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ABSTRACT

Background: Controlled drug delivery systems (DDS) are designed to release therapeutic
agents in a regulated manner to maintain consistent plasma drug concentrations. Among
these systems, gastro-retentive DDS (GRDDS) have gained considerable attention due to
their ability to prolong gastric residence time, thereby enhancing drug bioavailability and
therapeutic efficacy for drugs absorbed primarily in the stomach or upper gastrointestinal tract.

Objectives: This review aimed to critically examine the role of pectin-based polymers in the
development of GRDDS, with particular emphasis on formulation strategies using high- and
low-methoxylated pectins.

Results: Pectin, a naturally derived polysaccharide, is widely utilized in pharmaceutical
formulations owing to its biocompatibility, biodegradability, non-toxic nature, and excellent
gel-forming capacity. Based on its degree of methoxylation (DM), pectin is classified into
high-methoxylated and low-methoxylated forms, each exhibiting distinct physicochemical
and functional properties. Low-methoxylated pectin has been extensively explored in floating
DDS due to its calcium-dependent gelation behavior. In contrast, high-methoxylated pectin
demonstrates strong mucoadhesive properties, making it suitable for mucoadhesive gastro-
retentive formulations. Comparative studies with other natural polymers highlight the
versatility of pectin in GRDDS design.

Conclusion: Pectin-based gastro-retentive formulations represent a promising and sustainable
approach for controlled drug delivery. Understanding the distinct characteristics of high-
and low-methoxylated pectin enables the rational design of effective GRDDS, potentially
improving therapeutic outcomes and patient compliance.

Anis A, Das A, Kirtania MD, Das L, Biswas GR. Gastro-retentive Drug Delivery Systems Based on Pectin: An Overview. Pharmaceutical and

Biomedical Research. 2026; 12(1):9-26. http://dx.doi.org/10.32598/PBR.12.1.1286.2

http://dx.doi.org/10.32598/PBR.12.1.1286.2



http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://orcid.org/0009-0002-7468-8808
https://orcid.org/0009-0006-4699-468X
https://orcid.org/0000-0002-1236-6320
https://orcid.org/0009-0008-9536-9543
https://orcid.org/0000-0002-9197-4278
mailto:goparoy2020%40gmail.com?subject=
mailto:gopa.r%40technoindiaeducation.com?subject=
http://pbr.mazums.ac.ir/
http://pbr.mazums.ac.ir/
http://pbr.mazums.ac.ir/
http://dx.doi.org/10.32598/PBR.12.1.1286.2
https://crossmark.crossref.org/dialog/?doi=10.32598/PBR.12.1.1286.2
http://pbr.mazums.ac.ir/page/118/Open-Access-Policy

March 2026. Volume 12 Number 1

Introduction

rug delivery system (DDS) refers to the

formulation and or device used to deliver

an active pharmaceutical ingredient (API)

to the body in a manner where the release

of the API is accurately regulated and

timed to overcome the limitations of bio-
logical barriers, such as poor solubility and or short half-
life [1, 2]. Conventional DDS are traditional systems for
delivering drugs into the systemic circulation via various
routes of administration [3, 4]. Despite being widely ac-
cepted worldwide, this approach has several drawbacks
and limitations. One such system is the delivery of drugs
via oral administration, which has gained prominence in
pharmaceutical research [3]. However, this system faces
various challenges, including fluctuations in plasma drug
concentrations due to frequent medication dosing, inad-
equate bioavailability due to poor drug absorption, de-
creased gastric residence time, low permeability across
biological membranes, and varying pH levels [1, 3, 5].
Studies and research are continually conducted in this
field to improve development and make modifications,
mainly to overcome the physiological drawbacks of the
conventional DDS.

Importance of gastro-retentive DDS (GRDDS)

A notable recent advancement in this area is the ap-
proach towards GRDDS, which are designed to extend
the duration period of drugs in the gastric region, thereby
enhancing drug absorption and bioavailability [6, 7].

The GRDDS are widely acknowledged for their pro-
longed gastric retention, sustained release, improved
therapeutic effectiveness, and better site targeting in
the stomach [8, 9]. GRDDS reduces dosing frequency,
thereby improving patient adherence to the treatment
regimen; this also helps maintain systemic drug con-
centrations [6]. Drugs with a narrow absorption window
in the upper gastrointestinal (GI) region are more labile
at alkaline pH, leading to decreased bioavailability [3,
10]. This issue can be addressed by extending the drug’s
retention time and formulating it to allow it to remain
in the gastric region and promote slow release over an
extended period [13]. This allows time for proper ab-
sorption and drug dissolution in the gastric region [7, 11,
12]. Apart from its activity in the systemic circulation,
GRDDS has also demonstrated local activity, thereby
eradicating the Helicobacter pylori from the upper intes-
tine (submucosal region), and is also helpful in the treat-
ment of duodenal ulcers [3, 13].

Anis A, et al. Pectin in Gastro-retentive Drug Delivery. PBR. 2026; 12(1):9-26.
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Introduction to pectin and its properties

Pectin is a natural heteropolysaccharide, predominantly
present in plant cell walls [14, 15]. It is widely accepted
in the pharmaceutical industry because of its distinctive
characteristics, such as biodegradability, biocompatibil-
ity, low toxicity, and pH sensitivity, making it safe and
effective [16, 17]. Some studies suggest that pectin is
more stable in acidic media, and thus provides sustained
release when combined with gelatine in an encapsulated
form [18]. Pectin readily undergoes esterification to pro-
duce a gel; this characteristic of pectin is an essential part
of the design of regulated gastro-retentive formulations
[19, 20]. In this review, apart from the various formula-
tions widely adopted in GRDDS, pectin-based formula-
tions are discussed.

In 1825, Henri Braconnot successfully isolated and
evaluated pectin, thereby laying a vital foundation for
the food industry [21]. Pectin holds a significant role in
protecting a plant’s cell wall, providing structural support
that serves as a protective shield against any mechanical
stress [22, 23]. This plant-derived complex polysaccha-
ride primarily consists of D-galacturonic acid (GalA)
residues linked together by o—1, 4-glycosidic bonds in a
chain [24, 25], where the carboxyl group is found to be
in methyl ester form [22, 30]. Pectin exhibits a molecular
weight of nearly 60,000—130,000 g/mol [26, 27]. There
are a variety of sources available to extract pectin, but
the only primary sources are citrus peel, apple pomace,
or other higher plants [28].

Structural analysis

As a complex structure, it comprises several sub-do-
mains that are covalently linked to each other [22, 28].
These domains include homogalacturon (HG), rhamno-
galacturonan-I (RG-I), RG-1I, and substituted galacturo-
rans (xylogalacturonan [XGA] and apiogalacturonan
[AG]) (Table 1) (Figure 1) [28-32]. HG region, being
the most abundant polysaccharide, acts as the main
backbone for other sub-domains and constitutes ap-
proximately 60-65% of the whole pectin [22, 23]. It can
be described as the unbranched homo-polymer, linear
chains that comprise units of a-(1-4)-linked D-GalA [29,
32]. Based on structure, pectin can be divided into two
sections or regions, namely the linear ‘smooth region’
and the ‘hairy region’ [33-35]. The smooth linear region
is mainly dominated by the partially esterified (methyl-
ated or acetylated) GalA residues of the HG skeleton [31,
34]. The hairy region consists of branched RG (I and II)
domains, along with galacturonan substitutes (XGA and
AG) in smaller portions [34, 36].
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Gelling property of pectin due to its structural
domains

HG, being the most abundant domain in the pectin
structure, plays a very significant role in pectin’s gelling
ability [31, 40]. A higher percentage of HG domains con-
sistently yields stable gel formation [41, 42]. The inter-
action of divalent cations with the HG units forms ‘three-
dimensional gel networks’, which increases the strength
of gelling [43]. This gelling ability is also influenced by
the length of RG-I structural sub-domains [41, 44].

Characterization: Pectin molecules comprise both hy-
drophilic and hydrophobic functional groups [41]. Hy-
droxyl and carboxyl moieties (of GalA residues) serve
as hydrophilic units, while amide groups and carboxylic
esters serve as hydrophobic units [45]. The abundant
groups in the pectin skeleton are acetyl and methoxyl
groups. The degree of acetylation (DA) is indicated by
the acetyl groups, which are mostly joined to the hy-
droxyl moiety [37, 42] (Figure 2). Lower acetylation
(DA) indicates a greater gelling property of pectin, due
to stronger interactions. At the same time, the carboxyl
moieties esterified with the methyl groups represent the
degree of methoxylation (DM). Higher DM greatly im-
pacts the solubility. However, the polymer size increases
with a decrease in DM [32, 40, 41]. The prevalence of
divalent cations (Ca*") interactions also affects the gell-

ing property [43].
Classification of pectin

Pectin’s chief characteristic is to form a gel upon esteri-
fication. The degree of esterification (DE) (as explained
in previous sections) varies with different sources and
processing and isolation conditions [46, 47]. The DE can
be calculated by comparing the number of partly methyl
esterified GalA units with the present number of com-
plete GalA units [23, 48]. Classification of pectin mainly
depends upon this DE or the substitution of carbox-
ylic acid moiety with increased quantities of methoxyl
groups in GalA skeleton [36, 55].

Pectin comes in two primary varieties: “high methoxyl
pectin,” which has a DE of more than 50%, and “low
methoxyl pectin (LMP),” which has a DE of less than
50% [14, 23, 56]. High methoxyl pectin (HMP) has
hydrogen bonding and high hydrophobic interactions
within its chains, which, in turn, form a gel at low pH
(acid- and heat-sensitive) [36, 57]. It also requires large
quantities of sugar, along with a high concentration of
soluble particles (e.g. sucrose) for the gelation process
[23, 55].
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In contrast, LMP can form a rigid gel, requiring only a spe-
cific number of divalent cations (Ca®* ions), which crosslink
with the galacturonic chains [23, 38, 58]. The gel-forming
mechanisms of HMP and LMP greatly depend on their de-
gree of DM, pH variations, and addition of co-solutes [27].
Also, based on molecular weight and polymeric concentra-
tion, HM and LM pectin can be distinguished (Table 2).

Methods of producing GRDDS

Formulating a system can also be challenging due to the
factors that must be considered during the formulation
process. First and foremost, the GRDDS vehicles need to
be able to efficiently hold the medication in the stomach
area for a long time [50]. Second, it should also with-
stand the stomach wall’s intense peristaltic movements
[13]. Lastly, to achieve optimal therapeutic efficacy, the
integrated medicine must be released gradually and under
control [3]. To meet these requirements, several polymers
have shown variability in characteristics, enabling the cre-
ation of a gastro-retentive drug delivery system [19, 51].
However, various factors like the type of polymer (cation-
ic, anionic, and non-ionic), its respective composition and
molecular weight, may affect the quality of GRDDS [52].
There are a variety of formulation designs for GRDDS,
including swellable hydrogels, mucoadhesives, raft for-
mation, magnetic systems, systems with low and high
densities, and ion-exchange [19, 53].

Various production techniques
Floating system/Low-density system

A system based on the concept of low-density float-
ing technique where the differences in densities between
the dosages form and the gastric fluid are controlled [13,
63]. In this case, the prepared formulations should be less
dense than the gastric fluid (1.004 g/cm?®) so that they stay
buoyant or remain in the stomach longer [3]. It allows the
gradual release of the drug at a controlled rate, thereby
increasing gastric residence time [7, 64]. This system was
first discovered by Davis in 1968 [65]. Formulations for
floating systems include gel-forming hydrocolloids, float-
ing gel beads, microspheres, microballoons, and intragas-
tric formulations that enable floating in stomach fluid.
Based on these formulations, floating delivery systems
are divided into single-unit and multi-unit systems [51,
66]. Multiple-unit floating systems provide a more sus-
tained release profile, while ensuring controlled perfor-
mance [67]. Pectin-based beads have received extensive
investigation and are mostly implemented as multiple-
unit floating systems, due to their gel-forming and thick-
ening properties [66, 67].

Anis A, et al. Pectin in Gastro-retentive Drug Delivery. PBR. 2026; 12(1):9-26.
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Table 1. Description of sub-domains in the structural skeleton of pectin

Units of Pectin (Sub-domains) Description Ref.

Unbranched homo-polymer, linear chains that comprise a-(1-4)-linked-D-
GalA residues, being partially methyl-esterified at O-6 position and acetyl
esterified at O-2 and/or at O-3 positions.

HG (abundance: 60-65%) [22, 23, 30, 33, 37, 38]

Consisting of repeated GalA (at O-2 position) and L-Rhamnose (Rha) (at O-4
position) residues (20 repeating disaccharide residues observed in sugar
beet). The rhamnose unit (20-80%) is mainly attached with the sugar side
chains (galactose, arabinose) at the C-4 position.

RG-I (abundance: 20-35%) [22, 23, 27, 28, 30, 33, 38]

A complex branched structure that has a backbone comprising 7-9 units
of GalA residues. This backbone is made up of various complex side chains
branched with monosaccharides, including arabinose, apiose, acetic acid,
fucose, aceric acid, Dha, or Kdo.

RG-II (abundance: >10%) [22, 23, 27, 28, 33, 34]

XGA comprises branched or linear structures that are linked with GalA resi-
XGA dues at O-4 through the B-glycoside bond formation. It also consists of both
xylose and GalA residues in the HG skeleton.

[22, 33, 38, 39]

AG is composed of alternating GalA residues substituted with mono or disac-
AG (abundance of XGA and AG: charide units, primarily in a linear chain. These mono or disaccharide units
>10%) include molecules of apioduranosyl or apiogalacturonan, linked together in
the HG backbone or crosslinked with other sub-domains (RG-1 or RG-II).

[22, 23, 33, 38, 39]

PBR

Multiple-unit floating systems: Multi-unit floating
systems provide a more enhanced sustained release pro-
file, while ensuring a controlled performance [12, 67].
Different strategies may improve the floating mecha-
nism of multi-unit dosage forms, including both effer-
vescent and non-effervescent systems [68]. For instance,
Kamble et al. prepared floating beads comprising a pec-
tin-hydroxypropyl methylcellulose (HPMC) coating to
study and analyse the stable release of piroxicam [68].
Meanwhile, Gadad et al. developed a floating system by

Figure 1. Structural elucidation of pectin molecule

preparing hollow beads loaded with captopril, mainly
using LMP and gellan gum [69]. Pectin-based floating
gel beads have received extensive investigation and are
mostly implemented as multi-unit floating systems. Oth-
er approaches also include the development of microbal-
loons and intragastric floating formulations.

Effervescent system: A system that generates gas and
enables a floating mechanism [19]. Mainly comprised
of substances, such as sodium bicarbonate (NaHCO,),

Note: Reference for this structure is taken from Harholt et al. [29], Zhang et al. [28], Liu et al. [54].

Anis A, et al. Pectin in Gastro-retentive Drug Delivery. PBR. 2026; 12(1):9-26.
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Table 2. A detailed description of distinct factors along with their differences showcased between high methoxyl and low

methoxyl pectin

March 2026. Volume 12 Number 1

Factors HMP LMP
DE Greater than 50% affinity towards DE Less than 50% affinity towards DE (with a low degree of methylation).
. . . N -
. Due to hydrogen bonding and high cohesive hydrophobic G.E| formatlf)n talfes p'?ce duez:co tI;e |ntfract|on of p(.ectln stth ca”™ or
Gelling interactions within the polymeric chains [46, 53, 54]. This divalent cations (including Mg?, Ba%, Zn*) that cross-link with the GalA
mechanism poly T chain [36, 43]. The interaction of calcium ions with alginates can also be

Requirements for
gel formation

Thermal activity

stabilizes the gel structure [59].

Low pH levels (<3.5) reduce the extent of carboxyl group
dissociation, thereby minimizing the electrostatic repul-
sion among pectin chains [40, 41, 46].

Water content can be minimized in the presence of co-sol-
utes, such as sucrose, thereby promoting the hydrophobic
interactions [41, 57].

Forms thermally irreversible gels at low pH levels [35].

Apple peels (61-63%), passion fruit peels, sugar beet, or-
ange peels [60, 61]

described by the “egg-box” model [40, 58, 59].

Amidation of the pectin molecule increases gelling ability and requires
fewer Ca* ions [46].

Low pH levels strengthen the Ca?* containing gels formed by amidated
pectin molecules [23].

Whereas, high pH levels (3.5-8.5) are suitable for gel formation, due to
the high degree of dissociation of carboxyl groups [58].

Calcium reactivity in pectin depends upon the percentage distribution
of carboxyl groups.

At low pH: thermally reversible gel [35].
At neutral pH: thermally irreversible gel [35].

Apple peels (22.15%), Sunflower, pea hulls, carrot pomaces, potatoes
[60, 61]

Sources
Citrus fruits pomaces (85%), olive pomaces, mango waste, pumpkin pulp, peach pulp, linseed seeds, cocoa, husk, watermelon, etc.
[27, 34].
Aqueous methods include conventional heating, microwave heating, ultrasonic extraction, and enzymatic extraction. Unconventional
Extraction methods include ultra-high pressure and subcritical water extraction techniques.
methods and Pectin extraction on an industrial scale generally follows traditional methods, such as acid extraction and alcoholic preparation, espe-
processes cially for commercial use. The most common one is the acid extraction method, where, at high temperature, hydrolysis of protopectin
occurs. E.g. pectin from apple pomaces is mainly extracted at low pH levels by using citric acid solution [22, 27, 34, 46]
Applications Emulsifying agents, stabilizers, coating materials, carriers in DDS, encapsulating agents, film formers, therapeutic uses [57].

Abbreviations: DDS: Drug delivery system; Ca*": Calcium; Mg?*": Magnesium(*); Ba?*: Barium chloride; Zn*": Zinc(*"). LER
buoyancy to the formulation, hence making it floatable
[20]. This system also comprises volatile liquids, such as
ether and cyclopentane [3]. When incorporated inside an
inflatable chamber, the volatility of the liquid makes the
chamber inflate in the stomach [71].

calcium carbonate (CaCO,), tartaric acid, or citric acid,
which produce effervescence and are mainly formulated
in a combination [7, 63]. These agents, together, can pro-
duce carbon dioxide gas (CO,) in gastric fluid [70]. This
CO, gas enables swelling of hydrocolloids and provides

HIGH METHOXYL PECTIN (HMP): DE > 50%
OH
e} O e} o
o o) 0 o)
HO_ OH OH OH OH /OH
0O [e) O (6] (6]
OH OH OH OH
LOW METHOXYL PECTIN (LMP): DE <50%
H OH H
0 0 o) 0
0 0 0 0
HO OH OH OH OH /OH
\0 (6] O (0] (o)
OH OH OH OH

Figure 2. Chemical structures of HMP and LMP

Note: Methoxyl groups represent the variances in DE [28, 48]. Structures were drawn in chemsketch.
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Table 3. Raw materials required for GRDDS
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System Type Primary Mechanism Key Raw Materials and Components Ref.
Maintains density <1.004 Polymers: HPMC (K4M, K15M), ethyl cellulose, pectin, chitosan, polycarbonate. (12,15, 63
FDDS g/cm? to float on gastric Effervescent agents: NaHCO_, CaCO,, citric acid, tartaric acid. RS
: - s 3 65, 67, 83)
fluid. Lipids: Beesway, stearic acid, glyceryl monostearate.
Swelling/ex- ol T swe.ll High molecular weight polymers: HPMC K100M, PEO, PVP, carbopol. Crosslinkers: Glu- [3 55,63
andin Bl dien s e taraldehyde (for controlled expansion) ’ 69 o
P J sphincter. ¥ P ' !
Adheres to the gastric mu-  Cationic polymers: chitosan (highly effective due to the negative charge of mucus). (13,56, 75-
Mucoadhesive  cosal lining via electrostat-  Anionic polymers: Carbopol (polyacrylic acid), sodium alginate, pectin, sodium CMC. 78’80,81]
ic or hydrogen bonding. Thiolated polymers: Thiolated chitosan. T
Forms a cohesive, buoyant  Gel formers: Sodium alginate, alginic acid, pectin, gellan gum. [55, 63, 69
Raft forming gel layer (raft) that acts as ~ Gas-generating agents: NaHCO,, CaCO, ’82]‘ !
a barrier. Antacids: Aluminum hydroxide, magnesium carbonate (neutralize acid).
Sinks to the bo?tom of the Inert Heavy materials: barium sulfate, zinc oxide, titanium dioxide, iron powder. [3: 7,55,
HD stomach (density >2.5 g/ Excipients: Heavy pellets or coated beads using the above materials as cores
cm?) to resist emptying. P ’ Y P e ’ 69, 85]
PBR

Abbreviations: HPMC: Hydroxypropyl methylcellulose; FDDS: Floating drug delivery system; PEO: Polyethylene oxide; PVP:

Polyvinylpyrrolidone.

Floating beads [12]: Multiple-unit dosage forms ex-
hibit reduced intersubject and intrasubject variability in
transit compared to other monolithic dosage forms. This
is observed due to the all-or-none nature of the empty-
ing process. Beads, also known as microbeads, are solid
particles in the micro range, consisting of drug materi-
als encapsulated within polymeric coatings. The coating
material should be biocompatible and dissolve at various
pH levels in the GI tract (GIT). This enables site-specific
drug delivery and also prolonged drug release at a con-
trolled rate. Advancements made in pectin-based float-
ing beads include (Table 3).

Microballoons/hollow  microspheres-microballoons
come under low-density non-effervescent systems [72].
These formulations are structurally hollow spherical par-
ticles without a core [62]. These free-flowing particles
are less than 200 micrometers in size [65, 67, 73]. The
polymers used in the preparation of microballoons tend
to float in stomach fluid for an extended period due to
their gel-forming ability [74]. Agar, calcium alginate,
cellulose acetate, polycarbonate, Eudragit S, and low-
methoxylated pectin are the typical polymers used [52,
70]. These polymeric materials often absorb water upon
contact with gastric fluid, forming a colloidal gel shield
that controls the fluid’s rate of penetration into the device
and the release of the drug [65, 74]. Once the dose form
has dissolved, a gel layer forms on its outer surface, fa-
cilitated by moisture from the surrounding hydrocolloid
layer [65]. Air trapped within the swollen polymer re-
duces the hollow microspheres’ density, enhancing their
floatability and improving effectiveness [S1, 74].

Anis A, et al. Pectin in Gastro-retentive Drug Delivery. PBR. 2026; 12(1):9-26.

Swelling and expandable systems

Swellable and expandable systems are novel oral DDS
intended to prolong the residence time of drugs in the
stomach, which in turn increases gastric retention. These
systems can expand or swell when taken, which en-
hances drug absorption and activity, especially for drugs
with a narrow absorption window. Swellable systems
absorb gastric fluids in the presence of polymers, such as
HPMC or other polymers. In contrast, the expandable or
unfoldable systems are capable of expanding their size
when they enter the stomach to prevent their premature
passage from the stomach over the pyloric sphincter.
This gastro-retentive drug delivery device can also be
termed a “plug-type” system, as it has the potential to
temporarily obstruct the pyloric sphincter. The swelling
of this device in the gastric compartment occurs in two
stages: swelling, which increases volume, and unfold-
ing, which changes the shape from a smaller to a larger
form. The release of the drug from this swelling matrix
is dominated by a diffusional mechanism. After drug de-
livery, they can gradually reduce in size or biodegrade
[3,7,55, 63, 69].

Mucoadhesive system

Park and Robinson first presented the novel mucoad-
hesive or bioadhesive technology in 1984 [3], marking
a significant advancement in drug delivery technology.
This system is designed to effectively adhere to the gas-
tric epithelial cell surface, thereby increasing the gastric
residence time of various drug compounds [13]. By uti-
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lizing mucoadhesive polymers, we can strategically im-
mobilize drug delivery devices at specific locations [75],
enabling targeted release and enhanced drug delivery ef-
ficacy through intimate contact and prolonged adhesion
[75-78].

Mechanism- Polymeric materials that are hydrophilic
in nature, with abundant hydrogen bonds, aid in the in-
teractions with the mucus membrane. These interactions
result from secondary bonding and physical entangle-
ment, particularly through hydrogen bonds and van der
Waals forces, which greatly improve adhesion [75, 78].
Pectin is a particularly interesting polymer because it in-
teracts with the functional groups in mucus layers and is
an anionic polysaccharide rich in carboxylic groups [80].
Various factors should be considered before formulating
mucoadhesives. These include hydration levels, ionic
strength of the medium, and specific molecular struc-
tures [56, 81].

Raft- forming systems

Raft-forming DDS are a class of gastric-retentive sys-
tems that create a buoyant, gel-like barrier, or “raft,” on
the gastric fluid surface. Such a raft separates as a dis-
tinct mass from the surrounding gastric fluids, remaining
buoyant at the surface. Rafts can provide localized treat-
ment for gastric disorders, such as GERD, due to their
floating nature above gastric fluids. Raft-forming DDS
consist of gel-forming substances such as alginic acid,
along with bicarbonates as reaction precursors in gastric
fluids, which form CO, gas. The gas pocket traps the gel,
making it buoyant. Low density of this system enables
buoyancy, ensuring a stable formulation and maintaining
sustained drug release [55, 63, 69, 82].

High-density systems

High density (HD)-GRDDS have specialized designs
with a higher bulk density than gastric fluids (>1.004
g/mL); thus, the dosage sinks quickly into the antrum,
where it stays longer. In contrast to traditional buoyancy-
driven flotation systems, where a higher density (<1 g/
cm?) is desirable, the former systems focus on utilizing
the force of gravity for targeted localization within the
gastric cavity, especially for substances for which ab-
sorption is mostly confined to the proximal stomach.
HD-GRDDS help improve the bioavailability of agents
with a narrow absorption window while promoting con-
trolled drug release. Higher densities utilize inert, high
molecular weight materials like barium sulfate, zinc ox-
ide, and iron, constituting up to 20-50% of the dosage,
although the difficulties here include erosion resistance
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while maintaining mechanical strength. More recent lit-
erature highlights the use of hybrid HD-swelling matri-
ces to achieve maximum retention times (>6-8 hours) [3,
7,55, 69, 85].

Raw materials and components used
Production processes
Floating systems

1) Direct compression: Mix drug, gas-releasing agents
(NaHCO:s and citric acid), and low-density materials
(HPMC and pectin), compressed to form tablets, and gas
release causes a decrease in density to <1 g/cm? [84].

2) Wet granulation: Add volatile oils (such as pepper-
mint) or foam stabilizers to the granules, dry them, and
press to create a hollow matrix to trap CO,.

3) Extrusion: An encapsulator with a nozzle is used, in
which the solution passes through and is deposited into a
bath of gelling solution [39].

4) Microspheres: through the development of bio-
polymeric microspheres, it is possible to achieve drug
delivery via a smart delivery system, ensuring controlled,
gradual release of drugs for a prolonged period [39].

Production processes include:

1. Ionotropic gelation: Employs the concept of elec-
trostatic interactions; the bio-polymers interact with op-
positely charged crosslinkers [39]. In the case of pectin,
crosslinking agents, such as calcium chloride, are used,
where electrostatic interactions occur between the posi-
tively charged crosslinker and the negatively charged
carboxyl moieties of pectin [41, 81]. This also depends
on the pH and polymeric concentrations [39].

2. Spray drying: Based on the principle of converting
liquid product into dry powders or microspheres [88, 89].
Here, an aqueous solution is dispersed into tiny droplets
using an atomizer, and the droplets are then mixed with
a drying gas [39]. The solvent component of the solution
evaporates due to the presence of this drying gas, allow-
ing the powder to separate out [39, 88].

3. Emulsion: Dispersion of two immiscible liquid
phases, where droplets of one liquid phase are dispersed
in another liquid medium along with added emulsifying
agents [40]. The process involves developing a stable
emulsion by dispersing active substances in a polymeric
solution. When this stable emulsion is mixed with a non-
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solvent, the polymer component precipitates, leaving
behind microspheres. Evaporation of solvent enables the
formation of encapsulated microspheres containing ac-
tive substances [88].

4. Coacervation: development of microspheres by the
coacervation technique occurs due to the formation of a
coacervate phase. Types: Simple and complex coacerva-
tion [39].

Swelling/expansion systems

Hydrogel matrix tableting: Hydrogel is a “three-dimen-
sional polymeric network” mainly prepared by chemical
crosslinking methods [42]. They possess a remarkable
ability to assimilate and preserve substantial quantities of
water, all while maintaining their structural integrity [33,
90]. Pectin hydrogels have proven to be a potential me-
dium for controlled delivery systems. Production com-
prises mixing swellable polymers (polyacrylate, pectin)
with the drug via high-shear granulation; compression
yields tablets that expand >2x in volume to resist pyloric
passage [3, 42]. E.g. calcium pectinate (CaP) hydrogels:
Maintained at low pH levels. Approaches showcase the
use of CaP in various controlled delivery systems. It is
also utilized in the preparation of gel beads at concentra-
tions of 1-5% [51, 86, 91].

Mucoadhesives

1) Spray-drying: Atomize drug-polymer (chitosan,
pectin) solutions into mucoadhesive microspheres; opti-
mizes particle size (50-200 um) for gastric adhesion [39,
84, 88, 89].

2) Emulsion solvent evaporation: Disperse polymer
in oil-water emulsion, evaporate solvent to form muco-
adhesive microparticles [41, 88].

Raft-forming system

1) Ionotropic gelation: Drop pectin/alginate solution
into a CaCl, bath; crosslink into floating gel beads or ma-
trices; ideal for pectin-based rafts [93].

2) Multiple-unit extrusion: Extrude polymer-drug
melt into pellets, cure for cohesive rafts on gastric con-
tact [92].

High-density systems [3, 7, 55, 69, 85]

1) Pelletization: The drug is coated over heavy “seeds”
or “cores”, such as barium sulfate or titanium dioxide.

Anis A, et al. Pectin in Gastro-retentive Drug Delivery. PBR. 2026; 12(1):9-26.
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2) Extrusion-Spheronization: The drug mixed with
a wet mass and heavy diluents is extruded into strands
of “spaghetti” that are subsequently shattered in a sphe-
ronizer into dense spherical bodies called pellets [39].

3) Encapsulation: The dense pellets are filled in cap-
sules.

Mechanism of action of GRDDS:
How drugs are retained in the stomach

Before formulating any system, a thorough under-
standing of the various dependent physiological factors
is essential. A successful formulation of GRDDS relies
on the stomach’s physiology, particularly regarding the
gastric emptying process and understanding its anatomi-
cal parts [3]. Anatomically, the stomach is divided into
proximal and distal sections. The proximal portion in-
cludes the fundus and the body, while the distal portion
consists of the antrum and the pylorus (illustrated in Fig-
ure 3) [7, 93]. The function of the proximal part is to act
as a temporary storage space for consumed food. At the
distal end, the antrum serves as the main site for churn-
ing food and also helps gastric emptying by propelling
food via a pumping action. The pylorus, located in the
lower region, acts as a barrier between the stomach and
the duodenum. It allows the regulation of gastric resi-
dence time for ingested food [10, 12, 13].

The stomach has a mobility pattern called migrating
myoelectric complex (MMC) [93]. This pattern follows
a systemic cycle comprising four phases, each lasting
about 90-120 minutes (described in Table 4). Here, the
gastric emptying processes for the ingested materials
occur. However, this gastric mobility pattern differs
between the fasting and fed states [94]. During fasting,
sequences of a cyclic pattern, followed by electrical
events, occur every 90-120 minutes [95] (Figure 4). The
pylorus increases in diameter, thereby allowing smaller
particles to evacuate easily through the duodenal pyloric
sphincter. In a fully fed state, motor activity continues to
occur every 5-10 minutes as long as the food contents
remain in the stomach, thereby delaying gastric empty-
ing [3, 7, 13, 64].

Factors affecting the performance of gastro-reten-
tive systems [3, 7, 11, 12, 64, 70, 106]

The extent to which a gastroretentive drug delivery
system works well can be accurately predicted by one
key characteristic: Gastric retention time. This gastric re-
tention time can be affected by various conditions.
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Table 4. Phases of MMC [3]

March 2026. Volume 12 Number 1

Phases Events Duration (min)
Phase 1 (basal phase) Occurrence of rare contractions, also known as the quiescent phase. 30-60
Phase 2 (pre-burst phase) Gradual increase in the intensity of contractions with intermittent action potentials. 20-40

Phase 3 (burst phase)

Phase 4 (transition phase)

Known as ‘housekeeper phase,’ as it sweeps away all the ingested materials from the stomach
down into the duodenum. Regular contractions with maximal frequency.

10-20

Transitional phase between phases 1-3. Brief relaxation. 0-5

Physiological factors

1) Gastric motility (MMC): In the fasting state, the
MMC rhythmically cycles every 1.5 to 2 hours, with
some periods of intense contraction in phase III, often
called the “housekeeping wave,” which propels nondi-
gestible matter out of the stomach and could effectively
empty GRDDS if it happens coincidentally.

2) Gastric pH and volume: The pH of the stomach
varies from 1.5 to 2.0 in a fasted state and from 2.0 to
6.0 in a fed state, whereas increased gastric volume and
water intake lead to a faster gastric emptying rate.

Formulation and physicochemical factors

1) Density, length, and geometry: Density should be
less than gastric fluid (<1.004 g/cm?) in floating systems,
whereas in the case of a heavy-density system (>2.5 g/
cm?), the design should facilitate lodging in the gastric
folds; the system takes long if its size exceeds 7.5 mm,
whereas a geometry that is not a sphere (ring, tetrahe-
dral) takes long.

2) Single versus multiple units: Multiple-unit sys-

tems, such as beads or microspheres, are generally more
reproducible than single units, such as tablets or cap-

Figure 3. Anatomy of stomach [13] M
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sules, regarding GRT and are less prone to all-or-nothing
emptying phenomena.

Patient-related factors

1) Fed/fasted state and nature of the meal: GRT is
usually prolonged in the fed state, as food inhibits the
onset of the MMC cycle and slows gastric emptying;
high-calorie meals, specifically high-fat meals, further
delay GRT in the GRDDS.

2) Age, Gender, Posture, and Disease: Elderly indi-
viduals generally exhibit slower gastric emptying and
longer GRT, and females often have slower gastric emp-
tying than males; posture can modulate the behavior of
floating systems (upright posture favors floating in the
fundus), while conditions such as diabetic gastroparesis
delay emptying, and hyperthyroidism or stress may ac-
celerate it.

Advantages and disadvantages of pectin-based
GRDDS

Pectin is a naturally occurring polysaccharide (derived
from citrus fruits or apples) that has gained significant
attention in GRDDS. Its performance is largely dictated

PBR
Figure 4. Representation of different phases of MMC [7, 93]
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by its DE, which categorizes it into high methoxylated
(HM) or low methoxylated (LM) pectin (from section:
Introduction to pectin and its properties).

Advantages of pectin-based GRDDS

1) Acid-induced gel stability: Pectin forms a stable
gel under acidic conditions comparable to the gastric en-
vironment, helping the oral dosage form retain its struc-
tural integrity after ingestion [80, 86].

2) Mucoadhesive interaction with gastric tissue: HM
pectin exhibits strong mucoadhesive behavior by form-
ing intermolecular hydrogen bonds, thereby enhancing
adhesion to the gastric mucosal surface and prolonging
residence time [46, 75].

3) Controlled and adjustable drug release: The drug
release rate can be precisely regulated by altering the
HM: LM pectin ratio or by introducing calcium ions to
induce polymer crosslinking, enabling controlled diffu-
sion from the matrix [11, 23, 36, 43, 46, 85].

4) Biocompatibility and regulatory acceptance: As
a naturally occurring polysaccharide, pectin is biode-
gradable, non-toxic, and well tolerated, with established
acceptance for use in pharmaceutical formulations [16,
17].

5) Manufacturing and economic advantages: Pectin
is an economical excipient derived from fruit-processing
byproducts and is easily incorporated into conventional
pharmaceutical manufacturing processes [85].

6) GI pH-dependent behavior: Pectin remains stable
in acidic gastric conditions. However, it undergoes deg-
radation in the colon, making it particularly suitable for
formulations designed to exert their therapeutic effect in
the stomach [18, 15].

7) pH/Ion responsive gelation: LM pectin (DE<50%)
forms strong calcium (Ca?")-crosslinked “egg-box” rafts
in acidic gastric pH (1.2-3.0), achieving flotation >12 h
and sustained release without gas generators [18, 35, 46,
40, 58, 59].

Disadvantages of pectin-based GRDDS of pectin-
based GRDDS

1) Limited suitability for highly water: Soluble
drugs- Pectin is inherently hydrophilic, and formulations
containing highly water-soluble drugs may exhibit rapid
drug diffusion or premature release in the gastric envi-
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ronment. This can compromise sustained drug delivery
unless additional formulation strategies, such as polymer
blending or cross-linking, are employed [41, 96].

2) Unsuitability for acid-labile drugs: Since pectin-
based GRDDS are designed to retain the dosage form
in the stomach for prolonged periods, drugs that are un-
stable or degrade under acidic conditions may not be ap-
propriate candidates for such systems. Extended gastric
exposure can lead to reduced drug potency and therapeu-
tic failure [15, 18, 35].

3) Reduced effectiveness for drugs with narrow ab-
sorption windows beyond the stomach- although pec-
tin: Based GRDDS are effective for drugs absorbed in
the stomach or proximal small intestine, they may not be
suitable for drugs requiring absorption further along the
GIT. Prolonged gastric retention could delay drug avail-
ability at the intended absorption site [15, 35].

4) Rapid aqueous dissolution: Unmodified pectin ex-
hibits high water solubility, which can lead to premature
dissolution or surface erosion unless it is cross-linked or
combined with complementary polymers such as HPMC
or ethyl cellulose [75, 85].

5) Inherent batch-to-batch variability: As a material
derived from natural sources, pectin may show varia-
tions in molecular weight and esterification levels be-
tween production batches, potentially resulting in fluc-
tuations in drug release behavior [3, 13].

6) Dependence on divalent ions: The gel-forming ca-
pability of LM pectin relies strongly on the presence of
calcium ions, and differences in dietary intake or gastric
fluid composition may influence its in vivo performance
[19, 36, 46].

7) Limited swelling capacity: Although pectin can
form gels effectively, its swelling rate and expansion
magnitude are generally lower than those of synthetic
polymers such as polyethylene oxide, which may limit
its suitability for rapidly expanding delivery systems
[55].

Evaluation parameters of pectin-based formula-
tions [96, 97]

Evaluation of pectin-based formulations is essential to
ensure their physicochemical stability, gastro-retentive
performance, and controlled drug release behavior. The
following parameters are commonly employed to char-
acterize and optimize such formulations.
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Physical appearance and organoleptic properties

Formulations are visually inspected for color, shape,
surface texture, and presence of defects, such as cracks
or aggregation, which may indicate formulation instabil-
ity or processing issues.

Particle size and size distribution

Particle size analysis is performed to ensure uniformi-
ty, which directly influences drug release rate, swelling
behavior, and gastric retention efficiency, especially in
multiparticulate systems.

Flow properties

Flow characteristics such as angle of repose, bulk den-
sity, tapped density, Carr’s index, and Hausner ratio are
evaluated to assess powder handling and compressibility
during manufacturing.

Drug content and content uniformity

Drug content analysis ensures accurate dosing and
uniform drug distribution within the pectin matrix. This
parameter is critical for maintaining consistent thera-
peutic efficacy.

Swelling index

The swelling behavior of pectin-based formulations is
evaluated in simulated gastric fluid to determine their
ability to absorb fluid, expand, and maintain gastric re-
tention.

Gel strength and mechanical integrity

Gel strength and matrix integrity are assessed to evalu-
ate the formulation’s ability to withstand gastric motility
without disintegration, particularly for cross-linked pec-
tin systems.

In vitro buoyancy studies

Floating lag time and total floating duration are mea-
sured to assess the gastro-retentive capability of floating
pectin-based formulations in simulated gastric condi-
tions.

Mucoadhesive strength

Mucoadhesive force is evaluated using ex vivo or in vi-
tro methods to determine the adhesion of the formulation
to gastric mucosa, particularly for HM pectin systems.
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In vitro drug release studies

Drug release profiles are studied using dissolution test-
ing in simulated gastric media to evaluate release kinet-
ics and the mechanism of drug diffusion from the pectin
matrix.

Release kinetic modeling

Drug release data are fitted to kinetic models, such as
zero-order, first-order, Higuchi, and Korsmeyer—Peppas
models to understand the release mechanism.

pH sensitivity and stability studies

Formulations are evaluated under different pH condi-
tions to assess the stability and performance of pectin in
gastric versus intestinal environments.

In vivo gastro-retention studies

Imaging techniques such as X-ray radiography or gam-
ma scintigraphy are used to confirm gastric retention
time and in vivo performance of pectin-based GRDDS.

Stability studies

Accelerated and long-term stability studies are con-
ducted according to International Council for Harmo-
nization guidelines to evaluate changes in drug content,
release profile, and physical properties over time.

Applications
Specific drugs that can benefit from GRDDS

GRDDS are designed to prolong the residence time of
dosage forms in the stomach, thereby improving thera-
peutic performance for drugs that show site-specific
absorption or enhanced stability in the upper GIT. Drug
candidates that exhibit favorable physicochemical and
pharmacokinetic properties can particularly benefit from
this delivery approach [12, 35].

1) Drugs with restricted absorption regions: Certain
drugs are absorbed predominantly in the stomach or the
upper portion of the small intestine, limiting their overall
bioavailability when administered through conventional
dosage forms. GRDDS help overcome this limitation by
ensuring prolonged drug localization at its primary ab-
sorption site. Representative examples include levodopa,
riboflavin, and furosemide [12, 35].

Anis A, et al. Pectin in Gastro-retentive Drug Delivery. PBR. 2026; 12(1):9-26.
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2) Drugs intended for gastric site: Specific action-
for drugs formulated to exert therapeutic effects directly
within the stomach, prolonged gastric retention is high-
ly advantageous. Maintaining the drug in proximity to
the gastric mucosa enhances local drug availability and
therapeutic efficacy. Such drugs include antacids, Ha-
receptor antagonists, and proton pump inhibitors such as
ranitidine and omeprazole [109].

3) Drugs with pH: Dependent solubility: Drugs that
dissolve readily in acidic environments but show re-
duced solubility at higher intestinal pH levels are suit-
able candidates for GRDDS. By retaining the dosage
form in the stomach, GRDDS promote improved dis-
solution and absorption of these compounds. Examples
include ketoconazole, itraconazole, and diazepam.

4) Drugs susceptible to intestinal degradation: Some
therapeutic agents are unstable in the alkaline conditions
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of the intestine or are prone to enzymatic degradation.
Prolonged gastric retention through GRDDS can help pre-
serve drug stability and enhance bioavailability. Captopril
and metformin are commonly cited examples [93, 107].

5) Drugs requiring prolonged therapeutic levels:
GRDDS are also beneficial for drugs that require sus-
tained plasma concentrations to achieve optimal thera-
peutic outcomes. Controlled drug release from gastro-
retentive systems can reduce dosing frequency and
improve patient adherence. Typical examples include
theophylline and propranolol [101].

Results

Years of research conducted on pectin as a polymer
have showcased the benefits of its being formulated as
a potential drug carrier of various delivery systems, one
such system being the GRDDS [55]. Pectin is consid-

Table 5. Description of various studies conducted on pectin based gastroretentive formulations for floating beads

Formulations Based on Floating System

Pardeshi et al. made floating beads by using pectin and sodium alginate incorpo-
rated with propranolol hydrochloride by the ionotropic gelation technique. The
release was observed in vitro. Floating time- 9 hrs.

Alhakamy et al. developed Ca pectinate floating beads loaded with EA. Release
was observed for 24 h.

Diclofenac sodium-loaded hollow CaP beads were formulated by Badve et al.
The floating beads had a spherical structure with a hollow core. A bulk density
of <1 g/mL and 34% porosity were observed. The floating time was up to 5 h.

Abouelatta et al. aimed to establish gastro-retentive CaP gel bead containing
cinnarizine, developed by applying the ionotropic gelation method. Enhanced
in-vivo efficacy and zero-order kinetics were observed within 12 h, with a float-
ing time of 8 h.

Sriamornsak et al. formulated an intragastric floating CaP beads comprising car-
bonate salts (NaHCO3 or CaCOz). These beads are composed of the metronida-
zole drug. The ionotropic gelation method was applied to formulate gel beads.
When the gelation medium was acidified, CaCO, reacted with the acid to form
CO,, which led to the production of bubbles. Freeze-thawing and acidification of
beads increase pore size and floatability.

Mohan et al. developed a floating delivery system comprising alginate beads
loaded with acyclovir. lonotropic gelation method was applied by using a so-
dium alginate solution containing CaCO,.

Satheeshababu et al. aimed to develop an intragastric delivery system for fa-
motidine by incorporating it in gel beads. These beads consisted of cod liver oil
integrated with CaP gel beads of famotidine, prepared by the emulsion gelation
method. Hydrophilic copolymers were also used. The beads were floatable for
24 h; however, the CaP matrix showed low sustained drug release.

Hendrika et al. formulated gastroretentive floating beads as a carrier for amoxi-
cillin drug, by using pectin, which was extracted from banana peel (Musa balbi-
siana ABB). lonotropic gelation method enabled the preparation of these beads.
The floating time observed was 12 h with 92% release in 5 h.

Materials Treatment Ref.
Sodium alginate, pectin, Hypertension man- (101]
HPMC-k4m and CaCoO,. agement.
EA, CaCl,, methanol, Gastric ulcer induced [102]
sodium pectinate LMP. by NSAIDs.
LMP, CaCl, dehydrate, gla-
cial acetic acid, NaHCO,, Chrono-pharmaco-
i ; . [103]
stannous chloride, logical action.
technicium
Pectin (as a base),
Iabrafac lipophile-WL 1349 Anti-histaminics (104]
(as oil phase), glyceryl
monooleate
LMP, NaHCO,, Na,CO,, Peptic ulcer disease
K,CO,, CaCO,, Metroni- treatment with H. [86]
dazole pylori eradication.
HPMC K4M, Eudragit
RL 100, Xanthan gum, -
CaCo,,pectin (as a cross- Antiviral ol
linking agent)
LMP, cod liver oil, carbopol .
934P, HPMC KI5M, poly-  C2stric and duode- [105]
. nal ulcer treatment.
carbophil
Amoxicillin, NaHCO, (gas- .
3 -
liberating), calcium ions (RGN [25]

L nal ulcers
(cross-linking),

PBR

Abbreviation: HPMC: Hydroxypropyl methylcellulose; LMP: Low-methoxy pectin; NaHCO,: Sodium bicarbonate; CaCO,:
Calcium carbonate; CO,: Carbon dioxide; Na,CO,: Sodium carbonate; K,CO,: Potassium carbonate; EA: Ellagic acid.
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ered a water-soluble dietary fiber with distinct functions
in the GI regions [22, 26, 35]. This includes prolonged
gastric retention time, a slow emptying rate, and de-
creased transit time, mainly in the gastric region [34].

The application of pectin in controlled release systems
within the gastric region is widely being evaluated and
employed as pectin-based matrices and pectin-based gel
beads [20]. Pectin, having bioadhesive properties, can
also be used in targeted drug delivery as a carrier material.
One such pectin formulation is CaP beads, which can re-
tain even at acidic or low pH levels. Further investigations
have been conducted and are still ongoing to determine its
effectiveness in different controlled release systems [15,
20]. Different approaches have been established to develop
pectin-based formulations as carriers for active ingredients
to the gastric site via oral administration [85]. In this review,
pectin-based techniques applied in formulating a GRDDS
are covered and discussed. These techniques include pectin-
based floating systems and mucoadhesive systems.

Review of conducted studies
Floating system

Presented in Table 5.
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Mucoadhesives
Studies conducted:

1) Thirawong et al. [106] studied mucoadhesive prop-
erties of various pectin types, characterized by differ-
ing DE and molecular weights. Analysis of porcine GI
mucosa was conducted using a texture analyzer with a
specialized mucoadhesive platform. Their findings re-
vealed that pectin’s mucoadhesive performance on gas-
tric mucosa is notably affected by the pH of the medium.
Characteristics, such as higher DE and greater molecular
weight, correlate strongly with enhanced mucoadhesion.
Notably, amidated LMP demonstrated strong mucoad-
hesion, with a work of adhesion value comparable to that
of HMP [75].

2) Thirawong et al. studied the rheological properties
of aqueous dispersions of four distinct pectin types and
their mixtures with mucin using a Brookfield viscom-
eter. The results were compared to those of known mu-
coadhesive substances, such as chitosan and Carbomer
934P. The study found that higher molecular weight pec-
tins resulted in greater viscosity enhancement. Notably,
HMP exhibited a stronger interaction with mucin, result-
ing in a greater bioadhesive force than low-methoxyl
pectin. This highlights the potential of pectin in effective
mucoadhesive applications [106].

Table 6. Some of the studies conducted for different formulation approaches towards GRDDS (mucoadhesives, floating cap-

sules and tablets, floating particles, microspheres)

Pectin-based Formulations

Materials Treatment Ref.

Sharma and Ahuja performed a comparative evauation of ionotropi-
cally developed gel beads of pectin incorporated with metformin and

thioglycolic acid, calcium chloride,

Pectin, metformin hydrochloride,
Diabetes manage-

thiolated pectin. Results revealed that thiolated pectin had better HCl, I-Cysteine, and Ellman’s ment (1071
mucoadhesive property than the normal one. reagent
- EEl . K bIcp Y pp ML X GG, KG, XG ulcers, gastroesopha- [108]
gelation method with a mixture of hydrophilic copolymers. Particles
geal reflux
floated up to 24 h.
Deb et al. designed pectin-based floating tablets, loaded with metformin
HCL. Prepared by the wet granulation method, this system comprised Pectin, HPMC-E15, Metformin HCI, Diabetes manage- (49]
CO,-producing agents that aided particle floatability. Effective sustained NaHCO,. ment.
release was observed.
Jameel et al. formulated an in-situ gel floating system comprising gel for- Sodium alginate (gelling agent),
mation with Ranitidine Hydrochloride. The sustained release of the drug pectin (rate retarding polymer),
from the gel was studied as a function of viscosity and drug content. CaCl,, NaHCO, (alkalizing agent), Gastric ulcers [109]
Sustained release of drug resulted in enhanced retention time within the sodium citrate (buffering and
gastric region. neutralizing gastric acid).
Binathi et al. designed blank microspheres using pectin and xanthan Pectin, CaCl,, potassium dihydro- To determine the
. . gen phosphate, xanthan gum, so-
gum to study the controlled release rate of the formulation. The iono- " ) controlled release [110]
tropic gelation technique was applied dium dihydrogen orthophosphate, rate
pice q pplied. hydrochloric acid :
PBR

Abbreviation: HPMC: Hydroxypropyl methylcellulose; NaHCO,: Sodium bicarbonate; CO,;:

e

chloride; LMP: Low methoxyl pectin; GG: Gellan gum; KG: Karaya gum; XG: Xanthan gum.

Carbon dioxide; CaCl,: Calcium
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Other approaches in pectin based GRDDS in-
clude

1) Pectin-based particles, 2) floating tablets, 3) floating
capsules, 4) in-situ gels (Table 6).

Discussion
Analysis and interpretation of results

Pectin-based GRDDS to enhance drug bioavailability by
prolonging the time the formulated drug remains in the
stomach. Pectin has several advantages, including adhe-
sion to mucosal tissues, biodegradability, and tolerance in
biological systems, but it also presents multiple challenges
and future opportunities that require attention.

Challenges and opportunities in developing
GRDDS

Insufficient mechanical strength: Pectin-based formu-
lations often lack sufficient mechanical strength, risk-
ing premature disintegration in gastric conditions [33].
Release control of drugs: Managing the release rate of
medications is complex due to the hydrophilic charac-
teristic of pectin, which expands and could release the
drug too quickly in liquid environments [16]. Floating
capacity limitations: Attaining adequate buoyancy and
sustained floating duration is vital for gastroretention,
and pectin alone may not reliably provide these prop-
erties; other excipients are required to develop a stable
GRDDS [55]. Complex formulation challenges: The
need to combine pectin with other polymers or addi-
tives to enhance efficacy increases the complexity and
expense of production [23].

Conclusion

GRDDS are an effective approach to improving the
pharmaceutical efficacy of drugs, as they benefit from
gastric residence. Among various polymer materials
studied, pectin is one of the most attractive natural ex-
cipients, owing to its biodegradable, biocompatible, non-
toxic, and advantageous physical property of gel forma-
tion. The additional advantage of classifying pectin into
HM and LM materials enhances formulation flexibility,
based on their differing properties, which is beneficial
for gastro-retentive systems.

Summary of findings

LM pectin has demonstrated significant potential for
floating DDS owing to its calcium-mediated gelation,
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which supports controlled drug release and gastric reten-
tion. In contrast, HM pectin is particularly suitable for
mucoadhesive formulations due to its strong adhesive
interactions with the gastric mucosa. Studies comparing
pectin with other natural polymers further emphasize its
adaptability and effectiveness in diverse gastro-retentive
formulation approaches.
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