophotometrically at 734 nm. The phosphate buffer 
solution was used as a blank with standard ascorbic acid. 
ABTS radical scavenging ability of the test and standard was 
calculated using the formula.
1,1-diphenyl-2-picrylhydrazyl (DPPH) Method
The free radical scavenging potential of the formulation was 
estimated by the DPPH method. A 0.135 mM solution of DPPH 
was prepared using methanol. To 1-mL of the test sample at 
varying concentrations, 1-mL of DPPH solution was added. The 
absorbance of this mixture was read spectrophotometrically at 
517 nm after incubation in darkness at room temperature for  
30 minutes. The test result was compared against ascorbic acid 
as standard. The radical scavenging capacity was computed 
by using the formula.

%radical scavenging capacity = [(AC - AS) × 100] ÷ (AC) 
where AC was the absorbance of radical

AS was the absorbance of radical and either the formulation 
or standard24

Ethical Permission 
The study was conducted per the CPCSEA guidelines after 
obtaining ethical permission from the Institutional Animal 
Ethical Committee, Indira Institute of Pharmacy under 
protocol number IIP/IAEC/11/2019-20. 
Experimental Animals
Animals of either gender were procured from Global 
Bioresearch Solution Pvt. Ltd, Shirwal, Maharashtra. Swiss 
albino mice weighing between 20 to 25 g were utilized for the 
acute toxicity study. The wistar rats weighing in the range of 
180 to 200 g were used for the anti-ulcer study. The housing 
and handling of all the animals were conducted following the 
CPCSEA guidelines. All the animals were freely accessible to 
a pellet diet and water ad libitum. A 12 hours light-dark cycle 
was followed while housing the animals in an environment with 
a relative humidity of 55 ± 1% and temperature of 23 ± 1℃. 
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Acute Toxicity Study 
The safety dosage evaluation of the formulation was carried 
out according to guideline 423 of OECD. It was seen that up to 
2000 mg/kg, there were no signs of toxic effects or mortality. 
Hence, the high dose (⅒th) selected was 400 mg/kg and the 
low dose (⅕th) was 200 mg/kg for in-house formulation.27 The 
animal dose of AV gastro was calculated from the human dose 
using the table of Paget and Barnes utilizing the body surface 
area. As the human dose is 1800 mg/day the experimental dose 
was estimated to be 250 mg/kg.28 

Investigational Animal Groups
The wistar rats were clustered arbitrarily into six groups of 6 
rats each as follows:
• Group I : Negative control (0.9% Saline)
• Group II : Positive control (Aspirin 200 mg/kg)
• Group III : Marketed formulation (AV gastro 250 mg/

kg)
• Group IV : GRPF 200 mg/kg
• Group V : GRPF 400 mg/kg
• Group VI : Omeprazole 20 mg/kg
Anti-ulcer Activity
Normal saline (0.9% 10 mL/kg) was administered to groups I 
and II, which served as negative control and positive control, 
respectively. Group III received the marketed formulation, 
AV gastro (250 mg/kg). Groups IV and V were administered 
with the in-house formulation in dosages of 200 and 400 mg/
kg. Groups III, IV, and V served as study treatment groups.29 
Group VI served as the standard group and was administered 
with omeprazole (20 mg/kg). All the groups received respective 
treatments for consecutive 14 days. Following 14 day treatment, 
all the animals were deprived of water and food for 24 hours.30 
Post starvation, on day 15 all the groups excluding Group I 
were administered a single dose of aspirin (200 mg/kg).29 
After 4 hours of administration of aspirin, all the animals 
were sacrificed following euthanasia with excess anesthetic 
ether.30,31 With a mid-line incision the abdomens were opened. 
The stomachs were excised carefully, and cut along the greater 
curvature and the gastric contents were collected in measuring 
cylinders to note the gastric volume. For about 10 minutes 
the contents were centrifuged at 2000 rpm. For analysis of 
parameters namely pH, free acidity, and total acidity of the 
gastric contents, 1-mL of the supernatant was utilized. The 
glandular region of the stomach was observed for the severity 
and scoring of lesions.32

Measurement of pH
The pH of 1-mL of supernatant gastric juice was determined 
using a pH meter after diluting it by means of 1 mL of distilled 
water.30

Estimation of Free Acidity
Distilled water (1-mL) was used to dilute 1-mL of the 
supernatant liquid. The resultant mixture was titrated against 
0.01 N NaOH using topfer’s reagent as an indicator. The 
titration continued until the solution attained stable canary 
yellow color indicating the endpoint. The volume of NaOH 
consumed was documented.32

Estimation of Total Acidity
One-mL of the supernatant gastric liquid was mixed with 1-mL 
of distilled water and the mixture was titrated against 0.01 N 
NaOH utilizing a phenolphthalein indicator. The endpoint was 
considered once the solution turned pink. The volume of NaOH 
consumed was documented.32

Calculation of Free and Total Acidity
Making use of the volume of NaOH consumed and normality, 
the free and total acidity of the gastric content in mEq/L was 
computed using the formula:32 
Acidity = (Volume of NaOH × N × 100) ÷ 0.1 mEq/L
Where N is the normality of NaOH
Gross Mucosal Assessment
The stomach cut along the greater curvature were washed 
with saline and pinned to waxed petri plates to expose the 
glandular portion.33 Careful inspection of the entire gastric 
mucosal layer was carried out through the magnifying lens 
(10X) to examine the number and severity of ulceration.29,32 
The number of ulcerogenic lesions per stomach was logged.34

Scoring of Severity
The severity of lesions in each rat was examined critically and 
scored as follows:31,35

Normal-colored stomach: 0
Red colouration: 0.5
Spot ulcer: 1
Hemorrhagic streaks: 1.5
Deep ulcers: 2
Perforations: 3 
Computation of Ulcer Index (UI) and %Protection 
Calculation of ulcer index was executed utilizing the formula:
Ulcer Index = (UAS + UAN + UP) ÷10
Where UAS = Average ulcer severity score in the group
UAN = Average number of ulcers in the group
UP = Percent of animals in the group showing ulcers36

The extent of protection against ulceration by the various 
treatments was computed against the positive control group 
as follows:
%Protection = [(UIPositive control – UITest/Standard) × 100] ÷ 
UIPositive control 
Where UIPositive control = Ulcer index of the positive control 
group
 UITest/Standard = Ulcer index of the test or standard group29

Histopathological Investigation
After recording the ulcer numbers and severity the stomachs 
were preserved in sample bottles containing 10% formalin 
for histopathological examinations within 2 days. The central 
portions of the damaged or ulcerated parts of the glandular 
tissue were cut into halves and 2 to 5 samples were isolated. 
Several samples from the stomachs with no lesions were 
isolated from various parts from the antrum to the corpus.37 
The tissue samples were processed by making use of a tissue 
processor and embedded in paraffin blocks. By means of a 
rotary microtome, about 5 μm thin sections were obtained.27 
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These sections were placed on the glass slides and stained 
by hematoxylin and eosin (H & E) stains. The stained tissue 
was examined under a photographically equipped light 
microscope.38

ELISA
The formulation was tested for quantitation of pro- and anti-
inflammatory cytokines namely TNF-α, IL-1β, and IL-10 using 
a rat-specific enzyme immune-assay kit (RayBiotech Inc, 
USA) as per the manufacturer’s directions. The ELISA results 
were recorded at 570 nm with an ELISA reader (Bio-Rad 
Laboratories, CA, USA). The concentrations were determined 
for three wells for each cytokine and values were derived from 
the standard plot and stated as pg/mL.39,40

Statistical Analysis
All the results are stated as mean ± SEM (n=6). Statistical 
study to assess the significance of the difference among 
mean values of the groups was accomplished using One-way 
ANOVA followed by Dunnett’s multiple comparisons test. 
The statistical evaluation and graphical representation were 
carried out using GraphPad Prism version 8.0.0 for Windows, 
GraphPad Software, San Diego, California USA.

RESULTS
The tests for detecting the presence of various phytobiological 
constituents in the developed formulation were performed, 
confirming the occurrence of glycosides, flavonoids, saponins, 
alkaloids, and steroids (Table 1).

The developed formulation was subjected to antioxidant 
activity by DPPH and ABTS scavenging methods. The results 
show that the formulation possesses significant free radical 
scavenging capacity (Table 2, Figures 1 and 2). 

The developed formulation was subjected to an acute 
toxicity study by 423 OECD guidelines. The formulation was 
found to show no signs of toxicity at the dosage of 2000 mg/

kg. Hence, the study was carried out at two dosage levels of 
200 and 400 mg/kg.

In the present study, a comparative anti-ulcer activity 
was performed between a gastro-retentive in-house and 
conventional marketed formulation by aspirin (200 mg/kg) 
induced ulcer model in wistar rats. The study findings revealed 
significant alterations in the parameters under study. The 
test groups of the in-house formulation lowered the gastric 
secretory volume, ulcer index, total, and free acidity, to a 
greater extent than the marketed formulation. The pH was 
significantly raised in the in-house formulation treated groups 
than in the marketed formulation (Table 3). The in-house 
formulation (200 and 400 mg/kg) significantly diminished 
the average number and severity of ulcers in the treated rats 

Table 1: Phytochemical evaluation of the in-house formulation

Phytobiological class Test

Alkaloids +

Flavonoids +

Carbohydrates -

Glycosides +

Tannins -

Saponins +

Terpenoids -

Steroids +

+ Present; - Absent
Table 2: ABTS and DPPH antioxidant activity

Sample DPPH IC50 value ABTS IC50 value

GRPF 651.84 634.33

Ascorbic acid 26.46 35.43

The values are expressed as mcg/mL

a. GRPF

b. Ascorbic acid

Figure 1: Graphical illustration of DPPH assay

a. GRPF

b. Ascorbic acid

Figure 2: Graphical illustration of ABTS assay
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with the resultant reduction in the ulcer index (51.73 and 
83.94%). The marketed formulation AV gastro (250 mg/kg) 
also displayed a significant diminution in ulcer index (52.05%) 
analogous to the lower dose (200 mg/kg) of the in-house 
formulation (51.73%). It was observed that the higher dose (400 
mg/kg) in-house formulation (83.94%) had gastroprotective 
and anti-ulcer effects, which were comparable with standard 
omeprazole (84.02%) (Table 4). Thus, the study concluded 
a significantly better gastroprotective activity of the gastro-
retentive formulation when compared with the conventional 
oral polyherbal preparation. 
The values are expressed as mean ± SEM (n=6) considering 
the p-values of <0.05 as significant when compared with the 
untreated control groups denoted as *

Ulcer index is expressed as (UAS + UAN + UP) ÷10 and 
%protection is calculated in comparison with the disease 
control group. The values are stated as mean ± SEM (n=6) 
considering the p-values of <0.05 as significant when compared 
with the untreated control groups denoted as *

Moreover, the histopathological investigations supported 
the above findings with the less distorted architecture of gastric 

mucosa at a 400 mg/kg dose of the in-house formulation 
which was analogous to the standard omeprazole (20 mg/
kg). The negative control group (Figure 3a) receiving saline 
revealed normal and intact gastric mucosa with a continuous 
epithelial layer. There was no infiltration of inflammatory 
cells and congestion in the submucosa. The positive control 
group (Figure 3b) receiving aspirin (200 mg/kg) showed 
severe distortion in the mucosal layer with the erosion of 
the superficial epithelial cells. The submucosa was evident 
of marked congestion of blood vessels, inflammatory cell 
infiltration, and moderate to severe edema. The mucosa of the 
group administered with the GRPF at 200 mg/kg (Figure 3c) 
dose showed distortion to a lesser extent as compared to the 
positive control group. The congestion in the submucosal 
layer was also not seen. The group administered with GRPF 
at 400 mg/kg (Figure 3d) dose exhibited intact mucosa with 
negligible congestion and infiltration in the submucosal layer. 
The group pre-treated with AV gastro at 250 mg/kg (Figure 
3e) dose showed limited damage to the gastric mucosa with 
few epithelial detachments as compared to positive control. 
The submucosa showed mild infiltration and congestion. 

Table 3: Comparative representation of pH, volume of gastric content, free and total acidity in Aspirin-induced ulcer model

Groups pH Volume of gastric content (mL) Free acidity (mEq/L) Total acidity (mEq/L)

Control (Saline) 2.37 ± 0.036 4.40 ± 0.044 55.83 ± 0.307 84.33 ± 0.558 

Positive control 
Aspirin 200 mg/kg 1.83 ± 0.032 5.63 ± 0.073 94.17 ± 0.401 123.3 ± 0.667

GRPF 200 mg/kg 5.17 ± 0.023* 2.75 ± 0.035* 25 ± 0.365* 42.17 ± 0.307* 

GRPF 400 mg/kg 6.49 ± 0.074* 1.83 ± 0.043* 15.67 ± 0.333* 24 ± 0.365*

AV Gastro 250 mg/kg 4.52 ± 0.063* 2.85 ± 0.034* 37.17 ± 0.307* 51 ± 0.258* 

Standard 
Omeprazole 20 mg/kg 5.90 ± 0.032* 2.27 ± 0.051* 22.67 ± 0.211* 35 ± 0.365*

Table 4: Comparative representation of Ulcer index and %protection in Aspirin-induced ulcer model

Groups Average number of ulcers Average severity 
score

% of animals with 
ulcers Ulcer index % Protection

Control (Saline 0.9%) 0 0 0 0 -

Positive control 
Aspirin 200 mg/kg 3.33 ± 0.211 2.5 ± 0.224 100 10.58 -

GRPF 200 mg/kg 0.67 ± 0.333* 0.42 ± 0.201* 50 5.11 51.73

GRPF 400 mg/kg 0.17 ± 0.167* 0.17 ± 0.167* 16.67 1.70 83.94

AV Gastro 250 mg/kg 0.50 ± 0.224* 0.25 ± 0.112* 50 5.08 52.05

Standard Omeprazole 20 mg/kg 0.17 ± 0.167* 0.08 ± 0.083* 16.67 1.69 84.02

a. Saline  b. Aspirin: 200 mg/kg c. GRPF: 200 mg/kg  d. GRPF: 400 mg/kg e. AV Gastro: 250 mg/kg f. Omeprazole: 20 mg/kg

Figure 3: Histopathological investigation of Aspirin-induced ulcer model
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Pre-treatment with omeprazole 20 mg/kg (Figure 3f) showed 
complete protection with normal mucosa with the absence of 
infiltration and congestion in the submucosal layer.

Investigation of inflammatory markers was carried out 
using rat-specific ELISA kits. The study revealed a significant 
reduction in the inflammatory markers TNF-α and IL-1β. There 
was also a rise in the levels of marker IL-10. (Figure 4).
The above findings prove the gastro-retentive polyherbal 
formulation to be a more potent anti-ulcer remedy than the 
conventional polyherbal preparation. Further, it can be related 
that the existence of phytoconstituents for instance, flavonoids, 
saponins, alkaloids, and steroids could be responsible for the 
antioxidant, gastro-protective, and antisecretory actions of the 
PHFs. However, exploring the probable mechanism of action 
and exact constituents accountable for the pharmacological 
actions is necessary.

DISCUSSION
As mentioned earlier, the interest in the therapeutic use of 
herbs and polyherbal preparations in treating several diseases 
has increased in recent years due to obvious reasons such as 
being economical, easily available, and having lower side 
effects tendency when compared to drugs of synthetic origin.33 
In the present study, Z. officinale Rosc. rhizomes, G. glabra 
Linn. root, A. paniculata Nees. whole herb, A. marmelos 
Correa. unripe fruits, and H. antidysenterica Wall. stem. were 
selected for the formulation of a gastro-retentive capsule. Z. 
officinale Rosc.,16,17 G. glabra Linn.,19 A. paniculata Nees.,20 
and A. marmelos Correa.23 had been reported to possess 
anti-ulcer activity. Antioxidant properties of Z. officinale 
Rosc.,18 A. paniculata Nees.,22 A. marmelos Correa.,24 and H. 
antidysenterica Wall.25 had been reported in previous studies. 
This was the rationale behind selecting these herbs for the 
formulation of the PHF.

Etiopathogenesis of ulcers is evident of multifactorial 
involvement in causing damage to the mucosal lining of the 
gastrointestinal tract.27 These are the results of free radical 
generation and inflammation.31 It is now well known that 
inequity between protective and hostile factors is causative in 
the progression of gastric damage. Stress-induced increases in 
gastric acid secretion, alcohol, smoking, infection by H. pylori, 
nutritional deficiencies, NSAIDs, and hereditary predisposition 
are the contributing factors to develop ulcers.32,41 Under 

normal circumstances, suppression of the hostile factors 
and augmentation of the defending factors are attributed to 
the prostaglandins generated through the cyclooxygenase 
pathway.41 NSAIDs such as aspirin are well known to damage 
the gastric mucosa by increasing gastric acid secretion, back 
diffusion of H+ ions, inhibition of prostaglandin synthesis, 
decrease in bicarbonate and mucus secretion, augmented 
expression of interleukin-1, induction of apoptosis, and reactive 
oxygen species generation.

Moreover, the inhibition of thromboxane synthesis leads 
to interference with platelet functions consequently increasing 
bleeding complications. This makes it an effective laboratory 
tool for assessing the anti ulcer potentials of the therapeutic 
moiety.27,29,42-44 Thus, the aspirin-induced ulcer model was 
utilized to explore the comparative anti ulcer potential of the 
in-house and marketed PHF.

The presence of pharmacologically active metabolites 
can be identified by various phytochemical tests for the 
different classes of phytoconstituents.45 Previous studies have 
reported secondary metabolites namely alkaloids, terpenoids, 
flavonoids, and tannins to possess the anti-ulcer potential.1,46,47 
From these implications, it can be resolved that the presence of 
these phytoconstituents could be responsible for the significant 
gastroprotective effects of the formulation under study. 

Gastroretentive drug delivery system (GDDS) has been an 
emerging trend in therapeutics over the last three decades.10 
This approach retains the dosage form in the gastric region 
for an extended period and enhances gastric residence time, 
thereby releasing the drug into the upper gastrointestinal 
tract for systemic or local effects.48 These systems utilize 
several approaches including bioadhesive, high-density, 
swelling and expanding, f loating, magnetic, and delayed 
gastric emptying systems.10,49 Several advantages this drug 
delivery system offers make them preferred over conventional 
oral formulations. Local action, increased bioavailability, 
decreased frequency of dosing, minimization of fluctuation, 
and biodegradable and biocompatible nature are the prime 
benefits offered.9,10,12 Studies have also unveiled the benefits 
of using GDDS in the therapy of peptic ulcers, especially H. 
pylori infections.11,14,15 The present study findings have also 
proven the improved anti ulcer activity of in-house gastro-
retentive polyherbal capsules over conventional formulations 
available in the market. 

CONCLUSION
From the present study, we conclude that we have successfully 
developed a novel gastro-retentive polyherbal capsule with 
significant anti-ulcer potential in the aspirin-induced ulcer 
model. Moreover, the histopathological investigations 
confirmed the dose-dependent improvement in the damaging 
effects of aspirin on the mucosa. The anti ulcer action may 
perhaps be attributed to the decline in oxidative stress and the 
presence of secondary metabolites. Moreover, a synergistic 
effect could have been attained by the anti ulcer components of 
the PHF. However, further investigation is required to confirm 
the molecular mechanisms involved. 

a. TNFα b. IL-1β

c. IL-10

Figure 4: ELISA study
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ABBREVIATIONS
ABTS: 2,2’-azino-bis-3-ethylbenzothiazoline-6-sulfonic 
acid; DPPH: 1,1-diphenyl-2-picrylhydrazyl, ELISA: Enzyme-
linked immunosorbent assay; NSAIDs: Nonsteroidal anti-
inf lammatory drugs; GRPF: gastroretentive polyherbal 
formulation; CPCSEA: Committee for the purpose of 
control and supervision of experiments on animals; OECD: 
Organization for economic co-operation and development; 
TNF-α: Tumor necrosis factor-α; IL-1β: Interleukin-1beta; 
IL-10: Interleukin-10; ANOVA: Analysis of Variance; PHF: 
Polyherbal formulation; GDDS: Gastroretentive drug delivery 
system.
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