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Abstract-

This review aims to address gaps in the present literature about in situ gel, with a specific focus on in-situ gelling
methods that extend the duration of drug presence at their intended sites. In-situ gels are particularly appealing
for drugs that have very brief half-lives and strong solubility. Recently, there has been a development in the use
of in-situ gelling systems as drug delivery methods to achieve both local and systemic effects. The present
development of in-situ gelling systems has garnered significant interest because to the several benefits associated
with in-situ polymeric delivery systems. These advantages include simplicity of administration, reduced
frequency of administration, improved patient compliance, and greater comfort. This review provides a summary
of the research that have assessed the use and efficacy of these systems. The purpose of this review study is to
examine the formulation considerations used in developing an in-vivo drug delivery system, relevant
biodegradable polymers for the sol-gel transition, characterization techniques, evaluation criteria, and commercial
formulations of the in-vivo polymeric system.
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Introduction

Over the past three decades, the quest for a controlled and enduring system for drug administration has intensified.
Significant research efforts have been dedicated to the development of polymeric drug delivery devices, with in-
situ gel systems emerging as a promising solution. The growing interest in these systems is due to their practical
benefits, such as simplified administration, reduced administration frequency, improved patient compliance, and
enhanced comfort. This has led to a surge in patents for their use in various biochemical contexts, such as drug
administration, underscoring their potential for real-world applications.

The use of in situ gel formulations offers a compelling alternative to conventional methods, which may be
burdensome or oral, leading to suboptimal bioavailability and hepatic first-pass metabolism, especially for
proteins and peptides, to get systemic therapeutic effects.[2] This novel drug delivery technique facilitates the
essential aspects of administration, including simplicity and comfort, accurate dosage distribution, and prolonged
drug retention in mucosal contact. These challenges are often encountered in semi-solid dosage forms. Several
stimuli may induce in situ gel formation, including pH alteration, temperature fluctuations, and solvent
substitution.[3]

This novel drug delivery technology facilitates the essential aspects of administration, precise dosage distribution,
and extended drug retention in mucosal contact, which are often encountered challenges in semi-solid dosage
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forms. In situ gel formation occurs when many stimuli, such as changes in pH, modification of temperature, and
exchange of solvents, are combined.[4]

A) Different Methods of In-situ Gelation:
A.1) PH Triggered In-situ gelation:

Polymers that respond to variations in pH are known as pH sensitive polymers. These materials include functional
groups that may react with acidic or alkaline characteristics. pH-responsive materials may be used to effectively
modulate pH levels, hence serving as a crucial indicator. The fluid undergoes gelation when the pH level hits 7.4.
Upon infusion into the tear film, the formulation undergoes a pH shift of about 2.8 units, resulting in the rapid
transformation of the highly fluid latex into a dense gel. Polyelectrolytes are a class of polymers characterised by
a high concentration of ionizable groups. The swelling of hydrogels is seen to increase with an increase in external
pH for weakly acidic groups, whereas it decreases for weakly basic groups.[5]

A.1) The process of in situ gelation triggered by temperature:

Temperature is the predominant stimulus used in environmentally sensitive polymer systems. Furthermore, the
temperature change exhibits a high degree of controllability and may be readily implemented in both in vitro and
in vivo settings. This approach involves the gelation of the fluid in response to a temperature change, therefore
facilitating the sustained release of the medication. The hydrogels exhibit a liquid state at standard temperature
conditions (20-25°C), but undergo gelation at temperatures ranging from 35-37°C upon exposure to body fluids.
A promising technique to in situ creation involves using biomaterials that undergo a sol-gel transition upon
temperature elevation. Poloxamer or pluronics, cellulose derivatives such as methyl cellulose, HPMC, ethyl
(hydroxyl ethyl) cellulose (EHEC), and xyloglucan are among the polymers that demonstrate gelation in response
to temperature. [6]

A.2) Ion activated in situ gelation:

In this methodology, changes in the ionic strength induce the gelation of the injected fluid. The rate of gelation is
likely determined by the osmotic gradient over the surface of the gel. The aqueous polymer solution undergoes
crystallisation into a clear gel when exposed to the mono- or divalent cations often found in tear fluids.
Additionally, the electrolyte of the tear fluid, and more especially the cations Na+, Ca2+, and Mg2+, are
particularly well-suited to promote gelation of the polymer when it is injected as a liquid solution in the
conjunctional cul-de-sac. Osmotically induced gelation is observed in alginates, hyaluronic acid, gelrite, or gellan
gum, among other polymers. [6]

B). The use of polymers as in situ gelling agents:
B.1) Pectin:

Pectin is classified as a polysaccharide that consists mostly of (1-4)-D galacturonic acid residues. When free
calcium ions are available, low methoxy pectin quickly forms gels in aqueous solution. These gels then crosslink
the chains of galacturonic acid, which aligns with the egg-box concept. Pectin undergoes gelation in the presence
of H+ ions, so a supply of divalent ions, usually calcium ions, is necessary to form gels suitable for drug delivery
purposes. Upon oral consumption, pectin undergoes a phase transition from a liquid to a gel due to the presence
of divalent cations in the stomach. [7]

B.2) Guar gum:

Guar gum, derived from the endosperm of the seed, is a naturally occurring gum sometimes referred to as guaran.
The solubility of guar gum is seen in water, whereas its insolubility is observed in hydrocarbons, lipids, esters,
alcohols, and ketones. These findings illustrate the capacity of the substance to dissolve in water of varying
temperatures and form a colloidal solution even at low concentrations. The use of guar gum derivatives is
employed in the development of coated matrix systems, nano-microparticles, and hydrogels, all of which serve
as targeted delivery systems. Guar gum derivatives, such as polyacrylamide grafted guar gums, are effective in
specifically targeting the colon. Furthermore, it has the potential to be used as a polymer in matrix tablets that
exhibit regulated release.[§8]

[JNRD2403459 \ International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 3 March 2024| ISSN: 2456-4184 | INRD.ORG
B.3) Carbopol:

Carbopol, a polymer composed of polyacrylic acid (PAA), underwent a gelation process when increasing the pH
from 4.0 to 7.4. In an alkaline pH environment, carbopol remains in its solution state and does not undergo a
transformation into a gel with low viscosity. The use of HPMC in combination with carbopol is applied to enhance
the viscosity of the carbopol solution and reduce its acidity. In a comparative analysis of several poly (acrylic
acid) variants, namely Carbopol 940, 934, 941, and 9010, it was observed by researchers that Carbopol 940
exhibited superior clarity and visual appearance.[9]

B.4) Xyloglucan:

Xyloglucan, a polysaccharide sometimes referred to as tamarind gum, is derived from the endosperm of several
seeds. Xylogulcan is composed of three different oligomers, namely heptasaccharide, octasaccharide, and
nonsaccharide, which exhibit variations in the quantity of galactose side chains available. Given its non-toxic,
biodegradable, and biocompatible characteristics, this substance is mostly used in the administration of
medications via oral, rectal, and ophthalmic routes. Just to poloxamer, the substance exhibits indications of
gelation when subjected to lower temperatures or cooled from higher temperatures.[10]

B.5) Gellan gum:

The bacteria Sphingomonas elodea secretes an anionic heteropolymer known as gellan gum. The compound
consists of a tetrasaccharide molecule composed of glucuronic acid, rhamnose, and glucose. The production of
gel rite, sometimes referred to as deacetylated gellan gum, involves the use of alkali to dissolve the acetyl group
from the gellan gum molecule.[11] Gel Rite forms gels when calcium ions are present, resulting from instillation.
The gelation process involves the formation of double helical junction zones, followed by the aggregation of
double helical segments to form three-dimensional networks. This aggregation occurs via interactions with cations
and hydrogen bonding with water. In the food industry, gellan gum serves as a stabilising and suspending
agent.[12]

B.6) Alginic acid:

The polysaccharide in question is a linear block copolymer composed of 1,4-glycosidic bonds that connect the
residues of D-mannuronic and L-glucuronic acids. The arrangement of blocks along the molecule varies
depending on the source of the algae. Ophthalmic formulations use alginic acid due of its advantageous biological
properties, including biodegradability and non-toxicity.[13]

B.7) Xanthan gum:

The gram-negative bacteria Xanthomonas campestris undergoes fermentation, resulting in the production of a
high molecular weight extracellular polysaccharide. This polysaccharide is responsible for the unique flavour of
xanthan gum. The fundamental structural components of this naturally occurring cellulose derivative consist of a
cellulosic backbone composed of B-d residues, along with a trisaccharide side chain consisting of -D-mannose—
D-glucuronic acid—D-mannose, which is connected to alternating glucose residues of the main chain. Xanthan
gum exhibits solubility in both cold and hot water, as well as in alkaline and acidic conditions. It has excellent
stability in alkaline conditions. [14]

B.8) Chitosan:

Chitosan undergoes gelation due to two distinct factors, namely changes in temperature and pH responsiveness.
Chitosan, a polycationic polymer derived from chitin that has undergone alkaline deacetylation, is a naturally
occurring material present in prawn and crab shells. It has biodegradable properties and exhibits thermosensitivity.
Chitosan is a cationic polymer that is sensitive to pH and compatible with living organisms. It has the ability to
dissolve in water-based solutions with a pH level of 6.2. The precipitation of chitosan occurs via the formation of
a hydrated gel upon neutralisation of its aqueous solution to a pH level above 6.2. [15]

B.9) Poloxamer:

Poloxamer, a kind of tri-block copolymer, exhibits solubility in water. The structure consists of two cores
composed of polyethylene oxide (PEO) and polypropylene oxide (PPO) that have been arranged using ABA.[16]
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Pluronic, a commercially accessible poloxamer, has favourable thermal setting qualities and a longer drug

residence duration. It is mostly used as a substance for the purposes of gelling, emulsifying, and solubilizing.
Poloxamer generates a transparent, transparent gel. There exists a range of molecular weights that exhibit diverse
gelling capabilities, and the manner in which they gel is contingent upon the ratio and distribution of hydrophilic
and hydrophobic chains. [17][18]

C) In-situ Drug Delivery System:
C.1) Oral drug delivery system:

Sensitive to pH hydrogels, they have the potential to be used for targeted medicine delivery to specific regions of
the gastrointestinal (GI) tract. The development of silicone microspheres capable of generating prednisolone in
gastric fluids or demonstrating gastroprotective qualities was facilitated by the use of hydrogels composed of
different proportions of cross-linked polyethylene glycol (PEG) and polyacrylamide (PAA) derivatives.
Additional polysaccharides, such as amidated pectin, inulin, and guar gum, were examined to enhance a potential
strategy for delivering drugs specifically to the colon. Dextran hydrogels that were cross-linked exhibited
accelerated swelling when exposed to high pH conditions. Both sodium alginate and gellan formulations consist
of a calcium ion complex that undergoes gelation by the release of these ions in the acidic environment of the
stomach.

C.2) Ocular drug delivery system:

Ocular delivery techniques often use natural polymers such as alginic acid, insulin, and xyloglucan. The local
ophthalmic delivery system utilises several chemicals, including as autonomic medications, anti-inflammatory
compounds, and antibacterial agents, to alleviate intraocular tension in individuals with glaucoma. The
development of ocular in-situ gel was motivated by the challenges posed by tear fluid turnover and dynamics,
which often lead to limited availability and therapeutic efficacy when using traditional delivery methods.
Viscosity enhancers such as Carboxy Methyl Cellulose, Hydroxy Propyl Methyl Cellulose, Carbomers, and Poly
Vinyl Alcohol are used to increase the viscosity of formulations, hence enhancing their bioavailability and
prolonging their precorneal residence time. Corneal medicine penetration is enhanced by the use of penetration
enhancers such as preservatives, chelating agents, and surfactants.

C.3) Nasal drug delivery system:

To evaluate the nasal in-situ gel system's efficacy in treating allergic rhinitis, momethasone furoate is used.
Xanthan gum and gallan gum are used as polymers that produce gels in their natural environment. The experiment
used an animal model of allergic rhinitis to observe the impact of in-situ gel on antigen-induced nasal symptoms
in sensitized rats. A comparison was made between the in-situ gel and the commercial product nosonex
(Momethasone furoate suspension 0.05%), revealing that the in-situ gel effectively impeded the advancement of
nasal symptoms.

C.4) Rectal and vaginal drug delivery system:

The rectal route may be used for the administration of several drugs, including liquid, semisolid (such as
ointments, creams, and foams), and solid dosage forms, such as suppositories. The rectal in situ gel formulation
of Acetaminophen, an anti-inflammatory drug, was developed using polycarbophil, poloxamer F188, and
poloxamer 407 as synthetic polymers. This resulted in the creation of an in situ gelling liquid suppository. This
approach is believed to be advantageous since it enhances the bioavailability.

C.5) Injectable drug delivery system:

Over the last decade, in situ gels have been created for use in this medicine delivery system due to its ability to
eliminate the need for surgical procedures and enhance patient compliance. Intravenous The primary constituents
of in situ gel consist mostly of synthetic polymers and block copolymers. Bupivacaine exemplifies an anti-
inflammatory pharmaceutical agent. The injectable in situ gel is formulated using poly (D, L-lactide), poly (D, L-
lactide coglycolide), and PLGA as the polymer constituents.
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C.6) Transdermal drug delivery:

In this study, we investigated the efficacy of Pluronic F127 in a thermally reversible gel as a means of delivering
indomethacin via dermal and transdermal routes. In-vivo research have shown that a 20% weight/weight aqueous
gel may serve as a viable base for the delivery of topical medications. The combination of iontophoresis and
chemical enhancers synergistically enhanced insulin penetration. [19, 20]

D) Systems for delivering drugs directly into the eye:

The eye is an organ of great interest due to its unique features in drug disposal. The topical delivery of medicines
is often used for ocular chemotherapy due to its convenience and safety. Overcoming the eye's defenses without
causing long-term tissue damage is a significant challenge for the formulator. There are many limitations
associated with conventional ophthalmic formulations, including solution, suspension, and ointment, which result
in limited bioavailability of the medicine inside the ocular cavity.21 One significant limitation associated with the
use of ocular formulation is the rapid depletion of suspended particles and liquids. Ophthalmic ointments result
in visual impairment, leading to reduced patient acceptance. The difficulties of pH, temperature, and ion
sensitivity may be resolved by using an in situ gel-forming ocular drug delivery system composed of a polymer
that undergoes a sol-to-gel phase transition in response to a specific physico-chemical parameter.The sol-gel
transition may be induced by changes in pH, temperature, or ion-activated systems [23]. This particular gel
amalgamates the advantages of gels and solutions in order to enhance the bioavailability of substances in the
eye.[24]

The in situ ocular drug delivery devices provide many advantages. [25-27]

* To provide a regulated and continuous medication administration system.

Extending the length of corneal contact is necessary to optimise medication absorption in the eye.
* Due to the prolonged duration of the medication's effects, frequent injections are unnecessary.
In order to enhance the efficacy of pharmacological therapy and promote patient adherence.

On average, soluble insertion is less enjoyable compared to insoluble or soluble insertion.

The system simplifies the process of administration.

F). Ocular Drug Absorption Mechanism:

Although some drugs and peptides may encounter challenges in permeating the mucosal barrier, tiny drug
molecules possess the ability to do so effortlessly. Upon injection into the eye, a drug first passes via the cornea
before proceeding to non-corneal routes, resulting in simple solutions with a very poor bioavailability. Drugs with
low corneal absorption are distributed throughout the cornea and sclera.

The optimal criteria for in situ gelling systems designed for ophthalmic applications are as follows:
An optimal drug delivery formulation that utilises in situ gelling should adhere to the following criteria: [29-31]

Gelation, also known as the sol-gel phase transition, occurs when the system is administered as a solution that
solidifies into a gel under physiological conditions or in the presence of a gelation trigger. In order to prevent
precorneal drainage, it is recommended that the formulation undergoes gelation promptly upon administration.

H.2) Sustained drug release: In order to optimise bioavailability while minimising adverse effects, it is essential
for the system to sustain the release of medicine over prolonged durations.

H.3) Optimal pH: There should be no excessive acidity or alkalinity in the system, since this might cause irritation
or damage to tissues.

H.4) Clarity: In the case of in situ gels intended for ocular application, it is essential that the formulation have
qualities of transparency, clarity, and lack of colour. It should not impede normal eyesight. The presence of
contaminants or particles should be avoided since they have the potential to cause irritation to the ocular tissues.
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H.5) Sterility: In order to prevent any possible microbial damage to tissues at the site of application, it is essential
that the substance be sterile.

H.6) Stability: It is essential that the formulation exhibits stability and does not undergo degradation or diminish
its efficacy during storage within its designated shelf-life.

The drug content of the system should be sufficient, ensuring that there is no chemical degradation or undesirable
interactions with the polymers or other excipients.

H.8) Ocular tolerance: The polymers must be able to withstand and be compatible with the ocular tissues. It is
essential that the treatment does not induce any tissue damage, such as inflammation, redness, edoema, or any
other adverse side effects.

H.9) Reproducibility: The system should have consistent properties when subjected to repeated preparation and
mass manufacturing. In order to ensure consistent administration, an optimal in situ gelling technique should
include the use of a liquid that flows freely.

H. 10) Isotonicity: To mitigate the risk of tissue damage or ocular irritation, it is essential that the formulation
exhibits isotonicity.

Adhesiveness is a crucial characteristic of the polymer, since it must possess the ability to adhere to the precorneal
surface of the eye.

The Utilisation of Floating Oral Drug Delivery Systems:

The floating medication delivery system is a distinctive method of delivering medicine. Gastroretentive floating
systems are used in the production of various dosage forms, such as microspheres, microbeads, tablets, capsules,
films, and others. The in-situ gelling process is a recent advancement in floating DDS. The in-situ gelling
technique is used in various oral, nasal, ocular, rectal, vaginal, and genital administration methods, including
parenteral administration. In situ polymeric drug delivery systems provide many advantages, such as ease of
administration, increased local bioavailability, reduced dosage frequency, and improved patient compliance.
Additionally, it provides a streamlined manufacturing process, resulting in increased cost-effectiveness.
Gastroretentive FDDS exhibit prolonged buoyancy inside the gastrointestinal cavity, while maintaining the gastric
emptying rate unaffected, due to their comparatively reduced bulk density in relation to gastric fluid. The
medication i1s gradually and precisely released from the gel that is formed when it remains buoyant on the
gastrointestinal fluid. The residual medication is evacuated from the gastric cavity subsequent to its release from
the buoyant system. This has the potential to enhance GRT and stabilise fluctuations in plasma medication
concentration (PCD). The hydrodynamically balanced system (HBS), sometimes referred to as the floating
system, is a controlled or sustained release pharmaceutical formulation that exhibits properties similar to
hydrophilic matrices. It is distinguished by the creation of a polymeric gel barrier with low density on its outer
surface. The medicine is progressively released from the matrix, similar to standard hydrophilic matrices. This
variant has the ability to remain buoyant on the contents of the stomach for a duration of 8 to 10 hours without
impeding the pace at which the stomach empties. A diverse range of polymer systems is used in the development
of floating drug delivery dosage forms. [32-33]

The floating medication delivery method is influenced by several factors [34-40].

a. Density: The calculation of gastric retention time (GRT) is dependent on the buoyancy of the dose form, which
is influenced by density.

Based on available findings, it has been shown that dosage form units with a diameter above 7.5 mm have a
greater GRT in comparison to those with a diameter of 9.9 mm. Tetrahedron- and ring-shaped dosage forms have
been shown to have enhanced gastrointestinal (GIT) retention rates of 90 to 100% at the 24-hour mark, in
comparison to other shapes. The flexural moduli of these shapes are 48 and 22.5 kilo pounds per square inch
(KSI).

The gastrointestinal motility seen during a fasting period is characterised by episodes of intense motor activity,
known as migrating myoelectric complexes (MMC), occurring at intervals of 1.5 to 2 hours. If the formulation is
supplied simultaneously with the MMC, the unit's GRT should be quite short since the MMC eliminates
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undigested materials from the stomach. Nevertheless, the rates of MMC and GRT are rather slow in the fed
environment.

d. Characteristics of the meal: The administration of indigestible polymers composed of fatty acid salts might
induce a shift in the motility pattern of the stomach towards a fed state, resulting in a deceleration of gastric
emptying and an increase in the duration of medication retention within the body.

The caloric content of a meal might potentially lengthen the gestational recovery time (GRT) by a range of 4 to
10 hours when it is high in proteins and fats.

f. Feeding frequency: The GRT may rise by almost 400 minutes when numerous meals are provided instead of
only one, because to the low frequency of MMC.

Gender: Irrespective of weight, height, or body surface, the average ambulatory glomerular filtration rate (GRT)
during meals is lower compared to females of the same age and race.

h. Age: Individuals aged over 70, specifically, have a much greater GRT compared to younger individuals.
1. Posture: During the transition from supine to upright ambulatory phases, there is a potential for changes in GRT.

Concomitant drug administration involves the concurrent use of codeine, atropine, and propentheline opiates,
which are classified as anticholinergic medicines. Metoclopramide and cisapride are examples of prokinetic
medicines.

II. Summary

In situ gels play a crucial role in enhancing patient compliance, which is a fundamental element in achieving
effective controlled release solutions. The use of polymeric in-situ gels for regulated medicine release offers
several advantages in comparison to conventional dosage forms. In situ gel dosage forms are very reliable due to
their capacity to deliver medicine over an extended period of time, resulting in a sustained release. Additionally,
these forms exhibit favorable stability and biocompatibility characteristics. The use of biodegradable and water
soluble polymers may enhance the palatability and efficacy of drug delivery systems in in situ gel compositions.
The possibility of in-situ drug administration is significant in the development of liquid orals for continuous
medicine release. This floating in-situ gel technique is suitable for drugs that have a restricted timeframe for
absorption in the stomach or treatments that have localized effects. Currently available on the market as oral
tablets or capsules, these drugs will also be made available as floating in-situ gels. The enhancement of stomach
retention and subsequent improvement in the bioavailability of medical medications may be expected via a
comprehensive comprehension of the buoyancy characteristics shown by biodegradable polymers. In situ gel
offers many benefits compared to traditional gels, including enhanced drug release, heightened stability, and
increased biocompatibility characteristics.

II1. Anticipated Results

The research indicates a growing need for in-situ gelling medication delivery methods to develop controlled-
release medicines that demonstrate enhanced patient adherence.

This project aims to facilitate the acquisition of knowledge on the progress achieved in the development of in situ
gelling techniques.
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