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Abstract :  The aim of present work was to formulate thermosensitive in situ gel of carbamazepine (CBZ), an anti-epileptic agent. 

In situ nasal gel of CBZ was formulated by cold method using Pluronic F68 and Pluronic F127 as thermoreversible stimuli sensitive 

polymer along with two different grades of hydroxypropyl methyl cellulose as mucoadhesive polymer. It is thought that the thermo-

reversion and mucoadhesion would synergistically enhance the residence time of the drug in the nasal cavity and also impart better 

penetration of the drug to brain for the site-specific activity. The sustained release obtained from the viscous gel makes the treatment 

even better especially in the chronic epileptic conditions like tonic-clonic seizures.  The prepared formulations were evaluated for 

pH, clarity, in vitro gelation, gelling strength, mucoadhesion, in vitro drug release and accelerated stability studies. Results have 

shown that final batches of in situ gels were having desired gelation temperature to provide pourable ‘Sol’ form at room temperature 

and ‘Gel’ form in the nasal cavity with a good gel strength and mucoadhesion required for nasal retention. Formulations showed 

polymer concentration dependent drug release retardation over a period of 6 hrs.  

 

Index Terms - Thermoreversible gel, Stimuli-sensitive, HPMC, Pluronic, Carbamazepine, Epilepsy. 
 

INTRODUCTION 

Carbamazepine is an anticonvulsant and/or anti-epileptic drug which also relieves neuropathic pain and also used in case of 

Schizophrenia. Carbamazepine reduces sodium channel activity by binding with it. Carbamazepine is metabolized by CYP3A4 

system in liver.1 This leads to increase in drug clearance and reduced half-life as well, increasing its frequency of administration. 

 In case of patients with brain disorders, oral drugs administration is more challenging due to presence of lipophilic tight junctions 

of blood brain barrier.2 To avoid these difficulties, bypassing oral route could be better option. Nasal administration of 

Carbamazepine can lead to efficiency of it, by maintaining drug levels in brain through brain targeted drug delivery.3  

Drug delivery through nasal route gives better bioavailability and pharmacological action too. Nasal mucosa provides drug 

absorption at higher levels at faster rate due to higher permeability and low enzymatic environment. As there is direct contact 

between brain and nasal route, it is preferred route to enhance pharmacological effects of drug.4, 5 

The present work describes formulation of thermoreversible nasal in situ gel of carbamazepine for better control in chronic epilepsy 

and evaluation thereof. 

 

MATERIALS AND METHODS; 

MATERIALS: 

Carbamazepine was obtained from Sun Pharmaceuticals Ltd, Mumbai complying with USP monograph supplied as a gift sample. 

HPMC (Methanol K4M, K15M, and K100M grades) suitable for use in the present study was supplied by Colorcon, Mumbai. 

Pluronic was obtained from Noveon Ltd, Mumbai. All other excipients used were of pharmaceutical grade. 

 

PREPARATION OF THERMOREVERSIBLE NASAL IN SITU GEL 

The drug-loaded thermoreversible in situ gels were prepared by cold method 6. The drug was dissolved in sufficient quantity of 

distilled water. Pluronic F127/ F 68 was added slowly with continuous stirring. The dispersions were refrigerated at 8°C until clear 

solution was obtained and finally volume was adjusted. Optimization was done by varying the polymer concentrations for gelation 

temperature. Batch containing optimized concentration was used for preparation of mucoadhesive gel. The final combinations are 

depicted in Table 1. 
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Ingredients Formulation Code and Quantities 

CF1 CF2 CF3 CF4 CF5 CF6 CF7 CF8 CF9 

Carbamazepine (mg) 200 200 200 200 200 200 200 200 200 

Pluronic F 68 (mg) 1000 1000 1000 1000 1000 1000 1000 1000 1000 

Pluronic F 127(mg) 1500 1500 1500 2000 2000 2000 2500 2500 2500 

HPMC K 4 M(mg) 50 75 100 50 75 100 50 75 100 

Distilled Water(ml) 10 10 10 10 10 10 10 10 10 

 

EVALUATION OF THERMOREVERSIBLE GEL: 

i) pH 

For the pH determination, calibrated pH meter was used. 1 ml of formulation was diluted to 10 ml with distilled water and pH was 

determined. 

ii) Clarity 

Visual Inspection was carried out in by using black and white background in order to check the clarity. 

iii) In- Vitro Gelation Studies7 

A)  Inflection point 

As the temperature of the formulations was increased from 4°C, a point reached where drastic change in the viscosity was observed, 

that point was considered as Inflection point. 

B)  Gelation Temperature 

It was determined by using method described by Miller and Donovan technique. A 2 ml aliquot of solution was transferred to a test 

tube, immersed in a water bath. The temperature of water bath was increased slowly. The sample was then examined for gelation, 

which was said to have occurred when the meniscus would no longer moves upon tilting through 90°. 

iv) Gelling strength 

The gelling strength of the formulation was determined by using 50 gm of formulation in 100 ml Measuring cylinder.1 gm weight 

was placed on top of the formulation and time taken for the 5 cm movement of weight was noted. 

v) Mucoadhesion Study8 

The mucoadhesive force can be determined by measuring the force required to detach the formulation from biological membrane. 

The biological membrane was fixed onto the platform of modified apparatus. The nasal mucosa of goat was soaked in Phosphate 

buffer pH 7.4. overnight. Accurately 1 ml gel was placed on the biological membrane. A preload of 50 gm was placed on to glass 

slide for 5 min (preload time) to establish adhesion bonding between gel and biological membrane. 

vi) Determination of Drug content 

Drug content analysis was used to determine the uniform distribution of carbamazepine in the gels. The gels were diluted using pH 

6 phosphate buffer with dilution factor of 100 (gel: phosphate buffer=1: 100) prior to the drug content analysis. The drug content 

of gel formulation was determined by using UV Spectrophotometer Lab India mech at 284 nm. 

vii) In Vitro Drug Release Study 

The nasal diffusion cell was fabricated in glass. The water‐jacketed recipient chamber has total capacity of 60 ml and a flanged 

top of about 3 mm; the lid has 3 openings, each for sampling, thermometer, and donor tube chamber. The 10 cm long donor chamber 

tube has internal diameter of 1.13 cm. The nasal mucosa of goat was separated from sub layer bony tissues and stored in distilled 

water containing few drops of gentamycin sulfate injection. After the complete removal of blood from mucosal surface, it was 

attached to donor chamber tube. The receptor chamber was filled with phosphate buffer (pH 6) and agitated continuously using a 

magnetic stirrer. The cell was equilibrated at 3.7+2°C. The donor chamber tube was lowered to just touch the diffusion medium in 

recipient chamber. The drug formulations were placed on the dorsal surface of nasal mucosa. 1 ml aliquot was withdrawn at 

predetermined intervals and estimated for the drug concentration at 284 nm spectrophotometrically.9  

viii) Accelerated Stability Studies 

Stability testing of drug product being a part of drug discovery and ends with the commercial product, to assess the drug and 

formulation stability, stability studies were done. The stability study was carried out for the most satisfactory formulation. The most 

satisfactory formulation was sealed in a glass vial and kept at 4 ± 2°C for 3 months. At the end of each month, the samples were 

analyzed for the parameters like pH, viscosity, drug content and in vitro diffusion study.10 

 

RESULTS AND DISCUSSION  

1. Authentication of Carbamazepine 

A. Melting Point of Carbamazepine 

Melting point of Carbamazepine was found to be 189-192°C. The result was in good agreement with the literature. 

B. IR Interpretation of Carbamazepine 

FTIR spectra interpretation for drug is as given in Fig. 1 shows all the characteristics peaks which authenticate the drug as pure 

substance. 

2.Compatibility study 

 Ovelay of the FTIR spectra of drug, excipients and physical mixture is shown in Fig. 1. It is clearly seen that the 

characteristics peaks of CBZ are well retained in the physical mixture which indicates the chemical compatibility of the materials. 
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Fig.1: Compatibility study 

3. Physical appearance and pH 

All formulations were evaluated for the presence of any physical particles. pH of all formulations was measured using a digital 

calibrated pH meter. Table 2 and 3 depict the evaluation of in situ gels for pH. 

 

Table 2: Evaluation of in-situ thermoreversible gels 

 

Formulation 

Code 

pH Gelling 

Capacity 

Inflection 

point(°C) 

Gelation 

temperature(°C) 

Mucoadhesion(dyne/cm2) % Content 

CF1 
5.91 

+ 
48 50 

3678±104 
95.03 

CF2 
5.94 

++ 
45 51 

4885±86 
95.98 

CF3 
6.2 

+++ 
44 52 

5320±73 
96.53 

CF4 
5.84 

+++ 
38 41 

4557±89 
96.07 

CF5 
5.96 

+++ 
30 40 

7854±29 
96.25 

CF6 
6.2 

+++ 
35 38 

9567±57 
97.51 

CF7 
6 

+++ 
29 35 

5431±94 
98.76 

CF8 
5.94 

+++ 
32 33 

5885±84 
98.03 

CF9 
6.7 

+++ 
29 32 

9875±11 
99.01 

CH1 

6.78 

+ heated upto 

50 No gel Formation  

 
100.64 

CH2 

6.5 
+ heated upto 

50 

No firm gel 

Formation  

 
101.16 

CH3 
6.3 

++ 
49 50 

4720±73 95.44 

CH4 
6.5 

+ 
38 44 

4537±98 99.82 

CH5 
6.5 

++ 
40 43 

6845±49 98.3 

CH6 
6.4 

+++ 
39 45 

8567±83 98.92 

CH7 
6.2 

++ 
32 37 

4256±74 97.55 

CH8 
6.4 

++ 
31 36 

5684±92 95.17 

CH9 
6.3 

+++ 
30 35 

8798±96 97.94 

 

4. In vitro Gelation Study 

In these studies, the gelling capacity (gelling speed and extent of gelation) for all formulations were determined. Gelation 

characteristics were assessed. The gelation of all the batches was observed at the nasal temperature. It can be seen from the results 

that the gel strength is dependent on the concentration of HPMC. The increase in the gel strength can be attributed to the 
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concentration dependent swelling property of celluloses as well as viscosity building characteristics of HPMC. The results of 

inflection ponts, gelation temperature and gel strength are tabulated in Table 2. 

5. Mucoadhesion Study: 

 HPMC and other celluloses are well known as mucoadhesive polymers due to their ability to swell in aqueous conditions 

and forming cross-linked bonds with the mucin molecules present in the mucous membrane. This enables the gel to reside at the 

desired membrane for long period of time. In the prepared formulations, mucoadhesion was found to be satisfactory ranging 

from9875to 3678 as depicted in table 2. It can be understood from the results that the mucoadhesion is dependent on the 

concentration of the polymer. 

6. In- vitro Drug Diffusion Study 

The in vitro diffusion rate of Carbamazepine was performed using modified Franz Diffusion Cell at 37± 0.5º C using pH 7.4 

Phosphate Buffer as a diffusion medium. It can be observed from the results that the drug release from the batches with HPMC 

K4M is almost complete while that of HPMC K100M is not complete. This can be due to the higher viscosity of the gels as well as 

gel strength with HPMC K100M compared to HPMC K4M owing to the different molecular weight and chain length of the polymer. 

The release was found to be sustained upto approximately 6 hrs in the formulations with HPMC K4M.  

 

 

 

 
  

 

Fig.2 Drug Release profile for in-situ gel with HPMC K4M 

 

 
 

  

Fig.3 Drug Release profile for in-situ gel with HPMC K4M 

7.1.9 Accelerated Stability Study 

Stability studies were carried for the most satisfactory formulation CF5, with temperature 5°C for three months. At the end of three 

months, samples were evaluated for pH, clarity and drug contents. It was observed that there was no significant change in the values 

of evaluation parameters. 

CONCLUSION 

The present work describes formulation of thermoreversible nasal in situ gel of carbamazepine for better control in chronic epilepsy 

and evaluation thereof. Pluronic F68 and F127 were used as thermosensitive polymers along with two grades of HPMC as 
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mucoadhesive agents. The formulations were found to be efficient to cause thermoreversible gelation at the nasal temperature with 

a good gel strength and mucoadhesion which can lead to increased residence of the drug delivery system at the nasal mucosa which 

is required to deliver the drug to brain for the control of chronic epilepsy. The technique can be industrially viable and useful in the 

effective therapy of chronic epilepsy with Carbamazepine. 

 

 

REFERENCES 

1. Suryanarayan Mandal et.al (2010),. “Design and Development of Carbamazepine Mucoadhesive Microemulsion for 

Intranasal Delivery.” 3(1):56-60. 

2. Madhuri V. Gaikwad et al. (2015),. “Development And Evaluation of Carbamazepine Loaded Transfersomal In-Situ Gel 

For Nose To Brain Delivery.” Indo American Journal of Pharm Research.:5(05). 

3. Serralheiro, A., et al. (2014), “Intranasal administration of carbamazepine to mice: A direct delivery pathway for brain 

targeting.”, Eur. J. Pharm. Sci. 5,(05), 2047-2053. 

4. Hugo Almeida,et.al (2012) “Temperature and pH stimuli-responsive polymers and their applications in controlled and self 

regulated drug delivery.” Journal of Applied Pharmaceutical; 02(06): 01-10. 

5. Gil E.S., et.al. (2004) “Stimuli-responsive polymers and their bioconjugates”. Prog. Polymer. Sci.; 29(12):1173-1222. 

6. Yajaman Sudhakar et.al., (2013) “Thermoreversible nasal gel of carvedilol using methanol precipitated solids of Aloe vera 

and yellow mustard mucilage”. Indo American Journal of Pharm Research.:3(8). 

7. "Ahiwale Raj, et.al., (2015). “Formulation and Evaluation of Nasal In-Situ Gel of Bupropion Hydrochloride.” World 

Journal of Pharmacy and Pharmaceutical Sciences;4(1): 595-614. 

8. Nair, A.B.;et al.(2022), “Intranasal Delivery of Darunavir-Loaded Mucoadhesive In Situ Gel: Experimental Design, In 

Vitro Evaluation, and Pharmacokinetic Studies. Gels”, 8,342. 

9. Nadia Morsi, et.al (2016), “Ketoroloac tromethamine loaded nanodispersion incorporated into thermosensitive in situ gel 

for prolonged ocular delivery,” International Journal of Pharmaceutics,Volume 506, Issues 1-2;Pages 57-67 

10. Gadad, A.P. et.al, (2016). “Thermosensitive in situ gel for ocular delivery of lomefloxacin.” Indian Journal of 

Pharmaceutical Education and Research. 50. S96-S105. 10.5530/ijper.50.2.24 

http://www.ijrti.org/

