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Abstract:  
The endeavor of this study was the formulation and assessment of a novel temperature-induced and mucoadhesive in situ gel delivery 
system, which can be used in the treatment of oral thrush. A mucoadhesive polymer was used as a thermo responsive material, 
because pluronic 188 and carbomer 934 has thermal gelation properties at certain temperature. The thermal gelation temperature 15% 
w/w pluronic 188 and carbomer 934 1% w/w solutions is above body temperature, but by using different ratio of pluronic and 
carbomer combination of system, it can be shifted near to body temperature. The optimized formulations were evaluated for gelling 
capacity, viscosity, gel strength, mucoadhesive force, drug release, anti fungal activity, FTIR, DSC and XRD.  
Keyword: Prolong Release, Ciclopriox olamine, pluronic 188, Carbomer 934, temperature induced, Oral Thrush 

 
INTRODUCTION 

Oral candidiasis (also known as "thrush"1) is an 
infection of yeast fungi of the genus Candida on the 
mucous membranes of the mouth. It is frequently 
caused by Candida albicans, or less generally 
by Candida glabrata or Candida tropicalis.  
Candida species are everywhere, human fungal 
pathogens capable of initiating a variety of recurring 
superficial diseases especially in the oral and vaginal 
mucosa 2,3. In the late 1950s there was a 
progressively increasing number of reports on 
superficial Candida infections associated with the 
administration of broad-spectrum antibiotics such as 
tetracycline 4,5. In subsequent years, the broad use of 
steroids, immunosuppressive agents in organ 

transplant recipients6,7 myeloablative radiation 
therapy8,9,10, and antineoplastics in patients with 
hematologic malignancies11,12,13 contributed to the 
increasing morbidity associated with Candida. More 
lately, mucosal Candida infections have received 
profuse attention due to the advent of the human 
immunodeficiency virus (HIV) infection. For 
instance, it is now known that up to 90% of HIV-
infected individuals suffer from oropharyngeal 
candidiasis14 
Even though the clinical efficacy of systemic 
antifungal treatment is well established, the potency 
is decreased by thousand fold when reaches the 
target site, and also large dose and/or prolonged 
administration is often necessary to maintain an 
effective drug concentration. The long-term use of 
systemic antifungal drugs is associated with 
potential adverse effects and patient non-compliance 
and also less drug availability at the site of infection, 
limits its use. In such condition a safe and effective  

 
local route of drug delivery device, which will 
reduce the dose and increase the concentration of 
drug in the oral cavity with low systemic 
concentration is highly desirable. 
Hence, attention has been focused on extended 
released topical antifungal formulations aimed at 
prolonging active drug concentrations in the oral 
cavity. Using appropriate carriers, which can 
effectively administer the drug for an extended 
period of time will reduce the systemic side effect 
but also improve the therapeutic efficacy and patient 
compliance. 
 

MATERIAL AND METHOD: 
 
Material: pluronic 188 were kindly gifted by 
pharmaceutical Pvt. Ltd, (Bombay). Ciclopriox 
olamine was   used as a standard drug from 
Glenmark, India. All other chemical used were of 
analytical grade. 
Method: Thermo reversible gels were prepared 
using cold technique. The method involved slow 
addition of polymers in required quantity of cold 
distilled water further it was kept overnight for 
swelling. The polymer solution was taken in a 
beaker stirred continuously using a magnetic stirrer 
until a uniform solution was obtained and it was kept 
at ambient temperature for 24 hrs. A small amount 
of triethanolamine was added to adjust the pH 7.  An 
appropriate amount of selected drugs solubilized in 
physiologically compatible solvents with continuous 
stirring until a uniform drug solution was obtained. 
The detailed composition of prepared formulation is 
depicted in Table- 1 
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Table1.Composition of Temperature induced 
formulation code RR 

 
EVALUATION OF IN SITU GEL  
Determination of pH: 
The pH of the gel was determined using a calibrated 
pH meter.  The readings were taken for average of 3 
samples15  
Gelling capacity: 
 The gelling capacity was determined by placing a 
drop of the system in a vial containing 2 ml of 
simulated saliva fluid (7.4) freshly prepared and 
equilibrated at 37⁰ C and visually assessing the gel 
Formation and noting the time for gelation and the 
time taken for the gel formed to dissolve. Different 
grades were allotted as per the gel integrity, weight 
and rate of formation of gel with respect to time15.  
Gelation temperature: 
The different formulations of in situ system 
combinations were evaluated for gelation 
temperature.  The gelation temperature was 
determined by heating the solution (1-2o C) min in a 
test tube with gentle stirring until gel was formed.  
The gel was said to have formed when there was no 
flow after container was overturned16. 

Viscosity Studies:    
 The rheological studies were carried out using 
Brookfield programmable DVII+ Model pro II type 
(USA). The viscosity of in situ gel and the solution 
were determined at different angular velocities (0, 
10, 20, 30, 40….to 100 rpm) and average of two 
reading were used to calculate the viscosity. 
Spreadability: 

For the determination of spreadability, excess of 
sample was applied in between two glass slides and 
was compressed to uniform thickness by placing 
1000g weight for 5 min. weight (50 g) was added to 
the pan. The time in which the upper glass slide 
moves over to the lower plate was taken as measure 
of spreadability17 (S)  
S= ML/T 
Where,  M =  weight tide to upper slide (g) 
L =  length moved on the glass slide (cm) 
T =  time taken (sec) 
 

 
Figure -1.Diagramatic representation of 

spreadability measuring device. 
 

Measurement of Gel Strength:   
A sample of 50 gm of gel was placed in a 100 ml 
graduated cylinder and gelled in a thermostat at 370 

C. The apparatus for measuring gel strength 
(apparatus as shown in figure 23 weighing 27 gm) 
was allowed to penetrate in gel. The gel strength, 
which means the viscosity of the gels at 
physiological stimuli was determined by the time 
(seconds), the apparatus took to sink 5cm down 
through the prepared gel18 

 
(A)Weights (B) device (C) measuring cylinder (D) gel 

Figure - 2.Diagramatic representation of gel 
strength measuring device. 

 
Determination of Mucoadhesive Force:   

The mucoadhesive force of all the optimized batches 
was determined as follows, a section of mucosa was 
cut from the chicken cheek portion and instantly 
fixed with mucosal side out onto each glass vial 
using rubber band. The vial with chicken cheek 
mucosa was connected to the balance in inverted 

 

Slide 2 

Slide 1 

50g 

Weight1000 g 

Gel 

Ingredients (w/w) % RR 1 RR 6 RR 7 
Cicloprioxolamine 1 1 1 
Pluronic 188 15 15 15 
Carbomer 934 --- 0.03 0.04 
Alcohol q.s q.s q.s 
Citric Acid 0.18 0.18 0.18 
Triethanolamine q.s q.s q.s 
Cold. Distilled Water q.s q.s q.s 
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RESULT AND DISSCUSSION 
Physicochemical properties of ciclopiroxolamine 
in situ gels  
Physicochemical properties such as viscosity, pH, 
appearance and clarity were performed and the 
results are recorded in Table -2. 
Table- 2: Physicochemical Evaluation of optimized 
ciclopriox Solution: 

Tests RR1 RR6 RR7 
visual 
appearance 

*** *** *** 

clarity *** *** *** 
pH 6.8 6.9 7.0 
Viscosity 
(Cps) 

43.11 49.34 50.05 

 
Gelation temperature  
GT of temperature induced in situ gels decreased 
with increase in concentration of Pluronic188 in 
RR1, RR2, RR3 and RR4 at 35.5°C, 34.2°C, 25.1°C 
and 23.4°C respectively. By  adding   with 
Pluronic188 in increasing  ratio (15:0.03), (15:0.04), 
(15:0.05) an increase in gelation temperature has 
occurred in the formulations  RR5, RR6 and  RR7 to  
28.3°C, 35.6°C and  36.5°C respectively. The 
Pluronic188 concentration was optimized at 15%. 
The buccal gel prepared with Pluronic188 (15%) 
with in RR8, RR9, RR10 and RR11 (0.1% to 0.4%) 
increased the GT (42.2°C to 60.2°C).  Since RR1, 
RR6 and RR7 showed gelation at a temperature near 
to body temperature, they have been selected as 
optimized formulae for further studies (Fig-5). 

 
Figure -5. Showing the Viscosity versus 

temperature curves of cicloprioxolamine In situ gel 
 
Viscosity Study 
The optimized formulations RR1, RR6 and RR7 
exhibited an increase in viscosities (31943, 47830, 
48750 Cps) at body temperature. But the other 

formulations (RR8, RR9, RR10 and RR11) have not 
exhibited an increase in viscosity at body 
temperature which may be due to the increasing 
concentration of polymers (0.1 to 0.4) (Fig- 5)  
Gelation time  
The gelation time of  ciclopirox olamine 
formulations RR1(15%), RR6 (15%:0.04%) and 
RR7(15%:0.05%) demonstrated  gel-like rheologic 
properties at 35.5°C, 34.60C and 36.50C depending 
on the  percentage of P188/CP 934. whereas the 
formulation RR1 with 15% of  P188  showed 
gelation within 43 sec .The gelation time of 
solutions containing P188/ CP 934 K6 (15/0.02),  
K7(15/0.03) was observed at 35 sec. and 34 sec,. 
This effect may be due to increased concentration of 
in the formulation. Every addition of (0.1% w/w CP 
934) into the formulations leads to 50C increase in 
gelation temperature (Table- 3). 
 
Table -3.Characteristics of optimized cicloprioxin 
situ Gel FormulationsRR code 
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RR1 31943 97.5 3673.12 108 *** 43 
RR6 47830 98.7 4801.14 112 *** 35 
RR7 48750 98.7 4992.06 116 *** 34 

 
Content Uniformity  
All the optimized formulation of ciclopirox olamine 
(RR1, RR6, and RR7) was checked for their content 
uniformity. The content was determined at 298 nm, 
which is of drug using Shimadzu 1700UV-VIS 
spectrophotometer. 
Gel Strength 
At 37°C, the gel strength of formulation RR6 (112 
sec) was found to be more as compared to 
formulation RR1 (108 sec) and gel strength of 
formulation RR7 (116 sec) which  was found to be 
more as compared to the other formulations This 
may be due to reversible gelation properties  of 
Pluronic at 37°C (Table- 3)  
Determination of mucoadhesive force 
Adhesive properties of Pluronic188 formulations 
increased with the increase in concentration of in 
formulations RR6 (P188 15% w/w: CP 934 0.02% 
w/w) (4801.14 dynes/cm2) and RR7 (P188 15% 
w/w: CP 934 0.03% w/w).(4992.06 dynes/cm2).. 
Whereas the formulation RR1 which contains only 
Pluronic (P188 10%) showed less viscosity (3673.12 
dynes/cm2) (Table-3) 
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