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ABSTRACT 

Aphthous ulcers (AUs), commonly known as canker sores, are painful, recurrent lesions that affect the 

oral mucosa, causing significant discomfort and impacting the quality of life. Traditional treatments 

for aphthous ulcers, such as topical ointments, oral medications, and antiseptic mouthwashes, often 

fail to provide sustained relief and require frequent application. In recent years, in-situ gel systems have 

gained attention as a promising strategy for the localized and controlled treatment of aphthous ulcers. 

These gels are designed to transition from a liquid to a gel form upon contact with the mucosal surface, 

ensuring prolonged contact at the ulcer site. The gel's mucoadhesive properties enhance its 

therapeutic effects by increasing drug retention and bioavailability, promoting faster healing, and 

alleviating pain. Various active pharmaceutical ingredients, including corticosteroids, anti-

inflammatory agents, and antimicrobial compounds, have been successfully incorporated into in-situ 

gels to target the underlying causes of ulceration and provide symptomatic relief. This review 

explores the potential of in-situ gel systems in the treatment of aphthous ulcers, highlighting their 

benefits such as ease of administration, localized action, and enhanced patient compliance.  
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INTRODUCTION:  

The Latin word for "in-situ" importance "in its 

unique spot or in position" [1], One of the best 

clever medication conveyance components is 

the "in situ gel" advancements [2]. Viscous 

fluids known as "in situ gels" display the 

exceptional element of navigating sol-to-gel 

changes structures [3]. In-situ gel arrangement 

happens through different upgrades, like 

changes in pH, temperature, dissolvable trade, 

ionic cross-connecting, ionization, or UV light 

[4], It works with the supported and controlled 

arrival of medications [5]. In-situ gel detailing 

applied for designated conveyance [1], Taking 

a gander at the possible collaboration among 

Mucoadhesion and gelation on plan execution, 

this survey looks at the headway made over the 

most recent decade in the improvement of in situ 

gelling drug-conveyance frameworks for non-

parenteral organization courses, including 

visual, nasal, buccal, gastrointestinal, vaginal, 

and intravesical [6]. Drug organizations are 

zeroing in on creating imaginative strategies for 

drug conveyance for their ongoing 

prescriptions that have further developed 

viability and bioavailability along with lower 

measurement recurrence to diminish 

antagonistic impacts, because of the very high 

improvement cost of new substance elements 

(4). Gels arrive in various structures; the most 

widely recognized ones for delayed discharge 

incorporate hydrogels, large scale and 

microgels, nanogels, in situ gels, and Emulgels 

[7]. Polymers can enter profoundly into the 

bodily fluid gel layer, upgrading possible cement 

connections and giving anchors to the 

conveyance framework in the firmer, more 

steady bodily fluid close to the epithelium [8]. 

Obviously utilizing biodegradable polymers in 

helpful applications has benefits. In situ framing 

drug conveyance frameworks are created 

utilizing various normal and manufactured 

polymers [5]. Hydrogels is a three-layered 

structure which has ability to hold mass measure 

of water and furthermore organic fluids to swell 

[9]. There are two sorts of hydrogels: pre-

assembled hydrogels and in-situ hydrogels. 

Preformed hydrogels are straightforward 

viscous fluids that stay unaltered after 

organization, while in situ gels are 

arrangements or liquids that gel because of 

Physico-compound changes made subsequent 

to arriving at the particular area (Huffman, 

Afrasiabi et al., 1986) [10]. In spite of the fact 

that there are no supported generics, the FDA 

has endorsed four New Medication 

Applications (NDAs) for in-situ shaping items. 

The advancement of nonexclusive items is 

complicated because of the difficulties 

associated with definition portrayal, in vitro 

drug discharge testing, and the critical level of 
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heterogeneity in vivo pharmacokinetics (PK) 

profiles. While the unmistakable in-situ stage 

reversal system is frequently faulted for these 

difficulties, an exhaustive comprehension is as 

yet deficient. Accordingly, utilizing existing 

writing and interior FDA drug accommodation 

information, our work zeroed in on recognizing 

staying logical holes for in-situ framing 

warehouse arrangements. Discoveries will be 

utilized to foster future Conventional 

Medication Client Expense Change (GDUFA)- 

supported research tasks to advance 

nonexclusive item improvement [11]. 

Aphthous ulcer: The expression "aphthous" is 

gotten from the Greek word "aphtha," and that 

implies ulcer. Aphthous ulcers, or repetitive 

aphthous stomatitis (RAS), are harmless 

ulcerated sores habitually tracked down in the 

mouth, with a dubious reason, disputable 

treatment choices, and a differential finding that 

requires cautious thought and clinical skill  

[12]. They are difficult from the beginning, 

these ulcers foster on non-keratinized mucosa, 

like the lips, the buccal mucosa, and the tongue's 

edge, Following 24 hours, aphthous ulcers 

structure as a grayish-yellow layer with an 

erythematous radiance [13]. RAU can appear as 

gentle <10 mm or major >10 mm ulcers in view 

of the size and state of the sores, and it can 

likewise appear as many (herpetiform) sores 

with regards to in enormous amounts [14]. This 

is the most well-known oral ulcerative problem, 

influencing 10-20% of our populace, and has a 

3-month repeat rate in half of cases. Major 

aphthae likewise called as Sutton's illness, it is 

just 10-15% of RAS cases, Herpetiform is least 

normal variation of RAS that is just 07-10% of 

RAS cases [15]. Eating, drinking, and talking 

can turn out to be extremely agonizing because 

of variables like bacterial or viral 

contaminations, imparting food to a tainted 

individual, stomach related issues, immune 

system sicknesses, or even pressure  [16], 

Genetic variables, psychosomatic issues, 

diseases, hormonal changes (like those during 

periods, pregnancy, or post-menopause), 

injury, hematological anomalies, and 

nourishing inadequacies (like iron, vitamin 

B12, and folic corrosive) can be generally 

connected with the condition. In any case, this 

condition's shortfall of biochemical and 

histologically particular changes makes the 

distinguishing proof of repeating aphthous 

ulcers conceivable [12], Development chemical 

(GH) and cortisol are two resistant components 

that intervene these two associations [17]. Then, 

at that point, fiery cell penetration, as well as the 

movement and enactment of Lymphocytes and 

leukocytes, bring about edematous enlarging, in 

this manner, expanded degrees of TNF-an and 

interleukin-2 (IL-2) assume a critical part in the 

improvement, of the inflammatory reaction, 
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The lamina propria, which has sensitive spots 

and expanded veins, may then support harm 

that outcomes in outrageous uneasiness, 

redness, and dying [14]. To lessen the weight of 

dental problems and accomplish "ideal oral 

wellbeing" for everyone by 2020 — an 

objective that has earned respect as of late as an 

urgent part of general wellbeing — the Indian 

Dental Affiliations (IDA) laid out the Public 

Oral Wellbeing Project [18]. Contrasting with 

most customary and foundational plan 

strategies, the buccal prescription conveyance 

method offers various benefits. It adds to 

expanded bioavailability by keeping away from 

the first-pass digestion influence, further 

developing ingestion at the mucosal surface, and 

dragging out the length of home. The mucosa of 

the buccal cavity was found to be the most 

viable and reachable transmucosal site for the 

conveyance of the helpful specialist for both 

neighborhood and fundamental conveyances 

among the leftover transmucosal locales 

accessible  [19]. An assortment of 

measurements structures can act as 

mucoadhesive frameworks for buccal 

medication conveyance, including fluids 

(suspensions and arrangements), semi-solids 

(gels, balms, creams, and emulgels), solids 

(tablets, capsules, films, wafers, patches, plates, 

biting gums, and powders), as well as splashes  

[20-22]. Treatments and avoidance measures 

for oral mucositis are constantly being assessed, 

with current methodologies including oral 

cleanliness, contamination counteraction 

through antimicrobial, antifungal, and antiviral 

prescriptions, mitigating medicines (like 

prostaglandins and neighborhood non-steroidal 

calming drugs), laser treatment, responsive 

oxygen species (ROS) inhibitors, salivary 

capability modifiers, cryotherapy, glutamine 

use, covering specialists, and medicines 

including both industrially accessible and 

filtered development factors. [31]. 

 

Figure 1: In-situ gel action on Aphthous ulcer 
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An oral mucosal route responsible for drug 

transport: 

As a general rule, the oral mucosa's penetrability is 

somewhere between that of the stomach and the 

skin. [32]. When the dynamic parts arrive at the 

objective area in a fixation that is sufficiently high 

to give a pharmacodynamic influence, the 

remedial impact is understood.  Dynamic 

mixtures ought to saturate the mucosa and 

move the buccal epithelium to be caught up to 

have a helpful impact when directed buccally [33]. 

It ought to be noticed that spit's pH changes a 

particle's hydrophobic/hydrophilic properties as 

well as its charge, which might confine its amount 

is consumed [32, 33]. Medications can cross the 

buccal mucosal film by pinocytosis, transporter 

intervened dynamic vehicle, or uninvolved 

dispersion [33, 34]. It takes inactive 

dissemination to permit the medication to go 

through the buccal mucosa. Subsequently, the 

medication's compound and actual attributes 

control this pathway [35]. The two most 

significant properties that influence a compound's 

ability to pass across a tissue film are its 

lipophilicity and sub-atomic weight. Customary 

articulations of lipophilicity utilize the log P an 

incentive for the octanol (oil)- water segment 

coefficient [36]. In the buccal mucosa, meds 

diffuse latently through two unique pathways: (a) 

paracellular, where they do as such through 

intracellular holes, and (b) transcellular, where 

they cross the cell layer [37, 38]. As a result of 

their low water dissolvability, meds with high log 

P values can't be as expected retained, while more 

modest, less lipophilic meds (log P1.6-3.3) can be 

better caught up in the oral mucosa. Due to the 

amphiphilic idea of the intercellular lipids, the 

paracellular pathway is the more profitable course 

for large and hydrophilic particles to arrive at the 

buccal mucosa, where they are less fruitful. Drugs 

that are little and lipophilic can go through the 

mouth mucosa and enter cells transcellularly [39]. 

Because of the buccal mucosa's enzymatic 

boundary and restricted porousness, the 

bioavailability of peptides by means of the buccal 

course was stayed low. This can be expanded by 

adding infiltration enhancers or chemical 

inhibitors. Future improvements in buccal drug 

organization will zero in on conveying small 

proteins and peptides and creating antibody 

plans [40]. 

Sol-to-Gel Phase Transition Mechanisms: 

There are two different ways that the in-situ 

gel 

structures: chemically and physical. While 

substance instruments rely upon compound 

responses, actual systems incorporate enlarging 

and dispersion. At the point when a compound 

retains water from its environmental factors and 

extends to consume the fundamental space, in 

situ creation by enlarging happens. In case of 

dispersion, the polymer network hastens or 
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hardens because of dissolvable diffusing from 

the polymer arrangement into the 

encompassing tissue. In particulars, the 

polymers used may encounter a sol-gel change 

because of compound (pH, particles) or physical 

(temperature) upgrades. In light of 

improvements, three essential classes of in-situ 

gels have been found [41]. In light of 

improvements, three essential classes of in-situ 

gels have been found. 

1. Temperature sensitive in situ gel: In-situ 

gelling definition, temperature is the most 

frequently involved upgrade in earth responsive 

polymer frameworks. The temperature change 

that is utilized is easy to apply in vivo as well as 

to manage. In this procedure, internal heat level 

causes gelation; outside heat isn't needed. At the 

point when these hydrogels come into contact 

with natural liquids, their fluid state changes to 

a gel state (35-37°C) because of a climb in 

temperature. Frameworks that are incited by 

temperature decrease into three classes. They 

are the sort that is unfavorably thermosensitive. 

For instance, decidedly thermosensitive poly 

(N isopropylacrylamide) or thermally 

reversible polyacrylic corrosive Like 

Tertronics, Pluronic, and Poloxamer. 

Thermoresponsive or temperature-responsive 

polymers — which show a sharp and persistent 

change in their actual qualities with temperature 

— are utilized in this framework. There is an 

upper or lower basic arrangement temperature 

for specific polymers, and they display a 

miscibility hole at high or low temperatures [2]. 

2. PH-induced on-site gelation: Changes in 

pH make gel develop in this system. This 

strategy utilizes pH responsive or pH touchy 

polymers. Pendant acidic or fundamental 

gatherings in pH- delicate polymers can take or 

delivery protons in light of varieties in the pH of 

their environmental elements [42]. 

Polyelectrolytes are immense quantities of 

polymers of ionizable gatherings. The 

definition's poly electrolytes raise the pH 

outside the arrangement, which makes the 

hydrogel develop and make in situ gel. Anionic 

gatherings in certain polymers make them 

suitable for this strategy. Among them are 

polyethylene glycol (Stake), pseudo latexes, 

carbomer and its subordinates, cellulose acetic 

acid derivation phthalate (CAP), poly 

methacrylic corrosive (PMC, etc. [2]. 

Ion enacted in situ gelation: Through this 

system, an adjustment of the ionic strength 

makes the infused arrangement gel. The osmotic 

inclination that stumbles into the gel's surface is 

remembered to control the pace of gelation. The 

polymers that display osmotically prompted 

gelation incorporate alginates, hyaluronic 

corrosive, and gelrite or gellan gum [43, 44]. 

Benefits for in situ gel: Applications for in situ 

gels incorporate ophthalmic, oral, injectable, 
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intranasal, vaginal, and that's just the beginning. 

They are utilized as medicine carriers, 

especially for conditions where neighborhood 

treatment might be gainful. For example, 

treating parasitic or bacterial diseases of the eyes 

or wounds all the more rapidly can be 

accomplished by applying skin antifungal or 

antibacterial prescriptions immediately [45. 

46]. Specifically, effective drugs are picked as 

a deterrent measure over fundamental 

antimicrobials. Additionally, clinical experts 

like to utilize skin gels or creams that are loaded 

with antibacterial prescriptions to treat vaginal 

contaminations [47]. One more application for 

in situ gels is in neighborhood chemotherapy 

[48]. 

 

 
Figure 2: Outline application for delivery 

 

Oral In- Situ Gel Applications: 

Table 1: Incorporating in situ gels for oral: 
Medical treatments Polymer Use stimulation Dosage form of drug 

Famotidine Alginate Gastric ulcer pH activated Oral tablets(20mg,40mg) 
Famotidine Chitosan, Gellan gum Gastric ulcer Ion activated Oral tablets (20mg,40mg) 
Ranitidine Gellan gum Gastric ulcer pH activated Oral tablets (75mg,150mg,300mg) 
Meloxicam Sodium alginate Gastric ulcer pH activated Injectable solution (7.5mg,15mg) 

Clarithromycin Gellan gum Gastric ulcer Ion activated Tablets(250mg,500mg), 
Oral suspension (5ml) 

Spiramycin Sodium Alginate, HPMC Stomach 
Infections 

pH activated Tablets 1million IU, Oral suspension 1 
million IU per 5ml 

Paracetamol Sodium alginate, 
Methylcellulose, PEG 

Dysphagic 
patients 

Ion activated Oral suspension(5ml), 
Suppositories(125mg,250mg,500mg) 

Mitiglinide calcium Gellan gum, Sodium 
alginate, propylene glycol 

Diabetes Ion activated Tablets (10mg, 20mg) 

Nifedipine Gellan gum, HPMC preeclampsia Ion activated Immediate release tablet(10mg,30mg) 
Extended release tablet 

(30mg,60mg,90mg) 
Losartan Sodium alginate Hypertension Ion activated Tablets (25mg,50mg,100mg) 

Clotrimazole Gellan gum, Carbopol, 
HPMC 

Oral candidiasis pH, ion activated Torches (lozenges) 10mg 
Oral solution (10mg/ml) 

Itraconazole Poloxamer, Carbopol Oral thrush Temperature 
activated 

Capsules (100mg), oral suspension (10ml) 

Doxycycline hyclate Cholesterol periodontitis Ion activated Capsules (100mg), Tablets(20mg,100mg), 
oral suspension (5ml) 

Levofloxacin, 
Metronidazole 

Chitosan Periodontitis pH activated Tablets (250mg,500mg,750mg) 

Moxifloxacin Poloxamer, Gellan gum, 
Carbopol 

Periodontitis Temperature, ion 
activated, pH 

Tablet (400mg) 

- K-carrageenan, 
HPC 

Oral mucositis Ion activated - 
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CONCLUSION: 

In-situ gel systems represent a promising and 

innovative approach for the treatment of 

aphthous ulcers, combining the benefits of 

sustained drug release, localized action, and 

enhanced patient compliance. These gels, 

which transition from a liquid to a gel at body 

temperature, can provide continuous and 

targeted therapeutic effects, reducing pain and 

promoting faster healing of the ulcerated tissue. 

The mucoadhesive nature of in-situ gels ensures 

prolonged contact with the ulcer surface, 

improving the bioavailability of active 

pharmaceutical ingredients and minimizing the 

need for frequent reapplication. The versatility 

of in-situ gels allows for the incorporation of a 

variety of therapeutic agents, including anti-

inflammatory, analgesic, antimicrobial, and 

corticosteroid drugs, which are essential in the 

management of aphthous ulcers. Additionally, 

the formulation of in-situ gels can be customized 

to optimize factors like drug release kinetics, 

patient comfort, and ease of use, making it a 

patient-friendly treatment modality. 
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