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ARTICLE INFO                                            ABSTRACT 
 

 
 
 

The current review on in situ gel was to complete the recent literature with special focus on in situ 
gelling system to increase the residence time of drug at the target site. This study has been sparked by 
the advantages shown by in situ forming polymeric delivery system such as ease of administration 
and reduced frequency of administration. The in situ gel forming polymeric formulations offer several 
advantages like sustained and prolonged action in comparison to conventional drug delivery system. 
There are various polymers which undergo in situ gel forming and potentially used for various routes 
of drug administration. 
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INTRODUCTION 
 

Nasal Drug Delivery System 
 

Intranasal delivery mainly offers potentially an alternative 
viable for various drug deliveries. It is suitable for the local 
and systemic delivery of diverse therapeutic compounds. 
Hence there have been many investigations involving the nasal 
cavity as a feasible site for the administration of many 
therapeutic agents. It is effective in the treatment of local, 
systemic and central nervous system sites. 
 

 Local: The intranasal administration of medicines is the 
natural choice for the treatment of topical nasal disorder. 
In these cases, the intranasal route is the primary option 
for drug delivery because it allows a rapid symptom 
relief with fewer side effects. 

 Systemic: The intranasal administration is an effective 
way to systemically deliver drugs as an alternative to oral 
and intravascular routes. Consequently, by nasal 
formulations, the number of drugs administered intended 
to achieve systemic effects has widely increased.1 

 

Advantages of nasal drug delivery system 
  

1. Hepatic first pass metabolism is avoided. 
2. Rapid drug absorption and quick onset of action can be 

achieved. 
3. The bioavailability of larger drug molecules can be 

improved by means of absorption enhancer or other 
approach. 

4. The nasal bioavailability for smaller drug molecules is 
good. 

5. Drugs possessing poor stability in G.I.T fluids are given 
by nasal route.2 

 

Disadvantages of nasal drug delivery system 
 

1. Nasal administration is primarily suitable only for potent 
drugs. 

2. Drugs for continuous and frequent administration may be 
less suitable because of harmful long-term effects. 

3. Nasal administration has also been associated with a high 
variability in the amount of drug absorbed. 

4. Relatively inconvenient to patients when compared to 
oral delivery systems since there is a possibility of nasal 
irritational nasal cavity provides smaller absorption 
surface area when compared to GIT.3 

 

Ideal drug candidate for nasal drug delivery 
 

 The drug should not produce any irritation to the nasal 
mucosa. 

 The drug should not cause any side effect. 
 The drug should not contain any toxic metabolites. 
 The drug should be free from any offensive odour. 
 The dose should be less than 25 mg. 
 The drug should possess appropriate nasal absorption 

property. 
  Suitable clinical rationale for a nasal dosage form. 4 
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Nasal diseases 
 

 Allergic rhinitis. 
 Cerebral spinal fluid leaks. 
 Sinusitis. 
 Allergy. 5 

 

Gelling system 
 

A gel is a soft, stable or solid-like material which consists of a 
least component in which on component is a liquid is present 
in substantial quantity.6 Gels are a transitional state of matter 
containing both and other ingredients (semisolids or semi-
liquids). 7 Gels consists of 3-dimentional, stable and secure 
component network. In gels, the polymer network is formed by 
the cross-linking of polymer chains either by the formation of 
covalent (chemical cross-linking) or noncovalent bonds 
(physical cross-linking).8 

 

In-situ gel 
 

In-situ gels are more desirable dosage form in which the drugs 
are delivered in solution form, when it is exposed to 
physiological condition it will convert to gel phase. 9   In-situ 
gels are in the form of solution or suspensions that undergo 
gelation after reaching the particular site due to contact with 
body fluids or physicochemical changes such as pH, 
temperature, ionic concentration, UV radiation, presence of 
specific molecules or ions, etc. 10 

 

In situ gels produces a constant plasma drug profile in the 
body by extending the release of a drug, so it is attached and 
absorbed in gel form and is known to prolong the life of the 
drug in the mucosa.11 In-situ gels, potentially used for oral, 
buccal, subcutaneous, transdermal, intraperitoneal, ocular, 
nasal, rectal, vaginal and parenteral routes. Smart polymeric 
systems represent promising means of delivering the drugs; 
these polymers undergo sol-gel transition, once administered. 
Various natural and synthetic polymers are used for 
formulation development of in situ forming drug delivery 
systems. 12 In the discovery phase, these gel formulations are 
used to increase the local and systemic exposures of potential 
active compounds, which is ideal for establishing animal 
models for various conditions quickly and cost-effective. 
Comprehensive research has been carried in designing of in-
situ gels, emerged as one of the best novel drug delivery 
systems (NDDS).13 

 

 Advantages  
 

 To decrease the wastage of drug. 
 Easy for administration. 
 Can be administered to unconscious and old patient. 
 Controlled and sustained release of the drug. 
 More patient compliance and comfort. 14 
 Minimizing the dose frequency and drug toxicity. 
 Increased bioavailability. 
 More flexibility in designing. 
 Ease of production.15 

 

Disadvantages  
 

 Requires high level of fluids. 
 The solution form of the drug is more susceptible for 

degradation. 
 Changes of stability problems are more due to chemical 

degradation. 

 After administration of drugs, eating and drinking is 
avoided for few hours. 

 Only drugs with small dose requirement can be given. 16 
 

Importance of in-situ gelling system 
 

 Helps for the controlled and sustained release of the 
drug by its special sol gel transition. 

 Helps for the reduced frequency of drug administration 
of the drug in the body. 

 Low dose of the drug is required and there will be no 
drug accumulation and no side effects. 

 The bioavailability of the drug will be more. 
 There will be increased residence time of the drug due 

to gel formation. 
 The in-situ gel system decreases wastage of the drug. 
 Liquid dosage form that can sustain drug release and 

remain in contact with cornea of eye for extended 
period of time is ideal. 

 Reduced systemic absorption of drug drained through 
the nasolacrimal duct may result in some undesirable 
side effects. 17 

 

Polymers used in in-situ gelling system 
 

1. Gellan gum: Gellan gum (commercially available as 
gel rite or Kelo gel) is an anionic deacetylated 
exocellular polysaccharide. It is secreted by 
pseudomonas elodea. It is a type of temperature 
depended or cation induced polymer. The formulation 
consists of gellan solution with calcium chloride and 
sodium citrate complex. In food industry, gellan gum is 
used as suspending and stabilizing agent. 18 

2. Pectin: Pectin is a family of polysaccharides. The 
polymer backbone mainly comprises of α-(1-4)-D-
galacturonic acid residues. The gelation of pectin will 
occur in the presence of H+ ions. Gelling property of 
pectin depends upon the molecular size and degree of 
esterification. Pectin is used in this formulation because 
it is water soluble, so organic solvents are not used in 
the formulation. Divalent cations present in the 
stomach, carryout the transition of pectin to gel state 
when it is orally administered. 19 

 

 
 

Figure 3 Pectin 
 

3. Xyloglucan: It is also called tamarind gum. It is a 
polysaccharide derived from tamarind seeds. It is 
composed of (1-4)-B-D-glucan backbone chain. 
Xyloglucan gels have potentially been used for oral, 
intraperitoneal, ocular and rectal drug delivery. It is 
partially degraded by B-galactosidase. It has gelling 
ability in the presence of sugar or alcohol. 20 
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4. Alginic acid: It is a linear block copolymer 
polysaccharide consisting of B-D-mannuronic acid and 
α-L-glucuronic acid residues joined by 1,4-glycosidic 
linkage. It can be chosen as a vehicle for ophthalmic 
formulation, since it exhibits favourable biological 
properties. 21 

5. Chitosan: It is a biodegradable, thermosensitive, 
polycationic polymer. It is obtained by alkaline 
deacetylation of chitin, is a natural component of 
shrimp and crab shell. It is a biocompatible pH 
dependent cationic polymer. 22 
 

 
 

Figure 4 Chitosan and its microscopic structure 
 

6. Carbopol: It is a well-known pH dependent polymer, 
which stays in solution form at acidic pH but form a 
low viscosity gel at alkaline pH. Hydroxy propyl methyl 
cellulose is used in combination with Carbopol to 
impart the viscosity to Carbopol solution. 23 
 

 
 

Figure 5 Carbopol 
 

7. Guar gum: Guar gum is also called as guaran of 
naturally occurring gum which is obtained from the 
endosperm of the seed. Guar gum is insoluble in 
hydrocarbons, fats, esters, alcohols and ketones but 
soluble in water. It can be used as a polymer in matrix 
tablets which shows controlled release. 24 

 

METHODS 
 

1. Cold method. 
2. Hot method. 

 

Cold method: In cold method the drug is stirred with required 
amount of double distilled water and kept whole night at 4°C 
in a refrigerator. Then in-situ gelling polymer should add 
slowly in continuous stirring. This cold method is selected 
when carbopol, poloxamer or chitosan is used as a gelling 
polymer. Considering the fact that polymeric dispersion of 
poloxamer remains as solution at lower temperature and gets 
converted into gel at higher nasal temperature because the 
solubility of polypropylene oxide chain of poloxamer decrease 
at high temperature which results in precipitation or salting out 

of polymer. Similarly, chitosan also requires low temperature 
to remain as solution at room temperature, its hydrophobicity 
increases with increase in temperature. 25 

 

Hot method: This hot method is utilized when gellan gum or 
pectin is used as a gelling gum or pectin is used as a gelling 
polymer. At higher temperature, gellan chains dissolve in 
water and assume a random-coil conformation with a high 
segmental mobility at high temperature and remains as a 
solution at higher temperature. Sol-gel transition occurs on 
cooling gellan gum solution in the presence of ions like K+ or 
Ca2+. Similarly, pectin also requires higher temperature for its 
demethoxylation, which helps in the formation of solution or 
dissolving of pectin. 26 

 

Evaluation of in situ gels 
 

1. Clarity: The clarity of various formulations was 
determined by visual inspection under black and white 
background, and it was graded as follows: turbid: clear, 
++; and very clear (glassy), +++. 27 

2. pH of gels: pH of human nasal mucosa is found to be in 
the range of 5-6.5. But it can tolerate about 4-7.5. pH of 
prepared formulation should be within the range of nasal 
mucosa which can tolerate in order to reduce nasal 
irritation. The result indicates that in all formulation pH is 
found to be within the tolerable. They are in the range of 
6.1-6.5. 28 

3. Gel-strength: This parameter can be evaluated using a 
rheometer. Depending on the mechanism of the gelling 
agent used, from the solution form, a specified amount of 
gel is prepared in a beaker. This gel containing beaker is 
raised at a certain rate, pushing a probe slowly through the 
gel. The changes in the load on the probe can be measured 
as a function of depth of immersion of the probe below the 
gel surface. 29 

4. Viscosity and rheology: These are an important 
parameter for the in-situ gels, to be evaluated. Viscosity 
and rheological properties of forming drug delivery 
system may be assessed using bookifield rheometer or 
some other type of multipoint viscometers. The viscosity 
of this formulation should be such that no difficulties are 
envisaged during their administration by the patient during 
administration. 30 

5. Measurement of gelation temperature and gel melting: 
In-situ gel forming system incorporating thermoreversible 
polymers, the gelation temperature may be defined as that 
temperature at which the liquid phase makes a transition 
to gel. The liquid formulation is kept in a sample tube, 
immersed in a water bath and heated at a specific 
temperature and then heated at a specific rate. The 
samples shall then be examined for gelation, which is said 
to have occurred when the meniscus would no longer 
move upon tilting through 90°C. The gel melting 
temperature is a critical temperature when the gel starts 
flowing upon tilting through 90°C shall be recorded. Gel 
formation is indicated by a lack of movement of meniscus 
on tilting the tube. 31 

6. Evaluation of the mucoadhesive strength: The 
mucoadhesive potential of each formulation can be 
determined by measuring the force required to detach the 
formulation from nasal mucosal tissue. In brief, at the time 
of testing, a section of nasal tissue is secured to the upper 
probe using a cyanoacrylate adhesive. The upper probe 
was attached to precalibrated force displacement 
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transducer SS12LA, (BIOPAC system Inc, Santa Barbara 
CA) connected to the biopac MP-30 data system. The 
surface area of each exposed mucosal membrane was 
0.785cm2. At room temperature, fixed numbers of samples 
of each formulation were placed on the lower probe at 
34°C. Probe with nasal tissue was lowered until the tissue 
get contacted the surface of the sample. Immediately, a 
force of 0.1M was applied for 2 min to ensure for intimate 
contact between the tissues and the samples. The probe 
was then moved upward at a constant speed of 0.15 
mm/sec. 32  

7. Sterility testing: This testing is done with the aseptic 
transfer technique to avoid contamination of the 
environment. Sterility testing is an essential parameter for 
all ophthalmic preparation, and it must perform for 
aerobic, anaerobic bacteria and fungi by using suitable 
media under aseptic conditions. As per Indian 
Pharmacopoeia and British Pharmacopoeia, mostly direct 
inoculation method used to test sterility. Initially, 
inoculate the sample into the liquid media (thioglycolate 
medium and soyabean digest medium). After that, 
inoculate for 7-14 days at different temperatures: for 
thioglycolate medium (30-35°C) and soyabean digest 
medium (20-25°C), then identify microbial growth. 33 

8. Antibacterial studies: This test was conducted to find out 
the effectiveness of antibacterial of active antibiotic 
substance, the concentration data referred to as 
antibacterial. Finally, the result of the growth of bacteria 
samples could compare with standard antibacterial. 34 

9. Stability studies: Stability testing aimed to know the time 
of storage and the use of the material as per the 
international conference on harmonization (ICH). Place 
the sample in a climatic chamber at 42°C temperature and 
75% RH for approximately for one month. After a few 
months, the sample analyzed associated clarity, pH, 
viscosity, drug content, rheological and in-vitro 
dissolution. The storage condition and the length of the 
study chosen should be sufficient to cover the storage, 
shipment and subsequent use. 35 

10. Texture analysis: The cohesiveness, consistency, 
firmness of in-situ gels assessed using a texture profile 
analyzer, which mainly indicates the syringe ability of 
solution so the formulation can be quickly administrated 
through in-vivo. 36 

11. Gelling capacity: By placing a drop of freshly prepared 
formulation with a vial containing 2ml of stimulated tear 
fluid and note down the time taken for gel formed or gel 
to dissolve in 7.4 pH phosphate buffer and it used for 
determination of the suitable polymer concentrations or 
gelling agent to form in-situ gelling system. 37 

12. Gelling time: Gelling time is the time required for the 
first detection of gelation, as defined in sol-gel transition 
temperature. 38 

13. Drug content determination: The vials containing the 
formulation were shaken for 2-3min manually and 100 ml 
of the preparation was transferred to 25 ml volumetric 
flask with a micro pipette and the final volume was made 
up with phosphate buffer pH 6.2. The amount of drug was 
determined using UV-visible spectrophotometer. 39 

 

CONCLUSION 
 

The present review concludes that in situ gel system has 
emerged as one of the best novel drug delivery system. The 
utilization of in situ gels providing various advantages over 

conventional dosage forms. Sustained and prolonged release of 
drug, good stability and biocompatibility characteristics make 
the in situ gel dosage form very reliable. In recent years, there 
is a scope to provide an advanced technique in drug delivery. 
The in situ gelling system helps for the sustained and 
controlled release of the drug. Use of biodegradable and water 
soluble polymers for the in situ gel formulations can make 
them more acceptable and excellent drug delivery systems. 
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