
IAJPS 2017, 4 (04), 983-994                       Ann Rose Augusthy et al                    ISSN 2349-7750 
 

 
w w w . i a j p s . c o m  
 

Page 983 

                                                                      
  CODEN (USA): IAJPBB                              ISSN: 2349-7750 

IINNDDOO  AAMMEERRIICCAANN  JJOOUURRNNAALL  OOFF                          

PPHHAARRMMAACCEEUUTTIICCAALL  SSCCIIEENNCCEESS 

 http://doi.org/10.5281/zenodo.580092 

 

Available online at: http://www.iajps.com                                       Research Article 

DESIGN AND EVALUATION OF AN in situ FORMING IMPLANT 

SYSTEM OF AN ANTI-INFLAMMATORY DRUG 
Ann Rose Augusthy *1, Dr. Sarath Chandran C2, Vipin K.V 3 

1 PhD Scholar, Pacific Academy of Higher Education and Research University, Udaipur, 

Rajasthan, India 
2Department of Pharmaceutics, Academy of Pharmaceutical Sciences, Pariyaram, Kerala, India 

3PhD Scholar, Pacific Academy of Higher Education and Research University, Udaipur, 

Rajasthan, India. 

Received: 08 April 2017                                                                                             Accepted: 20 April 2017 

Abstract: 
The objective of the research work was to design and evaluate an in situ implant system of an anti-inflammatory drug. 

Deflazacort was the selected drug for the study.  In situ formation of the implant was achieved by temperatere trigger 

approach. Combination of poloxamer 188 and poloxamer 407 was the selected thermoresponsive polymers.   

Optimization of the formulations was done based on gelation temperature, gel melting temperature, gelling time, gel 

duration, % entrapment efficiency etc. The optimized batch of FTH-2 exhibited a gelation temperature of 34.6 ± 

0.26°C, gel melting temperature of 52.1 ± 0.25°C, gelling time of 5.4 ± 0.02 sec, and gel duration 172 ± 2.1, % 

entrapment efficiency of 78.4%. Based on these results it was decided that Insitu formulations with a  

Concentration of thermoreversible polymers, poloxamer 188 at 10% and poloxamer 407 at 17%. The burst release was 

controlled with incorporation of rate controlling polymer HPMC K4M at 1%.  The process parameters was subjected 
to optimization and the results revealed that at mixing RPM of 2000, mixing time of 24 hrs resulted in formulation with 

ideal characteristics. The in vitro release of Deflazacort from the optimized batch, FTH-2 showed a controlled burst 

release of 06.39 ± 0.29 in initial 6 hours and 14.57 ± 0.14% on day-1 and the release was extended up to 168 hour 

(7days).  The drug release of this batch when subjected to pharmacokinetics studies using various models showed that 

the data best into zero order and Higuchi release kinetic model with a coefficient of determination (R2) value of 0.9989 

and 0.9330. Linearity to Higuchi kinetic model indicated a diffusion controlled drug release. The release component 

(n) from peppas model was found to be 0.87, which indicated non-fickian diffusion from which it can be assumed that 

the drug delivery system under study is a swellable device and drug release followed an erosion controlled mechanism.   
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INTRODUCTION: 

Parenteral injectable in situ forming implants 

(ISFI) 

Novel parenteral controlled drug delivery systems has 

grown significantly in last few years mainly due to 

their potential advantages when compared with the 
traditional parenteral controlled release dosage 

forms[1]. In the area of novel parenteral controlled 

release formulations, in situ forming implants (ISFI) 

has been reported as an attractive alternative against 

the existing preformed implants[2]. ISFI avoid the use 

of invasive surgical procedure associated with 

administration and removal of implant device. Also 

their manufacturing methods are simple, reproducible 

and feasible for scale up.  They are injected as 

solutions and upon reaching body, transform to a gel or 

solid implant[3]. Different triggers can be adopted to 

stimulate this transformation: (1) Temperature (2) pH 
(3 Crosslinking (4) Ion exchange etc. Although the 

principle of ISFI looks attractive in literature reviews, 

key issues remain to be attended. These includes (i) 

variability of the implant shape and structure, (ii) 

avoidance of burst release (iii) toxicity issues[4,5] 

Limited research has been reported to overcome these 

limitations. Hence in the present research study an 

attempt will be made to formulate, evaluate and 

optimize in situ forming implant of a novel anti-

inflammatory drug. Deflazacort is a glucocorticoid 

used as an anti-inflammatory and immunosuppressant 

and indicated in treatment of Rheumatoid arthritis, 

Ulcerative colitis, Juvenile chronic arthritis, Muscular 

Dystrophy, Nephrotic syndrome[6]. 

 

MATERIALS AND METHODS:  

Materials  

Deflazacort was obtained as a gift sample from 

German remedies, Goa. Poloxamer 188 and 407 were 

purchased from Fizmerk India chemicals, Hapur (U.P).  

Methods 

Formulation development of Deflazacort in situ 

implant system 

The experiment was designed as per the cold technique 

suggested by Schmolka as per the composition given 

in Table No:1 Add required quantity of polymer 

slowly into cold water maintained at a temp of 4-8ºC. 
Stir this solution using a magnetic stirrer with 

temperature maintained at 4-8 ºC. After mixing the 

container is sealed kept overnight in the refrigerator at 

a temperature of 4-8 ºC to obtain a clear solution. 

Deflazacort was dissolved in DMSO with stirring. The 

drug solution is then added to polymer solution with 

stirring at 2000 rpm for 30 minutes. Prepared solution 

was packed and sealed into containers[6].  

 

Table 1: Formulation of Deflazacort in situ implant systems 

Formulation Code 

Ingredients (% w/v) 

Deflazacort Poloxamer 188 
Poloxamer 

407 
Purified water 

FT-1 10.00 5.00 - 85.00 

FT-2 10.00 10.00 - 80.00 

FT-3 10.00 15.00 - 75.00 

FT-4 10.00 20.00 - 70.00 

FT-5 10.00 - 5.00 85.00 

FT-6 10.00 - 10.00 20.00 

FT-7 10.00 - 15.00 75.00 

FT-8 10.00 - 16.00 74.00 

FT-9 10.00 - 17.00 73.00 

FT-10 10.00 - 18.00 72.00 

FT-11 10.00 - 19.00 71.00 

FT-12 10.00 - 20.00 70.00 

FT-13 10.00 5.00 16.00 69.00 

FT-14 10.00 10.00 16.00 64.00 

FT-15 10.00 15.00 16.00 59.00 

FT-16 10.00 20.00 16.00 54.00 

FT-17 10.00 5.00 17.00 63.00 

FT-18 10.00 10.00 17.00 63.00 
FT-19 10.00 15.00 17.00 58.00 

FT-20 10.00 20.00 17.00 53.00 

FT-21 10.00 5.00 18.00 67.00 

FT-22 10.00 10.00 18.00 62.00 

FT-23 10.00 15.00 18.00 57.00 

FT-24 10.00 20.00 18.00 52.00 
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Evaluation of Deflazacort in situ implant systems 

Clarity  

The clarity of in-situ gel was assed to detect the 

presence of any foreign substances. It is done by the 

visual inspection of gel held against light under a dark 

background. 

 

pH of the gel 

pH of the test formulations prepared was determined 

with a digital pH meter. 1 ml of the test formulation 

was diluted with distilled water to make up 25 ml. the 

pH of this solution is tested and reported.  

 

Thermosensitivity Evaluation[7,8] 

Gelation temperature and gel melting 

temperature[7,8] 

Gelation temperature is the temperature at which the 

drug solution gets converted to gel. Gelation 
temperature is determined by test tube inversion 

method suggested by Miller and Donovan. In this 

method, 2 ml of the test formulation is taken in a test 

tube. Immerse the tube in a water bath assisted with a 

thermostat. Increase the temperature slowly at 

increments of 1ºC.At every temperature set, the 

formulation is left to equilibrate for 5 minute during 

which gelation is observed. For this the test tube is 

tilted at an angle of 90 degree. The temperature at 

which the meniscus remains stagnant without 

movement is taken as gelation temperature. After this 
the gel is again heat further until the gel reverses back 

to a solution. This temperature is called gel melting 

temperature.  At gel melting temperature the meniscus 

starts moving upon tilting the test tube at 90 degree. 

 

 Measurement of gelation time[7,8]:  
Determination of gelation time is done at 37 ±0.5 ºC 

by tube inversion method as above. 2 ml of the 

formulation is taken in a test tube and kept in a water 

bath maintained at 37 ± 0.5 ºC. Observe the time taken 

for the solution to convert into a gel. For determining 

the gelling time the test tube is occasionally tilted at 90 

degree and flow/non flow criteria of meniscus is 

observed.  

Gel duration[7]: 

Gel duration is the time until which the gel consistency 

can be maintained by formulation at 37 ±0.5ºC. For 

this 2 ml of the test formulation is taken in a test tube 

and kept in a water bath maintained at 37 ±0.5ºC. 

Observe the time taken for the solution to convert into 

a gel. This time is noted. The experimental temperature 

is maintained at the 37 ±0.5°C and observed for the 

time at which the gel loses its integrity. The duration 

for which the gel remains intact is calculated and 

reported as gel duration for the formulations.   

Viscosity[7,8] 
The viscosity of the formulations was calculated using 

Brookfield viscometer. The in-situ gel formulations 

were placed in the sampler tube. The samples were 

analyzed both at room temperature (27 ±2°C) and at 

37±0.5°C (achieved by a thermostat equipped 

circulating bath connected to the viscometer adaptor). 

Viscosity is measured at 100 rpm with Spindle no S-62 

for samples at 27 ±2°C and spindle No: 64 for sample 

at 37±0.5°C. 

Syringeability test[9] 

The test was done using a 5 ml syringe. The syringe 
was slightly modified to keep a weight of 500 g over 

the piston by syringe. An 18G needle was fixed on 

syringe. The gel was filled into the syringe and weight 

kept over the piston. The time taken for gel to be 

expelled from the syringe was taken as syringeability 

time. This time was compared with that of a market 

sample.  

 
 

Fig1: Syringeability test apparatus 
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Drug entrapment efficiency Drug Content 

Estimation[8] 

Deflazacort in situ implant formulation containing 180 

mg of Deflazacort is injected into a 100 ml phosphate 

buffer pH 6.4 maintained at 37 ±0.5°C. The implant 

formed is taken and washed with buffer.  This implant 
is further dissolved into 100ml of ethanol with 

vigorous stirring. 10 ml of the above formulation is 

diluted suitably and absorbance of the diluted test 

solution was measured at 246 nm by using UV-visible 

spectrophotometer. 
                                         Amount of drug actually present  

Drug entrapment efficiency (%)   =  --------------------------   X 100 

                                        Theoretical drug load expected 

    

Drug content estimation 

To estimate the drug content, test formulation 

containing Deflazacort equivalent to 100 mg of was 

taken. 10 ml of the above solution is taken and diluted 

suitably with ethanol and absorbance of the diluted test 

solution was measured at 246 nm by using UV-visible 
spectrophotometer. 

 

In vitro drug release studies[10,12] 

The in-vitro studies were carried out using a semi 

permeable membrane. The test is conducted with a 

semipermeable visking dialysis membrane of 14 mm 

diameter x 1 meter, which is having a capacity of 200 

ml/meter volume 

 

Treatment of dialysis bag[12] 

Dialysis bag was treated as per directions on the leaflet 
of the package 

1. Wear gloves.  

2. Calculate the length of the dialysis tubing required 

for holding test gel formulation volume that contains 

180 mg of drug. Cut off a length of required length.  

3. Wet the dialysis tubing with distilled water. 

4.  Once the tube gets wet, place it under the running 

water.  

5. Rinse the inner side properly to remove the glycerol. 

6. Washing is done for 5 - 10 minutes.  

7. A knot is tied near one end of the tubing.  

Procedure for in vitro drug release studies 

The dialysis bag method is used to perform the In-vitro 

release studies. Tube was tied at one end.  A volume of 

test gel formulation containing 180 mg of Deflazacort 

was taken for the study. Add 10 ml of phosphate buffer 
solution (PH-6.4) into the dialysis tubing that is tied at 

one end. This is followed by injection of formulation 

containing 180 mg of Deflazacort into the bag. The 

membrane is then tied and placed into the release 

medium. Phosphate buffer solution of pH 6.4 was used 

as the release medium. It was stirred with a magnetic 

stirrer and is maintained at 37 ±0.50C using a 

thermostat. Maintain the stirrer speed in such a way 

that the dialysis bag will slowly float at the top of the 

solution. At the same time ensure that the bag is not 

moving too quickly resulting in an erratic release. 1 ml 

of the sample was withdrawn at time intervals of 0, 6, 
12, 24, 48, 72, 96, 120, 144, 168 and 192 hours. The 

withdrawn samples were analyzed using UV 

spectrometry at 246 nm. Samples were replaced with 

equal volume of release medium at every sampling 

point. 

                

Optimization of rate controlling polymer 

To modify the burst release it was decided to 

incorporate a rate controlling polymer into the 

formulation. Formulations with HPMC K4M as rate 

controlling polymer were prepared as per the method 
given earlier. Trials with HPMC ratio of 0.5, 1.0 and 

1.5 % were tried out as per the table No: 2 

 

Evaluation of Deflazacort in situ implant systems 

incorporated with rate controlling polymer 

The Deflazacort in situ implant systems upon 

incorporation with HPMC K4M as rate controlling 

polymer were further evaluated for pH, viscosity, gel 

temperature, gel melting temperature, gel duration, 

syringeability time, drug content, drug entrapment 

efficiency and drug release studies to determine the 

effect of  HPMC K4M on formulation parameters.  

 
 

Table No. 2: optimization of rate controlling polymer 

Formulation 

Code 

Ingredients (% w/v) 

Deflazacort Poloxamer 188 Poloxamer 

407 

HPMC 

K4M 

DMSO 

FTH-1 10.00 10.00 17.00 0.50 62.50 

FTH-2 10.00 10.00 17.00 1.00 62.00 

FTH-3 10.00 10.00 17.00 1.50 61.50 
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RESULT AND DISCUSSION: 

Evaluation result for in situ gel of Deflazacort 

Clarity 

All the gels formulated were transparent and clear. 

They were free from polymeric clumps, any visible 

foreign and undissolved particles. 

 

 

pH of the gel 

The ideal pH of the formulations should be between 6 

to 7.5 so as to avoid irritation at the injection site. All 

formulations were checked for pH and is determined 

by using digital pH meter. The results are tabulated in 

Table No. 3 as given below. The pH of all the 
formulations was found to be within the range of 6.7 to 

7.0 and was found to be satisfactory.  

 

Table 3: optimization of rate controlling polymer 

 

Formulation code pH* 

FT-1 7.1 ± 0.06 

FT-2 7.0 ± 0.02 

FT-3 7.0 ± 0.02 

FT-4 7.1 ± 0.05 

FT-5 6.7 ± 0.02 

FT-6 6.8 ± 0.03 

FT-7 7.1 ± 0.01 

FT-8 7.2 ± 0.03 

FT-9 7.2 ± 0.03 

FT-10 7.1 ± 0.03 

FT-11 7.1 ± 0.02 

FT-12 7.1 ± 0.01 

FT-13 7.2 ± 0.02 

FT-14 7.1 ± 0.02 

FT-15 7.2 ± 0.03 

FT-16 7.2 ± 0.03 

FT-17 7.1 ± 0.02 

FT-18 7.2 ± 0.02 

FT-19 7.1 ± 0.03 

FT-20 7.2 ± 0.01 

FT-21 7.0 ± 0.02 

FT-22 7.0±0.03 

FT-23 7.2±0.02 

FT-24 7.1±0.01 

                                    * Average of three readings 
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Thermosensitivity Evaluations: 

Thermosensitivity evaluations for prepared in-situ gels 

were done to determine the ability of the system to 

form a gel upon influence of temperature. Gelation 

temperature, gel melting temperature and gelling time 

was determined in triplicates for optimizing the 
formulation variables. 

 

Gelation temperature and gel melting temperature 

In case of pluronic gels, the physical character depends 

on the length of co polymer block chains i.e. PEO-

PPO-PEO ratio. The gelation temperature is the 

temperature at which the solution gets converted to gel 

form. The gelation time and temperature of formulated 

systems are found to be dependent on concentration of 

poloxamers. As the concentration of polymer increased 

the system became more thermo responsive. With 

poloxamer-188 the gelation temperature varied 
between 69.1 to 54.5°C. From the results, it can be 

concluded that the gelation time of pluronic 188 alone 

is high above the body temperature and hence 

poloxamer 188 formulations (FT-1 to FT-4) are 

discarded and not included for further studies. Trials 

were continued with PF-407(FT-5 – FT-13), where it 

was observed that gelation occurred at temperature 

varying from 27 to 49°C. Poloxamer 407 having a 

concentration of 5, 10 and 15 (FT-5, FT-6, and FT-7) 

are discarded as their gelation temperature was above  

 

37°C. Poloxamer-407 at concentration16,17and 18% 

(FT-8,FT-9,FT-10) had gelation temperature varying 

from 33 to 36°C which was found to be within the 

desired range. Poloxamer 407 at concentration of 19 

%w/v and 20 %w/v (FT-11 and FT-12) was also 
discarded as gel was formed at room temperature itself. 

Further trials were taken with a combination of PF-188 

and PF-407 (FT-13 to FT-24) which gave gelation 

temperature varying between 21 to 41°C. In case of 

test formulations FT-13, FT-14, FT-15 and FT-16 

where the gelation temperature above 37°C it was 

decided to discard from further study. Gelation 

temperature for batches no FT-17 ,FT-18, FT-19, FT-

21and FT-22 ranges from 31°C to 38 °C which was 

found to be in a an optimal range and was selected for 

further studies.  Batches FT-20, FT- 23 and FT-24 

were also discarded due to gel formation occurs at 
room temperature. Hence the formulations FT-8, FT-9, 

FT-10, FT-1, FT-18, FT-19, FT-21 and FT-22 had a 

gelation temperature ranging from 30.2 to 36.5°C and 

was subjected to further studies. Gel melting 

temperatures were also determined and was found to 

vary between 45.2 to 82.2°C. Hence from this data we 

can confirm that the implants formed will not be 

melted at body temperature and can remain intact. 

Results for gelation and gel melting temperature were 

shown in table No: 4.  

 

Table 4: Evaluation of poloxamer formulations for gelation and gel melting temperature 

 

                      * Average of three readings 

Formulation code Gelation temperature* °C Gel melting temperature* °C 

FT-1 69.1 ± 0.42 82.2 ± 0.10 

FT-2 64.8 ± 0.46 81.2 ± 0.22 

FT-3 58.0 ± 0.52 73.4 ± 0.15 

FT-4 54.5 ± 0.51 72.3 ± 0.46 

FT-5 49.5 ± 0.42 63.1 ±0.46 

FT-6 43.2 ± 0.32 61.5 ± 0.22 

FT-7 40.2 ± 0.48 60.4 ± 0.32 

FT-8 36.5 ± 0.43 59.4 ± 0.39 

FT-9 33.3 ± 0.23 58.1 ± 0.47 

FT-10 30.4 ± 0.26 57.1 ± 0.54 

FT-11 28.2 ± 0.54 54 .3 ± 0.55 

FT-12 27.5 ± 0.24 53.0 ± 0.43 

FT-13 41.0 ± 0.28 74.2 ± 0.44 

FT-14 42.1 ± 0.56 78.3 ± 0.31 

FT-15 40.1 ± 0.22 76.5 ± 0.34 

FT-16 38.2 ± 0.43 62.4 ± 0.45 

FT-17 33.4 ± 0.25 60.3 ± 0.23 

FT-18 35.1 ± 0.22 48.5 ± 0.13 

FT-19 32.3 ± 0.34 49.4± 0.15 

FT-20 28.5 ± 0.21 48.1± 0.16 

FT-21 30.2 ± 0.35 47.3 ± 0.25 

FT-22 31.1 ± 0.41 47.4 ±0.56 

FT-23 29.4 ±0.15 45.3 ±0.13 

FT-24 21.2± 0.25 45.2±0.35 
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Fig 2: gelation time for formulations F1 to F15 

Gelation time  

The time required for an in-situ system for transition 

from solution form to a gel state at its gelation 

temperature is called as gelling time. An ideal system 

should gel immediately on exposure to gelation 

temperature. The gelling time for various formulations 

varied from 7.3 to 2.2 min. Formulations FT-8, with 

16% of poloxamer 407, showed longest gelation time 

(7.3minutes) and formulation FT-22 with polymer 

combination of poloxamer188 (10%) and poloxamer 

407 (18%) showed the shorter duration for gelling time 

i.e. 2.2 minutes. The gelling time for various 
formulations are in Fig No.: 2 

 

Gel duration 

Gel duration corresponds to the time to which the 

formed gel remains intact in the simulated 

physiological body fluid. This shows the integrity of 

the formed implant matrix to provide a sustained 

release the desired period of time. As per the results 

obtained the formulations exhibited a gel duration time 

varying from 172 to 288 hrs except for F8 and F9 

which showed lesser gel duration of only 20 and 22 

hrs. After this period the integrity of the formulations 

were lost. Hence it can be expected that the implants 

developed based on F8 and F9 will not be able to 
extend the release even upto 24 hrs. Hence these two 

batches were excluded from further studies. The results 

are given in Fig.No. 3 

 
Fig 3: gel duration time for poloxamer formulations 
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Table 5: Evaluation of poloxamer formulations for Viscosity at room temperature and 37°C 
 

Formulation 

code 

Viscosity (cps) 

Room temperature* 37±0.5°C* 

FT-10 4975± 1.2 68964 ± 8.2 

FT-16 5114 ± 3.3 73281 ± 5.2 

FT-17 1926 ± 3.1 49268 ± 6.4 

FT-18 2281 ± 2.3 52456 ± 4.6 

FT-19 2376 ± 2.9 59963 ± 3.1 

FT-21 5048 ± 3.1 79541 ± 5.4 

FT-22 5351 ±  2.5 81113 ±5.3 

*average of 3 readings 

Viscosity measurements 

Viscosity is an important parameter of in-situ gelling 

systems which impart ideal rheological properties. 

Viscosity of test formulations was measured at 27 ± 

2°C and 37 ± 0.5°C representing the viscosity at 

storage conditions and at the body temperature. Studies 

of formulation exhibited a temperature dependent 

increase in viscosity. The viscosity for the solution of 
poloxamer 407 at 27 ± 2°C ranged from 2176 – 5351 

cps. When the viscosity of these same formulations 

were measured at 37±0.5°C there was a significant 

increase in viscosity as the solutions are converted to 

their gel form and the values change from 59963 to 

81113cps. This could be due to sol-gel conversion and 

formation of an implant. It was also observed that as 

the concentrations of the polymer increased the 

viscosity also increased. The viscosity should not be 

increased beyond an optimum level as it may affect the 

syringeability. The viscosity for the formulations was 
recorded in Table No. : 5 

 

Syringeability 

The time required to inject the formulation from a 

syringe by the application of a constant force is called 

syringeability time. Syringeability plays a significant 

role in clinical application while administering the gel 

into the body. For the evaluation an 18 G needle is 

used. Syringeability of the test formulations are 

compared with a market injectable formulation. The 

results revealed that for the market sample the 

syringeability time was 4 seconds. The time required 

for syringeability of test formulations ranged between 
4 to 46.3 seconds. Three formulations F10, F16, F21 

and F22 showed difficulty in getting injected and the 

same was reflected in the results with syringeability 

time of 35, 40, 42 and 46 seconds respectively. This 

difficulty in syringeability can be attributed to their 

increased viscosity. Thus study revealed that as the 

viscosity increased, syringeability time also 

correspondingly increased. So batches F10, F16, F21 

and F22 were not considered for further formulation 

development. All other formulation tested had a 

syringeability time varied between 4 to 6 seconds and 
was comparable with marketed injectable sample 

obtained from syringeability data. The results for the 

formulations were recorded in Table No. : 6 

 

Table 6: Evaluation of Syringeability Time for poloxamer formulations 
 

Formulation code 

 

Syringeability Time* 

(seconds) 

Market formulation 4.3  ±  0.2 

FT-10 35.2 ±0.1 

FT-16 40.2 ± 0.4 

FT-17 4.2 ± 0.3 

FT-18 5.1.± 0.4 

FT-19 5.5  ±0 .2 

FT-21 39.5 ± 0.1 

FT-22 46.3 ± 0.3 

*average of 3 readings 
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Fig 4: Drug content for FT-17, FT-18 and FT-19 formulations 

 

 
Fig 5: Drug content estimation for poloxamer formulations 

 

Drug Content 

Drug content estimation was done for FT-17, FT-18 
and FT-19 formulations. The drug content found to be 

between 98.13 ±0.14 to 98.67 ± 0.4.  The results for 

drug content estimations are shown in Figure No.: 4 

 

Drug entrapment efficiency 

The drug content of the implants determines the drug 

release and extent of burst release. Certain amount of 

drug present in the solution will not be entrapped upon 

gelation into the in situ formed implant. This drug will 

remain adsorbed over the surface of the implant. This 

non-entrapped drug will be responsible for the burst 
release.  Percentage of drug entrapped is hence very 

significant as it may affect the desired release profile. 

The drug entrapment efficiency of each batch is 

determined and given in Figure No: 5. The entrapment 

efficiency of batches FT-17 and FT-18 ranged from 

70.38 ± 0.28 to 79.76 ± 0.52%. From this we can 

conclude that as the concentration of polymer 

increased the entrapment efficiency increased. 

 

 

 

In-vitro drug release study 

In vitro dissolution studies were carried out using 
visking dialysis membrane with phosphate buffer pH 

6.4 as the release media. Three formulations FT-17, 

FT-18 and FT-19 were subjected to drug release 

studies, which contained 5%, 10% and 15% of 

poloxamer188 and 17% of poloxamer 407 

respectively. Release data showed that irrespective of 

polymer concentration used, all prepared formulation 

exhibited a burst release. The results are tabulated in 

Table No:7 and figure No.:6.  In FT-17, FT-18 and FT-

19 there was a burst release of 45.87 ± 0.82, 42.34 ± 

0.46 and 40.98 ± 0.65 % respectively in the initial six 
hours. Such a high burst release with more than 40% 

drug released within six hours showed the limitation of 

poloxamer system to retard the burst release. It was 

observed that formulation FT-17 exhibited a complete 

drug release of 98.10 ±0.23 % at 120 hrs. In case of 

FT-18 and FT-19 showed a complete drug release of 

98.1 ± 0.67 % and 97.88 ± 0.19 % respectively at 168 

hours. The release data revealed the following; 
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 Poloxamer formulations could sustain the drug 

release only up to 168 hrs.  The drug release was 

dependent on poloxamer concentration. As the 

poloxamer 188 concentration increased from 5 to 

10%w/v, drug release was sustained from 120 hrs 

to 168 hrs. But further increase in poloxamer 
concentration to 15% w/v could not further 

sustain the drug release. 

 The burst release could not be controlled with 

poloxamer system since more than 40% drug 

released within 6 hrs. burst release was 

independent of poloxamer concentration 

Hence it was concluded based on the drug release 

studies that a rate controlling polymer is needed to be 
incorporated to control the drug release. 

 

Table 7: Evaluation of FT-17, FT-18 and FT-19 batches for in-vitro drug release profile 

 

Time 

(hr) 

cumulative % drug released 

FT-17 FT-18 FT-19 

0 
0 0 0 

6 
45.87 ±0.82 42.34±0.46 40.98±0.65 

12 
53.46±0.64 49.45 ±0.37 47.46±0.36 

24 
71.45 ±  0.65 59.45 ±0.23 57.45±0.36 

48 
78.27 ± 0.25 66.45 ±0.27 68.34±0.67 

72 
86.47 ±0.34 72.45 ±0.45 74.30±0.16 

96 
95.38 ±0.75 78.29 ±0.36 80.25±0.45 

120 
98.10 ±0.23 87.54±0.76 84.56±0.17 

144 
97.67 ±0.11 94.93 ±0.34 94.45±0.16 

168 
----- 98.60 ± 0.67 97.88±0.19 

192 
----- 97.80 ± 0.22 96.31 ±0.1 

       

 
Fig 6: Cumulative drug release for FT-17, FT-18 and FT-19 batches 
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Optimization of concentration of rate controlling 

polymer. 

To control the burst release and to further sustain the 

drug release, it was decided to incorporate a rate 

controlling polymer HPMC K4M into the 

formulations. HPMC K4M was tried out in 
concentrations of 0.5% w/v, 1% w/v and 1.5%w/v in 

formulations FPH-1, FPH-2 and FPH-3 respectively. 

The drug release rate was reported in Table No:8 and 

Figure No: 7. The study revealed that incorporation of 

HPMC K4M at 0.5% into formulation decreased the 

burst release with only 20.37 ± 0.21% releasing within 

6 hrs in FT-19. But still the drug release within 24 hrs 

was found to be 30.26 ± 0.85%, which calls for further 

improvement. Drug release was found to be completed 

within 168 hrs with 98.12 ± 0.54% of release. Hence in 

the next trial HPMC concentration was increased to 

1% which exhibited better control than over burst 

release with only 06.39 ± 0.29% was released in 6 hr 

and 14.57 ± 0.14% release in 24 hrs. But even with 

incorporation of rete controlling polymer the drug 

release could be sustained only up to 168 hrs (almost 
complete release of 98.28 ± 0.24% was observed at the 

end of 168 hrs).To study the effect of HPMC K4M in 

sustaining the drug release, another formulation FTH-3 

was prepared with 1.5% of HPMC. It was observed 

that there was no significant improvement in burst 

release or sustaining the drug release beyond 168 hrs. 

Hence the study concluded that, HPMC K4M at a 

concentration of 1.5% w/v could control the burst 

release of drug and sustain and control the drug release 

for a period up to 7 days. 

 

Table 8 : Drug release profile of FTH-1, FTH-2 and FTH-3 batches. 

Time (hr.) 
Cumulative percentage drug released* 

FTH-1 FTH-2 FTH-3 

0 0 0 0 

6 20.37 ± 0.21 06.39 ± 0.29 06.38 ± 0.29 

12 25.14 ± 0.25 10.09 ± 0.30 09.30 ± 0.49 

24 30.26 ± 0.85 14.57 ± 0.14 14.26 ± 0.26 

48 42.51 ± 0.46 27.45 ± 0.23 24.37 ± 0.47 

72 52.23 ± 0.14 41.47 ± 0.15 39.30 ± 0.36 

96 63.15 ± 0.84 56.29 ± 0.34 48.84 ± 0.39 

120 82.64 ± 0.38 70.74 ± 0.47 62.16 ± 0.47 

144 91.14 ± 0.23 84.23 ± 0.14 79.19 ± 0.56 

168 98.12 ± 0.54 98.28 ± 0.24 97.92 ± 0.29 

192 97.11 ±0.13 97.65 ± 0.53 97.20 ± 0.28 

*average of 3 readings 

 

 
Fig 7: Formulation parameters for FPH-1, FPH-2 and FPH-3  
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Table 9: Evaluation of Deflazacort in situ implant systems incorporated with rate controlling polymer 

Formulation Code FTH- 1 FTH-2 FTH-3 

pH* 7.2 ± 0.03 7.2 ± 0.02 7.2 ± 0.02 

Gelation Temperature*(°C) 
33.2 ± 0.43 34.6 ± 0.26 35.1 ± 0.43 

Gel melting temperature*(°C) 50.2 ± 0.23 52.1 ± 0.25 54.2 ± 0.44 

Gelling time*(Seconds) 5.2 ± 0.02 5.4 ± 0.02 5.4 ± 0.05 

Gel duration* (hr.) 170 ± 1.1 172 ±2.1 188 ± 2.3 

Viscosity* 

(cps) 

Room temperature (°C) 2441 ± 3.2 2543 ± 2.3 2623 ± 4.2 

At 37±0.5ºC 58621 ± 2.2 58722 ± 2.5 58824 ± 4.2 

Syringeability Time* (sec) 6.3 ± 0.2 6.5 ± 0.3 6.5 ± 0.3 

Drug Entrapment Efficiency*(%) 78.1 ±0.4 90.87± 0.2 91.1 ± 0.2 

Drug content*(%) 99.1 ± 0.3 99.7± 0.2 98.3 ± 0.3 

*average of 3 readings 

 

Evaluation of in sItu implants incorporated with 

rate controlling polymer 

The in situ implant formulations incorporated with rate 

controlling polymer, HPMC K4M was further 

evaluated for its effect on the various formulation 

characteristics. The results revealed that there were no 
significant difference in results as when compared to 

the optimal characteristics observed earlier. The results 

are tabulated in Table No. : 9 

 

CONCLUSION: 

Deflazacort parenteral injectable in situ implant may 

provide long-term management of inflammatory 

conditions with an improved patient compliance. The 

feasibility to achieve a controlled release from this 

delivery system can result in a better therapeutic index. 

The study established the potential of thermosensitive 
polymer like poloxamer 188 and poloxamer 407 to 

provide a controlled release delivery system.  
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	The in-vitro studies were carried out using a semi permeable membrane. The test is conducted with a semipermeable visking dialysis membrane of 14 mm diameter x 1 meter, which is having a capacity of 200 ml/meter volume

