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INTRODUCTION: 
Oral drug delivery is a most desirable route for drug 
administration. Whenever systemic effects are planned 
out, oral bioavailability of some compounds has 
promoted the search of more effective route for the 
systemic delivery [1].To attain faster and higher level of 
drug absorption nasal mucosa is the major route of 
administration in Transmucosal route of drug delivery 
[1]. Transmucosal nasal delivery has been a very 
promising route of delivery. Many drugs have been 
shown to achieve better systemic bioavailability through 
nasal route when compared with the oral route [2]. In the 
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ABSTRACT: The oral route is the most favored technique for administering the drug orally in the 
body. As a result of certain limitations such as drug absorption, poor bioavailability, first-pass 
hepatic metabolism and drug targeting to particular organs, may cause problems for administration 
via oral route. Therefore parenteral route, transmucosal route and transdermal route are preferred 
over oral route. Intranasal route is deemed to be a desirable route because of the time profile of 
concentration a drug is close to that of the intravenous route. To increase patient safety and efficacy 
a new approach for drug delivery i.e. in situ nasal drug delivery system has been designed. In in situ 
nasal gels drug is administered as a low viscous solution. When in contact with nasal mucosa, the 
conformation of the polymer changes to gel form. The gel formulation via nasal route is appropriate 
for those drugs whose oral administration is problematic due to gastric discomfort, drug absorption, 
poor bioavailability of drug and first-pass hepatic metabolism. For the gel formulation various 
triggered polymers are used. The present review focused on therapeutic considerations, anatomy 
and physiology of nasal cavity, challenges and opportunities in nasal drug delivery, marketed 
products of in situ nasal gels and various evaluation parameters considered during preparation of in 
situ gel. 
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Ayurvedic systems of Indian medicines, nasal route 
there is a well-recognized form of treatment; it is known 
as NASYA KARMA. It is a convenient route for 
delivery of drugs, which are active in small doses and 
show minimal oral bioavailability. It is the most suitable 
dosage form for self-medication [2]. 
Intranasal administration represents a feasible choice for 
local and systemic delivery of various therapeutic 
compounds. The nasal mucosa has a large surface area 
that affords a quick onset of effects, potential for direct 
delivery to the central nervous system, it avoids first 
pass metabolism and shows non-invasiveness; all of this 
may maximize patient convenience, comfort and 
compliance [3]. The nasal mucosa acts as a permeation 
barrier to high molecular weight therapeutic compounds 
such as proteins and peptides. The tight junctions 
forming this barrier to paracellular drug delivery can be 
reversibly and safely opened. Intranasal treatment does 
not require sterile preparations, it is non-invasive, 
painless and can also be simply and readily administered 
by the patient, e.g. in an emergency [4-6]. 
Intranasal microemulsions, gels and microspheres have 
increased interest in current years to deliver protein and 
peptide through nasal route [2]. Recently, in situ gel has 
been introduced as a new dosage form in nasal drug 
delivery. Liquid nasal formulation compared with in situ 
gels is instilled as low viscosity solutions into the nasal 
cavity. On interaction with nasal mucosa, the polymer 
changes its conformation to a gel. So that it not only 
increases the contact time between drug and absorption 
site but also slowly releases drugs in the nasal cavity [7]. 
Therapeutic considerations: 
Nose is an integral part of the body for inhalation 
purposes but when the nose is used as a drug delivery 
path the effective dose for different drugs has been 
achieved since the nose provides faster and higher levels 
of drug absorption and also self-administration 
possibilities. It is effective in delivery of local, 
systematic and central nervous system sites [8]. 
Therapeutic considerations are paramount when 
selecting the dosing route. These considerations include 
the pharmaceutical target like local versus systemic, the 
dosing frequency and the patient population. In 
approximately cases, intranasal delivery mostly 
preferred mode of administration [9]. 

Local delivery: 
For the prevention of typical nasal disorder intranasal 
administration of medications is the natural choice. 

Common cases are corticoids and antihistamines for cold 
symptoms. In such a situation, the intranasal route is the 
principal choice for drug delivery since it shows a rapid 
sign of relief and shows lesser side effects [8]. 

Vaccine delivery: 
The nasal mucosa was given some antigen through as a 
route of vaccination. Appropriate antigen with a good 
adjuvant to the nasal-associated with lymphoid tissue 
has the ability to encourage humoral and cellular 
immune responses [10]. This approach may be 
particularly effective for achieving rapid mass 
immunization, for instance in children and/or in 
developing countries and disaster areas [11]. The 
intranasal immunization can lead to the development of 
both local and systemic immunity. 

Systemic delivery: 
The intranasal administration is an effective way of 
delivering drugs systematically compared to oral and 
intravascular routes. Thus, the number of drugs 
administered as nasal formulations intended to attain 
systemic effects has widely improved [8]. 

 
Fig 1. Nose to systemic circulation to brain pathway. 

CNS delivery through nasal route: 
The tight junctions of Blood Brain Barrier (BBB) 
surrounding the brain result in a greater trans-endothelial 
electric resistance (1500 to 2000 Ωcm2) compared to that 
other tissues like skin, bladder, colon, lungs (3 to 33 
Ωcm2). The difficulty forced by those brain protective 
mechanisms has increased the interesting developing 
strategies to overcome them when brain drug exposure is 
required. The interpellation imposed by the interesting 
strategies to overcome them when brain drug exposure is 
needed for the mechanisms of brain defense has 
increased. In recent years, intranasal path has occurred 
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as a positive approach for the delivery of drugs in the 
brain. The benefits of this drug delivery are the lack of 
gastrointestinal and hepatic pre-systemic removal [8]. 

Anatomy and physiology of nasal cavity: 
The nasal cavity is divided into two hales by the nasal 
septum and extends back to the nasopharynx, while the 
nasal vestibule is the most anterior portion of the nasal 
cavity, opens up through the nostril to the nose (Fig 2). 
There are three main regions in the nasal cavity which 
are the nasal vestibule, the olfactory region and the 
respiratory region. The surface area in the nose can be 
increased by the lateral walls of the nasal cavity around 
150 cm which contains a folded structure [12]. When 
compared with its minor volume, its surface area is very 
high. This folded structure involves three turbinates: the 
superior, median and the inferior. The nasal airway has 
narrow passages which is about 1 to 3 mm wide and 
which helps to perform its principal functions. The nasal 
cavity is covered by a mucous membrane that splits into 
two areas; non-olfactory and olfactory epithelium. In the 
non-olfactory region, the nasal vestibule is lined with 
skin like stratified squamous epithelial cells, whereas the 
respiratory field, having a standard airway epithelium 
filled with multiple microvilli, provides a large area 
accessible for drug absorption and transportation [13]. In 
this way, the position of the mucus layer from the 
anterior to the rare part of the nasal cavity is thus shifted. 
The mucous membrane protects the nasal turbinate and 
the atrium. The goblet cells secrete the mucus as mucus 
granules that swell in the nasal fluid to contribute to the 
mucus layer. The mucus secretion is composed of 
approximately 95 % water, 2 % mucin, 1 % salts, 1 % of 
other proteins such as albumin, immunoglobulin, 
lysozyme and lactoferrin and 1% lipids. The mucous 
secretion allows immune response suppression of 
inhaled bacteria and viruses [13].  

 
Fig 2. Anatomy of Nasal cavity. 

 
It also performs a number of physiological functions as 
mentioned below. 
 This forms the mucosa, and preserves this physically 

and enzymatically. 
 The mucus has capacity to hold water. 
 This exhibits electric behavior on the surface. 
 It allows efficient heat transfer. 
 It functions as glue and brings particulate matter to 

the nasopharynx. 

Mechanism of drug absorption: 
In the first step of absorption, the absorbed drug has to 
move from the nasal cavity to the mucus layer. Small 
uncharged drugs can pass through the mucus layer but 
greater and charged drugs find it very difficult to 
pass/cross it. Mucin is the main protein of mucus which 
has a tendency to bind to the solutes and hinders 
diffusion. The additional structural changes in the mucus 
layer occur as result of environmental (Temperature and 
pH) changes. 

 
Fig 3A. Position of olfactory bulb with respect to 
brain and nasal cavity. 

 
Fig 3B. Different routes to facilitate the drug entry 
into the brain after intranasal administration. 
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In this process mainly two mechanisms have been 
predominantly observed, they are, 
 Paracellular transport - It produces aqueous, but 
sluggish and passive transport route. This route is not 
appropriate for those drugs that have molecular weight 
larger than 1000 Dalton due to its poor bioavailability 
[14]. 
 Transcellular transport - This develops the lipoidal 
pathfor lipophilic drug transport [14]. 
Transport of the drug through the cell membrane can 
also be brought about by an active transport path. For 
example, chitosan, a natural biopolymer from shell fish 
opens tight junctions between epithelial cells to facilitate 
drug transport [14]. 

CHALLENGES AND OPPORTUNITIES FOR 
NASAL DELIVERY SYSTEMS: 
The nasal delivery incentives cannot take full advantage 
of current nasal delivery systems, such as spray, pumps 
and pipettes. On the frontal section linked by skin a large 
portion of the dose is deposited and the deposited drug is 
not targeted for either topical site or systemic 
circulation. The patient acceptance is decreased because 
of the bad taste and discomfort to patients caused by 
drugs brought along the nose floor. Finally, a real task of 
prolonging nasal administration of drugs and vaccines is 
inadequate as a result of complex deposition in the 
remote region with sinus and middle ear openings and in 
the olfactory region. New advanced and costly drugs 
require reproducible bioavailability and demanding 
combination of dependable dosing and high patient 
compliance to confirm their efficacy and safety. Mostly 
liquid nasal products are delivered by metered spray 
pumps [15]. 

 

Fig 4. Problems and solutions for in situ nasal drug 
delivery system. 

Problems and solutions for in- situ nasal drug 
delivery system: 
The challenges in nasal drug delivery are improved 
physicochemical properties of drug and formulation, 
greater permeability and degradation of substances, 
modify nasal membrane, enhance drug residence time, 
decrease drug affinity to nasal enzymes, inhibit nasal 
enzymes, protect nasal enzymes against drug and 
reduced rapid mucociliary clearance. 

CURRENT APPROACHES FOR NASAL 
PERMEATION ENHANCEMENT: 
Based on low drug solubility, rapid enzymatic 
degradation in the nasal cavity, weak membrane 
permeation and rapid mucociliary clearance, the 
bioavailability of nasally administered drugs is largely 
limited. Several methods to overcome those limitations 
have been suggested. These methods are enlisted and 
described below. 

Prodrugs: 
Lipophilic drugs are poorly water soluble so they easily 
pass through biomembranes. To make the development 
of an aqueous nasal formulation probable with an 
appropriate concentration they should be administered as 
prodrugs with higher hydrophilic character [16]. The 
prodrugs must be converted rapidly to the parent drug 
when in the bloodstream. For example, in contrast with 
the parent drug many prodrugs of L-Dopa have higher 
solubility, hence allowing the progress of adequate nasal 
formulations [15-17]. 

Co-solvents: 
In order to increase drug solubility the usage of co-
solvents is an alternative approach for prodrugs. The co-
solvents generally used in intranasal formulations 
include glycerol, ethanol, propylene glycol, polyethylene 
glycol, and they may be the most relevant as they are 
non-toxic, pharmaceutically safe, and non-irritating to 
nasal mucosa [15]. 

Enzymatic inhibitors: 
Nasal mucosa layer serves as an enzymatic barrier 
during nasal drug delivery, because they have a wide 
range of enzymes. The different methods are used 
including protease and peptidase inhibitors to avoid 
enzymatic degradation. For example, amino peptidases 
are used as inhibitors in the degradation of calcitonin 
bestatine, comostate amylase and leupeptin and aprotinin 
as tyrosine inhibitors probably involved. Furthermore, to 
help prevent enzymatic degradation of drugs such as 
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leucine encephalin, bacitracin, amastatin,boroleucin and 
puromycin has been used [18,19]. Eventually, the 
enzymatic reduction can also be done by using the 
absorption enhancers like (bile salts and fluidic acid). 
Disodium EDTA, an absorption enhancer, has been 
shown to limit enzymatic degradation of beta-sheet 
breaker peptide used to treat Alzheimer’s disease [20]. 

Permeation enhancers: 
Small and large hydrophilic drugs may exhibit poor 
permeability across nasal epithelium and may thereby 
show insufficient bioavailability. The permeation can be 
improved by administering in combination with 
absorption enhancers which make reversible changes to 
the epithelial barrier structure [21]. Permeation enhancers 
and their mechanism of action with examples are given 
in Table 1. 

METHODS OF FORMULATION OF IN SITU 
NASAL GEL: 
Cold method: 
In this method of formulation, the product and sample 
quantity of double distilled water are mixed in a 
refrigerator and held overnight at 4 ºC. Then the in situ 
gelling polymer is further added slowly with constant 
stirring.   
In a refrigerator the dispersion is stored till a clear 
solution is designed and volumes adjusted. When gelling 
polymers like poloxamer, chitosan or Carbopol are used 
for formulation then this method is selected. In view of 
the fact that polymeric dispersion of poloxamer persists 
as a solution at lower temperatures and is concentrated 
in gel at higher nasal temperatures because the solubility 
of poloxamer’s propylene oxide chain decreases at high 
temperatures, resulting in precipitation or salting from 
polymer.  
Likewise, chitosan often requires low temperatures to 
survive as a solution at room temperature, its 
hydrophobicity increases with higher temperatures [22]. 

Hot Method: 
This form is preferred if gellan gum or pectin is used as 
a gelling polymer. Gellan chains dissolve in water at 
higher temperatures and postulate a random coil 
conformation with high segmental mobility at high 
temperatures and proceed as a solution at higher 
temperatures. In the presence of ions such as K+ or Ca2+ 
sol-gel transformation occurs when gellan gum solution 
is cooled. Similarly, pectin also needs a higher 

temperature for demethoxylation purposes which helps 
to formulate a solution or dissolve pectin [23]. 

TRIGGERED IN SITU GELLING FORMATION: 
Temperature triggered in situ gel: 
There are some polymers which undergo large and 
unexpected physical and chemical changes in response 
to small external changes in their environmental 
conditions. Such polymers are called Stimuli-responsive 
polymers. They are also called as stimuli-sensitive, 
intelligent, smart or environmentally sensitive polymers. 
These polymers recognize a stimulus as a signal, judge 
the degree of the signal and then transform their chain 
conformation in response. 
Temperature sensitive polymers are the most extensively 
studied class of environmentally responsive polymer 
systems in drug delivery. This is because temperature is 
relatively easy to control and also easily applicable to 
both in vitro and in vivo.  
In this system, gelling of solution is triggered by 
alteration in temperature, thus sustaining the drug 
release.  
These hydrogels exist in liquid form at room 
temperature (20 to 25°C) and undergo gelation when 
comes in contact with body fluid (35 to 37°C). The use 
of biomaterial whose transition from sol-gel is triggered 
by increase in temperature is an attractive way to 
approach in situ formation. The best critical temperature 
range for such systems is ambient and physiologic 
temperature; such that clinical manipulation is facilitated 
and no external source of heat other than that of the body 
is required to trigger gelation. 

pH triggered in situ gel: 
Another physiological stimulus that induces formation 
of in situ gel is pH. Polymers included in this class 
contain an acidic or a basic group that either accept or 
release protons when they are exposed to different 
environmental pH. Hence these are called pH sensitive 
polymers. Most of the pH sensitive polymers containing 
anionic group are based on PAA (Carbopol®, 
Carbomer) and its derivatives [7]. 

Ion- activated in situ gel: 
In this type of gelation, a polymer that undergoes phase 
transition in presence of ions. Gellan gum is an anionic 
polysaccharide that undergoes phase transition in the 
presence of monovalent and divalent cations like Ca2+, 
Mg2+, K+, and Na+ present in the nasal secretion. 
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Table 1. Mucosal penetration enhancers and mechanisms of action with examples. 
 

Classification Examples Mechanism 

Surfactants Anionic: Sodium lauryl sulphate 
Cationic: Cetyl pyridinium Chloride. 

Nonionic: Poloxamer, Span 

Intercellular lipid disease, Protein 
domain integrity, Distorts membrane 

Bile salts Sodium glycodeoxycholate, 
Sodium glycocholate, 

Sodium taurodeoxycholate 

Mucolytic activity, Open tight 
junctions, Distorts membrane 

Cyclodextrins α,β,γ - Cyclodextrin, Methylated β -
Cyclodextrins 

Inclusion of membrane compounds, 
Open Tight junctions 

Fatty acids Oleic acid, Methyloleate, Lauric acid, Caprylic 
acid, Phosphotidylcholine. 

Phospholipid fluidity improves domain, 
Distorts membrane. 

Cationic 
compounds 

Poly-L-arginine, L-lysine Ionic interaction on the mucosal surface 
with negative charge 

Chelators Sodium salicylate, EDTA, Sodium citrate, citric 
acid 

Interfere with CaPolyacrylates 
 

Positive charged 
polymers 

Chitosan, Trimethylchitosan Ionic interaction with negative 
chargeon the mucosal surface 

Bioadhesive 
Materials 

Carbopol, Chitosan Starch Opens tight junctions, Reduce nasal 
clearance 

 
Table 2. Delivery System Based Approaches for Intranasal Drug Delivery. 
 

Formulation Advantages Disadvantages 

Nasal spray Nasal sprays may be formulated in the form of 
solution and suspension 

Exact dose can be delivered via metered dose 
pumps and actuators 

Less efficient than nasal drops when 
human serum albumin is stored in the 

nostrils 

Nasal drops Simple and convenient system Lack of dose precision 
Nasal gels Due to high viscosity reduction of post nasal 

drip, reducing the effect of tastes due to reduced 
swallowing and reduction of anterior formulant 

leakage 

Local side effects 
 
 

Nasal powders Absence of preservatives and superior stability. The appropriateness of powder 
composition depends on the solubility, 
particle size, aerodynamic properties 
and nasal discomfort of active drugs 

Liposomes Active encapsulation of large and small 
molecules with high hydrophilicity and pKa 

values 

Production cost is high 
Short half-life 

Nanoparticles Deposits their small size Only the smallest nanoparticles 
penetrate to the mucous membrane by 

paracellular route and in a limited 
amount 
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POLYMERS USED FOR THE IN SITU GELLING 
SYSTEM PREPARATION: 
Polymer used for pH In situ gelling system: 
Carbopol: 
The water absorption property of Carbopol polymers is 
very good. Because of the pKa of that polymers is 6.0, 
they swell in water up to 1000 times its original volume 
adds 10 times its original diameter to form a gel until 
exposed to a pH of 4.0 to 6.0. Carbopol polymer has 
high molecular weight and cross linked polyacrylic acid 
derivatives and also it has strong mucoadhesive 
properties. It will reduce polymer concentration and 
improve concentration and improve gelling property 
when cellulose addition is done. The mostly used gelling 
polymers are Carbopol 934 and Carbopol 841 [24]. 
The Mucoadhesive property is due to electrostatic 
interaction or hydrophobic interaction, hydrogen 
bonding. It is an acidic molecule. The carboxylic group 
within the molecule partially dissociates and forms a 
spiral when dispersed in water. As it is pH sensitive 
polymer, a rise in the pH of the solution results in 
polymer swelling. In two stages the gelling effect is 
activated, neutralization of result by addition of sodium 
hydroxide or potassium hydroxide, triethanolamine [24]. 

Polymer used in temperature sensitive In situ gelling 
system: 
Poloxamer: 
It is a water soluble tri-block copolymer. It contains two 
polyethylene oxide and polypropylene oxide in an ABA 
configuration [25]. 
It has excellent thermal setting properties and improved 
drug resistance time and it is also known as Pluronic. It 
is used as a gelling agent and solubilizing agent. It gives 
colorless, transparent gel. It is available innumerous 
molecular weights, having different gelling properties. 
The gelling property depends upon the ratio and 
partition of the hydrophobic and hydrophilic chain. 
The Poloxamer consists of essential polypropylene oxide 
enclosed by polyethylene oxide. At room temperature 
(25 °C), it works as viscous liquid and when temperature 
increases (37 °C) it transforms to transparent gel. It 
forms a small micellar subunit in solution at low 
temperatures and changes in temperature results in 
increased viscosity resulting in swelling to form a large 
micellar cross-linking network [26,27]. 

Polymer used in ion sensitive In situ gelling system: 
Sodium alginate: 
It is extracted from brown algae and it is salt of alginic 
acid. It is linear block polysaccharides. It consists of two 

types of monomers β-D-Mannuronic acid and α-L 
glucuronic acid residues linked by 1,4-glycosidic 
linkages.It is non-toxic and biodegradable. Due to its 
carboxylic group it has good mucoadhesive property. 
The monomers of alginate β-D-Mannuronic acid and α-
L glucuronic acid are arranged as M-M block with 
altering sequence (M-G) block.G-block polymer 
interacts with calcium molecules resulting in 
homogenous gel formation. Mechanical strength and 
porosity of hydrogel depends on the ratio G: M, type of 
cross linker used [24]. 

Synthetic Polymers: 
N-isopropyl acrylamide copolymers: 
It is a non-biodegradable LCST polymer, which 
collapses about 32 °C in water and forms cross-linked 
gels. 

PEG/ PLGA Block copolymers: 
This is a new concept because they combine thermal 
gelation, biodegradable, and no toxicity. It was planned 
for an injectable gel device with greater safety and 
longer gel length [28]. 

EVALUATION OF NASAL IN SITU GELS [26-32]: 
Clarity: 
The visual inspection under a black and white backdrop 
will assess the clarity. 

Viscosity: 
The viscosity and rheological properties of the polymer 
formulation can be calculated in solution or gel made 
from artificial tissue fluid and with various viscometers 
such as the Brookfield viscometer, cone and plate 
viscometer. 

Texture analysis: 
For main indications of the syringe capacity of sol the 
firmness, uniformity and cohesiveness of formulation 
may be determined using a texture analyzer so the 
preparations can easily administer in-vivo. 

Drug content: 
About 1ml of prepared solution is taken in 10ml 
volumetric flask and made up to 10ml and then diluted 
with 10ml of distilled water. About 1ml from this 
solution again diluted up to 10ml with distilled water. 
Using the UV visible spectroscopy, formulated solutions 
at specific wavelengths are tested. 

Gel strength: 
Gel strength can be measured by using a Rheometer.  A 
specific volume of gel is prepared in a beaker. A probe is 
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pushed through the gel. The changes in the load on the 
probe can be determined as a function of the depth of 
immersion of the probe below the gel surface. 

Sol-gel transition temperature and gelling time: 
The temperature and pH of the sol-gel process should be 
measured for in situ gel forming systems. Gelling time is 
the time required to detect in situ gelling in the first 
place. The thermosensitive in situ gel must be tested for 
in situ gelling at body temperature. 

Drug polymer interaction study and thermal 
analysis: 
By using Fourier Transform Infrared (FTIR) 
Spectroscopy interaction study may be determined. The 
technique of employing KBr pellet method the nature of 
the interacting forces may be measured. The Thermo 
Gravimetric Analysis (TGA) for in situ formation 
method can be performed to measure the percentage of 
water in hydro gel. The Differential Scanning 
Calorimeter (DSC) used to detect some difference in 
thermo gram compared to the pure active ingredients 
used for gelation. 

Gelling capacity: 
Mix in situ gel with simulated tear fluid (in the 
proportion of 25: 7, i.e. application volume 25 µL and 
volume of tear fluid in eye is 7 µL) to find out the 
gelling capacity of ophthalmic products. The gelation 
may be assessed visually by noting the time for and time 
taken for dissolution of the formed gel. 

Sterility testing: 
As per the IP 1996 the sterility testing is carried out. In 
this testing, incubate the formulation in the fluid 
thioglycollate medium at 30 to 35 ºC for a period of 14 
days to find the growth of bacteria and in the soybean 
casein digest medium at 200 to 25 ºC to find the growth 
of the fungi in the formulation. 

Accelerated stability studies: 
In amber colored vials and sealed with aluminum fail the 
formulation is replaced for the short term. As per ICH 
state guidelines the accelerated stability done at 40±20 
°C and 75±5 % RH. 

In vitro drug release study: 
In situ preparations to be given by the nasal, ocular, the 
drug release tests are carried out using the plastic 
dialysis cell. The cell consists of two half cells 
containing a donor compartment and a receptor 
compartment. These are isolated by cellulose 

membranes. The preparation sol form is put inside the 
donor container. In an incubator, the assembled cell is 
then shaken horizontally. The total volume of the 
receiver solution can be removed at intervals and 
replaced with the fresh media. This receptor solution is 
examined using analytical receptor media and placed in 
a shaker water bath at appropriate temperature and 
oscillation rate. Samples are routinely removed and 
examined. 

APPLICATION OF IN SITU DRUG DELIVERY 
SYSTEM: 
Oral drug delivery system: 
The natural polymers including pectin, xyloglucan and 
gellan gum are used in situ forming oral drug delivery 
systems. The gelation of pectin usually occurs in the 
presence of H+ ions, a source of divalent ions, typically 
calcium ions are required to produce the gels used as 
vehicles for drug delivery. The paracetamol was reported 
as an oral in situ gelling pectin formulation for sustained 
delivery as possible [33]. 

Ocular drug delivery system: 
The natural polymers such as gellan gum, alginic acid 
and xyloglucan are mostly used in situ forming oral drug 
delivery systems. The various compounds such as 
antimicrobials, anti-inflammatory agents and autonomic 
drug mostly used to alleviate intraocular stress in 
glaucoma for this purpose have been used for the local 
delivery of ophthalmic drugs. Due to the high tear fluids 
and the complexities, the substances are quickly 
removed from the eyes. The conventional delivery 
systems often lead to poor bioavailability and 
therapeutic reactions. So, bioavailability problems have 
been identified in ophthalmics in situ gels. Because of 
the temperature and ionic concentration (Ca++) in the tear 
fluid, gellan’s aqueous solution lowered into the eye 
undertakes a transition to gel state. In the pharmaceutical 
application the interest about the gellan gum has focused 
on its application for ophthalmic drug delivery. The drug 
release from these in situ gels is delayed due to longer 
precorneal contact times of the viscous gels compared 
with conventional eye drops [34]. 

Nasal drug delivery system 
The in situ gel device for the nasal delivery of 
mometasone furoate was developed and tested for its 
safety and efficacy in the treatment of allergic rhinitis by 
choosing the nasal route. The polymers such as xanthan 
gum and gellan gum have been used as in situ gel 
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Table 3. Marketed products of Oral floating in situ gels [38]. 

Drug 
substances 

Brand 
Name 

Indication Dosage form Manufacturer 

Levodopa, 
Benserazide 

Modapar Indicated for the prevention of Parkinson’s 
disease 

Floating capsule Roche Products, 
USA 

Diazepam Valrelease Indicated to treat management of anxiety 
disorders 

Floating capsule Hoffmann-
LaRoche, USA 

Aluminium 
hydroxide, 
Magnesium 
carbonate 

Liquid 
Gaviscon 

Indicated to treat the symptoms of too 
much stomach acid such as stomach upset, 

heartburn and acid indigestion 

Effervescent 
Floating Liquid 

Alginate 
Preparation 

Glaxo Smith 
Kline, INDIA 

Aluminium 
Magnesium 

antacid 

Topsalkan Indicated for the prevention of relieve 
heartburn, acid indigestion, and upset 

stomach 

Floating Liquid 
alginate 

Preparation 

Pierre Fabre Drug, 
France 

Ferrous 
sulphate 

Conviron Used in the treatment of megaloblastic 
anemia’s, infancy, pregnancy, anemias of 

nutritional origin  etc. 

Colloidal gel 
forming FDDS 

Ranbaxy, INDIA 

Ciprofloxacin Cifran OD Used in the treatment of Pneumonia, 
Bronchitis, Gonococcal infection, joint 

infection 

G; 2as-generating 
floating tablets 

Ranbaxy, INDIA 

 
Table 4.  Marketed products of ophthalmic in situ gels [34]. 

Drug  
substances 

Brand 
Name 

Indication Dosage 
form 

Manufacturer 

Timolol  
maleate 

Timoptic-
XE 

Indicated in the prevention of raised intraocular 
pressure in patients with open ocular hypertension or 

angle glaucoma 

Solution Merck and  
Co. Inc 

Azithro- 
mycin 

Azasite Indicated for the prevention of bacteria caused by 
sensitive conjunctivitis isolated of some 

microorganism i.e. Haemophilus influenza, 
Staphylococcus aureus, streptococcus mitis group, 

streptococcus pneumoniae 

Solution In-Site Vision 

Lidocaine 
hydrocloride 

Akten 
TM 

Suitable for treating eye surface anesthetics during 
ophthalmological procedures 

Gel Akten 

Ganciclovir Virgan Used to treat cytomegalovirus disease in solid organ 
transplant recipients and in individuals 

Gel Spectrum Thea 
Pharmaceuticals 

Pilocarpine 
hydrocloride 

Pilopine 
HS 

Used to minimize the pressure InSitethe eye and treat 
dry mouth 

Gel Alcon Lab. Inc. 

 
Table 5.  Marketed products of Nasal in situ gels [39]. 

Drug  
substances 

Brand 
Name 

Indication Dosage  
form 

Manufacturer 

Fluconazole Diflucan Used to prevent the Antifungal 
infections 

Solution 
(Spray) 

Pfizer Limited, 
India 

Zinc gluconate, Zinc 
acetate 

Zicam Used to prevent cold and the relief of 
cold symptoms such as sore throat, 
runny nose, cough and congestion 

Solution 
(Spray) 

Matrixx 
Initiatives, Inc 
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Tables 6. Marketed products of Rectal and Vaginal in situ gels[40]. 

Drug  
substances 

Brand Name Indication Dosage  
form 

Manufacturer 

Diazepam Diastat Used to prevent a range of 
conditions, including alcohol 

withdrawal syndrome, anxiety, 
benzodiazepine withdrawal 

syndrome, seizures, muscle spasms, 
restless legs syndrome and trouble 

sleeping 

Gel Valeant 
Pharmaceuticals 

Dinoprostin Prostin E Used in labor induction, termination 
of pregnancy, bleeding after 

delivery and in newborn babies to 
keep the  

duct us arteries open 

Suppository Pfizer Limited, 
India 

Metronidazole Metrogel 
Vaginal 

Used to prevent certain types of 
bacterial infections in the vagina 

Gel JM 
Pharmaceuticals 

Progesterone Crinone Used to prevent gynecological 
disorders 

Gel Watson Pharma, 
Inc. 

 
Table 7.  Marketed products of injectable in situ gels [41]. 

Drug  
substances 

Brand 
Name 

Indication Dosage form Manufacturer 

Ganciclovir Vitrasert Used to prevent cytomegalovirus 
infections 

In situ gel Bausch Health 
Companies Inc. 

Doxycycline Atridox Used to prevent adult gum disease 
(periodontitis) 

Gel DenMat 

Leuprolide 
acetate 

Eligard Used to prevent breast 
cancer,endometriosis, prostate cancer, 
uterine fibroids, and primary puberty 

Injectable 
suspension 

Tolmar 
Pharmaceuticals 

 

forming systems. The animal studies were conducted 
using an allergic rhinitis model and the results of in situ 
gel on antigen mediated nasal symptoms have been 
observed in sensitized rats. As compared to marketed 
nasonex formulation (mometasone furoate suspension 
0.05 %) in situ gel was found to inhibit the increase in 
nasal symptoms [35]. 

Rectal drug delivery system: 
It also possesses a potential application for rectal and 
vaginal drug delivery in situ gels. Miyazaki et al. 
researched the use of xyloglucan based thermoreversible 
gels for the rectal drug delivery of indomethacin [19]. 

Vaginal drug delivery system: 
A mucoadhesive, thermosensitive, prolonged release 
vaginal gel incorporating clotrimazole-β-cyclodextrin 
complex was prepared for the treatment of vaginitis and 
gives better therapeutic effectiveness and patient 
compliance. Pluronic F-127 was used as an in situ gel 

forming polymer with mucoadhesive polymers such as 
Carbopol 934 and hydroxyl propyl methyl cellulose to 
ensure long residence time at the application site [36]. 

Injectable drug delivery system: 
For tumor treatment an injectable, novel, 
thermosensitive in situ gelling hydrogel was developed. 
It consists of a chitosan solution filled with drugs 
neutralized with β-glycerophosphate [37]. 

MARKETED IN SITU GEL FORMULATIONS: 
The marketed in situ gel formulations are enlisted in 
Table 3, 4 and 5. 

CONCLUSION: 
Nasal drug delivery is a novel platform and it is a 
promising alternative to injectable route 
of administration. There is possibility in the near 
future that more drugs will come in the market in the 
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form of nasal formulation intended for systemic 
treatment.  
Development of a drug with a drug delivery system is 
influenced by several factors. For the treatment of long 
illnesses such as diabetics, osteoporosis, fertility 
treatment novel nasal products are also expected to be 
marketed. Bioavailability of nasal drug products is one 
of the major challenges in the nasal 
product development. In contrast, a huge amount of 
money is investigated by pharmaceutical companies in 
the development of nasal products, because of 
growing demand of nasal drug products in 
global pharmaceutical market. So for the avoidance of 
side effect and improve effectiveness of nasal products 
we should pay attention to basic research. 
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