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ABSTRACT

This review focuses on polymers used in the nasal administration of medicines, the nasal absorption mechanism and

examples of polymers (Carbopol, poloxamèr, chitosan, gellan gum, sodium alginate, etc). In presence of different

endogenous stimuli this polymer has the ability to convert in gel form from solution state. There are many responsive

agents which leads to such changes like PH, temperature and specific ionic concentration. According to source of

obtaining, they can be Natural, semisynthetic and synthetic polymer. For in-situ gelling behaviour may be added alone

or in mixture. Nasal route is good alternative of oral and parental route because it avoids many problems related to this

field like permeability ratio, drug absorption time and concentration, also by pass hepatic system, help to increases drug

quantity in systemic circulation. Because of all these advantages, this system reduces side effects which is found due to

unwanted deposits of drug in body. As future aspect, nasal route also provides the capability to cross blood brain barrier

due to high retention power. Thus, this review focuses on polymers used in the nasal administration of medicines, the

nasal absorption mechanism and examples of polymers (Carbopol, poloxameres, chitosane, gelatinous gum, sodium

alginate, etc.)

KEYWORDS: Polymer; Mucoadhesive Drug Delivery System, Gelating Mechanisms, Thermo-Responsive Agents

(Poloxomer), Ion-Triggering Agent (Alginic Acid), Ph Dependent Systems (Carbopol), Stimuli Responsive Polymer.

Received: Jun 03, 2022; Accepted: Aug 23, 2022; Published: Sep 30, 2022; Paper Id: IJMPSDEC20225

INTRODUCTION

In last few years, there is wide research is in system which can rise the interaction of drug to place of action. From

this concept, different stimuli responsive polymer used for developing in situ gelling system has been developed.

Basically, they are Hydrogels which is cross-linked networks of water-soluble polymers, they come in contact of

water and swell[3,4]. Different type of polymers are available according to stimuli response by modification of

functional groups. [1,2]

In-situ based gels or gelling polymer are systems that show sol-to-gel transition at the position where they

are directed into the body. On upon administration solution, they experience sol-to-gel conversion in presence of

external stimuli such as pH, temperature (temp), and ionic concentration [3,5]. We know drug in property can be

varied in solubility profile, molecular weight and permeability ratio. All polymers, either natural or synthetic, are

modified with such quality to show high compatibility with drug without any interaction [1,2,6].

To progress the absorption, retention or withholding time and bioavailability into the in-situ gelations with

using different polymer gives a auspicioustactic that, decreases loss of drug by draining from mucociliary system,

extended the medication release and captivation of medicine. [7,8].
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NASAL ROUTE

In oral route, there is huge problem of side effect related to hepatic metabolism and dilapidation of drug in the GIT tract.

This problem can be figure out using avoid first pass metabolism such as nasal system. Mucoadhesive in situ gelling

system also provides continual or controlled release via nasal cavity [1-3]. In-situ nasal gel holds dual application because

of thixotropy property. As in vitro it remains in solution condition which help it to re-disperse and easy management of

formulation. While in system, in presence of physiological agent in nasal cavity like temp, ion concentration it translates to

gel form. Gel form have its own application as it holds drug for longer time. This system is supported by various scientist

because of its effective, easy and fast approach to local treatment, brain targeting, effectiveness in CNS disorder treatment,

delivery of plasmid DNA, some vaccines and targeted release. [9].

Stimuli-responsive polymer commonly used to formulate in-situ gel. It is exceptional innovative dosage form that

shows a sol - gel conversion in the internal system. This type of behaviour is mainly demonstrated during administration in

the body cavity where the polymer has found different types of physiological environment. [10].

The mucoadhesive, provide easy administration, help to maintain viscosity, decrease wastage of drug and also

show acceptance of large range of active pharmaceutical ingredients. The use of all kinds of therapeutics to administer by

this route places it in ideal dosage form. [11-12]. The anatomy of nasal cavity is shows below in image (Img). (1)

Image 1: Anatomy of Nasal Cavity.

MECHANISM OF MEDICINE ENGAGEMENT BY NASAL SYSTEM

The main focus in absorption of drug in nasal system is medicine must cross the mucous layer. It is flexible of small

particle or low molecular weight rug but difficult for larger one.

For absorption following mechanisms are involved.

Ist mechanism- It favour small particle crossing mostly less than 1000 Dalton. This mechanism favour aqueous

transport or paracellular route. This is passive technique and due to particle size issue it deliberate also. [10]

IInd mechanism-In this mechanism show more compatibility with lipid loving medicine. It cares transcellular

transport due to its lipoidal route. This mechanism involve lipid character as rate determining step. [13].
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Stimuli Responsive Polymer provide Sufficient rheological properties and strength of the gel, the gel leftovers in

the nasal system for a extended period and ensures a controlled& sustained release of bioactive. High Engagement,

adequate amount of medicine in systemic circulation less dose frequency, convenient to patient are virtuous features of this

system. [14].

CLASSIFICATION OF STIMULI-RESPONSIVE POLYMER

Classification of stimuli-responsive polymer for developing in-situ gelling systems used for nasal drug transport are given

below with their overall structure, occurrence, belongings, activating mechanism and limits are shown in the succeeding

section. [14,15].

a. Thermo responsive system

b. pH-responsive system

c. Ion responsive system

d. Photo induced polymerization (UV Induced gelation)

i. Physical alteration in biomaterial

This method additional classify as:-

a. Swelling process

b. Diffusion process.

ii. Chemical reaction approach or chemically induced in-situ gelling system

This method additional classify as:-

a. Cross-linking of ions.

b. Polymerisation by photo reaction

c. Cross link of enzyme

STIMULI REACTIVE POLYMERS USED FOR DESIGNING TRIGGERED SYSTEMS

Stimuli reactive in-situ gels are secret into diverse classes based on numerous activators. In this system involve thermo

activated system, PH-sensitive & ion-responsive agent which are principally used for the intranasal pathway. It is

important of Select suitable polymer with anticipated endogenic stimuli reactivity, mucoadhesivity, viscosity. [16].

POLYMERS USED FOR DESIGNING TRIGGERED SYSTEMS

1. Thermo activated System

Thermo reversible gel polymers in situ affected by temp alteration and is transformed into gel form solution to a specific

temp range. It consists of thermo sensitive agent that determine the conversion must be in range of compatible region 25 to

37 degree centigrade.
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This transition count between the physiological range is characterized as ideal for this polymeric system. During

transportation or storage, variety of temperature fails the product, but the transition only between the physiological range

make the system streamlined. [17-19].

Poloxamer

For preparing nasal gel, Poloxamer marketed as per Pluronic is one of the most significant thermo responsive polymer.

P40729 (PF12730) and P18831 (PF6832) are usually used formulae of poloxamer for other nasal preparation [20,21].

Poloxamer is a linear tri-block ABA co-polymer consisting of water loving terminal groups of PEO33 and water

hating nuclei groups of PPO34 [(PEOa-PPOb-PEOc)n] [10].Structure of poloxamer shown in img.(2).

Image 2: Linear Structure of Type ABA, triblock (PEO-PPO-PEO) of poloxamer

Mechanism

As temperature changes, the orientation of the methyl group in the lateral chain leads to dehydration of the PPO block. In

addition, It causes water as well to expel based on mical nucleus results in. swelling to form a large micellar reticular

network. [22].

Due to surfactant as poloxamer properties, reduces the resistance and viscosity of mucus, encourages high

molecular weight nasal uptake of bioactive such as proteins & peptides. [23].

Limitation

Poloxamer has poor mechanical properties, low viscosity and frost resistance, quick erosion, low bioadhesion, lower

freezing temperature, higher polymer concentration. [24].

When temperature is increased it was measured in case of poloxamer in both dynamic light scattering (DLS) and

velocity that there is decrease in the critical micelle concentration (CMC). It shows that following an increase in

temperature, there is a reduction in inter micella interaction. This happens due to the change in conformation of the

spherical micelles, which is tightly wrapped in cubic lattice in rod-shaped micelles wrapped in a hexagonal system, this

reduce intermolecular interactions. As temperature increases due to reduction in inter-micellar interaction, gel forms

[25,26].

Chitosan

Chitosane is a water-soluble linear polymer. Due to its cationic properties, the creation of carboxylic salts like acetate,

lactate, malate, citrate, glyoxylate, pyruvate, glycolate and ascorbate. [27-29].

Chitosan involves of deacetylated β-(1→4) Dglucosamine and N-acetylated-D-glucosamine [10]. Chitosan

structure shown in Figure (3).
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Figure 3: Chemistry of Chitosan.

Mechanism

Transition into a gel system involves many steps like losing electrostatic deterrence, hydrogen bonding and hydrophobic

interaction.

Electrostatic, hydrophobic interaction& chitosan internal H-bond controlled by accumulated glycerosphate in

aqueous solution of chitosan. [30].

Translation of solution to gel involve following mechanism:

 The H- bond rises because of the electrostatic repulsion caused by the basic action of the salt.

 the electrostatic desirability of chitosan-glycerol-phosphate on account of ammonium & phosphate groups.

 the water hating or hydro arranging nature of glycerol fraction of b-glycerophosphate leads to an increase in

chitosan-chitosan-hydrophobic interactions; &

 Gelation happens with increasing temp, as it outcomes in a solidification of the water hating desirability of

chitosan. [31,32].

EHEC

EHEC (ethyl hydroxyethyl cellulose) is an amphiphilic, non-ionic polysaccharide in nature, it is made up of polymeric

backbone of hydrophilic and hydrophobic units in unequal ways. [1,2,33,34].

Ethyl hydroxyethyl cellulose, 2-hydroxyethyl ether of ethyl cellulose (Img.4)

Image 4: Chemical structure of EHEC

Mechanism

When ionic surfactants are present, the surfactant is bound to the polymer, giving an apparent polyelectrolytic character to

the original non-ionic character. In the presence, amphiphilic surfactants conditions form to create gel after increasing

temperature [35].
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Xyloglucan

Xyloglucan mostly found in dicotyledonous and vascular plants. They are natural agent principally hemicellulose gained

from cell wall.

Tamarin seed derived polysaccharide comprise three Xyloglucan from which two is stand in backbone. In front

oligomers and hepta, octa found in backbone with some non-saccharide and galactic branches.

Organizationally, it contains of (1-4)-β-D-glucan polymer with (1-6)-α-D-xylose lateral chains, partly relieved

with (1-2)-β-D-galactoxylosis.[36]. Chemical composition of Xyloglucan shown in Img. 5.

Image 5: Chemical Composition of Xyloglucan

Mechanism

Xyloglucan establishes thermo responsive solution to gel conversion during partial degradation with β-galactoside whereas

the unadulterated polymer has no gelling behaviour in response to a change in temperature. [37].

Below are some example of thermo responsive/temp triggered in-situ gelling systems for intranasal drug system

shown in Table 1.

Table 1: Example of thermo Responsive/Temperature Triggered in-situ
Gelling Systems for Intranasal Drug System

Disease Bio Active Molecule Formulation Composition Reference

Allergic rhinitis
Dexamethasone 21-phosphate
disodium salt

Poloxamer/HPMC/chitosan (CS) 38

Migraine
Zolmitriptan and Ketorolac
tromethamine

Pluronic® F-127/xyloglucan 39

Parkinson’s syndrome Levodopa Pluronic F127&chitosan 40

Parkinson’s syndrome Ropinirole
Chitosan, hydroxyl propyl methyl
cellulose

41

Alzheimer’s Curcumin Pluronic F127, Poloxamer 42
Alzheimer’s Geniposide Poloxamers (P407, P188) &HPMC 43
Depression Doxepin Chitosan and glycerophosphate, PEG 44
Depression Nortriptyline HCl Poloxamer 188 and HPMC 45

siRNA Poloxamer 407 46
Ketorolac Tromethamine Poloxamer 407 47
Rizatriptan Benzoate Poloxamer 407 48
Tacrine Poloxamer 407 49
Zidovudine Poloxamer 407 50
Venlafaxine HCl Poloxamer 407 51
Loratadine Poloxamer 407 52
Midazolam Poloxamer 407 53
Ropinirole HCl Poloxamer 407/188 54
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2. PH TRIGGERED SYSTEM

PH trigger agent convert system from sol to gel after entering in acceptable PH Range. Main stimuli polymer which is used

in PH triggered mechanism is Carbopol (Carbopol 934 and Carbopol 940) is the main pH-sensitive agent that reacts to the

sol to gel transition during a significant change in PH. This preparation, when in interaction with the nasal fluid,

experiences conformational changes and forms a three-dimensional network, resulting in a sol to gel conversion. [55,56].

Carbopol / Poly acrylic acid (PPA)

PPA is a high molecular mass compound composed of a reticulated poly network (acrylic acid)[10].Chemical composition

of carbopol. Shown in (Img). 6.

Image 6: Chemical Structure of PPA.

Mechanism

To form gel many steps are involved like hydrogen bonding, electrostatic interaction, inter diffusion and hydrophobic

interaction. Carbopol exhibits a sol-gel transition in aqueous solutions when the pH is elevated above its pKa by

approximately 5.5. In an alkaline environment, carboxyls aggregate negative loads along the backbone of the polymer.

Polymer swelling and gel formation due to electrostatic repulsion of the anionic group. Further addition of Carbopol

decreases electrostatic repulsion [22,57].

The gelling effect is activated in two stages, neutralizing the solution by adding sodium hydroxide or potassium

hydroxide, triathanolamine. [58].

Below are the example of pH triggered in situ gelling systems for intranasal drug delivery shown in Table-2.

Table 2: Example of pH Triggered in-situ gelification Systems for Intranasal Medication Administration

Disease Bio Active
Molecule

Formulation
Composition

Reference

Schizophrenia Paliperidone Carbopol 934 and HPMC 56

3. ION TRIGGERED SYSTEM

Some polymer experiences sol- gel transition in incidence of ionic stimuli. At the same time, pectin is another

polysaccharide sensitive to ions naturally present in work for the advancement of nasal in-situ gel. Pectin also form 3-

dimensional network just like gellan gum by creating cationic complexation under phase transition using its functional

group. [59].
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Gellan Gum

Gellan gum (Gg) (commercially available under the brand name Phytagel, Gelzan,Gelrite TM or Kelcogel TM) is a

deacetylated anion exocell polysaccharide secreted by Pseudomonas elodea.. This DGG consisting of recurrent units of

tetrasaccharide, including (1, 3)-b-D-glucose, (1, 4)-b-D-glucose, (1, 4)-a-Lrhamnose and b-D-glucuronic acid in the 1:1:1

molar ratio. Chemical form of gellan gum shown in(Img). 7.

Figure 7: Chemical Structure of Gellan gum.

Gg is a natural linear polysaccharide made out of a bacterium called Sphingomonas elodea, also known as

Pseudomonas elodea.[60,61].

Mechanism

Gel formation involve in following steps:-

The conversion process implies first a conformational modification of the polymer layout and forms a dual helical

structure. These twin helical units are clustered in the junction point. That is eventually formed by cation complexation and

hydrogen bonding. [62,63].

Basically, Complex is created amongst with cationic charge and Hydrogen in presence of aqueous phase. This

complex 3-Dlattice by accumulation of double-helical segments. Due to presence of endogenous stimuli in nasal cavity

like calcium, sodium, Gg covert to sol state to gel state. The resulting gel increases nasal holding, maintains the release of

the medication and progresses the absorption of the medication. [1,2,10].

Pectin

Pectin is a polysaccharide of natural origin, consisting of methaoxylated galacturonic acid (D-GalA). The chemical

structure of pectin is well understood. (Img). 8.
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Image 8: Chemical Structure of Pectin

The behaviour of pectin to translate in desirable rheological satisfactory compound is accredited to the

esterification/methaoxylation level of D-GalA. [64-66].

Mechanism

According to Fraeye et al.' "egg box" model, pectin dimerization occurs in contact with Ca2+. In these dual homologues

parallel to the pectin D-GalA chain are integrated composed by Ca2+. This is increased by hydrogen binding and

electrostatic forces. [67-69].

Sodium Alginate

Sodium alginate is an alginic acid salt obtained from brown seaweed. It's a straight-cut polysaccharide. [13,14].

Alginic acid is a linear co-polymer containing homopolymer blocks of β-D-mannuronate (M) and α-L-guluronate

(G), respectively. Chemistry of sodium alginate. (Img).9.

Image 9: Chemical structure of Sodium Alginate

Mechanism

When interacting the polymer G-block with the Ca2+form gel. Sodium alginate has many advantage like it self-degrade,

nontoxic & shown virtuous mucoadhesive strength due to existence of carboxylic group.[70].

Xanthan gum (XG)

It is another example of natural polymer. XG is group of long chain saccharide. The chief structure of this natural cellulose

derived comprises a cellulose spinal column (β-D-glucose residues). It also has a trisaccharide side chain of β-D-mannose-
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β-D-glucuronic acid-α-D - mannose devoted with alternative glucose residues of the main chain. It's a 3:3:2 molecular

ratio. Xanthan gum shows anionic behaviour [13,14,71].Chemistry of Xanthan gum shown in (Img).10.

Image 10: Chemical Structure of Xanthan Gum

4. PHOTO INDUCED POLYMERIZATION (UV INDUCED GELATION)

Photo polymerization is a technique form a linear or cross linked polymer structure by using light. This monomer is

injected into a tissue site. When this system is injected by shooting, it becomes photo cure in situ using fiber optic cables

and provides extended action to the medication.[72].

The following is an example of ion-activated in situ gel systems for intranasal drug administration. Table-3.

Table 3: Example of Ion Triggered in situ Gelling Systems for Intranasal Drug Delivery

Disease Bio Active Molecule Formulation Composition Reference

Allergic rhinitis Mometasone furoate (MF) Gellan gum 73
Depression Venlafaxine Sodium alginate 74
Migraine Sumatriptan Gellan gum 75
Alzheimer’s Huperzine A Gellan gum 76
In allergic condition Mometasone furoate Gellan gum 77

CONCLUSIONS

During the past decade, intelligent systems based on stimulated polymers play promising method for administering nasal

medication. As already stated, reactive stimuli convert the solution to the gel system in the presence of physiological

stimuli. By selecting in situ gelling as the delivery route, it compensates for the problem associated with the old

conventional dosage form. As the availability in the form of natural material with biodegradable and non-toxic properties

the utility of polymer heightened.

Nasal medicines give easy acceptance to the typical formulation as enzyme, acid-sensitive, poor soluble drug,

targeted release and prevent liver metabolism.

For further advancement in Nasal route delivery, Targeting via brain to make retention power high is

approachable. Nasal route has ability to deliver drug to CNS by crossing high lipoidal barrier system.
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