Dr. Konda Shravan Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 2499-2521 | Research

INTERNATIONAL JOURNAL OF IS

PHARMACEUTICAL SCIENCES OPEN /. "\}j ACCESS
[ISSN: 0975-4725; CODEN(USA): 1IJPS00]
Journal Homepage: https://www.ijpsjournal.com

Research Article

Formulation of a Gastroretentive in Situ Gelling System Containing
Litchi Chinensis Extract for Sustained Antiulcer Activity

Salma Sulthana, Dr. Konda Shravan Kumar’

M. Pharmacy. Department of Pharmaceutics, Sarojini Naidu Vanita Pharmacy MahaVidyalaya, Tarnaka,
Hyderabad, Telangana, India.

ARTICLE INFO ABSTRACT

Published: 16 Nov 2026
Keywords:

Litchi chinensis, Gastrore-
tentive drug delivery, In-situ
gel, Sodium alginate, Car-
bopol 934, Mucoadhesion,
Floating drug delivery, Sus-
tained release

DOI:
10.5281/zenodo.24279523

The present study was undertaken to formulate and evaluate a floating mucoadhesive
gastroretentive in-situ gel containing Litchi chinensis fruit extract for sustained antiulcer
drug delivery. Gastroretentive drug delivery systems offer an approach to prolong the
residence of a formulation in the stomach, thereby improving its contact with the gastric
mucosa and providing sustained release of the incorporated therapeutic agent. In this
study, sodium alginate was selected as the primary gelling polymer, while Carbopol 934
was incorporated to impart mucoadhesive properties. A total of nine formulations (F1—
F9) were prepared by varying the concentrations of sodium alginate and Carbopol 934.
Calcium carbonate was incorporated as a gas-generating agent and a source of calcium
ions to facilitate floating and gel formation in the gastric environment. The prepared
formulations were evaluated for physical appearance, pH, viscosity, gel strength, gela-
tion time, floating behavior, ex-vivo mucoadhesive strength, drug content uniformity
and in-vitro drug release. UV-visible spectrophotometry was employed for the estima-
tion of the extract, with the analytical wavelength selected at 217 nm. In-vitro dissolu-
tion studies were performed using USP Type II dissolution apparatus in simulated
gastric fluid (pH 1.2) for 10 hours. The prepared formulations exhibited pH values
ranging from 4.12 to 4.71 and viscosity values from 328 to 672 cP. All nine formula-
tions showed a floating duration exceeding 12 hours. Gelation time ranged from 32.8 to
43.2 seconds, while mucoadhesive strength varied from 8.4 to 15.6 g. The drug content
was found to be between 84.56% and 93.23%. Among the formulations, F6 demon-
strated the highest drug content (93.23%), mucoadhesive strength (15.6 g) and cumula-
tive drug release (97.90%) at the end of 10 hours. In comparison, F9 exhibited the lowest
drug release of 82.40%. Based on the evaluated physicochemical and in-vitro release
characteristics, F6 was identified as the comparatively promising formulation
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. The findings indicate the potential of sodium alginate and
Carbopol 934-based in-situ gel systems for gastroretentive
delivery of Litchi chinensis extract.

INTRODUCTION

Gastroretentive drug delivery systems (GRDDS) are
advanced oral drug delivery approaches designed to
prolong the residence time of dosage forms in the
stomach, thereby providing an opportunity for con-
trolled drug release within the gastric environment.
These systems may improve local drug availability,
prolong contact with the gastric mucosa and facilitate
sustained drug delivery for suitable therapeutic
agents[1]. Prolonged gastric retention enhances bio-
availability, minimizes systemic plasma concentration
fluctuations, reduces adverse drug reactions, and en-
ables localized treatment for gastric pathologies [2].
Candidate drugs for GRDDS formulations typically
display poor distal intestinal permeability, possess a
distinct narrow absorption window within the upper

1.0 BASIC PHYSIOLOGY OF THE HUMAN STOMACH

Fundus & Bod)
(Proximal Storage Reservoir)

Adaptive/Receptive A

Relaxation

Chyme Storage
Antrum/Pylorus 7;\
(Distal Muscular Pump) [

2.5math |

[Farce}

*__wwuwwwwh_ N
A R W nr«f\"\ﬂ\MM‘MWNWL I

small intestine, or exhibit structural instability and poor
solubility in the alkaline pH of the lower gastrointesti-
nal tract [3].

1.1 Basic Physiology of the Gastrointestinal Tract

Anatomically, the human stomach is divided into three
functional regions: the fundus, the body, and the
antrum (pylorus). The proximal portion (fundus and
body) functions primarily as a storage reservoir for
ingested contents, whereas the distal antrum serves as
the primary site for mechanical mixing and grinding,
propelling gastric contents toward the pylorus.

Gastric motility patterns differ fundamentally between
the fasted and fed states. In the fasted condition, an
interdigestive cyclic electrical pattern called the Mi-
grating Myoelectric Complex (MMC) or Interdigestive
Myoelectric Complex (IMMC) repeats every 2 to 3
hours across the stomach and small intestine [4], [5].
The MMC is subdivided into four characteristic phases:
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Figure 1: Comparative Gastrointestinal Motility

Dynamics and Motor Patterns.

e Phase I (Basal Phase): Quiescent phase lasting 40
to 60 minutes, characterized by minimal smooth
muscle contractions and electrical activity.

e Phase II (Pre-burst Phase): Lasts 40 to 60 min-
utes, marked by intermittent action potentials and
sporadic contractile activity that progressively
increases in frequency and amplitude.

e Phase III (Burst Phase): Lasts 4 to 6 minutes,
featuring intense, rhythmic, high-amplitude con-
tractions. Commonly known as the "housekeeper
wave," this phase sweeps all residual undigested
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solid matter out of the stomach through the pylorus
into the duodenum.

e Phase IV (Transitional Phase): Lasts 0 to 5 min-
utes, representing a brief period of declining ac-
tivity between Phase III and Phase I of consecutive
cycles.

Ingestion of a solid or mixed meal disrupts the cyclic
fasting MMC, triggering the fed (digestive) motility
pattern. This state exhibits persistent, irregular con-
tractions similar to Phase II fasting activity, which
reduce solid food particles to a suspension of less than
1 mm before emptying through the pylorus. The onset
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of the IMMC is delayed in the fed state, significantly
slowing the gastric emptying rate. Gastric emptying
can influence the residence time of conventional oral
controlled-release dosage forms, potentially resulting
in variable gastric transit and drug-release behavior.

1.2 Factors Affecting Gastric Retention Time
(GRT)

Gastric retention time directly governs drug absorption
efficacy, particularly for APIs targeting narrow ab-
sorption windows in the stomach or upper small intes-
tine. Extending the residence time of the formulation
near its primary absorptive membrane maximizes
overall bioavailability. Under unformulated conditions,
transit through the upper gastrointestinal tract is rapid,
with typical gastric emptying occurring within 2 to 3
hours [6].

Gastric retention time is evaluated using direct imaging
techniques (e.g., X-ray radiography, radiotelemetry,
magnetic marker monitoring, and gamma-scintigraphy)
and indirect methods (such as the hydrogen breath test
and site-specific absorbed biomarkers) [7].

Gastric emptying rates and overall GRT are governed
by two main categories: (i) pharmaceutical technology
factors and (ii) intrinsic biological/physiological fac-
tors.

Pharmaceutical Technology Factors

e Dosage Form Density: Formulation density in-
fluences gastric residence via flotation or sinking
mechanism. Low-density formulations exhibiting
an apparent density below that of gastric fluid (<
1.004 g/cm’®) float atop stomach contents, extend-
ing retention and mitigating fed/fasted variability
[8], [9]. Conversely, high-density systems achieve
retention by sinking to the stomach folds; however,
this requires a formulation density of at least 2.5
g/cm’ to resist peristaltic clearing [10].

¢ Dosage Form Size: For non-floating, non-disinte-
grating systems, increasing dimensions beyond the
mean human pyloric sphincter diameter (12.8 = 7
mm) prevents passage into the duodenum during
the digestive phase, maintaining gastric location
until Phase III clearing occurs [11].
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Physiological and Biological Factors

e Extrinsic Factors: Patient-controlled variables
including meal composition, caloric intake, feeding
frequency, physical activity, body mass index, and
posture significantly impact GRT. Co-administra-
tion of motility-modulating drugs (e.g., anti-
cholinergic drugs, opioids, or prokinetics) directly
alters transit time [11]—[13]. Posture exerts diver-
gent effects based on formulation design: an up-
right posture enhances retention of floating
systems by maintaining them above the pyloric
opening, whereas a supine position favors non-
floating high-density systems [14].

e Intrinsic Biological Factors: Age, sex, psycho-
logical state, and underlying pathological condi-
tions govern baseline gastrointestinal transit [15],
[16]. Psychological stress or depression reduces
gastric emptying rates, while anxiety accelerates
motility [11]. Furthermore, pathological conditions
such as longstanding Type I or Type Il diabetes
mellitus induce gastroparesis, reducing gastric
emptying by 30% to 50% [17]. Similarly, Parkin-
son's disease frequently delays gastric motility and
causes associated gastrointestinal dysmotility [18].

1.3 Peptic Ulcer Disease

Historically, peptic ulcer disease (PUD) was managed
through surgical interventions associated with high
morbidity and mortality. The emergence of histamine
Hs-receptor antagonists (H.RAs) such as Cimetidine
and Ranitidine in the 1970s transformed treatment
paradigms, causing elective ulcer surgeries to drop by
85% [19]. Subsequent introduction of proton-pump
inhibitors (PPIs) provided superior acid suppression
without tachyphylaxis, achieving high healing rates for
gastric and duodenal ulcers [20]. Despite these ad-
vancements and the discovery of Helicobacter pylori,
PUD remains a substantial global health burden, cost-
ing billions annually and disproportionately affecting
elderly populations [-[23]. Current clinical challenges
include overcoming H. pylori eradication failure due to
antibiotic resistance, preventing NSAID-induced mu-
cosal damage, and managing non-NSAID, non-H.
pylori ulcerations.
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1.4 Pathophysiology of Peptic Ulcer Disease

Peptic ulceration develops from an imbalance between
aggressive luminal factors (gastric acid, pepsin,

NSAID exposure, H. pylori toxins) and mucosal pro-
tective barriers (mucus gel layer, bicarbonate secretion,
endogenous prostaglandins, mucosal blood flow).

Table 1: Balance of Gastric Aggressive and Protective Factors in Peptic Ulcer Pathophysiology

S. No Aggressive Factors Protective Factors
1 Gastric Acid & Pepsin Hypersecretion Mucus & Bicarbonate Secretion Layer
2 Helicobacter pylori Cytotoxins Mucosal Blood Flow & Perfusion
3 NSAIDs & Aspirin-induced COX-1 Inhibition Endogenous Prostaglandins (PGE,, PGI.)

o Helicobacter pylori Pathogenesis: H. pylori colo-
nize the gastric mucosa, producing urease and
cytotoxins (such as CagA) that disrupt tight junc-
tions, trigger interleukin-8 (IL-8) inflammatory
cascades, attenuate mucosal blood flow, and thin
the protective mucus gel layer. Infection leads to
hypergastrinemia and elevated parietal cell mass,
increasing total acid-pepsin output [24], [25].

e NSAID-Induced Mucosal Injury: Nonsteroidal
anti-inflammatory drugs (NSAIDs) cause direct
topical irritation and inhibit cyclooxygenase-1
(COX-1), depleting
prostaglandins necessary for bicarbonate produc-

systemic mucosal
tion, mucus synthesis, and mucosal blood flow
maintenance [26], [27].

e Duodenal vs. Gastric Ulcers: Duodenal ulcers
primarily stem from H. pylori-induced hyper-
secretion of gastric acid and pepsin alongside gas-
tric metaplasia in the duodenal cap [28].
Conversely, gastric ulcers are predominantly asso-
ciated with NSAID ingestion or chronic atrophic
gastritis, where mucosal breakdown occurs even
under normal or subnormal acid levels [29].

o In-Situ Gelation Systems: To treat local mucosal
lesions effectively, gastroretentive in-situ gelling
systems are employed to prolong local contact time
of ulcer-protective agents and antibiotics within the
stomach [30].

1.5 In-Situ Gelling Systems

In-situ gelling systems undergo sol-to-gel phase tran-
sitions at the site of administration upon exposure to
specific environmental triggers:

i
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a) By Physical Change (Swelling and Diffusion)

e Swelling: The polymer matrix absorbs surrounding
biological fluid, swelling to form a viscoelastic
hydrogel structure.

e Diffusion: The organic solvent carrying the dis-
solved drug and polymer diffuses rapidly into
surrounding tissue fluid, precipitating the polymer
into a matrix gel.

b) By Chemical Change

Altering the ionic environment induces polymer cross-
linking. lon-sensitive polymers (e.g., sodium alginate,
calcium alginate, gellan gum, low-methoxy pectin)
undergo a phase transition in the presence of monova-
lent or divalent cations (Ca®", Mg*, Na*, K"). For in-
stance, low-methoxy pectin cross-links with Ca** ions,
while sodium alginate gels via interaction of polyvalent
cations with guluronic acid (G-blocks) along the algi-
nate chains.

¢) By Physiological Changes

e pH-Dependent Gelling: Formulations utilize pH-
sensitive polymers such as poly (acrylic acid)
(PAA/carbomer), polyvinyl acetyl dimethy-
laminoacetate (AEA), or poly (methyl acrylic
acid)-poly (ethylene glycol) (PMA-PEG) mixtures.
Higher pH levels trigger deprotonation of acidic
functional groups, causing chain expansion and
hydrogel formation (e.g., pH-triggered levetirac-
etam in-situ gels).
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Figure 2: Mechanism of pH-Triggered In-Situ Gelation and Gas Generation in Gastric Environment

e Temperature-Dependent Gelling: Formulations
remain free-flowing liquids at ambient room tem-
perature (20-25 °C) but convert to gels at physio-
logical body temperature (35-37 °C).

o LCST Systems: Below the lower critical solu-
tion temperature (LCST), polymer-water hy-
drogen bonding favors solubility. Above the
LCST, hydrophobic polymer-polymer interac-
tions dominate, precipitating a gel matrix (e.g.,
Pluronic’s/Poloxamers PEO-PPO-PEO  tri-

block, PAA networks).

o UCST Systems: Hydrogels contract upon cool-
ing below the upper critical solution tempera-
ture (UCST), such as poly (acrylic acid) and
poly (acrylamide-co-butyl methacrylate), uti-
lized in methylcellulose/pectin oral sustained-
release delivery for dysphagic patients.

d) Dilution-Sensitive Systems

Polymers undergo sol-to-gel phase transitions when
exposed to higher volumes of biological fluids

e) Electrical Signal-Sensitive Hydrogels

Polyelectrolyte hydrogels undergo swelling or
deswelling in response to an applied electrical field due
to directional migration of counter-ions.
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f) Light-Sensitive Hydrogels

Photo None: Responsive Hydrogels Utilize Ultravi-
olet or Visible Light to Initiate Cross-Linking for
Tissue Engineering and Targeted Drug Delivery.

g) Glucose-Sensitive Hydrogels

Self-regulating insulin delivery platforms incorporate
glucose oxidase within pH-sensitive hydrogels.
Glucose oxidation lowers microenvironmental pH,
triggering hydrogel swelling and pulsatile insulin
release. Alternative systems utilize competitive
displacement of insulin from Concanavalin A binding
sites by ambient glucose.

1.6 Litchi chinensis Sonn.

Litchi chinensis Sonn. (family Sapindaceae) is a com-
mercially important fruit tree native to Southern China,
currently cultivated across India, Vietnam, Thailand,
Madagascar, and Mauritius [31], [32]. The tree reaches
heights of 15 to 20 meters, yielding strong, corrosion-
resistant timber suitable for structural uses. The fruit is
oval to spherical with a red or purple-red scale-like
pericarp enclosing a juicy edible aril and a brown seed
[33], [34].
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Litchi chinensis Sonn. (Sapindaceae)

Habit: Fruiting & Flowering Branch

Figure 3: Botanical Profile and Fruit Pericarp of Litchi chinensis Sonn.

Due to rapid post-harvest degradation, fresh litchi fruit
has a short shelf-life and is frequently processed into
preserved fruit, jellies, jams, and juices [35], [36].
Litchi pulp is rich in glucose, fructose, dietary fibers,
ascorbic acid, amino acids, and essential minerals [38],
[39]. Ethnopharmacologically, the Chinese Pharma-
copoeia (2020 edition) recognizes litchi seeds (Litchi
Semen) for managing testicular swelling and hernia
pain [37]. In traditional Indian medicine, ground seeds
are used for intestinal helminthiasis and neuralgia,
while the fruit pulp is used to treat anemia, asthma, and
insomnia [38], [39].

Polysaccharides, flavonoids, and polyphenols isolated
from Litchi chinensis exhibit significant biological
properties, including antioxidant, immunomodulatory,
hypoglycemic, and prebiotic activities [40]-[45]. Bio-
compatible and non-toxic litchi polysaccharides repre-
sent valuable natural polymers for functional foods and
drug delivery systems.

1.7 Pharmacological Activities of Litchi chinensis

e Hepatoprotective Activity: Oral administration of
Litchi chinensis pulp extract (100 mg/kg and 500
mg/kg) in CCls-induced hepatotoxic male Wistar
rats significantly reduced serum SGPT, SGOT, and
ALP levels over 10 days. Histological analysis
confirmed reduced hepatic apoptosis and anti-lipid
peroxidation, mediated by ascorbic acid and phe-
nolic content [46].

¢ Anti-inflammatory and Analgesic Activity: Hy-
droalcoholic extracts of Litchi chinensis leaves
(HLCL) containing flavonoids, tannins, and
saponins produced significant anti-inflammatory
activity in carrageenan-induced rat paw edema
models. Analgesic activity was confirmed via
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acetic acid writhing and hot-plate thermal latency
tests [47].

Cardiovascular Activity: Lychee-flower-water
extract (LFWE) administered to high-fat diet
hamsters normalized hepatic LDL receptor ex-
pression, downregulated fatty acid synthase (FAS),
upregulated PPAR-a, elevated total antioxidant
capacity (TEAC), and reduced serum malondi-
aldehyde (MDA) levels [48].

Anti-lipase Activity: Aqueous flower extracts
(LFWE 2.5% and 5%) inhibited pancreatic lipase
in vitro and significantly reduced visceral fat ac-
cumulation, hepatic lipid deposition, serum
cholesterol, and TNF-a levels in hypercaloric-fed
obese rats [49].

Aldose Reductase Activity: Ethanolic fractions of
Litchi chinensis fruit inhibited rat lens aldose re-
ductase (RLAR). Isolated delphinidin-3-O-f-
galactopyranoside-3'-O--glucopyranoside
demonstrated potent RLAR inhibition, offering
potential in managing diabetic microvascular
complications [50].

Antioxidant Activity of Polysaccharide Frac-
tions: Polysaccharide fractions (LFP-III) derived
from litchi pulp exhibited dose-dependent DPPH,
superoxide, and hydroxyl free-radical scavenging,
alongside metal-chelating ability [51].

Anticancer Activity: Pericarp extracts sup-
pressed cell proliferation and induced apoptosis in
ER-positive and ER-negative breast cancer cells by
upregulating CYP1A1 and ADPRTL1 and down-
regulating BIRC3 and ADAM9 [52].

2504 |Page



Dr. Konda Shravan Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 2499-2521 | Research

e Antioxidant Activity of Flower Extracts: Ethyl
acetate fractions of litchi flower extracts contained
high concentrations of (-)-epicatechin and proan-
thocyanidin A2, showing strong DPPH scavenging
and inhibition of LDL oxidation [53].

e Antidiabetic Activity: Litchi seed extracts (LSE)
containing pinocembrin glycosides, scopoletin,
and rutin inhibited PTP1B enzyme activity, reduc-
ing postprandial hyperglycemia by suppressing
hepatic glycogenesis and lipogenesis [54].

e Botanical Antiulcer Rationale: Conventional
antiulcer therapeutics (H,RAs, PPls, antimus-
carinics) are associated with side effects including
arrhythmias, hypersensitivity, and hematological
alterations [55]. Litchi chinensis pericarp contains
rich concentrations of procyanidins (B2, B4), epi-
catechin, cyanidin-3-rutinoside, and quercetin gly-
cosides that exhibit strong free-radical scavenging,
gastroprotective, and anti-inflammatory properties
[S6], [57].

The reported pharmacological properties of Litchi
chinensis provide a scientific basis for investigating its
potential incorporation into gastroretentive drug deliv-
ery systems. However, the therapeutic efficacy of the
prepared formulation depends on its actual pharmaco-
logical evaluation and cannot be established solely
from the reported biological activities of the plant ex-
tract.

2.AIM AND OBJECTIVES
2.1 AIM

To formulate, develop, and evaluate a floating mu-
coadhesive gastroretentive in situ gel loaded with
Litchi chinensis fruit extract using sodium alginate and
Carbopol 934 for sustained antiulcer activity.

2.2 OBJECTIVES OF THE STUDY

1. To determine the maximum wavelength of absorp-
tion (Amax) of Litchi chinensis extract using UV-
visible spectrophotometry and to develop a stan-
dard calibration curve in simulated gastric fluid.

2. To formulate and develop nine gastroretentive in-
situ gel formulations (F1-F9) using different con-
centrations of sodium alginate and Carbopol 934.
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4. To incorporate calcium carbonate (CaCQOs) as a gas-
generating agent and cross-linking cation source to
ensure buoyancy and gel matrix rigidity.

5. To evaluate the physicochemical characteristics of
the prepared formulations, including physical ap-
pearance, pH and viscosity.

6. To investigate the in-situ gelation characteristics of
the formulations by determining gelation time and
gel strength in simulated gastric fluid.

7. To evaluate the floating behavior of the formula-
tions by determining floating lag time and floating
duration.

8. To determine the ex-vivo mucoadhesive strength of
the prepared formulations using goat gastric mu-
cosa.

9. To determine the drug content of the prepared for-
mulations using UV-visible spectrophotometry.

10. To investigate the in-vitro release profile of Litchi
chinensis extract from the prepared formulations
using USP Type II dissolution apparatus over a
period of 10 hour.
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MATERIALS AND METHODS

3.1 MATERIALS

Chemical / Material

Functional Category

Litchi chinensis Fruit Extract

Active phytotherapeutic agent.

Sodium Alginate (NaAlg)

Primary Gelling Polymer

Carbopol 934 (CP-934)

Mucoadhesive Polymer / Carbomer

Calcium Carbonate (CaCOs)

Gas-generating agent and source of calcium ions for alginate
gelation.

Trisodium Citrate

Sequestering / Complexing Agent

Tween 80 Non-ionic Surfactant / Emulsifier
Liquid Paraffin Oily Dispersed Phase Vehicle
Propylparaben Antimicrobial Preservative

Hydrochloric Acid (0.1 N HCI)

Simulated Gastric Fluid (SGF, pH 1.2)

Deionized Water

Aqueous Solvent / Vehicle

Table 2: List of Chemicals, Polymers, and Excipi-
ents Used in Formulation Development with Their
Functional Roles.

3.2 INSTRUMENTATION:

Equipment / Instrument

Double-Beam UV-Vis Spectrophotometer
Digital pH Meter
Brookfield Digital Viscometer

USP Dissolution Test Apparatus
Modified Physical Balance Set

Fourier transform infrared spectrophotometer

Table 3: List of Equipment and Instruments Used
in Formulation and Evaluation.

3.3 STANDARD OPERATING PROCEDURE &
ANALYTICAL METHODOLOGY: UV-VIS
SPECTROPHOTOMETRIC ESTIMATION OF
LITCHI CHINENSIS EXTRACT IN 0.1 N HC1

1. Preparation of Stock Solutions

Step 1 — Primary Stock Solution (6000 png/mlL.)

e Accurately weigh 150 mg of Litchi chinensis ex-
tract on a calibrated analytical balance.

e Quantitatively transfer the extract into a clean, dry
25 ml volumetric flask.

e Add a small volume of 0.1 N HCI and sonicate/
swirl gently to ensure complete dissolution.

¢ Dilute up to the 25 ml mark with 0.1 N HCIL.

e Invert and mix thoroughly. Concentration = (150
mg /25 mL) =6 mg/mL = 6000 pg/mL
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Step 2 — Secondary Stock Solution (600 pg/mL)
e Pipette 1.0 ml of the 6000 pg/ml primary stock
solution using a calibrated micro pipette.
e Transfer into a 10 mL volumetric flask.
e Bring to volume with 0.1 N HCL.

e Stopper and invert to mix thoroughly. Concentra-
tion = 6000 pg/mL x (1.0 mL / 10 mL) = 600
ug/mL

Step 3 — Intermediate Stock Solution (100 pg/ml)

e Pipette 8.33 ml of the 600 png/ml secondary stock
solution using a calibrated micro pipette/volumet-
ric pipette.

e Transfer into a clean 50 mL volumetric flask.

e Dilute up to the 50 ml mark with 0.1 N HCI to
achieve the 100 pg/ml intermediate stock solution.
Concentration = 600 pg/mL % (8.33 mL / 50 mL)
=100 pg/mL

Step 4 — Preparation of Scanning Solution (60
ug/ml) for Amax Determination

e Transfer 6.0 ml of the 100 pg/ml intermediate stock
solution into a 10 ml volumetric flask.

e Make up to the mark with 0.1 N HCI to obtain a
final concentration of 60 pg/ml. Concentration =
100 pg/ml x (6.0 mL / 10 ml) = 60 pg/mL
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2. Determination of Wavelength of Maximum Ab-
sorption (Amax)

Set the UV-Vis spectrophotometer to Spectrum/
Scan Mode.

Perform baseline correction across the UV-Visible
wavelength range of 200 nm to 800 nm using 0.1
N HCI as the blank in matched quartz cuvettes.

Fill the sample cuvette with the prepared 60 pg/
mL Litchi chinensis extract solution.

Record the absorption spectrum from 200 nm to
800 nm.

e Identify and record the wavelength corresponding
to maximum absorbance (Amax).

3. Preparation of Calibration Working Standards

A series of calibration standards ranging from 10 to 50
pg/ml was prepared using the intermediate stock solu-
tion (100 pg/ml).

The required volumes of the intermediate stock solu-
tion were transferred into separate 10 ml volumetric
flasks and diluted to the mark with 0.1 N HCI.

Table 4: Dilution Scheme for the Preparation of Calibration Working Standards

Target gl(;?ﬁ?tration Volume of 100 pg/ml Stock (ml) Final Volume with 0.1 N HCI (ml)
10 1.0 10.0
20 2.0 10.0
30 3.0 10.0
40 4.0 10.0
50 5.0 10.0

4. Absorbance Measurement and Calibration
Curve Generation

o Set the spectrophotometer to photometric mode at

the experimentally determined Amax.
Zero/blank the instrument using 0.1 N HCI.

Measure and record the absorbance values for each
standard working solution (10 to 60 pg/ml) in
triplicate.

Construct the standard calibration plot:

e X-axis: Concentration of Litchi chinensis ex-
tract (ug/mL)

e Y-axis: Absorbance at Amax

Apply linear regression analysis to evaluate adherence
to Beer-Lambert's law and determine the regression
parameters:

e Regression Equation: y=mx + ¢

e C(Coefficient of Determination: R?

e The derived linear regression equation will be
utilized for quantification of active constituent
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release during in vitro dissolution profile testing
and drug content estimation.

34 FORMULATION DEVELOPMENT OF
FLOATING MUCOADHESIVE IN-SITU GELS
(F1 TO F9)

Nine formulations (F1-F9) of the gastroretentive
floating mucoadhesive in-situ gel were developed by
varying the concentrations of sodium alginate and
Carbopol 934. Sodium alginate was used as the primary
ion-sensitive gelling polymer, while Carbopol 934 was
incorporated as a mucoadhesive polymer. Three con-
centrations of sodium alginate (750, 1000 and 1250
mg) and three concentrations of Carbopol 934 (250,
500 and 750 mg) were selected to prepare nine differ-
ent polymer combinations. The quantities of the other
formulation ingredients were maintained constant
across all batches to investigate the influence of poly-
mer concentrations on the physicochemical character-
istics, gelation, floating behavior, mucoadhesion and
drug release of the formulations.[58].
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Table 5: Formulation Composition — F1 to F9

Batch :fg(:::::; Carbopol Extract "l."risodium CaCO; |Tween 80 | Liq. Paraf- ;;:flﬁ;l
Code (mg) 934 (mg) (mg) Citrate (mg) (mg) (mL) fin (mL) (mg)
F1 750 250 100 200 1000 2.5 2.5 10
F2 1000 250 100 200 1000 2.5 2.5 10
F3 1250 250 100 200 1000 2.5 2.5 10
F4 750 500 100 200 1000 2.5 2.5 10
F5 1000 500 100 200 1000 2.5 2.5 10
Fé6 1250 500 100 200 1000 2.5 2.5 10
F7 750 750 100 200 1000 2.5 2.5 10
F8 1000 750 100 200 1000 2.5 2.5 10
F9 1250 750 100 200 1000 2.5 2.5 10

3.4.1 Step-by-Step Emulsion-Polymer Preparation
Procedure

1. The required quantities of sodium alginate, Car-
bopol 934, calcium carbonate, trisodium citrate,
and propylparaben were accurately weighed using
an analytical balance. [59].

2. Sodium alginate and Carbopol 934 were dispersed
in approximately 40 ml of deionized water con-
taining trisodium citrate under continuous mag-
netic stirring at 70 °C until complete polymer
hydration was achieved.

3. The polymeric dispersion was cooled to 40 °C, and
calcium carbonate was added under slow agitation
to ensure uniform dispersion [60].

4. Separately, an oil-in-water emulsion was prepared
by mixing Tween 80 and liquid paraffin with water
under high-speed stirring, followed by the homo-
geneous incorporation of Litchi chinensis extract

[61].

5. The primary polymeric dispersion was mixed with
the extract emulsion under continuous stirring to
prevent air entrapment [62].

6. Propylparaben was added, the volume was adjusted
to 60 ml with deionized water, and the final for-
mulation was packed into amber glass bottles.

3.5 EVALUATION PARAMETERS
3.5.1 Visual Appearance and pH Measurement

All nine formulations (F1-F9) were visually examined
for their color, clarity, homogeneity, presence of visible
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aggregates and any signs of phase separation. The pH
of each formulation was measured at 25°C using a
calibrated digital pH meter. [63].

3.5.2 Viscosity Determination

The rheological behavior and dynamic viscosity of the
liquid formulations (sol state) were evaluated at 25 +
0.5 °C using a Brookfield DV-II+ Pro digital rotational
viscometer. Viscosity measurements were performed
using spindle No. 4 at 50 rpm, and the readings were
expressed in centipoise (cP).[64].

3.5.3 Gel Strength Measurement

Gel strength was evaluated to determine the mechani-
cal resistance of the formed gel matrix. A measured
quantity of formulation was exposed to simulated gas-
tric fluid (SGF, pH 1.2) to initiate gel formation. A
standard weight of 35 g was placed on the surface of
the formed gel, and the time required for the weight to
penetrate the specified depth of the gel matrix was
recorded in seconds. A longer penetration time indi-
cates greater resistance of the gel matrix to penetration
under the specified experimental conditions.[65].

3.5.4 Gelation Time

Gelation time was evaluated to determine the time
required for the liquid formulation to undergo a sol-to-
gel transition upon exposure to simulated gastric fluid.
A 5 mL portion of each formulation was introduced
dropwise into 50 mL of simulated gastric fluid (0.1 N
HCI, pH 1.2) maintained at 37 + 0.5°C. The time re-
quired for the formation of a coherent gel structure was
recorded in seconds.[66]
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3.5.5 Floating Behavior (Floating Lag Time & Total
Floating Duration)

To evaluate gastroretentive buoyancy, 10 mL of each
formulation was placed in a USP dissolution vessel
containing 900 mL of simulated gastric fluid (pH 1.2)
maintained at 37 + 0.5 °C with mild agitation (50 rpm).
The floating lag time was recorded as the time required
for the formulation to reach the surface of the dissolu-
tion medium. The total floating duration was deter-
mined by observing the period during which the formed
gel remained continuously buoyant. Observations were
continued for more than 12 hours.[67].

3.5.6 Ex-Vivo Mucoadhesive Strength

The mucoadhesive strength of the prepared formula-
tions was evaluated using a modified physical balance
method with freshly excised goat gastric mucosa. The
gastric mucosal tissue was carefully collected and pre-
pared for the adhesion study. A measured quantity of
the gelled formulation was brought into contact with
the mucosal surface under the specified experimental
conditions. The force required to detach the formula-
tion from the mucosal tissue was determined using the
modified physical balance apparatus. The results were
expressed in grams as the detachment load required to
separate the formulation from the mucosal surface.[68].

3.5.7 Drug Content Uniformity

An accurately measured quantity of 5 mL of the pre-
pared formulation was taken and diluted with simulated
gastric fluid (SGF, pH 1.2). The resulting solution was
mixed thoroughly to facilitate the extraction of the
incorporated Litchi chinensis extract. The solution was
filtered to remove insoluble formulation components,
and the absorbance of the filtrate was measured using a
UV-visible spectrophotometer at 217 nm against SGF
as the blank. The concentration of the extract was de-
termined using the previously established calibration
curve, and the percentage drug content was calculated
by comparing the experimentally determined extract
content with the theoretical extract content present in
the corresponding formulation sample.

3.5.8 In-Vitro Dissolution Studies

In-vitro dissolution studies were performed to evaluate
the release of Litchi chinensis extract from the prepared
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gastroretentive in-situ gel formulations using a USP
Type II (paddle) dissolution apparatus.

The dissolution study was carried out using 900 mL of
simulated gastric fluid (SGF, pH 1.2), maintained at 37
+ 0.5°C, with a paddle rotation speed of 50 rpm. The
dissolution experiment was continued for 10 hours.

Samples of 5 mL were withdrawn at predetermined
time intervals of 1, 2, 4, 6, 8 and 10 hours. After each
withdrawal, an equal volume of fresh SGF maintained
at the same temperature was added to the dissolution
vessel to maintain a constant dissolution volume. The
withdrawn samples were filtered and analyzed using a
UV-visible spectrophotometer at 217 nm.

The concentration of the released extract was deter-
mined using the previously established standard cali-
bration curve. The cumulative amount of extract
released was calculated by considering the quantity
removed during previous sampling intervals, and the
cumulative percentage drug release was determined.
The release profiles of all nine formulations were
compared to investigate the influence of polymer con-
centrations on the release behavior of the prepared
formulations.

RESULTS AND DISCUSSION

4.1 Drug-excipient compatibility studies by FTIR
spectroscopy

Fourier Transform Infrared (FTIR) spectroscopy is an
analytical technique used to identify characteristic
functional groups present in a substance by measuring
the absorption of infrared radiation at different
wavenumbers.

The technique is useful in formulation development
because interactions between an active ingredient and
pharmaceutical excipients may produce changes in
characteristic absorption bands, including shifts in peak
positions, changes in intensity or the appearance or
disappearance of certain peaks.

In the present investigation, FTIR analysis was pre-
sented for both Litchi chinensis extract and the pre-
pared formulation to examine their characteristic
absorption bands and assess possible interactions be-
tween the extract and formulation ingredients.
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The FTIR spectrum of Litchi chinensis extract
shows
bands:

the following characteristic absorption

e 3282.23 cm™: This broad absorption band may be
attributed to O—H stretching vibrations, indicating
the possible presence of hydroxyl-containing
compounds such as phenolics and flavonoids.

e 292529 cm': This band may correspond to
aliphatic C—H stretching vibrations.

e 1650.50 cm™: This absorption may be associated
with C=0 stretching or other overlapping vibra-
tions, depending on the chemical composition of
the extract.

e 1410.03 cm™: This region may correspond to aro-
matic ring vibrations or C—H bending.

e 1238.93 and 1146.74 cm™: These bands may be
associated with C—O stretching vibrations.

e 1075.53 cm™: This region may indicate C—O or C
—O—C stretching vibrations.

e 989.84-543.75 ecm™: These bands represent fin-
gerprint-region vibrations associated with different
molecular structures.

The formulation spectrum also exhibits absorption
bands in several of the same regions as the extract
spectrum. The presence of comparable bands suggests
that characteristic functional groups of the extract may
remain detectable after formulation.

However, a definitive conclusion regarding drug-ex-
cipient compatibility cannot be made merely because
the spectra contain similar peaks. The individual ex-
cipient spectra, peak positions, possible shifts, intensity
changes and a properly prepared comparison are
needed.

FTIR analysis provides preliminary information re-
garding the chemical characteristics of the extract and
the formulated system. The observed absorption bands
indicate the presence of several functional groups as-
sociated with the phytochemical constituents of the
extract.

The comparison of the spectra can help identify possi-
ble changes following incorporation into the polymeric
formulation. Nevertheless, FTIR alone cannot establish
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the absence of all chemical interactions or prove long-
term compatibility.

4.1 FTIR compatibility studies
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Figure 4: Fourier Transform Infrared Spectrum of
Litchi chinensis extract.
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Figure 5: Fourier Transform Infrared Spectrum of
Formulation

4.2 Development of the standard calibration curve

UV-visible spectrophotometry was employed to deter-
mine the absorbance characteristics of Litchi chinensis
extract in 0.1 N HCIL.

The method is based on the Beer—Lambert law, which
describes the relationship between absorbance and
concentration:

A= ¢ebc
Where:

e A = Absorbance

e &= Molar absorptivity
b = Path length

¢ = Concentration
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Initially, the absorption spectrum was recorded to
identify the wavelength of maximum absorption
(Amax). The maximum absorption was observed at 217
nm, which was subsequently selected for quantitative
analysis.

A series of standard solutions with concentrations
ranging from 10 to 50 ug/mL was prepared using the
intermediate stock solution. Their absorbance values
were measured at 217 nm.

The absorbance increased from 0.013 at 10 pg/mL to
0.051 at 50 pg/mL.

This progressive increase in absorbance with increas-
ing concentration indicates a concentration-dependent
response of the extract under the experimental condi-
tions.

The calibration curve demonstrated an approximately
linear relationship between concentration and ab-
sorbance.

The calculated coefficient of determination from the
displayed data is approximately 0.9983, indicating a
strong linear association within the tested concentration
range.

The establishment of a calibration curve is important
for the quantitative estimation of the extract during
drug content determination and in-vitro dissolution
studies.

The observed increase in absorbance with concentra-
tion supports the use of UV-visible spectrophotometry
as a preliminary analytical approach for monitoring the
extract.

However, the method should not be described as fully
validated because parameters such as accuracy, preci-
sion, specificity, robustness and limits of detection and
quantification have not been reported.

Additionally, the extract exhibits a secondary absorp-
tion feature around 268 nm in the spectrum on page 32.
Since the primary absorption maximum is reported at
217 nm, the selected analytical wavelength should be
justified and possible interference from formulation
excipients should be considered.
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Figure 6: UV-Visible Absorption Spectrum of
Litchi chinensis Extract Exhibiting a Characteris-
tic Maximum Absorption Wavelength Amax at 217
nm

4.2: Development of standard calibration curve

Table 6: Calibration Data of Litchi chinensis Ex-

tract at 217 nm.

Concentration (ng/mL) Absorbance (at 217 nm)

0 0.003

10 0.013

20 0.024

30 0.032

40 0.041

50 0.051
0.06 -

¥ = 0.0009486x + 0.003619 0.051

0.05 - R? = 0.9983

Absorbance
=]
(=1
w

e
0 10 20 30 40 50
Concentration (pg/mL)

Figure 7: Standard Calibration Curve of Litchi
Chinensis Extract at 217 nm.

4.3 Physicochemical evaluation of formulations F1—
F9

The nine formulations were prepared by varying the
concentrations of sodium alginate and Carbopol 934
while maintaining the other listed ingredients constant.

The formulations were evaluated for physical appear-
ance, pH, viscosity, gel strength and gelation time.
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4.3.1 Physical appearance

All nine formulations were reported to exhibit a
clear, pale-yellow appearance.

The similar physical appearance of all batches indicates
that the formulations had a comparable visual appear-
ance following preparation.

The absence of visibly reported aggregates or phase
separation suggests acceptable macroscopic uniformity
at the time of observation.

However, visual examination alone cannot establish
physical stability or prove that the extract is uniformly
distributed throughout the formulation. Additional
uniformity and stability assessments would be needed
for that conclusion.

4.3.2 pH determination

The pH values ranged from 4.12 to 4.71.

F1 exhibited the lowest pH of 4.12, whereas F9 showed
the highest pH of 4.71.

The pH values showed a gradual increase across the
formulation batches.

This variation may be associated with changes in the
concentrations of sodium alginate and Carbopol 934
and their interactions within the formulation system.

Both polymers contain ionizable functional groups that
can influence the pH of the aqueous formulation.

The observed pH values indicate that the prepared
formulations were mildly acidic before exposure to
simulated gastric fluid.

Since the formulations are intended for oral adminis-
tration and subsequent gelation in the stomach, their
behavior following contact with acidic gastric condi-
tions is particularly important.

The initial pH values alone do not establish the extent
or efficiency of in-situ gel formation.

4.3.3 Viscosity determination

Viscosity was measured using a Brookfield digital
viscometer under the specified experimental condi-
tions.

The viscosity values ranged from 328 + 4.5 cP to 672
+ 7.8 cP.

P b

{ﬁ“{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

"

e F1 showed the lowest viscosity of 328 + 4.5 cP.
e F6 exhibited a viscosity of 618 + 7.1 cP.
e F9 showed the highest viscosity of 672 + 7.8 cP.

Viscosity is an important parameter in gastroretentive
in-situ gel formulations because it influences the flow
properties of the formulation before administration and
may affect its ability to remain localized after gel for-
mation.

An increase in polymer concentration generally in-
creases the viscosity of the formulation because of
greater polymer-chain interactions and the formation of
a more structured polymeric dispersion.

The results indicate a general increase in viscosity with
increasing polymer concentration.

I The first series, where Carbopol 934 was maintained
at 250 mg, increasing sodium alginate from 750 mg to
1250 mg increased viscosity from 328 cP to 510 cP.

Similarly, at 500 mg Carbopol 934, viscosity increased
from 456 cP to 618 cP as sodium alginate concentration
increased.

At 750 mg Carbopol 934, viscosity increased from 502
cP to 672 cP.

These findings suggest that both sodium alginate and
Carbopol 934 contributed to the viscosity of the for-
mulations.

The higher viscosity of F9 indicates a more viscous
liquid system. However, the highest viscosity does not
automatically mean that F9 is the best formulation
because viscosity must be considered alongside gela-
tion, floating behavior, mucoadhesion and drug release.

4.3.4 Gel strength measurement

Gel strength was evaluated by allowing the formulation
to form a gel in simulated gastric fluid and recording
the time required for a standard weight to penetrate the
gel matrix.

The reported values ranged from 28.4 & 1.2 seconds to
48.8 +£2.3 seconds.

e FI1:28.4+ 1.2 seconds
e F6:48.8 +£2.3 seconds
e F9:47.6 £2.5 seconds
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Gel strength is an important characteristic because it
indicates the mechanical resistance of the gel matrix
after exposure to the gastric environment.

In the penetration-based method described in Chapter
IV, a longer penetration time indicates greater resis-
tance to penetration, provided the weight, penetration
depth and test conditions remain identical.

The results show that F6 exhibited the highest pene-
tration time, suggesting greater resistance to penetra-
tion among the tested formulations.

This may be associated with the combined contribution
of sodium alginate and Carbopol 934 to the formation
of a cohesive polymeric network.

The relatively high gel strength observed in F9 may
also be attributed to its higher polymer content.

A sufficiently strong gel matrix is desirable because it
may help maintain the structural integrity of the for-
mulation during gastric residence.

However, excessive gel strength may also influence
drug diffusion and release. Therefore, gel strength
should be interpreted together with the dissolution
results.

4.3.5 Gelation time

Gelation time was evaluated by introducing the liquid
formulation into simulated gastric fluid maintained at

37 + 0.5°C and recording the time required for the sol-
to-gel transition.

The reported gelation times ranged from 32.8 = 2.0 to
43.2 + 2.1 seconds.

F1 exhibited the longest gelation time, whereas F6
showed the shortest gelation time.

Gelation time is an important parameter in gastrore-
tentive in-situ gel systems because rapid gel formation
following exposure to gastric fluid helps establish the
gel matrix after administration.

The shorter gelation time observed in formulations
with higher polymer concentrations may be associated
with the availability of a greater quantity of polymer
chains for matrix formation.

F6 demonstrated the shortest gelation time of 32.8 2.0
seconds, indicating the fastest gel formation among the
formulations according to the reported results.

The results suggest that the polymer combination in F6
provided a favorable balance for rapid gel formation
under the tested conditions.

The gelation behavior may be influenced by the inter-
action between sodium alginate and calcium ions re-
leased from calcium carbonate in the acidic medium.

Carbopol 934 may additionally contribute to the cohe-
sion and viscosity of the developing gel matrix.

Table 7: Physicochemical Evaluation of Gastroretentive In-Situ Gel Formulations F1-F9.

Formulation Appearance pH Viscosity (cP) Gel (S:::)ngth Gelat(lstzlz)Tlme
F1 Clear, pale yellow 4.12 328+4.5 284+12 432+2.1
F2 Clear, pale yellow 4.18 412+5.2 33.1+14 40.5+1.8
F3 Clear, pale yellow 4.25 510+ 6.0 38.7+1.8 37.2+23
F4 Clear, pale yellow 431 456 + 4.8 346+1.6 389+1.5
F5 Clear, pale yellow 4.44 524+5.5 40.2+2.0 354+1.7
F6 Clear, pale yellow 4.52 618+7.1 48.8+2.3 32.8+2.0
F7 Clear, pale yellow 4.58 502+5.8 38.1+1.9 36.8+ 1.6
F8 Clear, pale yellow 4.63 586 £6.3 43.5+2.1 341+1.9
F9 Clear, pale yellow 4.71 672+7.8 47.6£2.5 342+22
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Figure 9: Comparative in Vitro Viscosity Profile of Formulation F1-F9

4.4 Evaluation of floating behavior, mucoadhesive
strength and drug content

4.4.1 Floating lag time and floating duration

Floating behavior was evaluated by introducing the
formulations into simulated gastric fluid maintained at
37 £ 0.5°C and observing the time required for the gel
to reach the surface of the medium.

The floating lag time ranged from 38 to 48 seconds.

All nine formulations were reported to exhibit a float-
ing duration exceeding 12 hours.

F6, F8 and F9 demonstrated the shortest floating lag
time of 38 seconds.

Floating behavior is an important characteristic of
gastroretentive drug delivery systems because it is
intended to delay the movement of the dosage form
from the stomach into the intestine.

The floating behavior of the present formulations may
be attributed to the incorporation of calcium carbonate
as a gas-generating agent.
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Upon contact with hydrochloric acid in simulated gas-
tric fluid, calcium carbonate reacts with the acidic
medium and produces carbon dioxide.

CaCO;+ 2HCI — CaCl;+ H,0+CO,

The generated carbon dioxide may become entrapped
within the developing polymeric gel matrix, reducing
its apparent density and promoting flotation.

Sodium alginate contributes to the formation of the gel
network, which may help retain the generated gas
within the matrix. Carbopol 934 may further contribute
to the structural cohesion of the gel.

The floating lag time results indicate that the formula-
tions achieved flotation within approximately one
minute under the experimental conditions.

All formulations were reported to remain floating for
more than 12 hours, suggesting prolonged in-vitro
buoyancy.

However, because all results are reported only as
greater than 12 hours, it is not possible to determine
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which formulation had the longest actual floating du-
ration.

It is also important to distinguish in-vitro floating du-
ration from actual gastric residence time, which re-
quires appropriate in-vivo assessment.

4.4.2 Ex-vivo mucoadhesive strength

Mucoadhesive strength was determined using a modi-
fied physical balance method with freshly excised goat
gastric mucosa.

The results ranged from 8.4 g to 15.6 g.

Mucoadhesion refers to the ability of a polymeric for-
mulation to adhere to a biological mucosal surface.

It is particularly important in gastroretentive formula-
tions because adhesion to the gastric mucosa may im-
prove local contact and potentially reduce premature
removal of the formulation.

Carbopol 934 is a polyacrylic acid-based polymer
containing carboxylic acid groups. These groups can
participate in hydrogen bonding and other interactions
with mucin present in the gastric mucus layer.

Sodium alginate may also contribute to the formation
of a hydrated polymeric network that supports contact
with the mucosal surface.

The results demonstrate an overall increase in mu-
coadhesive strength with increasing polymer concen-
tration.

F6 exhibited the highest measured mucoadhesive
strength of 15.6 g, followed by F9 at 15.2g.

The higher mucoadhesive strength of these formula-
tions may be associated with increased polymer avail-
ability and the formation of a more cohesive gel matrix.

The findings suggest that the combination of sodium
alginate and Carbopol 934 contributed to the mucoad-
hesive characteristics of the formulations.

However, the results represent ex-vivo adhesion mea-
surements and do not independently establish pro-
longed gastric retention in living subjects.

4.4.3 Drug content uniformity

Drug content was evaluated by dissolving a measured
quantity of the formulation in simulated gastric fluid,
filtering the resulting solution and determining its ab-
sorbance spectrophotometrically.

The percentage drug content ranged from 84.56% to
93.23%.

Drug content uniformity is an important evaluation
parameter because it indicates the amount of extract
present in the formulation relative to the theoretical
amount.

The results indicate variation in the percentage drug
content among the nine formulations.

F6 exhibited the highest drug content of 93.23%, fol-
lowed by F9 with 92.12%.

The comparatively higher values observed in these
formulations may be associated with differences in
polymer concentration and the ability of the polymeric
system to maintain uniform dispersion of the extract.

However, the drug content values alone cannot estab-
lish the exact mechanism responsible for these differ-
ences.

The results indicate that the formulations contained
measurable amounts of the incorporated extract, with
F6 showing the highest reported percentage.

Table 8: Evaluation of Floating Behavior, Ex-Vivo Mucoadhesive Strength and Drug Content of Formula-

tions F1-F9.
Formulation Onset of Flotation Floating Duration Mucoadhesive Strength | Drug Content

(sec) ® (%)
F1 48 >12h 8.4 84.56
F2 44 >12h 9.1 86.34
F3 40 >12h 10.2 88.12
F4 46 >12h 10.8 85.78
F5 42 >12h 12.4 89.45
F6 38 >12h 15.6 93.23
F7 40 >12h 14.1 87.67
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Formulation Onset of Flotation Floating Duration Mucoadhesive Strength | Drug 0Content
(sec) ® (%)
F8 38 >12h 14.8 90.34
F9 38 >12h 15.2 92.12

4.5 In-vitro dissolution studies

In-vitro dissolution studies were performed to investi-
gate the release behavior of Litchi chinensis extract
from the prepared gastroretentive in-situ gel formula-
tions.

The study was carried out using USP Type II (paddle)
dissolution apparatus containing 900 mL of simulated
gastric fluid (pH 1.2).

The dissolution medium was maintained at 37 + 0.5°C,
and the paddle speed was maintained at 50 rpm.

Samples of 5 mL were withdrawn at 1, 2,4, 6, 8 and 10
hours. An equal volume of fresh simulated gastric fluid
was added after each withdrawal to maintain the dis-
solution volume.

The samples were filtered and analyzed spectrophoto-
metrically at 217 nm.

The absorbance values were converted into extract
concentrations using the calibration curve, and cumu-
lative percentage release was calculated.

The dissolution results demonstrated a progressive
increase in extract release with increasing dissolution
time in all nine formulations.

At the end of the 10-hour study, the reported cumula-
tive release values were:

F6 exhibited the highest cumulative drug release of
97.90%, whereas F9 showed the lowest release of
82.40% at the end of the study.

The dissolution profiles indicate that the release of
Litchi chinensis extract from the prepared formulations
was influenced by the polymer concentrations.

In the initial stages, the formulations exhibited varying
release rates, which may be associated with differences
in polymer hydration, gel formation and diffusion of
the extract into the surrounding dissolution medium.

Following exposure to simulated gastric fluid, sodium
alginate may undergo ion-induced gelation due to the
availability of calcium ions released from calcium
carbonate.
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The resulting gel matrix can act as a diffusion barrier,
influencing the movement of extract constituents from
the formulation into the dissolution medium.

Carbopol 934 may further contribute to the viscosity
and structural integrity of the gel matrix.

As the concentration of the polymers increases, the
formation of a more structured polymeric network may
increase resistance to diffusion and influence the rate
of extract release.

This behavior can be observed particularly in F9, which
contains the highest concentrations of both sodium
alginate and Carbopol 934.

F9 exhibited the highest viscosity of 672 cP and the
lowest cumulative drug release of 82.40% at 10 hours.

The relatively lower release may be associated with the
formation of a more viscous and cohesive polymeric
matrix, which could restrict the diffusion of extract
constituents.

In comparison, F6 exhibited a cumulative release of
97.90% at 10 hours.

F6 contains 1250 mg of sodium alginate and 500 mg of
Carbopol 934. Its comparatively lower Carbopol con-
centration than F9 may have resulted in differences in
the structure and diffusional resistance of the gel ma-
trix.

The results indicate that increasing polymer concen-
tration does not necessarily produce a proportional
increase in sustained-release performance.

Instead, the release behavior depends on the combined
influence of polymer concentration, gel structure, hy-
dration and diffusion.

F6 demonstrated the highest reported cumulative re-
lease while also exhibiting favorable viscosity, gel
strength, gelation time, floating behavior and mucoad-
hesive strength.

Therefore, F6 appears to be a promising formulation
based on the reported in-vitro evaluation parameters.
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Table 9: Cumulative In-Vitro Drug Release Profile of Formulations F1-F9.

(II(‘)‘::’S) F1(%) | F2(%) | F3(%) | F4(%) | F5(%) | F6(%) | F7(%) (f/f) (f/f)
0 0 0 0 0 0 0 0 0 0
1 25.40 21.80 18.50 23.10 19.40 26.20 20.80 17.10 13.40
2 4520 40.40 35.10 42.90 37.20 50.80 38.60 33.80 27.50
4 69.80 62.90 54.40 66.10 58.40 72.20 61.40 54.20 45.10
6 78.35 79.20 71.80 83.40 74.80 88.50 78.20 70.40 61.20
8 91.10 90.50 83.30 90.20 87.40 92.60 89.90 82.80 73.50
10 92.20 93.20 92.60 95.50 94.20 97.90 96.80 91.20 82.40

100

901

801

Cumulative Drug Release (%)
g

Time (Hours)

Figure 10: Comparative In-Vitro Cumulative Drug Release Profiles of Formulations F1-F9.

CONCLUSION

The present investigation was undertaken to formulate
and characterize a gastroretentive floating mucoadhe-
sive in-situ gelling system containing Litchi chinensis
extract using sodium alginate and Carbopol 934.

Nine formulations (F1-F9) were prepared by varying
the concentrations of sodium alginate and Carbopol
934 to investigate their influence on the physicochem-
ical and performance characteristics of the prepared
formulations.

The formulations were evaluated for physical appear-
ance, pH, viscosity, gel strength, gelation time, floating
behavior, ex-vivo mucoadhesive strength, drug content
and in-vitro drug release.

The prepared formulations exhibited a clear, pale-yel-
low appearance, with pH values ranging from 4.12 to
4.71. The viscosity values ranged from 328 to 672 cP,
indicating differences in the flow characteristics of the
formulations with varying polymer concentrations.

The gelation time ranged from 32.8 to 43.2 seconds,
while the gel strength measurements ranged from 28.4
to 48.8 seconds. All formulations demonstrated a

=i
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reported floating duration exceeding 12 hours, indicat-
ing prolonged in-vitro buoyancy under the experimen-
tal conditions.

The ex-vivo mucoadhesive strength ranged from 8.4 to
15.6 g, and the drug content ranged from 84.56% to
93.23%. Among the tested formulations, F6 demon-
strated the highest reported mucoadhesive strength and
drug content.

The in-vitro dissolution study conducted over 10 hours
demonstrated differences in the release profiles of the
nine formulations. F6 exhibited the highest reported
cumulative drug release of 97.90% at the end of the
study, whereas F9 exhibited 82.40%.

Based on the reported physicochemical, floating, mu-
coadhesive and dissolution characteristics, formulation
F6 appeared to provide a comparatively favorable bal-
ance of the evaluated parameters

REFERENCES

1. Bairagi PD, Gondkar SB, Saudagar RB. Floating
beads as a magical drug carrier: a review. Asian J
Pharm Educ Res. 2018;7 (1):1-17.

2517 |Page



"

Dr. Konda Shravan Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 2499-2521 | Research

Khanam N, Alam MI, Mian SS, Srinivas N. A
review on novel approaches incorporated in the

formulation of gastro retentive drug delivery sys-
tem. Int J Pharm Biol Sci. 2017;7 (1):52-60.

Vrettos NN, Roberts CJ, Zhu Z. Gastroretentive
Technologies in Tandem with Controlled-Release
Strategies: A Potent Answer to Oral Drug
Bioavailability and Patient Compliance Implica-
tions. Pharmaceutics. 2021; 13 (10):1591.

Benchgaard H, Ladefoged K. Distribution of pel-
lets in gastrointestinal tract: The influence on
transit time exerted by the density or diameter of
pellets. ] Pharm Pharmacol 1978:30:690Y692.

Vantrappen GR, Petters TL, Janssens J. The se-
cretory component of inter digestive migratory
motor complex in man. Scand. J Gastroenterol.
1979:14663: Y667.

Hoffman, A., Stepensky, D., Lavy, E., Eyal, S.,
Klausner, E., Friedman, M., 2004. Pharmacoki-
netic and pharmacodynamic aspects of gastrore-
tentive dosage forms. Int. J. Pharm. 277, 141-153.

Yuen, K.H., 2010. The transit of dosage forms
through the small intestine. Int. J. Pharm. 395, 9-
16.

Chauhan, M.S., Kumar, A., Pathak, K., 2012.
Osmotically regulated floating asymmetric mem-
brane capsule for controlled site-specific delivery
of ranitidine hydrochloride: optimization by cen-
tral composite design. AAPS PharmSciTech 13,
1492-1501.

Sauzet, C., Claeys-Bruno, M., Nicolas, M., Kister,
J., Piccerelle, P., Prinderre, P., 2009. An innova-
tive floating gastro retentive dosage system: for-
mulation and in vitro evaluation. Int. J. Pharm.
378:23-29.

. Clarke, G.M., Newton, J.M., Short, M.B., 1993.
Gastrointestinal transit of pellets of differing size
and density. Int. J. Pharm. 100, 81-92.

. Talukder, R., Fassihi, R., 2004. Gastroretentive
delivery systems: a mini review. Drug Dev. Ind.
Pharm. 30, 1019-1028.

. Streubel, A., Siepmann, J., Bodmeier, R., 2006.
Drug delivery to the upper small intestine window

P b

v‘{.lﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

using gastroretentive technologies. Curr. Opin.
Pharmacol. 6, 501-508

Klausner, E.A., Lavy, E., Friedman, M., Hoffman,
A., 2003b. Expandable gastroretentive dosage
forms. J. Control. Rel. 90, 143-162.

Garg, R., Gupta, D.G., 2008. Progress in con-
trolled gastroretentive delivery systems. Trop. J.
Pharm. Res. 7, 1055-1066.

Freire, A.C., Basit, A.W., Choudhary, R., Piong,
C.W., Merchant, H.A., 2011. Does sex matter?
The influence of gender on gastrointestinal physi-
ology and drug delivery. Int. J. Pharm. 415, 15-28.

Firth, M., Prather, C.M., 2002. Gastrointestinal
motility problems in the elderly patient. Gas-
troenterology 122, 1688-1700.

Triantafyllou, K., Kalantzis, C., Papadopoulos,
A.A., Apostolopoulos, P., Rokkas, T., Kalantzis,
N., Ladas, S.D., 2007. Video-capsule endoscopy
gastric and small bowel transit time and com-
pleteness of the examination in patients with dia-
betes mellitus. Dig. Liver Dis. 39, 575-580.

Krygowska-Wajs, A., Cheshire, W.P. Jr., Ws-
zolek, Z.K., Hubalewska-Dydejczyk, A., Jasin-
ska-Myga, B., Farrer, M.J., Moskala, M., Sowa-
Staszczak, A., 2009. Evaluation of gastric empty-
ing in familial and sporadic Parkinson disease.
Parkinsonism Relat. Disord. 15, 692-696.

Gustavsson S and Nyren O (1989) Time trends in
peptic ulcer surgery, 1956 to 1986. A nation-wide
survey in Sweden. Ann Surg 210: 704-709

Sach G (1997) Proton pump inhibitors and
acidrelated diseases. Pharmacotherapy 17: 22-37
Sonnenberg A (1985) Geographic and temporal
variations in the occurrence of peptic ulcer dis-
ease. Scand J Gastroenterol Suppl 110: 11-24

Sonnenberg A and Everhart JE (1996) The preva-

lence of self-reported peptic ulcer in the United
States. Am J Public Health 86: 200-205

Sandler RS et al. (2002) The burden of selected
digestive diseases in the United States. Gastroen-
terology 122: 1500-1511

Yuan Y and Hunt RH (2006) Treatment of nonN-
SAID and non-H. pylori gastroduodenal ulcers
and hypersecretory states. In Therapy of digestive

2518 |Page



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Dr. Konda Shravan Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 2499-2521 | Research

disorders, edn 2, 315-336 (Eds Wolfe MM et al.)
London, UK: Elsevier

Tummala S et al. (2004) Update on the immuno-
logic basis of Helicobacter pylori gastritis. Curr
Opin Gastroenterol 20: 592597

Dore MP and Graham DY (2000) Pathogenesis of
duodenal ulcer disease: the rest of the story. Bail-
lieres Best Pract Res Clin Gastroenterol 14: 97—
107

Laine L (1996) Nonsteroidal anti-inflammatory
drug gastropathy. Gastrointest Endosc Clin N
Am 6: 489-504

Wolfe MM and Soll AH (1988) The physiology of
gastric acid secretion. N Engl J Med 319: 1707-
1715

Marshall BJ and Warren JR (1984) Unidentified
curved bacilli in the stomach of patients with gas-
tritis and peptic ulceration. Lancet 1: 1311-1315

Pathan VT, Gulecha VS, Zalte AG, Jadhav AG,
Bendale AR. In-situ gel system: A novel approach
for controlled release. J Glob Trends Pharm Sci.
2020;11 (4):8564-8574.

Bishayee, A., Kavalakatt, J., Sunkara, C., Johnson,
0., Zinzuwadia, S. S., Collignon, T. E., et al.
(2024). Litchi (Litchi chinensis Sonn.): a compre-
hensive and critical review on cancer prevention
and intervention. Food Chem. 457, 140142. Doi:
10.1016/j.foodchem. 2024.140142

Yang, J., Chen, R., Liu, W., Xiang, X., and Fan,
C. (2024). Genome-Wide characterization and
phylogenetic and stress response expression anal-
ysis of the MADS-box gene family in Litchi
(Litchi chinensis Sonn.). Int. J. Mol. Sci. 25 (3),
1754. doi:10.3390/ijms25031754

Emanuele, S., Lauricella, M., Calvaruso, G.,
D’Anneo, A., and Giuliano, M. (2017). Litchi
chinensis as a functional food and a source of
Antitumor compounds: an overview and a de-
scription of biochemical pathways. Nutrients 9
(9), 992. doi:10. 3390/nu9090992

Chukwuma, C. L., Izu, G. O., Chukwuma, M. S.,
Samson, M. S., Makhafola, T. J., and Erukainure,
0. L. (2021). A review on the medicinal potential,
toxicology, and phytochemistry of litchi fruit peel

P b

N

"

‘\;’;ﬂ{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

35.

36.

37.

38.

39.

40.

41.

and seed. J. Food Biochem. 45 (12), ¢13997.
doi:10.1111/jfbc.13997

Cao, L., Wang, G., Ye, X,, Li, F., Wang, S., Li, H.
et al. (2024). Physiological, metabolic, and tran-
scriptomic analyses reveal mechanisms of prolif-
eration and somatic embryogenesis of Litchi
(Litchi chinensis Sonn.) embryogenic callus pro-
moted by D-Arginine treatment. Int. J. Mol. Sci.
25 (7), 3965. doi:10.3390/ijms25073965

Wang, D., Deng, Y., Chen, X., Wang, K., Zhao,
L., Wang, Z., et al. (2023). Elucidating the effects
of Lactobacillus plantarum fermentation on the
aroma profiles of pasteurized litchi juice using
multi-scale molecular sensory science. Curr. Res.
Food Sci. 6, 100481. doi: 10.1016/
j-crfs.2023.100481

Liang, Y., Xie, J., Huang, D., Cao, Y., Zheng, P.,
Lu, C,, et al. (2024). Spectrum-effect relationship
between HPLC fingerprint and hypoglycemic of
litchi leaves (Litchi chinensis Sonn) in vitro.
Biomed. Chromatogr. 38, €5950. doi:10.1002/
bmc.5950

Zhao, L., Wang, K., Wang, K., Zhu, J., and Hu, Z.
(2020). Nutrient components, health benefits, and
safety of litchi (Litchi chinensis Sonn.): a review.
Compr. Rev. Food Sci. Food Saf. 19 (4), 2139
2163. doi:10.1111/1541-4337.12590

Oulkar, D., Singh, K., and Narayan, B. (2022).
Characterization of different parts of litchi fruit
using UHPLC-QExactive Orbitrap. J. Food Sci.
Technol. 59 (12), 4889-4906. doi:10.1007/
s13197-022-05577-z

Huang, G., Wang, Z., Wu, G., Zhang, R., Dong,
L., Huang, F., et al. (2021). Lychee (Litchi chi-
nensis Sonn.) pulp phenolics activate the short-
chain fatty acid-free fatty acid receptor anti-in-
flammatory pathway by regulating microbiota and
mitigate intestinal barrier damage in dextran sul-
fate sodium-induced colitis in mice. J. Agric. Food
Chem. 69 (11), 3326-3339. doi: 10.1021/acs.-
jafc.0c07407

Chen, Z., He, M., Zhou, Y., Chen, X., Zhu, H.,
Yang, B, et al. (2023). Degradation of water-sol-
uble polysaccharides in pulp of litchi during

2519 | Page



42.

43.

44.

45.

46.

47.

48.

49.

Dr. Konda Shravan Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 2499-2521 | Research

storage. Food Chem. 402, 134289. doi: 10.1016/
j.foodchem.2022.134289

An, K., Wu, J., Xiao, H., Hu, T., Yu, Y., Yang,
W., etal. (2022). Effect of various drying methods
on the physicochemical characterizations, antiox-
idant activities and hypoglycemic activities of
lychee (Litchi chinensis Sonn.) pulp polysaccha-
rides. Int. J. Biol. Macromol. 220, 510-519. doi:
10.1016/j.ijbiomac.2022.08.083

He, C., Zhang, R, Jia, X., Dong, L., Ma, Q., Zhao,
D., et al. (2022). Variation in characterization and
probiotic activities of polysaccharides from litchi

pulp fermented for different times. Front. Nutr. 9,
993828. doi:10.3389/fhut.2022.993828

Hu, T. G, Tan, F. X,, Li, L., An, K. J., Zou, B.,
Wen, J., et al. (2023). Structural elucidation and
physicochemical properties of litchi polysaccha-
ride with the promoting effect on exopolysaccha-
ride production by Weissella confusa. Int. J. Biol.
Macromol. 253 (Pt 3), 126944. doi: 10.1016/j.i-
jbiomac.2023.126944

Zou, X., Cai, J., Xiao, J., Zhang, M., Jia, X., Dong,
L., et al. (2023). Purification, characterization and
bioactivity of different molecular-weight fractions
of polysaccharide extracted from litchi pulp.
Foods (Basel, Switz.) 12 (1), 194. doi:10. 3390/
foods12010194

Bhoopat L, Srichairatanakool S and Kanjanapothi
D: Hepatoprotective effects of lychee (Litchi chi-
nensis Sonn.): a combination of antioxidant and
anti-apoptotic activities. J Ethnopharmacol 2011;
136 (1): 55-66.

Chauhan SA, Kaur NA and Kishore LA: Pharma-
cological evaluation of anti-inflammatory and
analgesic potential of Litchi chinensis gaertn.
(sonn). Group 2014; 10: 100.

Yang DJ, Chang YY and Hsu CL: Protective ef-
fect of a litchi (Litchi chinensis Sonn.)-flower-

water-extract on cardiovascular health in a high-
Food Chem

53.

57.

58.

fat/cholesterol-dietary hamsters.
2010; 119 (4): 1457-64.

Wu YH, Chiu CH and Yang DJ: Inhibitory effects
of litchi (Litchi chinensis Sonn.) flower-water

P b

N

"

‘\;’;ﬂ{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

54.

. Inavally,

56.

extracts on lipase activity and diet-induced obe-
sity. J Funct Foods 2013; 5 (2): 923-9.
Lee SJ, Park WH and Park SD: Aldose reductase

inhibitors from Litchi chinensis Sonn. J Enzyme
Inhib Med Chem 2009; 24 (4): 957-9.

. Kong F, Zhang M and Liao S: Antioxidant activ-

ity of polysaccharide-enriched fractions extracted
from pulp tissue of Litchi chinensissonn. Mole-
cules 2010; 15 (4): 2152-65.

Wang X, Yuan S and Wang J: Anticancer activity
of litchi fruit pericarp extract against human breast
cancer in-vitro and in-vivo. Toxicology and Ap-
plied Pharmacology 2006; 215 (2): 168-78.

Yang DJ, Chang YZ and Chen YC: Antioxidant
effect and active components of litchi (Litchi chi-
nensis Sonn.) flower. Food and Chemical Toxi-
cology 2012; 50 (9): 3056- 61.

Punia S and Kumar M: Litchi (Litchi chinenis)
seed: Nutritional profile, bioactivities, and its
industrial applications. Trends Food Sci Technol
2021; 108: 58-70.

Akshata T, D’Souza, Deepthi,
Sadananda, Monika.PHytochemical Characteri-
zation, Antioxidant, And Antimicrobial Activities
of the Ayurvedic Polyherbal Formulation Men-
tone. International Journal of Ayurveda Research.
2024; 5 (2): 85-93.

Summi R, Ananda K, Hari PD and Ajaya B:
Characterization of Saponins from The Leaves
and Stem Bark of Jatropha CurcasL. For Surface-
Active Properties. Heliyon2023;9 (5).

Lal, H., Samra, J. S., Tiwari, R., & Tomar, D.
Evaluation Of Litchi Based Agri-Horticultural

System on Degraded Land in Doon Valley.Indian
Journal of Agroforestry. 2020;6 (2)

Patel DM, et al. Formulation and evaluation of
floating in situ gel of amoxicillin trihydrate. Int J
Pharm Res. 2010;2 (1):44-50.

Bhardwaj TR, et al. Sodium alginate floating drug
delivery system with calcium carbonate — in vitro
evaluation. J Drug Del Sci Tech. 2018; 45:112-
120.

2520 | Page



Dr. Konda Shravan Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 2499-2521 | Research

60. Miyazaki S, et al. Polymeric in situ gelling vehi-
cles for oral drug delivery. J Control Release.
2001;73 (2-3):337-342.

61. Zhao L, et al. Nutrient components, health bene-
fits, and safety of litchi (Litchi chinensis Sonn.): a
review. Compr Rev Food Sci Food Saf. 2020;19
(4):2139-2163.

62. Kulkarni AS, Patil SN. Mucoadhesive floating in
situ gel of ranitidine using Carbopol 934. Int J
Pharm Sci. 2019;11 (3):45-50.

63. Indian Pharmacopoeia. Government of India,
Ministry of Health and Family Welfare. Ghazi-
abad: The Indian Pharmacopoeia Commission;
2022.

64. Brookfield Engineering Laboratories. More Solu-
tions to Sticky Problems: A Guide to Getting More
from Your Brookfield Viscometer. Brookfield
Engineering; 2017.

65. Rao MR, et al. Development of gastroretentive in
situ gelling system of amoxicillin trihydrate.
AAPS PharmSciTech. 2011;12 (4):1128-1135.

66. Kubo W, et al. In situ gelling pectin formulations
for oral drug delivery. Int J Pharm. 2003;258 (1-
2):55-64.

67. Singh BN, Kim KH. Floating drug delivery sys-
tems: An approach to oral controlled drug delivery
via gastric retention. J Control Release. 2000;63
(3):235-259.

68. ICH Q1A (R2). Stability Testing of New Drug
Substances and Products. International Council
for Harmonisation; 2003.

HOW TO CITE: Salma Sulthana, Dr. Konda Shravan
Kumar, Formulation of a Gastroretentive in Situ Gelling
System Containing Litchi Chinensis Extract for Sus-
tained Antiulcer Activity, Int. J. of Pharm. Sci., 2026, Vol
4, Issue 11, 2499-2521.
httns://doi ore/10 5281/zenoda 24279523

o
e
Y 1 Y

} INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES 2521 | Page

e

¢



