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ABSTRACT 

The current review on in situ gelling systems becomes one of the most popular and prominent. It had a tremendous potential advantage of delivery 
systems due to many benefits like easy to use simple manufacturing; improve both adherence and patient comfort by minimizing the frequency of 
drug administration by its unique characteristics feature of sol to gel transition. It also provides in situ gelling nanoemulsions, nanosphere, 
microspheres, and liposomes. The drawbacks associated with conventional systems of both solutions and gels, such as accurate dosing, ease of 
administration overcome by using in situ gelling systems. This review focused on definitions, types, advantages, disadvantages, polymers used, and 
suitable characteristics of polymers, including the preparation of in situ gels covered in the introduction. Approaches, applications, and evaluation 
of in situ gels were explained with examples.  
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INTRODUCTION 

A gel is a soft, stable, or solid-like material which consists of at least 
two components, one of them being a liquid, present in substantial 
quantity [1]. Gels are a transitional state of matter containing both 
liquid and reliable ingredients (semisolids or semi-liquids). Gels 
combine the cohesive properties of solids and the diffusive transport 
characteristics of fluids [2]. It consists of a three-dimensional, stable, 
and secure component network [3]. In gels, the polymer network is 
formed by the cross-linking of polymer chains either by the 
formation of covalent (chemical cross-linking) or non-covalent 
bonds (physical cross-linking). Based on nature, gels are classified 
into two types (i.e., physical and chemical). Physical gels have weak 
bonds like hydrogen, electrostatic, and Vander Waal bonds [4]. Due 
to toxicity concern, there is increasing interest in physically cross-
linked gels—chemical gels when arising strong covalent bonds [5]. 

Hydrogels are the polymeric chains of three-dimensional (3-D) 
structures. So, they can be easily forms in various sizes and shapes 
[6]. These hydrogels have an excellent absorbing ability to transition 
between liquid-gel and itself; it is a type of hydrophilic preparations 
[7]. Hydro-gels consist of cross-links to serve to accommodate a 
considerable amount of air, and it retains enormous amounts of 
water and biological fluids to swell. Hydrogels are also classified into 
two types (i.e., preformed hydrogels and in situ gels) [8]. 

Preformed gels or preformed particle gels (PPG) are simple viscous 
solutions that can’t undergo any modification after administration 
[9]. PPG is superabsorbent cross-linking polymers that can swell up 
to 200 times its original size and act as a fluid diverting agent to 
control conformance is a novel process designed to overcome some 
distinct drawbacks inherent in situ gelation system [10]. To 
overcome changes in gel composition, degradation, lack of gelation 
time control, and several weaknesses go with preformed gels. Still, 
dilution by water and it has a defect in ophthalmic dosage form, 
including less accurate dose, blurred vision, lacrimation, etc. 
preformed gels are formed on the surface before it is injecting 
through the reservoir [11]. Hence, no gelation occurs, and it needs to 
be considered, including pH, salinity, multivalent ions, hydrogen 
sulfide, temperature, and shear rate [10]. 

In situ gels are the solutions 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, 
external triggers, etc. [12]. In situ gel 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 [13]. The drug delivery systems having the 
properties, as mentioned earlier, of sol to gel transition can be 
widely used for sustained delivery vehicle preparation of bioactive 
molecules [14]. In situ gels, potentially used for oral, buccal, 
subcutaneous, transdermal, intraperitoneal, ocular, nasal, rectal, 
vaginal, and parenteral routes [15]. From a manufacturing point of 
view, less complicated and thus lowers the investment and 
manufacturing cost [16]. In the discovery phase, the gel formulations 
are used to enhance the local and systemic exposure of potential 
lead compounds, which is ideal for establishing animal models for 
various conditions quickly and cost-effective [17]. Despite the 
massive diversity of gels, a particular class of gels, namely smart 
polymer gels, are in the focus of pharmaceutical research during the 
last decades [18]. These intelligent polymers change their 
physicochemical properties in response to an altered environment. 
In recent advances, in situ gels have made it possible to exploit the 
changes in physiological uniqueness [19]. Comprehensive research 
has been carried in designing of in situ gels, emerged as one of the 
best novel drug delivery systems (NDDS) [20]. In this review, they 
mainly focussed on introduction, advantages, disadvantages, 
suitable polymer characteristics, approaches, applications, 
evaluation, and marketing products of in situ gels. It also focused on 
some reported studies as well as recent advancements of in situ gels. 

The intention of writing this review article to describes every aspect 
of in situ gels, which near the readers a specific feature and might 
contribute to research and development.  

Advantages 

 To decrease the wastage of drug [21] 

 To ease of administration [22] 

 It administered to unconscious and old patients [23] 

 It helps to extended or prolonged release of drugs [24] 

 It allows more patient comfort and compliance [25] 

 Due to the low dose, there will be no drug accumulation and 
minimize the drug toxicity [26] 

 It offers more bio-availability [27] 

 By using natural polymers, provides biocompatibility and 
biodegradation [28]. 

 By using synthetic polymers usually well defined that can be 
modified to yield tolerable degradability and functionality [29] 
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 To Facilitate drug targeting primarily through mucus membranes, 
for non-invasive drug administration [30] 

 It offers a vital stealth characteristic in vivo, owing to its 
hydrophilicity, which increases the in vivo circulation time of the 
delivery device [31] 

 It exhibits bio-adhesiveness to facilitate drug targeting, primarily 
through mucus membranes, for non-invasive drug administration 
[32] 

 To reduce the systemic absorption of drugs drained through the 
nasolacrimal duct [33] 

Disadvantages 

 Requires a high level of fluids [10, 25] 

 The solution form of the drug is more susceptible to degradation 
[34, 35] 

 Due to chemical degradation, there is a chance of stability 
problems [36]  

 Eating and drinking restricted for a few hours after placing the 
drug [25, 36, 37] 

 Only small doses administered [38] 

 Due to low mechanical strength, it may result in premature 
dissolution [36, 39] 

 Particularly for hydrophobic drugs, the quantity and homogeneity 
of drug loading into hydrogels may be limited [39, 40] 

Suitable characteristics of polymers 

An essential ingredient in the manufacture of in situ and preformed 
gel is a polymer. The suitable polymer characteristics for in situ gels 
given below [41-45]: 

 It should be compatible 

 It should not provide any toxic effects 

 It should have good tolerance and optical clarity 

 It should have pseudo-plastic behavior 

 It should be capable of adhering to the mucous membrane 

 It should be capable of decreasing the viscosity with an increase 
in shear rate 

 It should influence tear behavior 

Classification of in situ gelling polymers 

Based on their origin, polymers can be classified or the mechanism 
of gelation. According to a source in situ, gelling systems are 
classified into two types [46-50]. 

i. Natural polymers (e. g., Alginic acid, carrageenan, chitosan, guar gum, 
gellan gum, pectin, sodium hyaluronate, xanthan gum, xyloglucan, etc.) 

ii. Synthetic or semi-synthetic polymers (e. g., CAP, HPMC, MC, PAA, 
PLGA, poloxamers) 

Sol-gel method 

The starting materials, ‘sol’, are usually inorganic metal salts or organic 
compounds such as metal alkoxides. In the conventional ‘sol-gel’ method, 
the precursor goes through reactions of hydrolysis and polymerization 
or condensation to produce a colloidal suspension or solution. Complete 
polymerization along with subsequent loss of solvent directs conversion 
from ‘sol’ (liquid phase) to ‘gel’ (solid phase) [51]. 

Preparation of in situ gel 

The polymer may differ based on the development of in situ gelling 
systems. The polymeric solution was prepared by dispersing required 
quantities of polymers and copolymers in distilled water using a 
magnetic stirrer until the polymers completely dissolve. After the 
preparation of an aqueous drug solution, transferred to a primarily 
prepared polymeric solution with continuous stirring until to get a 
homogeneous solution, and then add excipients based on the delivery 
system. Finally, make up the volume with distilled water [52]. 

Approaches of in situ gels 

There are four generally defined mechanisms used for triggering the 
in situ gel formation of biomaterial [15, 22, 34, 42, 53-55]: 

A. Physiological stimuli (e. g., temperature and pH) 

B. Physical stimuli (e. g., solvent exchange or diffusion and swelling) 

C. Chemical stimuli (e. g., enzymatic, chemical and photo-initiated 
polymerization) 

A. Physiological stimuli 

Based on physiological stimuli classified into two categories [22]: 

Temperature-induced in situ gelling systems or thermally 
triggered systems 

In these systems, no external heat other than body temperature is 
required to cause gelation, and the mechanism showed in fig. 1 [43, 
49]. These are the most widely used systems. 

 

 

Fig. 1: Mechanism involved in temperature triggered system [56] 

 

Three main strategies exist in the engineering of the thermo 
responsive sol-gel polymeric system. For convenience, this thermal-

induced or thermal sensitive in situ gel system classified into three 
types [57-59] 
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i. Negatively thermo-sensitive type; e. g., poly-N-isopropyl 
acrylamide (PNIPAAm)  

ii. Positively thermo-sensitive type, e. g., polyacrylic acid (PAA), poly 
(acrylamide-co-butyl methacrylate), or polyacrylamide 

iii. Thermally reversibly type; e. g. poloxamer, pluronic (poloxamer), 
tetronics (poloxamines), poly (ethylene oxide)-b-poly (propylene 
oxide)-b-poly (ethylene oxide). 

pH triggered systems 

In this approach, pH-responsive or pH-sensitive polymers to be used 
to form a gel. All pH-sensitive polymers contain acidic or alkaline 
ionizable functional groups and that either loose or let accept 
protons in comeback to change in pH. A huge number of ionizable 
groups are known as poly-electrolytes and mechanisms shown in fig. 
2 [49, 60, 61]. 

 

 

Fig. 2: Mechanism involved in the pH-sensitive system [56] 

 

These poly-electrolytes cause an increase in external pH that leads 
to the swelling of hydrogels that leads to the formation of in situ 
gels—some of the anionic groups used as pH triggered systems. E. g., 
Cellulose acetate phthalate (CAP), polyethylene glycol (PEG), pseudo 
latexes, ploy methacrylic acid (PMC), carbomer, and its derivatives, 
etc., Mixtures of poly-methacrylic acid (PMA) and PEG also been 
used as a pH-sensitive system to achieve gelation. The most of 
anionic pH-sensitive polymers are PAA (carbopol, carbomer) or its 
derivatives [22, 62, 63]. 

B. Physical stimuli 

When a material absorbs water from the surrounding environment, 
in situ formation may also occur and expand to the desired space 
[22, 42, 64]. 

Solvent exchange or diffusion 

This process solvent diffuses from the polymer solution into 
surrounding tissue and results in precipitation or solidification of 
the polymer matrix [25, 36]. The most commonly used polymer for 
this approach is N-methyl pyrrolidone (NMP) [65]. 

Swelling 

The polar lipid or polymer swells from inside to outside and slowly 
releases the drug (i.e., to form lyotropic crystalline phase structures). It 
has some bio-adhesive properties and degraded in vivo enzymatic 
action [66]. E. g, Myverol 18-99 (glycerol-mono-oleate) 

C. Chemical reactions 

Chemical reactions that result in situ gelations may involve 
precipitation of inorganic solids by following processes.  

Chemical polymerization of ionic cross-linking 

Ion sensitive polymers induce gelation in the presence of ions like Na+, 
K+, Ca+2, and Mg+2. These ionic polymers undergo a phase transition 
to form a gel. Some of the polysaccharides fall into this class [67, 68]. 

Enzymatic polymerization or enzymatic cross-linking 

In this approach, the gel was formed by cross-linking with the 
enzymes that are present in the body fluids and have some 
advantages over chemical and photochemical methods, and 
mechanism showed in fig. 3 [69, 70]. 

 

 

Fig. 3: Mechanism involved in ion activated system [56] 

 

Photo-initiated polymerization 

It is the most convenient and commonly used approach in the 
formation of in situ gels. Monomers or reactive micromere solutions 
and the initiators injected into a tissue site, and the application of 

electromagnetic radiation used to form a gel. Usually, long-
wavelength ultraviolet (i.e., ketones) and visible (camphor-quinone 
and ethyl eosin) wavelength polymers were used (i.e., acrylates or 
other polymers)—short-wavelength polymers not used because 
they are biologically harmful [71]. 
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Novel approaches of in situ gels 

A variety of unique systems are used to extend the drug delivery by 
in situ gelling systems. These systems delay the elimination of active 
ingredients from the eye and also improved corneal penetration of a 
drug molecule [33, 72]. 

Nanoparticles incorporated in situ gel 

Recently, nanoparticles were employed to address issues related to 
topical formulations. These represent promising drug carriers for 
targeting ocular tissues by remaining at the site of application and 
providing prolonged release by particle degradation or erosion drug 
diffusion or a combination of both [73]. 

Liposome incorporated in situ gel 

It is also a tool for prolonged controlled delivery of a drug; in lipid 
vesicles, active ingredients were encapsulated and transport drug 
through the cornea [74]. 

In situ gelling ocular films or inserts 

Ocular inserts or films are semisolid or solid consistency, usually 
composed of a polymeric vehicle containing the drug, whose size and 
shape are designed for ophthalmic application [75]. 

Nanoemulsified in situ gels 

Nanoemulsions are widely using due to its intrinsic advantages such 
as the higher penetration into the deeper layers, sustained release of 
drugs to the cornea, and ease of sterilization [76]. 

Applications 

Oral drug delivery systems 

Gellan gum, pectin, xyloglucan, etc., are used for oral in situ gels. The 
pH-sensitive gels have potential use in site-specific delivery of drugs 
to specific regions of the gastrointestinal tract (GIT), and some of the 
reported polymers and drugs, including the route of administration 
of in situ gelling systems showed in table 1[12, 74]. 

 

Table 1: Summary of reported drug and polymers of in situ gelling systems 

Drug Polymer used Route of administration Reference 
Doxorubicin Human serum albumin and tartaric acid derivative Parenteral [77] 
Paracetamol and Ambroxo Pectin  Oral [78] 
Pheniramine maleate and albumin FITC Ploymethacrylic acid Parenteral [79] 
Recombinant human interleukin-2 Physically cross-linked dextran Parenteral [80] 
Testosterone Poly-lactic acid and PLGA Parenteral [81] 
Theophylline Gellan gum Oral [82] 

 

Gellan gum 

Gellan gum has the tendency of gelation, which is temperature-
dependent or cations induced. The in situ gelling systems consisted 
of a gellan solution with calcium chloride and sodium citrate 
complexes. When it’s administered orally, the calcium ions were 
released in the acidic environment of the stomach leading to the 
gelation of gellan, thus form an in situ gel [83].  

Pectin 

Gelation of pectin will occur in the presence of H+ions, a source of 
divalent cations; generally, calcium ions are required to produce the 
gels that are suitable as vehicles for drug delivery [22]. The main 
advantage is that it is water-soluble, so there is no need for organic 
solvents in the formulation. Divalent cations present in the stomach 
carry us the transition of pectin to gel state when it is administered 
orally [83]. Calcium ions in the compound form may include in the 
formulation for the induction of pectin gelation. Sodium citrate may 
be added to the above solution to form a complex with most of the 
calcium ions added. The fluid state (‘sol’) is maintained until the 
breakdown of the complex in the acidic environment in the stomach, 
where the release of calcium ions causes gelation [54]. The 
quantities of calcium and citrate ions may be optimized to maintain 
the fluidity. Before administration into the stomach, it is resulting in 
gelation when the formulation. 

Xyloglucan 

Xyloglucan is partially degraded by β-galactosidase, resultant 
product exhibits thermally reversible gelation by the lateral stacking 
of the rod-like chains or on warming to body temperature [84]. 
Depends on the degree of galactose elimination, sol-gel transition 
temperature also varies. Its potential application in oral drug 
delivery exploits the proposed slow gelation time that would allow 
in situ gelations in the stomach following the oral administration of 
chilled xyloglucan solution [83]. The gelation behavior of xyloglucan 
is similar to Pluronic F127, but it forms a ‘gel’ at a much lower 
concentration [22]. 

Ocular drug delivery systems 

Conventional delivery systems often result in reduced bioavailability 
and therapeutic effect because of high tear fluids; dynamics cause 
rapid elimination of drugs [85]. Alginic acid, gellan gum, and 

xyloglucan most commonly used for ocular drug delivery. For locally 
acting drugs such as antimicrobial, anti-inflammatory, and autonomic 
drugs used to relieve intraocular tension in glaucoma [86]. Various 
water-soluble polymers and pH-induced in situ precipitating 
polymeric systems such as carbopol, HPMC, PMA-PEG [87]. 

Alginic acid 

Aqueous solutions of alginates form gels on the addition of di-and 
trivalent metal ions by a cooperative process and involves consecutive 
glucuronic residues in the α-L-glucuronic acid blocks of the alginate 
chain. A prolonged pre-corneal residence of formulations containing 
alginic acid looked for, not only based on its ability to gel in the eye, 
and it includes mucoadhesive properties [22, 83, 88]. 

Carbopol 

It is a well-known pH-dependent, which stays in solution form at 
acidic pH but forms a low viscosity gel at alkaline pH. In combination 
with HPMC, impart the viscosity of carbopol solution while reducing 
the acidity of the solution [22, 83, 89]. 

Gellan gum 

Much of the interest in the pharmaceutical application of gellan gum 
has concentrated on its implementation of ophthalmic drug delivery. 
An aqueous solution of gellan dropped into the eye undergoes a 
transition into the gel state due to the temperature and ionic 
condition (Ca+2) in the tear fluid. Drug release from these in situ gels 
prolonged due to longer pre-corneal contact times of the viscous gels 
compared with conventional eye drops [90, 91].  

Xyloglucan 

Xyloglucan chains are hydrophilic, dense, and having mucoadhesive 
strength, is a suitable candidate for increases in the corneal 
residence time of drugs. The increased drug absorption and the 
prolonged drug elimination were obtained with viscous in situ gel 
formulations [92]. 

Nasal drug delivery systems 

Nasal drug administration has been considered as an alternative route 
for systems use of drugs restricted to intravenous administration. 
Nasal drug delivery can also provide a way of entry to the brain that 
circumvents the blood-brain barrier (BBB) because the olfactory 
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receptor cells are in direct contact with the central nervous system. 
Because of the large absorptive surface and low proteolytic activity, 
the nasal mucosa is considered an attractive site for the delivery of 
vaccines. Nasal vaccines will improve patient compliance and reduce 
production costs compared with parental products. Mostly protein and 
peptides can deliver by this route [93, 94]. 

Parenteral drug delivery systems 

Chitosan is a biocompatible pH-dependent cationic polymer, which 
remains dissolved in an aqueous solution, pH exceeding 6.2 leads to 
form a hydrated gel-like precipitate [22, 83]. The main problem with 
chitosan is its non-biodegradability, and the following procedure 
could overcome this. The pH gelling cationic polysaccharides 
solution is transformed into thermally sensitive pH-dependent, 
without any chemical modification or cross-linking by the addition 
of polyol salts bearing a single anionic head such as glycerol, 
sorbitol, fructose, glucose phosphate salts to chitosan aqueous 
solution [34, 83]. This transformation has solved the non-
biodegradability problem of chitosan. Synthetic polymers are a 
trendy choice for parenteral preparations. The trend in drug 
delivery skills has been towards biodegradable polymers, requiring 
no follow up surgical removal once the drug supply is depleted. 
Aliphatic polyesters such as PLA, PGA, PLCG (poly-lactide-co-
glycolate), PDL (poly-deca-lactone), PCL (poly-ε-caprolactone) have 
been the subject of the most extensive recent investigations and 
various tri-block polymers also used in injectables [95, 96]. The 
feasibility of lactide or glycolide polymers as excipients fort the 
controlled release fo bioactive agents is well proven. These materials 
are subjected to extensive animal and human trials without evidence 
of any harmful side effects. When under GMP conditions from a 
purified monomer, the polymers exhibit no evidence of 
inflammatory response or other adverse effects upon implantation 
[97, 98]. The photoreactions provide rapid polymerization rates at 
physiological temperatures; furthermore, the systems are placed in 
complex-shaped volumes leading to an implant formation. 
Thermosetting systems are in the ‘sol’ form when initially 
constituted, but upon heating, they set into their final shape (‘gel’). 
This sol-gel transition is known as curing [42, 54]. Curing mainly 
involves the formation of covalent cross-links between polymer 
chains to form a macromolecular network. But if this one is heated 
further, it may lead to degradation. In situ precipitating polymeric 
systems, the solution may lead to form a gel, and this precipitation 
induced by a change in temperature (thermosensitive), solvent 
removal, or by a change in pH [22, 83]. A notable example of a 
thermosensitive polymer is NIPAAm, which has a lower critical 
solution temperature phase separation at 32 °C. It is unique 
concerning the sharpness of its almost discontinuous transition, 
which is usually observed only with ionizable polymers. Some tri-
block copolymers like pluronic or poloxamers consist of POE and 
POP units that undergo solubility changes with temperature [99]. 

Dermal and transdermal drug delivery systems 

Skin is considered an essential route of administration of drugs for 
both local and systemic effects. Common preparations for topical 
and dermatological administration of drugs have certain limitations 
like poor adherence, reduced permeability, and compromised 
patient compliance. In vivo studies suggest that 20 % w/w aqueous 
gel maybe it is used as a base for topical administration of the drug. 
The combination of iontophoresis and chemical enhancers results in 
a synergistic enhancement of insulin permeation [100]. 

Rectal drug delivery systems 

Although the oral route is the most convenient route for drug 
administration, this is not possible from either a clinical or 
pharmaceutical perspective. In these cases, the rectal way may 
represent a practical alternative and can be used to administer drugs 
for both local and systemic effects. The environment in the rectum is 
considered relatively constant and stable and has low enzyme 
activity in comparison to other sections of the GIT. However, the 
rectal cavity can be challenged by erratic drug absorption due to the 
low adhesion to the rectal membrane and the potential expulsion of 
the dosage form. These can prevent dosage form leakage, which is 
familiar with rectal suspensions and enemas [33, 101, 102]. 

Vaginal drug delivery systems 

It is a relatively unexploited site other than the treatment of vaginal 
infections, contraception, local menopausal symptoms, and labor 
induction. It is a potential route for a therapeutic portfolio, including 
vaccine delivery and chemotherapy. Blood supply of the vaginal 
epithelium and the large surface area can allow smooth systemic 
drug delivery. Thermoreversible, mucoadhesive gels and pessaries 
studied as formulation platforms for the delivery of antiretroviral 
and antimicrobial compounds, labor-inducing hormones, and even 
for intra-vaginal vaccine delivery [103, 104]. 

Summary of some reported studies by in situ gels showed in table 2, 
and some Marketed products of in situ gelling systems shown in 
table 3. 

Evaluation of in situ gels 

In situ, gels evaluated characterized for the following parameters:  

Physical evaluation 

Compatibility studies 

Compatibility studies carried out for a physical mixture of 
interaction between drug and excipients by a suitable method such 
as Fourier Transform Infra-Red Spectroscopy (FTIR) or Differential 
Scanning Calorimetry (DSC) [105]. 

Appearance 

Preferably, the gels should be transparent. The formulations were 
observed for a general appearance by the naked eye, such as color, 
odor, and the presence of suspended particulate matter [106]. 

Clarity test 

The clarity of the product checked using a black and white 
background [107]. 

pH 

The pH was checked by using a calibrated digital pH meter 
immediately after preparation. In the case of ocular preparations, 
the pH preferably near to ocular pH to avoid eye irritation and 
enhance patient compatibility and tolerance [108]. 

Homogeneity 

By placing the preparation between two glasses, then observe 
particle roughness under the light [109]. 

Isotonicity 

The formulation is mixed with few drops of blood, observe under a 
microscope, and compare with standard ophthalmic preparations. 
For all ophthalmic preparations, maintenance of isotonicity must 
need to prevent tissue damage and irritation to the eye [110]. 

Sol-gel transition temperature 

The temperature of the phase transition of ‘sol’ meniscus was noted 
first and then heated at a specified rate. ‘Gel’ formation is indicated 
by a lack of movement of the meniscus on tilting the tube and note 
down the temperature [22, 83]. 

Gelling time 

Gelling time is the time required for the first detection of gelation, as 
defined in sol-gel transition temperature [111, 112]. 

Texture analysis 

The cohesiveness, consistency, firmness of in situ gels assessed using 
a texture profile analyzer, which mainly indicates the syringe ability 
of ‘sol’ so the formulation can be quickly administration via in vivo 
[113]. 

Spreading coefficient 

The device consists of a ground glass slide fixed on the wooden 
block. Each formulation weighing about 2 grams was placed and 
studied on this ground slide. Gel preparation was then sandwich 
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between this slide and second slide having some dimension as that 
of the fixed glass slide. The second slide was provided with a hook. 
Weight of 1 gram placed on top of the two slides for 5 min. to expel 
air and provide a uniform film of gel between two slides. Measured 
weight is placed on a pan attached to the pulley with the help of a 
hook. The time required by the top slide to separate from a ground 
slide was noted. A shorter interval indicates a better spreading 
coefficient (S) [114, 115]. 

 

M = Weight tied to upper slide 

L = Length of glass slides 

T = time taken to separate the slides 

Gelling strength 

The rheometer determined the gelling strength, and it depends on 
the mechanism of the gelling agent, a specified amount of ‘gel’ 
prepared in a beaker, from the ‘sol’ form. This ‘gel’ containing beaker 
to be raised at a specific rate, so pushing a probe slowly through the 
‘gel’ and the load on the probe is measured by the depth of the 
immersion of the ‘gel’ surface [93, 116]. 

Gelling capacity 

Method 1 

By placing a drop of a freshly prepared formulation with a vial 
containing 2 ml of stimulated tear fluid (STF) and note down the 
time taken for the ‘gel’ formed or ‘gel’ to dissolve in 7.4 pH 
phosphate buffer and its used for determination of the suitable 
polymer concentrations or gelling agent to form in situ gelling 
systems [117]. 

Methods 2 

They were using water-soluble dyes such as amaranth, Congo red, 
indigo blue, etc., used by dissolving 1 g in distilled water and mixed 
with the prepared in situ gel. In vitro, gelling capacities of the 
formulations were measure by placing 5 ml of gelation solution 
(STF) in the glass test tube and maintained the temperature at 
37±0.5 °C. It immediately converted into a stiff gel-like appearance. 
In vitro, gelling capacities are evaluated by the presence of the 
stiffness of the gel. And the time for which the gel converted into 
thick gel remains as such. Further, the color added to give a visual 
appearance to the gel. Based on the three categories in vitro, the 
gelling capacity period was calculated [118]. 

+‘gel’ forms after a few minutes disperse rapidly 

++immediately gelation occurs, remains for a few hours 

+++immediately gelation occurs, remains for an extended period of 
time 

Viscosity and rheology 

At room (i.e., 25 °C) and body temperatures (i.e., 37±0.5 °C), observe 
the viscosity using Brookfield viscometer. Rheology was observed 
due to the thixotropic behavior of the gel. In situ gel preparations 
should show pseudo-plastic and Newtonian flow before and after the 
gelation process. Before and after gelling, it should be 5-1000 m Pas 
(‘sol’) and after 50-50,000 m Pas (‘gel’), respectively. The gel 
formulation in situ should be well-formulated, so administration to 
the patient is proper, especially in ocular administration. However, 
these agents have the disadvantage of making blurred vision and 
leaving residue on the eyelids; due to high viscosity can cause 
difficulties in screening [119, 120]. 

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 40±2 °C 
temperature and 75±5% RH for approximately one month. After a 
few months, the sample analyzed associated clarity, pH, viscosity, 
drug content, rheological, and in vitro dissolution. The storage 
conditions and the length of the study chosen should be sufficient to 
cover the storage, shipment, and subsequent use [121, 122].  

Drug release studies 

In vitro drug release 

In vitro release study of in situ gelling systems can be carried out by 
using Franz diffusion cell to check the duration [44, 123]. 

In vivo drug release 

Evaluation of drug preparation is one drug release in the body (in 
vivo). By knowing the time devastated and the polymer components 
used, we can design the drug as per the needs of pharmacotherapy 
[94, 124]. 

Microbiological evaluation 

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 (IP) and British 
Pharmacopoeia (BP), mostly direct inoculation method used to test 
sterility. Initially, inoculate the sample into liquid media 
(thioglycollate medium and soybean digest medium). After that, 
incubate for 7-14 d at different temperatures; for thioglycollate 
medium (30-35 °C) and soybean digest medium (20-25 °C), then 
identify microbial growth [125, 126]. 

Irritation studies 

Albino rabbits are using for the Draize irritation test, a single drop of 
0.04 ml formulation instilled into rabbit eyes (the lower conjunctive 
cul-de-sac). The test eye and by the eyelids can be held together for 
several seconds after installation. Rabbit eyes were observed 
periodically at 1, 24, 48, 72 h, one week after exposure. Ocular 
changes were graded by a scoring system that includes rate any 
alterations to eyelids, conjunctiva, cornea, redness, swelling, 
watering, and iris [127, 128]. 

Antifungal studies 

Initially, sabouraud dextrose dissolves in hot water (i.e., media), 
after 15-20 min. of autoclaving transfer, the organisms such as 
Candida albicans, Aspergillus fumigatus, etc., in media in order and 
put a sample test with a micropipette and let set aside for 30 min. 
After 24 h incubation at 25 °C, the diameter of the zone of inhibition 
or zones was measured, finally compared with positive and negative 
controls [129]. 

Antibacterial studies 

This test was conducted to find out the effectiveness of antibacterial 
of active antibiotic substances, the concentrations that are referred 
to as antibacterial. Finally, the results of the growth of bacteria 
samples could compare with standard antibiotics [130]. 

Statistical evaluation 

Based on obtained data, a multivariate test was used to analyze 
mucoadhesive strength and release studies. To get a significant 
difference by using various SPSS software and considered 
significant at P<0.05. To storage conditions of the test, solutions 
can use one-way analysis variance (ANOVA) of viscosity data using 
prism with significance value (P>0.05). Still, there are no general 
rules regarding this statistical test [131-132]. And some of the 
marketed products of in situ gelling systems showed in table 2 
[133]. 
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Table 2: Summary of some of the marketed products of in situ systems 

Manufacturing company Name of the marketed product Drugs used in the formulation Reference 
Akten Akten TM Lidocaine hydrochloride  [134] 
Alcon Laboratories Inc. Pilopine HS Pilocarpine hydrochloride [135] 
Insite vision Azasite Azithromycin [136] 
Macromed Cytoryn Interleukin-2(IL-2)  [42] 
Macromed Regel Depot Technology Human Growth Hormone [137] 
Merck and Co. Inc Timoptic-XE Timolol maleate [138] 
Spectrum Thea Pharmaceuticals Virgan Ganciclovir [135] 

 

CONCLUSION 

The utilization of in situ gels providing various advantages over 
conventional dosage forms. The use of biocompatible, 
biodegradable, and water-soluble polymers for the in situ gel 
formulation can make excellent and excellent drug delivery systems. 
In recent years researchers have drawn interest, and there is a scope 
to provide an advanced technique in drug delivery. A novel carrier 
can incorporate in these systems to obtain sustained drug delivery 
in a much improved and extreme manner. These systems, as they 
can administer in solution form, undergo gelation at the site of 
action. Finally, in situ, gels are easy to apply and offer patient 
comfort and compliance. 

FUNDING 

Nil 

AUTHORS CONTRIBUTIONS 

All the authors have contributed equally. 

CONFLICT OF INTERESTS  

Declared none 

REFERENCES 

1. Rogovina LZ, Vasilev VG, Braudo EE. Definition of the concept 
of the polymer gel. Polym Sci Series C 2008;50:85-92. 

2. Whitlock DR, Weiss L, Ambrogio LN, Inventors, AOBIOME LLC, 
Assignee. Ammonia oxidizing microorganisms for use and 
delivery to the gastrointestinal system. United States patent 
application US 16/318,583; 2019. 

3. Carlfors J, Edsman K, Petersson R, Jornving K. Rheological 
evaluation of gelrite in situ gels for ophthalmic use. Eur J Pharm 
Sci 1998;6:113-9. 

4. Ullah F, Othman MB, Javed F, Ahmad Z, Akil HM. Classification, 
processing and application of hydrogels: a review. Mater Sci 
Eng C 2015;57:414-33. 

5. Crini G. Recent developments in polysaccharide-based 
materials used as adsorbents in wastewater treatment. Prog 
Polym Sci 2005;30:38-70. 

6. Kuo CK, Ma PX. Ionically cross-linked alginate hydrogels as 
scaffolds for tissue engineering: part 1. Structure, gelation rate 
and mechanical properties. Biomaterials 2001;22:511-21. 

7. Peak CW, Wilker JJ, Schmidt G. A review on tough and sticky 
hydrogels. Colloid Polym Sci 2013;291:2031-47. 

8. Fuchs S, Shariati K, Ma M. Specialty tough hydrogels and their 
biomedical applications. Adv Healthcare Mater 2020;9:1901-396. 

9. Zhao X, Sun X, Zhang J, Bai B. Gel composition and brine 
concentration effect on hydrogel dehydration subjected to 
uniaxial compression. J Petrol Sci Eng 2019;182:106358. 

10. Bai B, Zhou J, Yin M. A comprehensive review of polyacrylamide 
polymer gels for conformance control. Petrol Explor Dev 
2015;42:525-32. 

11. Prashar A. Shed tears for diagnostics. Springer Singapore; 
2019. 

12. Sarada K, Firoz S, Padmini K. In-situ gelling system: a review. 
Int J Curr Pharma Rev Res 2014;15:76-90. 

13. Bhardwaj L, Sharma PK, Malviya R. A short review on gastro-
retentive formulations for stomach specific drug delivery: 
special emphasis on floating in situ gel systems. Afr J Basic Appl 
Sci 2011;3:300-12. 

14. Prabaharan M, Mano JF. Chitosan-based particles as controlled 
drug delivery systems. Drug Delivery 2004;12:41-57. 

15. Kaur P, Garg T, Rath G, Goyal AK. In situ nasal gel drug delivery: 
A novel approach for brain targeting through the mucosal 
membrane. Artificial Cells Nanomed Biotech 2016;44:1167-76. 

16. Browning TR, Heath RD. Reconceptualizing the effects of lean 
on production costs with evidence from the F-22 program. J 
Operations Management 2009;27:23-44. 

17. Dai T, Huang YY, K Sharma S, T Hashmi J, B Kurup D, R Hamblin 
M. Topical antimicrobials for burn wound infections. Recent 
Pat Anti-infect Drug Discovery 2010;5:124-51. 

18. Figueira RB, Silva CJ, Pereira EV. Organic–inorganic hybrid sol–
gel coatings for metal corrosion protection: a review of recent 
progress. J Coat Technol Res 2015;12:1-35. 

19. Kumar A, Srivastava A, Galaev IY, Mattiasson B. Smart 
polymers: physical forms and bioengineering applications. Prog 
Polym Sci 2007;32:1205-37. 

20. Mishra M, Kumar P, Rajawat JS, Malik R, Sharma G, Modgil A. 
Nanotechnology: revolutionizing the science of drug delivery. 
Curr Pharm Des 2018;24:5086-107. 

21. Langmaier F, Mokrejs P, Kolomaznik K, Mladek M. 
Biodegradable packing materials from hydrolysates of collagen 
waste proteins. Waste Management 2008;28:549-56. 

22. HB N, Bakliwal SR, Pawar SP. In-situ gel: new trends in 
controlled and sustained drug delivery system. Inter J Pharm 
Tech Res 2010;2:1398-408. 

23. Jadhav UG, Dias RJ, Mali KK, Havaldar VD, Additional MI. 
Development of in situ-gelling and mucoadhesive liquid 
suppository of ondansetron. Int J Chem Tech Res 2009;1:953-61. 

24. Packhaeuser CB, Schnieders J, Oster CG, Kissel T. In situ 
forming parenteral drug delivery systems: an overview. Eur J 
Pharm Biopharm 2004;58:445-55. 

25. Hatefi A, Amsden B. Biodegradable injectable in situ forming 
drug delivery systems. J Controlled Release 2002;80:9-28. 

26. Lin Z, Gao W, Hu H, Ma K, He B, Dai W, et al. Novel thermo-
sensitive hydrogel system with paclitaxel nanocrystals: high 
drug-loading, sustained drug release and extended local 
retention guaranteeing better efficacy and lower toxicity. J 
Controlled Release 2014;174:161-70. 

27. Malik K, Singh I, Nagpal M, Arora S. Atrigel: a potential 
parenteral controlled drug delivery system. Pharm Sin 
2010;1:74-81. 

28. Jeong B, Kim SW, Bae YH. Thermosensitive sol–gel reversible 
hydrogels. Adv Drug Delivery Rev 2012;64:154-62. 

29. Baldwin AD, Kiick KL. Polysaccharide-modified synthetic 
polymeric biomaterials. Pept Sci: Original Res Biomolecules 
2010;94:128-40. 

30. Grassin Delyle S, Buenestado A, Naline E, Faisy C, Blouquit Laye 
S, Couderc LJ, et al. Intranasal drug delivery: an efficient and 
non-invasive route for systemic administration: focus on 
opioids. Pharmacol Ther 2012;134:366-79. 

31. Soppimath KS, Aminabhavi TM, Kulkarni AR, Rudzinski WE. 
Biodegradable polymeric nanoparticles as drug delivery 
devices. J Controlled Release 2001;70:1-20. 

32. Jothi M, Harikumar SL, Aggarwal G. In-situ ophthalmic gels for 
the treatment of eye diseases. Inter J Pharm Sci Res 
2012;3:1891. 

33. Almeida H, Amaral MH, Lobao P, Lobo JM. In situ gelling 
systems: a strategy to improve the bioavailability of ophthalmic 
pharmaceutical formulations. Drug Discover Today 
2014;19:400-12. 

34. Ruel Gariepy E, Leroux JC. In situ-forming hydrogels-review of 
temperature-sensitive systems. Euro J Pharm Bio-Pharm 
2004;58:409-26. 



Padmasri et al. 
Int J App Pharm, Vol 12, Issue 6, 2020, 24-33 

31 

35. Singh NK, Lee DS. In situ gelling pH-and temperature-sensitive 
biodegradable block copolymer hydrogels for drug delivery. J 
Controlled Release 2014;193:214-27. 

36. Kempe S, Mader K. In situ forming implants-an attractive 
formulation principle for parenteral depot formulations. J 
Controlled Release 2012;161:668-79. 

37. Sudhakar Y, Kuotsu K, Bandyopadhyay AK. Buccal bio-adhesive 
drug delivery-a promising option for orally less efficient drugs. 
J Controlled Release 2006;114:15-40. 

38. Nagarwal RC, Kant S, Singh PN, Maiti P, Pandit JK. Polymeric 
nanoparticulate system: a potential approach for ocular drug 
delivery. J Controlled Release 2009;136:2-13. 

39. Hoare TR, Kohane DS. Hydrogels in drug delivery: progress and 
challenges. Polym 2008;49:1993-2007. 

40. Gu D, O’Connor AJ, GH Qiao G, Ladewig K. Hydrogels with smart 
systems for delivery of hydrophobic drugs. 
Expert Opin Drug Delivery 2017;14:879-95. 

41. Abdelkader H, Mansour HF. Comparative studies for 
ciprofloxacin hydrochloride preformed gels and thermally 
triggered (in situ) gels: in vitro and in vivo appraisal using a 
bacterial keratitis model in rabbits. Pharm Dev Technol 
2015;20:410-6. 

42. Kumbhar AB, Rakde AK, Chaudhari PD. In situ gel forming 
injectable drug delivery system. Int J Pharm Sci Res 
2013;4:597-609. 

43. Mundada AS, Avari JG. In situ gelling polymers in ocular drug 
delivery systems: a review. Crit Rev Ther Drug Carrier Syst 
2009;26:85-118. 

44. Mahajan HS, Shah SK, Surana SJ. Nasal in situ gel containing 
hydroxy propyl β-cyclodextrin inclusion complex of 
artemether: development and in vitro evaluation. J Incl Phenom 
Macrocycl Chem 2011;70:49-58. 

45. Singh RM, Kumar A, Pathak K. Mucoadhesive in situ nasal 
gelling drug delivery systems for modulated drug delivery. 
Expert Opin Drug Delivery 2013;10:115-30. 

46. Matanovic MR, Kristl J, Grabnar PA. Thermoresponsive 
polymers: insights into decisive hydrogel characteristics, 
mechanisms of gelation, and promising biomedical 
applications. Inter J Pharm 2014;472:262-75. 

47. Coviello T, Matricardi P, Marianecci C, Alhaique F. 
Polysaccharide hydrogels for modified release formulations. J 
Controlled Release 2007;119:5-24. 

48. Malafaya PB, Silva GA, Reis RL. Natural–origin polymers as 
carriers and scaffolds for biomolecules and cell delivery in 
tissue engineering applications. Adv Drug Delivery Rev 
2007;59:207-33. 

49. Gil ES, Hudson SM. Stimuli-responsive polymers and their bio-
conjugates. Prog Polym Sci 2004;29:1173-222. 

50. Gulrez SK, Al-Assaf S, Phillips GO. Hydrogels: methods of 
preparation, characterisation and applications. Progress in 
molecular and environmental bioengineering from analysis and 
modelling to technology applications; 2011. p. 117-50. 

51. Brinker CJ, Scherer GW. Sol-gel science: the physics and 
chemistry of sol-gel processing. Academic Press; 2013. 

52. Radivojsa M, Grabnar I, Grabnar PA. Thermo-reversible in situ 
gelling poloxamer-based systems with chitosan nanocomplexes 
for prolonged subcutaneous delivery of heparin: design and in 
vitro evaluation. Eur J Pharm Sci 2013;50:93-101. 

53. Devasani SR, Dev A, Rathod S, Deshmukh G. An overview of in 
situ gelling systems. Pharm Biological Eva 2016;3:60-9. 

54. Parekh HB, Jivani R, Jivani NP, Patel LD, Makwana A, Sameja K. 
Novel in situ polymeric drug delivery system: a review. 
J Drug Delivery Ther 2012;2:136-45. 

55. Liu L, Gao Q, Lu X, Zhou H. In situ forming hydrogels based on 
chitosan for drug delivery and tissue regeneration. Asian J 
Pharm Sci 2016;11:673-83. 

56. Saini R, Saini S, Singh G, Banerjee A, Railmajra DS. In situ gels-a 
new trends in ophthalmic drug delivery systems. Int J Pharm 
Sci Res 2015;6:386-90. 

57. Brun Graeppi AK, Richard C, Bessodes M, Scherman D, Merten 
OW. Thermoresponsive surfaces for cell culture and enzyme-
free cell detachment. Prog Polym Sci 2010;35:1311-24. 

58. Darge HF, Andrgie AT, Tsai HC, Lai JY. Polysaccharide and 
polypeptide based injectable thermo-sensitive hydrogels for 

local biomedical applications. Inter J Biol Macromol 
2019;133:545-63. 

59. Taylor MJ, Tomlins P, Sahota TS. Thermo-responsive gels. Gels 
2017;3:4. 

60. Jagur Grodzinski J. Polymeric gels and hydrogels for biomedical 
and pharmaceutical applications. Polym Adv Technol 
2010;21:27-47. 

61. Cole MA, Voelcker NH, Thissen H, Griesser HJ. Stimuli-
responsive interfaces and systems for the control of protein–
surface and cell-surface interactions. Biomaterials 
2009;30:1827-50. 

62. He C, Kim SW, Lee DS. In situ gelling stimuli-sensitive block 
copolymer hydrogels for drug delivery. J Controlled Release 
2008;127:189-207. 

63. Masteikova R, Chalupova Z, Sklubalova Z. Stimuli-sensitive 
hydrogels in controlled and sustained drug delivery. Medicina 
2003;39:19-24. 

64. Ju XJ, Xie R, Yang L, Chu LY. Biodegradable ‘intelligent’ 
materials in response to physical stimuli for biomedical 
applications. Expert Opin Ther Pat 2009;19:493-507. 

65. Agarwal P, Rupenthal ID. Injectable implants for the sustained 
release of protein and peptide drugs. Drug Discover Today 
2013;18:337-49. 

66. Rajak P, Nath LK, Bhuyan B. Liquid crystals: an approach in 
drug delivery. Indian J Pharma Sci 2019;81:11-21. 

67. Hassan RM, Khairou KS, Awad AM. New aspects to 
physicochemical properties of polymer gels in particularly the 
coordination biopolymeric metal–alginate ionotropic hydrogels. 
In: Polymer Gels, Springer, Singapore; 2018. p. 275-354. 

68. Qazvini NT, Bolisetty S, Adamcik J, Mezzenga R. Self-healing fish 
gelatin/sodium montmorillonite biohybrid coacervates: 
structural and rheological characterization. Biol Macromol 
2012;13:2136-47. 

69. Migneault I, Dartiguenave C, Bertrand MJ, Waldron KC. 
Glutaraldehyde: Behaviour in aqueous solution, reaction with 
proteins, and application to enzyme cross-linking. Biotech 
2004;37:790-802. 

70. Oryan A, Kamali A, Moshiri A, Baharvand H, Daemi H. Chemical 
cross-linking of biopolymeric scaffolds: current knowledge and 
future directions of cross-linked engineered bone scaffolds. Int 
J Biol Macromol 2018;107:678-88. 

71. Vibha B. In-situ gel nasal drug delivery system-a review. Inter J 
Pharma Sci 2014;4:577-80. 

72. Wu Y, Liu Y, Li X, Kebebe D, Zhang B, Ren J, et al. Research 
progress of in-situ gelling ophthalmic drug delivery system. 
Asian J Pharm Sci 2019;14:1-5. 

73. Kumar L, Verma R. Chemical stability studies of bioadhesive 
topical gel. Int J Pharm Pharm Sci 2011;3:101-4. 

74. Yadav KS, Rajpurohit R, Sharma S. Glaucoma: current treatment 
and impact of advanced drug delivery systems. Life Sci 
2019;221:362-76. 

75. Karthikeyan D, Bhowmick M, Pandey VP, Nandhakumar J, 
Sengottuvelu S, Sonkar S, et al. The concept of ocular inserts as 
drug delivery systems: an overview. Asian J Pharm 2014;2:192-
200. 

76. Morsi N, Ibrahim M, Refai H, El Sorogy H. Nanoemulsion-based 
electrolyte triggered in situ gel for ocular delivery of 
acetazolamide. Eur J Pharm Sci 2017;104:302-14. 

77. Kakinoki S, Taguchi T. Antitumor effect of an injectable in-situ 
forming drug delivery system composed of a novel tissue 
adhesive containing doxorubicin hydrochloride. Eur J Pharm 
Biopharm 2007;67:676-81. 

78. Miyazaki S, Kubo W, Itoh K, Konno Y, Fujiwara M, Dairaku M, et 
al. The effect of taste masking agents on in situ gelling pectin 
formulations for oral sustained delivery of paracetamol and 
ambroxol. Int J Pharm 2005;297:38-49. 

79. Dhir S, Ali Saffi K, Kamalpuria N, Mishra D. An overview of in 
situ gelling system. Int J Pharm Life Sci 2016;7:5135-56. 

80. Van Tomme SR, Hennink WE. Biodegradable dextran hydrogels 
for protein delivery applications. Expert Rev Med Devices 
2007;4:147-64. 

81. Basu A, Kunduru KR, Doppalapudi S, Domb AJ, Khan W. Poly 
(lactic acid) based hydrogels. Adv Drug Delivery Rev 
2016;107:192-205. 



Padmasri et al. 
Int J App Pharm, Vol 12, Issue 6, 2020, 24-33 

32 

82. Kubo W, Itoh K, Miyazaki S, Attwood D. Oral sustained delivery 
of theophylline and cimetidine from in situ gelling pectin 
formulations in rabbits. Drug Dev Ind Pharm 2005;31:819-25. 

83. Madan M, Bajaj A, Lewis S, Udupa N, Baig JA. In situ forming 
polymeric drug delivery systems. Indian J Pharm Sci 
2009;71:242-51. 

84. Miyazaki S, Kawasaki N, Endo K, Attwood D. Oral sustained 
delivery of theophylline from thermally reversible xyloglucan 
gels in rabbits. J Pharm Pharmacol 2001;53:1185-91. 

85. Paul S, Mondol R, Ranjit S, Maiti S. Antiglaucomatic niosomal 
system: recent trend in ocular drug delivery research. Int J 
Pharm Pharm Sci 2010;2:15-8. 

86. Nayak AK, Bera H. In situ polysaccharide-based gels for topical 
drug delivery applications. In: Polysaccharide carriers for drug 
delivery; 2019. p. 615-38.  

87. Kanwar N, Sinha VR. In situ forming depot as sustained-release 
drug delivery systems. Crit Rev Ther Drug Carrier Syst 
2019;36:93-136. 

88. Mundhada DR, Chandewar AV. An overview on in-situ gel. Res J 
Pharma Dosage Forms Tech 2015;7:261-5. 

89. Kouchak M. In situ gelling systems for drug delivery. 
Jundishapur J Nat Pharm Prod 2014;9:e20126. 

90. Elmowafy E, Cespi M, Bonacucina G, Soliman ME. In situ 
composite ion-triggered gellan gum gel incorporating amino 
methacrylate copolymer microparticles: a therapeutic modality 
for buccal applicability. Pharma Dev Tech 2019;24:1258-71. 

91. Vashisth P, Singh H, Pruthi PA, Pruthi V. Gellan as novel 
pharmaceutical excipient. Handbook of Polymers for 
Pharmaceutical Technologies: Structure and Chemistry; 2015. 
p. 1-21. 

92. Mishra A, Malhotra AV. Tamarind xyloglucan: a polysaccharide 
with versatile application potential. J Mater Chem 
2009;19:8528-36. 

93. Swamy NG, Abbas Z. Mucoadhesive in situ gels as nasal drug 
delivery systems: an overview. Asian J Pharm Sci 2012;7:168-80. 

94. Tiwari G, Tiwari R, Sriwastawa B, Bhati L, Pandey S, Pandey P, 
et al. Drug delivery systems: an updated review. Int J Pharm 
Invest 2012;2:2-11. 

95. Cho H, Chung D, Jeongho A. Poly (D, L-lactide-ran-ε-
caprolactone)-poly (ethylene glycol)-poly (D, L-lactide-ran-ε-
caprolactone) as parenteral drug-delivery systems. 
Biomaterials 2004;25:3733-42. 

96. Okada M. Chemical syntheses of biodegradable polymers. Prog 
Polym Sci 2002;27:87-133. 

97. Kamaly N, Yameen B, Wu J, Farokhzad OC. Degradable controlled-
release polymers and polymeric nanoparticles: mechanisms of 
controlling drug release. Chem Rev 2016;116:2602-63. 

98. Mäder K, Lehner E, Liebau A, Plontke SK. Controlled drug 
release to the inner ear: concepts, materials, mechanisms, and 
performance. Hearing Res 2018;368:49-66. 

99. Gehrke SH. Synthesis, equilibrium swelling, kinetics, 
permeability and applications of environmentally responsive 
gels. In: Responsive gels: Volume transitions II, Springer, 
Berlin, Heidelberg; 1993. p. 81-144. 

100. Kathe K, Kathpalia H. Film forming systems for topical and 
transdermal drug delivery. Asian J Pharm Sci 2017;12:487-97. 

101. Hua S. Physiological and pharmaceutical considerations for 
rectal drug formulations. Front Pharmacol 2019;10:01196. 

102. Jannin V, Lemagnen G, Gueroult P, Larrouture D, Tuleu C. Rectal 
route in the 21st Century to treat children. Adv Drug Delivery 
Rev 2014;73:34-49. 

103. Dodou K. Exploring the unconventional routes-rectal and 
vaginal dosage formulations. Pharma J 2012;289:38. 

104. D'souza C. The hot topic: a life-changing look at the change of 
life. Simon and Schuster; 2016. 

105. Prasad RR, Kumar JR, Vasudha BA, Chettupalli AK. Formulation 
development and evaluation of allopurinol solid dispersions by 
solvent evaporation technique. Int J Appl Pharm 2018;10:168-71. 

106. Mahalingam R, Li X, Jasti BR. Semisolid dosages: ointments, 
creams, and gels. Pharmaceutical sciences encyclopaedia: drug 
discovery, development, and manufacturing; 2010. p. 1-46. 

107. Saini R, Saini S, Singh G, Banerjee A, Railmajra DS. In situ gels-
new trends in ophthalmic drug delivery systems. Int J Pharm 
Sci Res 2015;6:386-90. 

108. Soni V, Pandey V, Tiwari R, Asati S, Tekade RK. Design and 
evaluation of ophthalmic delivery formulations. In: Basic 
Fundamentals of Drug Delivery, Academic Press; 2019. p. 473-538. 

109. Nakanishi K. Pore structure control of silica gels based on 
phase separation. J Porous Materials 1997;4:67-112. 

110. Kumar D, Jain N, Gulati N, Nagaich U. Nanoparticles laden in 
situ gelling system for ocular drug targeting. J Adv Pharm 
Technol Res 2013;4:9-17. 

111. Asasutjarit R, Thanasanchokpibull S, Fuongfuchat A, 
Veeranondha S. Optimization and evaluation of 
thermoresponsive diclofenac sodium ophthalmic in situ gels. 
Inter J Pharm 2011;411:128-35. 

112. Wei G, Xu H, Ding PT, Zheng JM. Thermosetting gels with 
modulated gelation temperature for ophthalmic use: the 
rheological and gamma scintigraphic studies. J Controlled 
Release 2002;83:65-74. 

113. Moore MM, Schober TJ, Dockery P, Arendt EK. Textural 
comparisons of gluten-free and wheat-based doughs, batters, 
and breads. Cereal Chem 2004;81:567-75. 

114. Affholder M, Valiron F. Descriptive Physical Oceanography. CRC 
Press; 2001. 

115. Ramotowski RS. Vapor/fuming methods. In: Lee and 
Gaensslen's advances in fingerprint technology, Boca Raton, FL: 
CRC Press; 2012. p. 114-45. 

116. Kashyap N, Viswanad B, Sharma G, Bhardwaj V, Ramarao P, 
Kumar MR. Design and evaluation of biodegradable, bio-
sensitive in situ gelling system for pulsatile delivery of insulin. 
Biomaterials 2007;28:2051-60. 

117. Mandal S, Thimmasetty MK, Prabhushankar GL, Geetha MS. 
Formulation and evaluation of an in situ gel-forming 
ophthalmic formulation of moxifloxacin hydrochloride. Int J 
Pharm Invest 2012;2:78. 

118. Nagalakshmi S, Anbarasan B, Ramesh S, Shanmuganathan S, 
Thanka J. An overview-stimuli sensitive hydrogels in ocular 
drug delivery system. J Pharm Sci Res 2015;7:818. 

119. Rao MA. Measurement of flow and viscoelastic properties. In: 
Rheology of Fluid, Semisolid, and Solid Foods, Springer, Boston, 
MA; 2014. p. 63-159. 

120. Wortel V, Taelman MC, Roschzttardtz F, Tharwat F. Tadros, 
Sandra Léonard, Cornelis Verboom. Colloid Stability; 2007. 

121. Bansal G, Suthar N, Kaur J, Jain A. Stability testing of herbal 
drugs: Challenges, regulatory compliance and perspectives. 
Phytother Res 2016;30:1046-58. 

122. Ubaid M, Ilyas S, Mir S, Khan AK, Rashid R, Khan MZ, et al. 
Formulation and in vitro evaluation of carbopol 934-based 
modified clotrimazole gel for topical application. An Acad Bras 
Cienc 2016;88:2303-17. 

123. Sapavatu SN, Jadi RK. Formulation development and 
characterization of gastroretentive drug delivery systems of 
loratadine. Int J Appl Pharm 2019;11:91-9. 

124. Srinu Naik Sapavatu, Rajendra Kumar Jadi. Development of 
floating drug delivery system for loratadine: in vitro and in vivo 
evaluation. Int J Pharm Sci Res 2020;11:3021-32. 

125. Moondra S, Raval N, Kuche K, Maheshwari R, Tekade M, Tekade 
RK. Sterilization of pharmaceuticals: technology, equipment, 
and validation. In Dosage Form Design Parameters, Academic 
Press; 2018. p. 467-519. 

126. Aldrich DS, Bach CM, Brown W, Chambers W, Fleitman J, Hunt D, et 
al. Ophthalmic preparations. US Pharmacopeia 2013;39:1-21. 

127. Kadam S, Kondawar M, Kamble K. Formulation and evaluation 
of in situ gelling system of ketrolac tromethamine for 
ophthalmic drug delivery. Int J Pharm Thera 2010;1:64-71. 

128. Morsi N, Ghorab D, Refai H, Teba H. Ketoroloac tromethamine 
loaded nanodispersion incorporated into thermosensitive in situ 
gel for prolonged ocular delivery. Int J Pharm 2016;506:57-67. 

129. Leng KM, Vijayarathna S, Jothy SL, Sasidharan S, Kanwar JR. In 
vitro and in vivo anticandidal activities of alginate-enclosed 
chitosan–calcium phosphate-loaded Fe-bovine lactoferrin 
nanocapsules. Future Sci OA 2017;4:FSO257. 

130. Rodriguez Hernandez J. Antimicrobial/Antifouling surfaces 
obtained by surface modification. In: Polymers against 
Microorganisms, Springer, Cham; 2017. p. 95-123. 

131. Wang F, Yang Z, Liu M, Tao Y, Li Z, Wu Z, et al. Facile nose-to-
brain delivery of rotigotine-loaded polymer micelles 



Padmasri et al. 
Int J App Pharm, Vol 12, Issue 6, 2020, 24-33 

33 

thermosensitive hydrogels: in vitro characterization and in vivo 
behavior study. Int J Pharm 2020;577:119046. 

132. Jones DS, Yu T, Andrews GP. A statistical determination of the 
contribution of viscoelasticity of aqueous carbohydrate 
polymer networks to drug release. Carbohydr Polym 
2019;206:511-9. 

133. Jain D, Kumar V, Singh S, Mullertz A, Bar-Shalom D. Newer 
trends in in situ gelling systems for controlled ocular drug 
delivery. J Anal Pharm Res 2016;2:00022. 

134. Bashir R, Majeed A, Ali T, Farooq S, Khan NA. Floating oral in-
situ gel: a review. J Drug Delivery Ther 2019;9:442-8. 

135. Majeed A, Khan NA. Ocular in situ gel: an overview. J Drug 
Delivery Ther 2019;9:337-47. 

136. Soliman KA, Ullah K, Shah A, Jones DS, Singh TR. Poloxamer-
based in situ gelling thermoresponsive systems for ocular drug 
delivery applications. Drug Discovery Today 2019;24:1575-86. 

137. Pandya Y, Sisodiya D, Dashora K. Atrigel, implants and 
controlled released drug delivery system. Int J Biopharm 
2014;5:208-13. 

138. Mammo ZN, Flanagan JG, James DF, Trope GE. Generic versus 
brand-name North American topical glaucoma drops. Can J 
Ophthalmol 2012;47:55-61. 

 


	INTRODUCTION
	CONCLUSION
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

