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ABSTRACT

Gastro-resistant polymers play a crucial role in the development of oral drug delivery
systems, especially for the drugs that are sensitive to gastric acidity and also for the targeted
release in the small intestine or other parts of the gastrointestinal (Gl) tract. These are the
polymers which are used to protect active pharmaceutical ingredients (APIs) from the harsh
acidic environment of the stomach, preventing premature drug release and degradation. The
primary mechanism of action involves pH-sensitive polymers that remain intact in the acidic
stomach but dissolve or degrade in the alkaline environment of the small intestine. Common
gastro-resistant polymers include acrylic derivatives such as Eudragit L100 and Eudragit
S100, cellulose derivatives like cellulose acetate phthalate (CAP), and natural polymers such
as shellac. These polymers are frequently used in enteric coatings for tablets, capsules, and
granules, ensuring that drugs are released at the optimal site for absorption. The development
of gastro-resistant formulations not only improves the stability of acid-labile drugs but also
enhances therapeutic efficacy by ensuring sustained or delayed release. This review explores
the various types of gastro-resistant polymers, their mechanisms of action, applications in

pharmaceutical formulations and advantages of gastro-resistant polymer use in controlled and
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targeted drug delivery are also discussed, highlighting their significance in modern

pharmaceutics.

KEYWORDS: Gastro-resistant polymers, pH-sensitive Polymers, Enteric Coatings, Acid-
labile Drugs, Controlled Release, Targeted Drug Delivery.

INTRODUCTION

Gastro-resistant polymers, often referred to as enteric polymers, are specialized materials
designed to protect pharmaceutical formulations from the acidic environment of the stomach
while ensuring controlled release of the active pharmaceutical ingredient (API) in the
intestinal tract. These polymers are integral to the development of modified-release dosage
forms, such as enteric-coated tablets and capsules and also in the development of gastro
retentive drug delivery systems (GRDDS), which aim to optimize therapeutic efficacy and
minimize drug degradation in gastric conditions. By using gastric resistant polymers,
pharmaceutical formulations can minimize gastrointestinal discomfort and improve

therapeutic outcomes for patients.

Background and Importance

The gastrointestinal (GI) tract presents a challenging environment for oral drug delivery
systems due to its variable pH and enzymatic activity. The stomach's highly acidic pH,
ranging from 1 to 3.5, can lead to the degradation of pH-sensitive APIs, especially those that
areacid-labile. Additionally, certain APIs can irritate the gastric mucosa, necessitating
protection until they reach the intestines, where absorption can occur. Gastro-resistant
polymers play a pivotal role in addressing these challenges by providing a robust and
functional barrier that dissolves only under alkaline pH conditions typically found in the

small intestine.[*?

The primary mechanism of gastro-resistance relies on the pH-sensitive solubility of the
polymer. These polymers remain intact in acidic conditions, preventing drug release in the
stomach. However, upon exposure to higher pH levels in the duodenum or beyond, the
polymers ionize and dissolve, enabling drug release. This selective dissolution profile makes
gastro-resistant polymers ideal for delivering drugs like proton pump inhibitors (PPIs), which
are highly unstable in gastric acid, or peptides and proteins, which are prone to enzymatic

degradation.**
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The choice of gastro-resistant polymer depends on several factors, including the
physicochemical properties of the drug, the target site for drug release, and the desired
therapeutic outcome. Commonly used polymers in enteric coatings include cellulose
derivatives, such as hydroxypropyl methylcellulose phthalate (HPMCP), methacrylic acid
copolymers, and polyvinyl acetate phthalate (PVAP). These polymers offer distinct
advantages, such as mechanical strength, film-forming capabilities, and adaptable pH

thresholds for dissolution.[*!

SYNTHETIC POLYMERS®"#

Synthetic polymers are large molecules made from repeating structural units called
monomers, which are chemically bonded together through a process known as
polymerization. These polymers are predominantly derived from petrochemical sources,
although they can also be synthesized from bio-based materials. These consists of long chains
of monomers that can vary in length and structure, leading to diverse physical properties.
Synthetic polymers are extensively used in pharmaceutical applications for their precise
control over drug release, high stability, and customizable properties. Some of the synthetic
gastro resistant polymers that are commonly used in pharmaceutical formulations to protect
the API from gastric environment are Methacrylic acid copolymers (Eudragit®), Polyvinyl
acetate phthalate (PVPA), Cellulose acetate Phthalate (CAP), Hydroxypropyl methylcellulose
phthalate (HPMCP), Cellulose acetate trimellitate (CAT).

Methacrylic acid copolymers (Eudragit®)®%12

Methacrylic acid copolymers, particularly known under the trade name Eudragit, are a group
of synthetic polymers widely used in pharmaceutical formulations for enteric coating and
controlled drug release. These copolymers are primarily composed of methacrylic acid and its

esters, which endow them with specific properties suitable for various applications.

Eudragit polymers can be classified into different types based on their solubility and pH

sensitivity.

Eudragit L100: It is an anionic copolymer of methacrylic acid and methyl methacrylate.
Which is insoluble in acidic environments (pH < 5.5) but soluble in neutral to alkaline
conditions, making it ideal for enteric coatings that protect drugs from gastric degradation. It
is commonly used in modified-release formulations to ensure that the active pharmaceutical
ingredient (API) is released in the intestine rather than the stomach.
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Fig. 1: Eudragit L100.

Eudragit S100: Similar to L100 but with a different ratio of carboxyl groups to ester groups,

providing distinct solubility characteristics.

Eudragit E100: It is a cationic polymer that is soluble at lower pH levels, often used for

immediate release formulations.

Mechanism

The primary function of Eudragit polymers, particularly L100, is to act as a barrier against
gastric acids. When coated on tablets or capsules, they prevent the release of the drug in the
acidic environment of the stomach, ensuring that the drug is only released once it reaches the
more neutral pH of the intestines. This property is crucial for protecting acid-sensitive drugs

and optimizing their bioavailability.

Advantages

e Targeted Delivery: Eudragit allows for precise control over where and when a drug is
released within the gastrointestinal tract.

e Stability: The polymers provide a stable coating that can withstand various
environmental conditions during storage and transit.

e \ersatility: They can be used in various dosage forms, including tablets, capsules, and

granules.

Applications in Formulations

Eudragit is extensively utilized in pharmaceutical formulations, particularly:

e Enteric-Coated Tablets: Protects drugs from degradation due to gastric acids.

e Sustained-Release Formulations: Controls the release rate of drugs over an extended
period.

e Taste Masking: Used in formulations where unpleasant-tasting drugs need to be masked.
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Some examples of drugs that are coated with Eudragit polymer for gastric resistance

Sl no. | Drugs Reference Authors
1. | Eluxadoline Anwer MK, Al-Shdefat R et al., (2017)*]
2. | Omeprazole Rezazadeh M, Safaran R et al., (2021)""
3. | Lansoprazole Fang Y, Wang G et al., (2014)!"!
4. | Naproxen sodium | Patel AK, Jain V et al., (2023)"""!
5. | Senna Pawar AY, Tapkir AD et al., (2022)"""]
6. | Esomeprazole Shan R, Feng R et al., (2023)!""!

Polyvinyl acetate phthalate (PVPA)E1°20]

Polyvinyl acetate phthalate (PVAP) is a synthetic polymer widely used in the pharmaceutical
industry, particularly for its role as an enteric coating agent. This polymer is synthesized
through the esterification of partially hydrolysed polyvinyl acetate with phthalic anhydride,
resulting in a compound that exhibits unique solubility characteristics. PVAP is characterized
by its vinyl acetate backbone, which is modified by phthalate groups. This modification
enhances its properties as a coating material. It is soluble in organic solvents such as ethanol
and methanol but is insoluble in water. Its solubility profile allows it to function effectively in

various pH environments, particularly in protecting drugs from gastric acids.

OH

—

e}

{

Fig. 2: Polyvinyl acetate phthalate (PVPA)

Mechanism

PVAP serves primarily as an enteric coating for tablets and capsules. It forms a protective
barrier around the drug, preventing its release in the acidic environment of the stomach.
Instead, the polymer dissolves at higher pH levels found in the intestines, allowing for the
controlled release of the active pharmaceutical ingredient (API) at the desired site of
absorption. This property is crucial for drugs that are sensitive to acid or require targeted

delivery to enhance efficacy.
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Advantages

e Biocompatibility: PVAP is generally regarded as safe for use in pharmaceutical
applications.

e Stability: The polymer provides a stable coating that withstands various environmental
conditions during storage and transport.

e \ersatility: It can be employed in various dosage forms, including solid oral dosage

forms and other pharmaceutical preparations.

Applications in Formulations

e Enteric Coatings: PVAP is extensively used to coat tablets and capsules to ensure that
medications are released in the intestine rather than the stomach, thus improving
bioavailability and reducing gastrointestinal irritation.

e Core Sealing: It acts as a sealing agent for tablet cores before sugar-coating processes,
enhancing stability and protecting the drug from moisture and degradation.

e Controlled Release Formulations: PVAP can be utilized in formulations designed for

sustained or controlled drug release, optimizing therapeutic outcomes.

Some examples of drugs that are coated with PVAP polymer for gastric resistance

Sl no. | Drugs Reference Authors
1. | Diclofenac Sodium | Zaid AN, Qaddomi A (2012)"*"
2. | Prednisolone Merchant HA, Goyanes A et al., (2014)*"!

Cellulose acetate phthalate (CAP) 2324

Cellulose acetate phthalate (CAP) is a widely used synthetic polymer in the pharmaceutical
industry, primarily recognized for its role as an enteric coating agent. This polymer is derived
from cellulose acetate through the esterification process with phthalic anhydride, resulting in
a compound that exhibits specific solubility characteristics beneficial for drug delivery
applications. CAP is a cellulose derivative where some of the hydroxyl groups of cellulose
are replaced by phthalate groups. The degree of substitution can vary, affecting its physical
and chemical properties. The molecular weight of CAP typically ranges around 722.6 g/mol,
with its structure comprising various functional groups that contribute to its solubility and
stability in different pH environments. CAP is characterized by its pH-sensitive solubility. It
remains stable and insoluble in the acidic environment of the stomach (pH < 5.5), which

protects sensitive drugs from degradation. It dissolves readily in the mildly acidic to neutral
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conditions found in the small intestine (pH > 6.2), allowing for the controlled release of the

active pharmaceutical ingredient (API) at the desired site of absorption.

O

]
0 Oc;}3

Fig. 3: Cellulose acetate phthalate (CAP).

Mechanism

lonization of Carboxylic Groups: In the low pH conditions of the stomach, the
carboxylic acid groups within CAP remain un-ionized, contributing to its insolubility. As
the pH increases in the intestinal tract, these groups become ionized, leading to
solubilization and subsequent drug release.

Film Formation and Structural Integrity: CAP is often used in enteric coatings due to
its ability to form a stable film that can withstand gastric conditions. When exposed to
acidic media, CAP maintains its structural integrity while other components (like gelatin)
may dissolve or swell, revealing a CAP-based skeleton that remains intact until reaching a

higher pH environment.

Advantages

Biocompatibility: CAP is generally regarded as safe for pharmaceutical applications,
making it suitable for use in various drug formulations.

Reduced Solvent Use: Recent advancements have led to formulations that require less
solvent during application compared to traditional methods, enhancing manufacturing
efficiency.

Regulatory Approval: CAP meets compendial specifications set by various
pharmacopoeias, including the National Formulary (NF), Japanese Pharmacopeia, and
European Pharmacopeia, ensuring its quality and safety for pharmaceutical use.

Applications in Formulations

WWW.Wjppr.com

Enteric Coating: CAP is primarily utilized for coating tablets and capsules, ensuring that

medications are released in the intestines rather than the stomach. This property is crucial
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for drugs that are sensitive to gastric acid or require targeted delivery to enhance
bioavailability.

e Matrix Material: It can also function as a matrix material in solid dosage forms,
contributing to sustained-release formulations.

e Pharmaceutical Excipient: Beyond its use in coatings, CAP has been explored for its
antiviral properties, showing effectiveness against certain viruses, including HIV and

herpesviruses, in laboratory studies.

Some examples of drugs that are coated with CAP polymer for gastric resistance

Sl no. | Drugs Reference Authors
1. | Sodium Valproate | Sanga DK, Chand T. (2013)!*!
2. | a-tocopherol acetate | Phothong N, Aht-Ong D et al., (2024)*°]
3. | Omeprazole Khatibi A, Zahedi P et al., (2021)"!
4. | Aceclofenac Nandi S, Banerjee A et al., (2021)*°!
5. | Methylprednisolone | Jagdale S, Chandekar A et al., (2017)*°!
6. | Naproxen sodium | Gordon MS, Fratis A et al., (1995)""]

Hydroxypropyl methylcellulose phthalate (HPMCP)B!323

Hydroxypropyl methylcellulose phthalate (HPMCP) is a synthetic polymer extensively
utilized in the pharmaceutical industry, particularly as an enteric coating agent for tablets and
granules. This polymer is a phthalic acid ester of hydroxypropyl methylcellulose and is
recognized for its ability to protect drugs from degradation in the acidic environment of the
stomach while allowing for their release in the more neutral pH of the intestines. HPMCP is
characterized by a backbone of hydroxypropyl methylcellulose with phthalate groups
attached. This structure contributes to its unique solubility properties. It typically appears as

white to slightly off-white flakes or granules, is odorless, and has a barely detectable taste.

ro—_ OR\
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R=H or CH3 or CH,CH(OH)CH3
Fig. 4: Hydroxypropyl methylcellulose phthalate (HPMCP).
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Mechanism

pH-dependent solubility: It is insoluble in acidic conditions (pH < 4.2), which allows it
to protect sensitive drugs from gastric acid. The polymer becomes soluble at higher pH
levels (pH > 4.2), facilitating the release of the drug once it reaches the intestines.

Hydrophobic Phthalyl Groups: The chemical structure of HPMCP includes
hydrophobic phthalyl groups, which contribute to its gastro-resistance. These groups
enhance the polymer's ability to remain stable and insoluble under acidic conditions,
ensuring that the active ingredient is protected until it reaches the intestine where the pH

is higher.

Advantages

Biocompatibility: HPMCP is considered safe for use in pharmaceutical applications and
has been included in various pharmacopoeias, including the U.S. National Formulary.
Stability: The polymer exhibits good stability under recommended storage conditions and
IS resistant to microbial degradation.

Versatility: Different grades of HPMCP (e.g., HP-55, HP-50) are available, allowing
formulators to select specific types based on desired solubility characteristics and

application requirements.

Applications in Formulations

WWW.Wjppr.com

Enteric Coating: HPMCP is primarily used to coat tablets and granules, ensuring that
medications are released in the intestines rather than the stomach. This is particularly
beneficial for drugs that are sensitive to gastric acid or those that may cause
gastrointestinal irritation.

Sustained Release Formulations: It can also be employed in formulations designed for
controlled drug release, where the release rate can be tailored based on the pH of the
surrounding environment.

Taste Masking: Due to its tasteless nature, HPMCP can be used to mask unpleasant

tastes in oral dosage forms.
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Some examples of drugs that are coated with HPMCP polymer for gastric resistance

S| no. Drugs Reference Authors
1. Diclofenac sodium | Kim IH, Park JH et al., (2003)"**
2. Delamanid Nguyen HT, Van Duong T et al., (2023)"%!
3. Isoniazid Ratih H, Pratiwi GK et al., (2022)"*"]

Cellulose acetate trimellitate (CATM)E"]

Cellulose acetate trimellitate (CATM) is a derivative of cellulose, formed through the
esterification of cellulose with acetic acid and trimellitic anhydride. This polymer exhibits
unique properties that make it valuable in various applications, particularly in the
pharmaceutical and materials science fields. CATM is characterized by the presence of both
acetate and trimellitate groups attached to the cellulose backbone. This structure contributes

to its distinctive solubility and mechanical properties.

Fig. 5: Cellulose acetate trimellitate (CATM).

Mechanism

e pH-sensitive solubility: It remains stable and insoluble in acidic environments
(pH < 5), which protects sensitive drugs from degradation in the stomach. CATM
dissolves in neutral to alkaline conditions (pH > 6), facilitating controlled drug release in
the intestines.

e lonization of Functional Groups: The presence of trimellitic acid groups in CATM
contributes to its pH-sensitive behaviour. In acidic environments, these groups remain

protonated and hydrophobic, preventing solubility. As the pH rises in the intestinal tract,
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these groups ionize, leading to increased solubility and allowing for the controlled release
of the drug.

Film Formation: CATM can form a robust film when applied as a coating on tablets or
capsules. This film acts as a barrier against gastric fluids, maintaining its integrity until it
reaches the higher pH environment of the small intestine where it dissolves and releases

the drug.

Advantages

Biocompatibility: CATM is considered safe for pharmaceutical use and has been
evaluated for its non-toxic properties.

Mechanical Strength: The polymer exhibits high mechanical strength and chemical
resistance, making it suitable for various industrial applications.

Versatility: Its unique combination of acetate and trimellitate groups allows for a balance

of properties, making it adaptable for different formulations.

Applications in Formulations

Pharmaceutical Formulations: CATM is primarily used as an enteric coating for tablets
and capsules, ensuring that drugs are released in the intestines rather than the stomach.
This is particularly beneficial for drugs that are sensitive to gastric acids or those that may
cause gastrointestinal irritation.

Controlled Release Systems: It can be utilized in formulations designed for sustained or
controlled drug release, optimizing therapeutic outcomes.

Biodegradable Materials: Due to its cellulose content, CATM is being explored for use
in biodegradable plastics and coatings, contributing to environmentally friendly material

solutions.

Some examples of drugs that are coated with CATM polymer for gastric resistance

Sl no. | Drugs Reference Authors
1. | Indomethacin Giunchedi P, Ltorre M et al., (1995)F"!
2. | Ketoprofen Giunchedi P, Ltorre M et al., (1995)F"]
3. | Naproxen sodium | Gordon MS, Fratis A et al., (1995)"")

NATURAL POLYMERS!®38:]

Natural polymers are large macromolecules produced by living organisms, composed of

repeating structural units known as monomers. These polymers play crucial roles in

biological processes and are found in various forms throughout nature. They are typically
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biodegradable and can be categorized into several types based on their structure and function.
Natural polymers are typically formed through condensation polymerization, where
monomers bond together with the release of small molecules, often water. Their structures
can be linear, branched, or cross-linked, depending on the type of monomers involved and the
conditions of polymerization. Some of these natural polymers have gastro resistant property
which are important in the pharmaceutical industry to protect API from degrading in gastric
environment inside the stomach. Some of the natural polymers which have gastro resistant

property are Chitosan, shellac, pectin, alginate, carrageenan, gellan gum.

Chitosan[40,41,42,43]

Chitosan is a natural polymer derived from chitin, which is found in the exoskeletons of
crustaceans and certain fungi. It has gained significant attention in the pharmaceutical
industry, particularly for its gastro-resistant properties. Chitosan is non-toxic and
biodegradable, making it suitable for various biomedical applications. The presence of amino
groups in chitosan gives it a positive charge at acidic pH levels, enhancing its interaction with
negatively charged surfaces, such as the mucosal lining of the gastrointestinal tract. It
exhibits strong mucoadhesive properties, allowing it to adhere to the gastric mucosa and

prolong the retention time of drug formulations in the stomach.

HO O 0]
NH, OH

Fig. 6: Chitosan.

Mechanism

e Swelling and Gel Formation: Upon contact with gastric fluids, chitosan can swell and
form a gel-like structure that protects encapsulated drugs from degradation in the acidic
environment.

e Controlled Release: Chitosan-based formulations can be designed to release drugs
gradually in response to changes in pH. While it remains stable in acidic conditions, it
dissolves in neutral or alkaline environments (such as those found in the intestines),

allowing for targeted drug delivery.
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e Enzymatic Degradation: Chitosan is also susceptible to enzymatic degradation by

intestinal enzymes, which can facilitate drug release once it reaches the intestine.

Advantages

e Enhanced Bioavailability: By improving drug retention time and protecting against
gastric degradation, chitosan enhances the bioavailability of orally administered drugs.

e \ersatility: Chitosan can be modified chemically to improve its properties or tailor its
release characteristics for specific applications.

e Safety Profile: Its biocompatibility and low toxicity make chitosan a favourable choice

for use in pharmaceutical formulations.

Applications in Formulations

e Gastro-retentive Drug Delivery Systems (GRDDS): Chitosan is commonly used to
develop GRDDS that enhance the bioavailability of drugs by prolonging their residence
time in the stomach. This is particularly beneficial for drugs that require extended
absorption times or are sensitive to gastric acid.

e Microspheres and Pellets: Chitosan microspheres can encapsulate drugs to protect them
from degradation and improve their absorption. These microspheres can be formulated
into gastro-resistant pellets for oral administration.

e Antimicrobial Applications: Beyond drug delivery, chitosan exhibits antimicrobial

properties that can help prevent infections in the gastrointestinal tract.

Some examples of drugs that are coated with Chitosan polymer for gastric resistance

Sl no. | Drugs Reference Authors
1. | Omeprazole Rezazadeh M, Safaran R et al., (2021)™""
2. | Capsaicin Chen J, Huang GD et al., (2013)"**!
3. | Methylprednisolone | Jagdale S, Chandekar A et al., (2017)"”!

Shellact*®4®!

Shellac is a natural polymer derived from the resin secreted by the lac insect, Kerria lacca,
primarily found in Southeast Asia. It has gained significant attention in the pharmaceutical
industry due to its gastro-resistant properties, making it an effective material for enteric
coatings. shellac is composed of a mixture of esters of polyhydroxy carboxylic acids,
including aleuritic acid, jalaric acid, and shellolic acid. These components contribute to its
unique film-forming properties and resistance to gastric fluids. Shellac forms a hard, resistant
film that is effective in protecting drugs from the acidic environment of the stomach. It
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exhibits low solubility in gastric fluid (pH 1-2) but can dissolve in more neutral or alkaline

conditions
(pH > 6).
o
H o )—oH
HO— /'—H\
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Fig. 7: Shellac
Mechanism

Acid Stability: Shellac remains insoluble in the acidic conditions of the stomach,
protecting sensitive drugs from degradation. This stability allows it to serve as an
effective barrier until it reaches the higher pH environment of the intestines.

Controlled Release: Once in the intestine, shellac dissolves, allowing for the controlled
release of the active pharmaceutical ingredient (API). This targeted release is particularly

beneficial for drugs that require absorption in the intestinal tract.

Advantages

Biocompatibility: Shellac is considered non-toxic and physiologically harmless, making
it suitable for use in both pharmaceuticals and food products. It is classified as Generally
Recognized as Safe (GRAS) by the FDA.

Excellent Film-Forming Properties: Shellac provides a strong, durable coating that
enhances product stability while also offering good gloss and low permeability to gases
and moisture.

Versatility: The ability to modify shellac with plasticizers or surfactants can enhance its

flexibility and adhesion properties, making it adaptable for various formulations.

Applications in Formulations

WWW.Wjppr.com

Enteric Coatings: It is commonly employed as an enteric coating for tablets and
capsules, ensuring that medications are released in the intestines rather than the stomach.
This property is crucial for protecting acid-sensitive drugs and enhancing their

bioavailability.
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e Sustained Release Formulations: Shellac can be used in formulations designed for
sustained or controlled drug release, optimizing therapeutic effects.
e Microencapsulation: The polymer is also used in microencapsulation processes to

protect probiotics and other sensitive compounds from gastric degradation.

Limitations

e Low Solubility in Intestinal Fluids: While shellac provides excellent protection against
gastric acids, its low solubility in intestinal fluids can hinder complete drug release. This
characteristic may limit its effectiveness for certain applications where rapid dissolution
IS necessary.

e Aging Effects: Over time, shellac can undergo changes that reduce its gastric resistance

and solubility, potentially affecting drug release profiles.

Some examples of drugs that are coated with Shellac polymer for gastric resistance

Sl no. | Drugs Reference Authors
1. | Ceftriaxone | Maghrabia AE, Boughdady MF et al., (2019)"*"!
2. | Ibuprofen | Heni Rachmawati, Diky Mudhakir et al., (2023)1*"!
3. | Naproxen | Nawal A Rajab, Zainab J Kadham et al., (2017)"*"!

Pectin[50,51,52]

Pectin is a natural polysaccharide found in the cell walls of fruits and vegetables, primarily
composed of a-D-galacturonic acid units. It is widely recognized for its ability to form gels
and thicken solutions, making it a popular ingredient in the food industry. In recent years,
pectin has also gained attention as a gastro-resistant natural polymer, particularly in
pharmaceutical applications. Pectin consists mainly of galacturonic acid units linked by
(1—4) glycosidic bonds. The degree of methylation (DM) and the presence of neutral sugars
in its structure significantly influence its gelling properties and functional characteristics.
Pectin is soluble in water and exhibits varying solubility depending on its degree of
methylation. High-methylated pectin’s gel in the presence of sugar and acid, while low-

methylated pectin’s require calcium ions for gel formation.
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Fig. 8: Pectin.
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Mechanism

Pectin exhibits several mechanisms that contribute to its gastro-resistant properties

Gelling Ability: Pectin can form a gel-like matrix upon hydration, which helps trap drugs
and protects them from degradation in the acidic environment of the stomach. This
property enhances the retention time of drugs in the gastrointestinal tract.

Resistance to Digestive Enzymes: Pectin is relatively resistant to enzymatic degradation
by digestive enzymes, allowing it to maintain its structure during transit through the

stomach and into the intestines.

Advantages

Biocompatibility: Pectin is generally recognized as safe (GRAS) for use in food and
pharmaceuticals, making it suitable for various applications without significant health
risks.

Health Benefits: As a soluble dietary fiber, pectin has been shown to have beneficial
effects on gut health, including promoting beneficial gut microbiota, lowering cholesterol
levels, and regulating blood sugar levels.

Versatility: The ability to modify pectin through different extraction methods and
chemical modifications allows for customization based on specific application needs.

Applications in Formulations

Enteric Coatings: Pectin is commonly used as an enteric coating for tablets and capsules,
ensuring that medications are released in the intestines rather than the stomach. This
targeted delivery is particularly beneficial for drugs that are sensitive to gastric acid or
require absorption in the intestines.

Controlled Release Systems: Pectin can be incorporated into controlled release
formulations that optimize therapeutic effects by regulating drug release rates based on
pH changes in the gastrointestinal tract.

Mucoadhesive Formulations: Due to its adhesive properties, pectin can be used in

mucoadhesive drug delivery systems that enhance drug retention at the site of absorption.

Some examples of drugs that are coated with Pectin polymer for gastric resistance

WWW.Wjppr.com

Sl no. | Drugs Reference Authors
1. | Prednisolone D. Raju, J. Padmavathy et al., (2011)™°!
2. | Mesalamine Singh A, Mandal UK et al., (2021)P"!
3. | Doxorubicin hydrochloride | Zhu J, Zhong L et al., (2019)">!
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Alginatel®®5"

Alginate is a natural polysaccharide extracted from the cell walls of brown algae, primarily
composed of two types of uronic acid monomers: mannuronic acid (M) and guluronic acid
(G). It is widely used in the food and pharmaceutical industries due to its unique properties,
including its gastro-resistant characteristics. Alginate is soluble in water, forming viscous
solutions. Its solubility is influenced by pH; it remains soluble at neutral to alkaline pH but

can precipitate at low pH levels (below pKa 3.38-3.65) due to the formation of insoluble

alginic acid.
OH
OH o] OH
-Q 0 .0
HO)\ HO r‘O"'
0~ TOH],,
Fig. 9: Alginate.
Mechanism

e Formation of Gel Matrix: Upon contact with gastric fluids, alginate can form a gel-like
matrix that protects encapsulated drugs from degradation in the acidic environment of the
stomach. This gel formation is particularly enhanced in the presence of calcium ions,
which cross-link the alginate chains.

e Mucoadhesive Properties: Alginate exhibits mucoadhesive characteristics that allow it
to adhere to the mucosal lining of the gastrointestinal tract. This adhesion not only

prolongs the retention time of drugs but also enhances their absorption.

Advantages

e Biocompatibility: Alginate is generally recognized as safe (GRAS) for use in food and
pharmaceuticals, making it suitable for various applications without significant health
risks.

e \Versatility: The ability to modify alginate through different extraction methods allows
formulators to customize its properties based on specific application needs.

o Health Benefits: As a soluble dietary fiber, alginate has been shown to have beneficial

effects on gut health, including promoting satiety and regulating blood sugar levels.
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Applications in formulations

e Enteric Coatings: Alginate is commonly used as an enteric coating for tablets and
capsules. This ensures that medications are released in the intestines rather than the
stomach, which is crucial for drugs that are sensitive to gastric acid or require targeted
delivery.

e Sustained Release Formulations: Alginate can be incorporated into sustained-release
formulations that optimize therapeutic effects by regulating drug release rates based on
pH changes in the gastrointestinal tract.

e Gastro-retentive Drug Delivery Systems (GRDDS): Due to its ability to form gels and
adhere to mucosal surfaces, alginate is effectively used in GRDDS to enhance drug

bioavailability by prolonging residence time in the stomach.

Some examples of drugs that are coated with Alginate polymer for gastric resistance

Sl no. | Drugs Reference Authors
1. | Mesalamine Patole VC, Pandit AP. (2018)"
2. | Piroxicam Jelvehgari M, Mobaraki V et al., (2014)"°
3. | Nifedipine Mujtaba MA, Hassan KA et al., (2018)*”]
4. | Diclofenac sodium | Bao TN, Trang PT et al., (2023)"*"

Carrageenan(®2®®

Carrageenan is a natural polysaccharide extracted from red seaweeds, particularly from the
genera Chondrus, Gigartina, and Eucheuma. It is widely used in the food industry as a
thickening, gelling, and stabilizing agent, and it has also gained attention in pharmaceutical
applications due to its gastro-resistant properties. Carrageenan consists of linear chains of
repeating disaccharide units made up of galactose and 3,6-anhydrogalactose. There are
several types of carrageenan, including kappa, iota, and lambda, each differing in their gelling
properties and interactions with ions. It is soluble in hot water and forms viscous solutions.
Its solubility varies with the type; for instance, kappa-carrageenan forms gels in the presence
of potassium ions, while iota-carrageenan requires calcium ions for gel formation.

HO:SO o,

\
o]
7
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Fig. 10: Carrageenan.
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Mechanism

In the acidic environment of the stomach, carrageenan can form a gel-like matrix that protects
encapsulated drugs from degradation. This gel formation helps prolong the retention time of
drugs within the gastrointestinal tract. And it is also resistant to degradation by
gastrointestinal enzymes, allowing it to maintain its structure during transit through the
stomach and into the intestines. Studies suggest that while some degradation may occur under
extreme conditions, significant breakdown does not typically happen in normal digestive

processes.

Advantages

e Biocompatibility: Carrageenan is generally recognized as safe (GRAS) for use in food
and pharmaceuticals, making it suitable for various applications without significant health
risks.

e \ersatility: The different types of carrageenan (kappa, iota, lambda) allow formulators to
select specific variants based on desired properties for various applications.

e Health Benefits: As a soluble fiber, carrageenan may contribute to digestive health by

promoting satiety and regulating bowel movements.

Applications in Formulations

e Enteric Coatings: Carrageenan is commonly used as an enteric coating for tablets and
capsules. This ensures that medications are released in the intestines rather than the
stomach, which is crucial for drugs that are sensitive to gastric acid or require absorption
in the intestines.

e Controlled Release Systems: Its ability to form gels allows carrageenan to be
incorporated into controlled release formulations that optimize therapeutic effects by
regulating drug release rates based on pH changes.

e Food Products: In addition to its pharmaceutical uses, carrageenan is widely used in
food products such as dairy alternatives, sauces, and desserts for its thickening and

stabilizing properties.
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Some examples of drugs that are coated with Carrageenan polymer for gastric

resistance
Sl no. | Drugs Reference Authors
1. | Indomethacin | Vieira WT, da Silva MG et al., (2023)!*"
2. | B-galactosidase | Silva RC, Trevisan MG et al., (2020)"*"]
3. | Mefenamic acid | Nicolini MV, Vieira WT et al., (2023)"*"!
CONCLUSION

Gastro-resistant polymers are essential components in the development of oral drug delivery
systems, particularly for acid-sensitive pharmaceuticals. Their ability to protect active
pharmaceutical ingredients (APIs) from the harsh gastric environment while facilitating
targeted release in the intestines enhances both the stability and therapeutic efficacy of these
drugs. This paper has explored various types of gastro-resistant polymers, including synthetic
options like Eudragit and cellulose derivatives, highlighting their mechanisms of action,

advantages, and applications in pharmaceutical formulations.

In conclusion, the advancements in gastro-resistant polymer technology have significantly
improved the formulation of modified-release dosage forms. By ensuring that drugs are
released at optimal sites for absorption, these polymers not only enhance bioavailability but
also minimize gastrointestinal discomfort. Future research should focus on overcoming
existing limitations such as manufacturing complexities and regulatory challenges to further
optimize these polymers for controlled and targeted drug delivery. The ongoing development
in this field promises to contribute substantially to modern pharmaceutics, ultimately

improving patient outcomes through more effective drug therapies.

REFERENCE

1. Mounica P, Pavani S, Mounica-Rani P. A review on recent advances in enteric coating and
enteric polymers. World Journal of Pharmaceutical Research, 2018; 7(2): 475-95.

2. https://en.wikipedia.org/wiki/Enteric_coating

3. Vinchurkar K, Sainy J, Khan MA, Sheetal MA, Mishra DK, Dixit P. Features and facts of
a gastroretentive drug delivery system-a review. Turkish journal of pharmaceutical
sciences, 2022 Aug; 19(4): 476.

4. Arafat M, Sakkal M, Bostanudin MF, Alhanbali OA, Yuvaraju P, Beiram R, Sadek B,
Akour A, AbuRuz S. Enteric-coating film effect on the delayed drug release of
pantoprazole gastro-resistant generic tablets. F1000Research, 2023; 12.

WWW.Wjppr.com Vol. 02, Issue 04, 2025

78

——
| —


http://www.wjppr.com/
https://en.wikipedia.org/wiki/Enteric_coating

Manoj et al. World Journal Of Pharmacy and Pharmaceutical Research

10.

11.

12.

13.

14.

15.

WWW.Wjppr.com

Islam S, Khatuna F, Bakra A, Mondal I, Haqgue M, Mahmud A. A review on
biodegradable polymers for enteric coating material. Int. J. Pharm. Pharm. Res., 2016;
6(3).

https://pharmafeatures.com/synthetic-and-natural-polymers-advancements-in-drug-
delivery-and-medicine/

Maitz MF. Applications of synthetic polymers in clinical medicine. Biosurface and
Biotribology, 2015 Sep 1; 1(3): 161-76.

Gayatri D. Patil, Kaveri P. Tambe, Sangita P. Shirsat, Paresh A. Patil. Review on Enteric
Coated Polymers. Res. J. Pharma. Dosage Forms and Tech, 2021; 13(1): 82-85. doi:
10.5958/0975-4377.2021.00015.X

Loh YY, Enose AA, Garg V. Enteric-Coated Polymers Past and Present-A Review. Drug
Delivery Letters, 2022 Jun 1; 12(2): 85-95.

Widjaja M, Gan J, Talpaneni JS, Tjandrawinata RR. Determination of eudragit® L100 in
an enteric-coated tablet formulation using size-exclusion chromatography with charged-
aerosol detection. Scientia Pharmaceutica, 2018; 86(3): 38.

Mohan SD, Gupta VR, Yalamanchili M. Nonaqueous enteric coating application of
HPMC and Eudragit L100 on hard gelatin capsules: designed to achieve intestinal
delivery. Journal of Applied Pharmaceutical Science, 2015 May 15; 5(1): 001-6.

Khan MJ, Huang WC, Akhlag M, Raza S, Hamadou AH, Yuning G, Sun J, Mao X.
Design, preparation, and evaluation of enteric coating formulation of HPMC and Eudragit
L100 on carboxylated agarose hydrogel by using drug tartrazine. BioMed Research
International, 2022; 2022(1): 1042253.

Anwer MK, Al-Shdefat R, Ezzeldin E, Alshahrani SM, Alshetaili AS, Igbal M.
Preparation, evaluation and bioavailability studies of eudragit coated PLGA nanoparticles
for sustained release of eluxadoline for the treatment of irritable bowel syndrome.
Frontiers in pharmacology, 2017 Nov 20; 8: 844.

Rezazadeh M, Safaran R, Minaiyan M, Mostafavi A. Preparation and characterization of
Eudragit L 100-55/chitosan enteric nanoparticles containing omeprazole using general
factorial design: in vitro/in vivo: study. Research in Pharmaceutical Sciences, 2021 Aug
1; 16(4): 358-69.

Fang Y, Wang G, Zhang R, Liu Z, Liu Z, Wu X, Cao D. Eudragit L/HPMCAS blend
enteric-coated lansoprazole pellets: enhanced drug stability and oral bioavailability.
AAPS PharmSciTech, 2014 Jun; 15: 513-21.

Vol. 02, Issue 04, 2025

79

——
| —


http://www.wjppr.com/
https://pharmafeatures.com/synthetic-and-natural-polymers-advancements-in-drug-delivery-and-medicine/
https://pharmafeatures.com/synthetic-and-natural-polymers-advancements-in-drug-delivery-and-medicine/

Manoj et al. World Journal Of Pharmacy and Pharmaceutical Research

16.

17.

18.

19.

20.

21.

22.

23.

24,
25.

26.

27.

WWW.Wjppr.com

Patel AK, Jain V, Jain SK, Verma A, Jain RK. Design and Evaluation of Colon Targeted
Sustained Release Matrix Tablet of Naproxen Sodium. Asian Journal of Pharmacy and
Pharmacology, 2023; 9(3): 85-92.

Pawar AY, Tapkir AD, Rao JB, Dayama RP. Formulation and Evaluation of Eudragit L-
100 based Nanoparticles of Senna for Treatment of Constipation. International Journal of
Pharmaceutical Investigation, 2022 Jul 1; 12(3).

Shan R, Feng R, Huang Y, Huang G. Preparation and Evaluation of Dual-release
Esomeprazole Magnesium Pulsed Capsules Filled with Two Kinds of Enteric-coated
Pellets. Journal of Pharmaceutical Innovation, 2023 Sep; 18(3): 851-60.

Monschke M, Kayser K, Wagner KG. Processing of polyvinyl acetate phthalate in hot-
melt extrusion—preparation of amorphous solid dispersions. Pharmaceutics, 2020 Apr 9;
12(4): 337.
https://taylorandfrancis.com/knowledge/Medicine_and_healthcare/Pharmaceutical _medic
ine/Polyvinyl_acetate phthalate

Zaid AN, Qaddomi A. Development and stability evaluation of enteric coated Diclofenac
sodium tablets using Sureteric. Pakistan journal of pharmaceutical sciences, 2012 Jan 1,
25(1).

Merchant HA, Goyanes A, Parashar N, Basit AW. Predicting the gastrointestinal
behaviour of modified-release products: Utility of a novel dynamic dissolution test
apparatus involving the use of bicarbonate buffers. International Journal of
Pharmaceutics, 2014 Nov; 475(1-2): 585-91.

Roxin P, Karlsson A, Singh SK. Characterization of cellulose acetate phthalate (CAP).
Drug development and industrial pharmacy, 1998 Jan 1; 24(11): 1025-41.
https://www.eastman.com/content/dam/eastman/corporate/en/literature/c/cecoat3143.pdf
Sanga DK, Chand T. Formulation, Development and Evaluation of Enteric Coated Tablets
of Sodium Valproate by using Wet Granulation Method. Am. J. Pharma Tech, 2013; 3(2):
6-18.

Phothong N, Aht-Ong D, Napathorn SC. Fabrication, characterization and release
behavior of a-tocopherol acetate-loaded pH-responsive polyhydroxybutyrate/cellulose
acetate phthalate microbeads. International Journal of Biological Macromolecules, 2024
Mar 1; 260: 129535.

Khatibi A, Zahedi P, Ghourchian H, Lari AS. Development of microfluidic-based
cellulose acetate phthalate nanoparticles containing omeprazole for antiulcer activity: In

vitro and in vivo evaluations. European Polymer Journal, 2021 Mar 15; 147: 110294.

Vol. 02, Issue 04, 2025

80

——
| —


http://www.wjppr.com/
https://taylorandfrancis.com/knowledge/Medicine_and_healthcare/Pharmaceutical_medicine/Polyvinyl_acetate_phthalate
https://taylorandfrancis.com/knowledge/Medicine_and_healthcare/Pharmaceutical_medicine/Polyvinyl_acetate_phthalate
https://www.eastman.com/content/dam/eastman/corporate/en/literature/c/cecoat3143.pdf

Manoj et al. World Journal Of Pharmacy and Pharmaceutical Research

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

WWW.Wjppr.com

Nandi S, Banerjee A, Reza KH. Formulation and Evaluation of Enteric Coated
Elementary Osmotic Tablets of Aceclofenac. Turkish Journal of Pharmaceutical Sciences,
2021 Sep 1; 18(4): 498.

Jagdale S, Chandekar A. Optimization of chitosan and cellulose acetate phthalate
controlled delivery of methylprednisolone for treatment of inflammatory bowel disease.
Advanced pharmaceutical bulletin, 2017 Jun 30; 7(2): 203.

Gordon MS, Fratis A, Goldblum R, Jung D, Schwartz KE, Chowhan ZT. In vivo and in
vitro evaluation of four different aqueous polymeric dispersions for producing an enteric
coated tablet. International journal of pharmaceutics, 1995 Feb 28; 115(1): 29-34.
https://www.setylose.com/en/products/healthcare/hpmcp

Kim IH, Park JH, Cheong IW, Kim JH. Swelling and drug release behavior of tablets
coated with aqueous hydroxypropyl methylcellulose phthalate (HPMCP) nanoparticles.
Journal of controlled release, 2003 Apr 29; 89(2): 225-33.

Fu M, Blechar JA, Sauer A, Al-Gousous J, Langguth P. In vitro evaluation of enteric-
coated HPMC capsules—effect of formulation factors on product performance.
Pharmaceutics, 2020 Jul 23; 12(8): 696.

Kim IH, Park JH, Cheong IW, Kim JH. Swelling and drug release behavior of tablets
coated with aqueous hydroxypropyl methylcellulose phthalate (HPMCP) nanoparticles.
Journal of controlled release, 2003 Apr 29; 89(2): 225-33.

Nguyen HT, Van Duong T, Taylor LS. Enteric coating of tablets containing an amorphous
solid dispersion of an enteric polymer and a weakly basic drug: A strategy to enhance in
vitro release. International Journal of Pharmaceutics, 2023 Jul 25; 642: 123139.

Ratih H, Pratiwi GK, Alatas F, Agustin M, Saraswati BD. Isoniazid Microencapsulation
With HPMCP HP-50 and HPMCP HP-55 (2: 3) Coating Using Solvent Evaporation
Method. Indonesian Journal of Pharmaceutical Science and Technology, 2022 Jun 30;
9(2): 117-25.

Giunchedi P, Ltorre M, Maggi L, Conti B, Conte U. Cellulose acetate trimellitate
microspheres containing NSAIDs. Drug development and industrial pharmacy, 1995 Jan
1; 21(3): 315-30.

Lalitha Devi M, Varalakshmi M. Natural Polymers Employed in Designing of Gastro
Retentive Drug Delivery Systems. Int. J. Pharm. Sci. Rev. Res., 2023 Jan 15; 78(1): 1-8.
Zhao L, Zhou Y, Zhang J, Liang H, Chen X, Tan H. Natural polymer-based hydrogels:
From polymer to biomedical applications. Pharmaceutics, 2023 Oct 23; 15(10): 2514,

Vol. 02, Issue 04, 2025

81

——
| —


http://www.wjppr.com/
https://www.setylose.com/en/products/healthcare/hpmcp

Manoj et al. World Journal Of Pharmacy and Pharmaceutical Research

40.

41.

42.

43.

44,

45.

46.
47.

48.

49,

50.
51.

WWW.Wjppr.com

Severino P, de Oliveira GG, Ferraz HG, Souto EB, Santana MH. Preparation of gastro-
resistant pellets containing chitosan microspheres for improvement of oral didanosine
bioavailability. Journal of pharmaceutical analysis, 2012 Jun 1; 2(3): 188-92.

Ilium L. Chitosan and its use as a pharmaceutical excipient. Pharmaceutical research,
1998 Sep; 15: 1326-31.

de Souza MP, Sabio RM, de Cassia Ribeiro T, Dos Santos AM, Meneguin AB, Chorilli M.
Highlighting the impact of chitosan on the development of gastroretentive drug delivery
systems. International Journal of Biological Macromolecules, 2020 Sep 15; 159: 804-22.
Shokati Eshkiki Z, Mansouri F, Karamzadeh AR, Namazi A, Heydari H, Akhtari J,
Tabaeian SP, Akbari A. Chitosan and Its Derivative-Based Nanoparticles in
Gastrointestinal Cancers: Molecular Mechanisms of Action and Promising Anticancer
Strategies. Journal of Clinical Pharmacy and Therapeutics, 2024; 2024(1): 1239661.

Chen J, Huang GD, Tan SR, Guo J, Su ZQ. The Preparation of Capsaicin-Chitosan
Microspheres (CCMS) Enteric Coated Tablets. International Journal of Molecular
Sciences, 2013 Dec 13; 14(12): 24305-19.

Pearnchob N, Dashevsky A, Siepmann J, Bodmeier R. Shellac used as coating material
for solid pharmaceutical dosage forms: understanding the effects of formulation and
processing variables. STP pharma sciences, 2003; 13(6): 387-96.
https://www.pharmtech.com/view/coating-and-taste-masking-shellac

Maghrabia AE, Boughdady MF, Meshali MM. New Perspective Enteric-Coated Tablet
Dosage Form for Oral Administration of Ceftriaxone: In Vitro and In Vivo Assessments.
AAPS PharmSciTech, 2019 Sep 11; 20(7).

Heni Rachmawati, Diky Mudhakir, Kusuma J. Combination of inulin-shellac as a unique
coating formulation for design of colonic delivery dosage form of ibuprofen. International
Journal of Research in Pharmaceutical Sciences, 2023; 3(1): 17-23.

Nawal A Rajab, Zainab J Kadham, Mohammed A Rajab. Preparation and Clinical
Evaluationof Naproxen Enteric Coating Tablets using Shellac-HPMC as Coating
Polymer. Int J Pharma Res Health Sci., 2017; 5(5): 1846-50.
https://en.wikipedia.org/wiki/Pectin

Tang X, de Vos P. Structure-function effects of different pectin chemistries and its impact
on the gastrointestinal immune barrier system. Critical Reviews in Food Science and
Nutrition, 2023 Nov 30: 1-5.

Vol. 02, Issue 04, 2025

82

——
| —


http://www.wjppr.com/
https://www.pharmtech.com/view/coating-and-taste-masking-shellac
https://en.wikipedia.org/wiki/Pectin

Manoj et al. World Journal Of Pharmacy and Pharmaceutical Research

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

WWW.Wjppr.com

Lara-Espinoza C, Carvajal-Millan E, Balandran-Quintana R, Lépez-Franco Y, Rascon-
Chu A. Pectin and pectin-based composite materials: Beyond food texture. Molecules,
2018 Apr 18; 23(4): 942.

Raju D, Padmavathy J, Sai Saraswathi V, Saravanan D, Aparna Lakshmi |. Formulation
and development of enteric coated tablets of prednisolone as a colon targeted drug
delivery.lJPSR, 2011 Mar 1; 2(3): 685-90.

Singh A, Mandal UK, Narang RK. Development and characterization of enteric coated
pectin pellets containing mesalamine and Saccharomyces boulardii for specific inflamed
colon: In vitro and in vivo evaluation. Journal of Drug Delivery Science and Technology,
2021 Apr 1; 62: 102393.

Zhu J, Zhong L, Chen W, Song Y, Qian Z, Cao X, Huang Q, Zhang B, Chen H, Chen W.
Preparation and characterization of pectin/chitosan beads containing porous starch
embedded with doxorubicin hydrochloride: A novel and simple colon targeted drug
delivery system. Food Hydrocolloids., 2019 Oct 1; 95: 562-70.

Szekalska M, Pucitowska A, Szymanska E, Ciosek P, Winnicka K. Alginate: current use
and future perspectives in pharmaceutical and biomedical applications. International
journal of polymer science, 2016; 2016(1): 7697031.

Czarnocka JK, Alhnan MA. Gastro-resistant characteristics of GRAS-grade enteric
coatings for pharmaceutical and nutraceutical products. International journal of
pharmaceutics, 2015 May 30; 486(1-2): 167-74.

Patole VC, Pandit AP. Mesalamine-loaded alginate microspheres filled in enteric coated
HPMC capsules for local treatment of ulcerative colitis: in vitro and in vivo
characterization. Journal of Pharmaceutical Investigation, 2018 May; 48(3): 257-67.
Jelvehgari M, Mobaraki V, Montazam SH. Preparation and Evaluation of Mucoadhesive
Beads/Discs of Alginate and Algino-Pectinate of Piroxicam for Colon-Specific Drug
Delivery Via Oral Route. Jundishapur Journal of Natural Pharmaceutical Products, 2014
Sep 20; 9(4).

Mujtaba MA, Hassan KA, Imran M. Chitosan-alginate nanoparticles as a novel drug
delivery system for rutin. Int. J. Adv. Biotechnol. Res., 2018 Jan 1; 9: 1895-903.

Bao TN, Trang PT, Le Mai VD, Van Lam N, Duyen BT, Viet NS, Chien NN. Combining
solid lipid-nanoparticles in Alginate coating formulation to prepare enteric-released
Diclofenac pellets. Tap chi Nghién ctru Duoc va Thdng tin Thudc, 2023 Dec 14; 14(5):
12-22.

Vol. 02, Issue 04, 2025

83

——
| —


http://www.wjppr.com/

Manoj et al. World Journal Of Pharmacy and Pharmaceutical Research

62. Capron I, Yvon M, Muller G. In-vitro gastric stability of carrageenan. Food hydrocolloids,
1996 Apr 1; 10(2): 239-44.

63. Vieira WT, da Silva MG, de Oliveira Nascimento L, Vieira MG. k-Carrageenan/sericin-
based multiparticulate systems: A novel gastro-resistant polymer matrix for indomethacin
delivery. International journal of biological macromolecules, 2023 Mar 31; 232: 123381.

64. Tasende MG, Manriquez-Hernandez JA. Carrageenan properties and applications: A
review. Carrageenans sources and extraction methods, molecular structure, bioactive
properties and health effects, 2016; 17-49.

65. Silva RC, Trevisan MG, Garcia JS. B-galactosidase encapsulated in carrageenan, pectin
and carrageenan/pectin: Comparative study, stability and controlled release. Anais da
Academia Brasileira de Ciéncias, 2020 Apr 3; 92: €20180609.

66. Nicolini MV, Vieira WT, da Silva MG, de Oliveira Nascimento L, Vieira MG. Mefenamic
acid modified-release by encapsulation in a k-carrageenan/sericin blend. Journal of
Industrial and Engineering Chemistry, 2023 May 25; 121: 63-76.

WWW.Wjppr.com Vol. 02, Issue 04, 2025

84

——
| —


http://www.wjppr.com/

