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 Objective: The aim of the study was to formulate a sustained release Ofloxacin 
tablet to reduce dosing frequency and prolonged action on the site of 
administration.  

Method: Central composite design for 2 factors at 3 levels each was employed. 
This gave an optimized drug release profile in a systematic way. Different 
quantity of HPMC K 15M and Carbopol were selected as the independent 
variables. Whereas time to 50% drug release (t50%) and drug release at 12hrs 
(T12) were selected as dependent variables.  

Result: The response surface analysis clearly indicated the effect of both 
polymers on t50 and T12. The two formulations composition with HPMC 
concentration of 5.02 % w/w and 7.88 % w/w, the amount of Carbopol was 
4.01% w/w and 4.16% w/w respectively, fulfilled maximum requirements of an 
optimum formulation, desirability 1 and 0.957 respectively.  

Conclusion: Study concluded that HPMC K15M and Carbopol can be used as 
release regulators for formulating Ofloxacin vaginal tablets.                                             

    © www.albertscience.com, All Right Reserved. 
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INTRODUCTION 

Vaginal drug delivery systems are traditionally used to 
deliver contraceptive and drugs to treat vaginal 
infections. The greatest advantage of such dosage forms 
is the possibility of maintaining them in the vagina for 
extended period of time including day hours and night, 
thereby enabling lower dosing frequencies [1]. 

The vagina provides a promising site for local effect as 
well as systemic drug delivery because of its large 
surface area, rich blood supply, avoidance of the first-
pass effect, relatively high permeability to many drugs 
and self-insertion [2, 3]. 

However, this route has not been extensively exploited 
because of the broad inter-individual variability affecting 
some physiological factors like the pH and the presence 
of limited vaginal secretions that further vary depending 
on age and menstrual cycles. Although various 
possibilities are presently being investigated, there are 
only a limited number of vaginal dosage forms available 
[4]. 

A more effective dosage form is needed which can 
overcome the demerits of conventional vaginal dosage 
forms. Thus, it leads to the formulation of sustained 
release vaginal tablets. Including the different factors, 
the concentration of the polymer used and its drug to  

 

polymer ratio plays more important role in sustaining 
the release of drug from the matrix. [5] 

Sustained release tablet is a new breakthrough in novel 
drug delivery system. It excludes complex production 
procedures and the release of drug from the dosage form 
is well controlled. The type and proportion of polymer 
used in preparation plays an important role in drug 
release behavior. Hydrophilic polymer matrix is widely 
used for formulating a sustained release dosage form [6]. 

While designing an optimized formulation of sustained 
release tablet with appropriate dissolution rate the 
important issue is achieving it in a short time period and 
minimum number of trials. Among all the statistical 
experimental design, a computer based optimization 
technique with a response surface methodology utilizing 
a polynomial equation is widely used.  

Optimization with factorial designs is a powerful, 
efficient and systemic tool that shortens the time 
required for the development of pharmaceutical dosage 
forms and improves research and development work [7, 
8]. 

Response surface methodology designs includes, 3-level 
factorial design, Central composite design, Box-Behnken 
design and D-optimal design. Response surface 
methodology is used when only a few factors are 
involved in optimization. This technique proves to be 
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very effective and cost saving than the conventional 
methods. It does not much experimentation and time in 
formulating sustained release dosage forms [9]. 

Ofloxacin (OF) is a synthetic broad spectrum analog of 
second generation fluoroquinolone antibiotic. It is 
widely used to treat different vaginal infections.For 
vaginal delivery systems of ofloxacin to be more 
effective, they need to reside at the sites of infection for a 
prolonged period. In addition, convenience of dosing 
methods is an important factor in the design of 
vaginal application forms [10]. 

Ofloxacin is highly effective against gram positive and 
gram negative bacteria.  Ofloxacin exhibits pH dependent 
solubility. The solubility  of  ofloxacin  in  water  is  60  
mg/ml at  pH  value ranging  from  pH 2  to pH 5,  falls  to 
4 mg/ml at pH 7  (near  iso-electric pH). Thus it is more 
soluble in acidic pH and slightly soluble at neutral or 
alkaline condition (intestinal environment) [11]. 

Ofloxacin is bactericidal and its mode of action depends 
on blocking of bacterial DNA replication by binding itself 
to an enzyme called DNA gyrase, which allows the 
untwisting required replicating one DNA double helix 
into two. Notably the drug has 100 times higher affinity 
for bacterial DNA gyrase than for mammalian [12].  

The objective of the study was to formulate a sustained 
release Ofloxacin tablet to reduce dosing frequency and 
prolonged action on the site of administration.  
 

  

MATERIALS AND METHOD 

Materials: 

Ofloxacinwas obtained from Balaji Drugs, Mumbai, India. 
HPMC K15M was purchased from Him-India, Mumbai. 
Carbopol, MCC and PVP were purchased from 
MerckSpecialist Pvt. Ltd., Mumbai,India. All other 
chemicals and reagents used were of analytical grade. 

Experimental Design: 

A 32 full factorial design was constructed where the 
amounts of HPMC K15 M (X1) and Carbopol(X2) were 
selected as two independent variables. It is suitable for 
investigating the quadratic response and for 
constructing a second-order polynomial model, thus 
enabling optimization. The levels of two factors were 
selected on the basis of literatures available and 
preliminary investigations carried out before 
implementing the experimental design. Optimization of 
formulation of controlled release vaginal tablet was done 
by Design Expert® Software (Version 8.0.7.1, Stat-Ease 
Inc.) All the formulations were prepared and evaluated 
for various pre-compression & post-compression 
parameters and effect of the polymers was studied on 
the in-vitro performances. The data obtained was 
interpreted in the software and polynomial equation was 
obtained. The responses (dependent variables) studied 
for this investigation was dissolution half-life and 
released at 12 hours. The polynomial equations required 
for the purpose of ANOVA are obtained from the 
Factorial designs [13]. 

  
Table 1: Factors and variables 

 

Factors (Independent 
variable) 

Actual values (% w/w) Response (Dependent variable) 

‒ 1 0 + 1 

X1 5 10 15  Dissolution half-life 
Cumulative amount of drug release 
after 12 hr. 

X2 5 7.5 10 

 

Where, X1 & X2 are independent variables of HPMC K15 M & Carbopol respectively. 
 

 

PREPARATION OF OFLOXACIN VAGINAL TABLETS: 

Tablets were prepared using various excipients selected 
from compatibility studies. The concentrations of 
polymer used for prototype formulation development 
were HPMC K15M (5-15%) and Carbopol (5-10%). For 
tablet preparation following excipients were selected: 
HPMC K15M, Carbopol, PVP, MCC, Magnesium stearate 
and Talc. They were weighed according to the formula 
and transferred in a mortar and pestle and mixed 

thoroughly. The excipients, HPMC K15 ,Carbopol, PVP, 
MCC  were dried and mixed with the 200 mg drug and 
then pallets were prepared with I.P.A. The pallets were 
passed through sieve No. 22 and wet granules were 
allowed to dry. Dried granules were then mixed with 
Magnesium Stearate and Talc and then were compressed 
in tablet machine using 8mm capsule shaped punch. The 
different batches of Ofloxacin tablets were collected and 
stored in air tight containers .The tablets were prepared 
each weighing 333 mg in the table below. The drug 
release studies were performed in USP dissolution type 
II apparatus [14-16]. 
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Table 2: Compositions of various formulations 

Composition OF1 OF2 OF3 OF4 OF5 OF6 OF7 OF8 OF9 

Ofloxacin (mg) 200 200 200 200 200 200 200 200 200 

HPMC K15M (mg) 16.65 16.65 16.65 33.3 33.3 33.3 50 50 50 

Carbopol (mg) 16.65 25 33.3 16.65 25 33.3 16.65 25 33.3 

MCC (mg) 78.3 69.93 61.605 61.61 53.3 44.96 45 36.63 28.305 

PVP K30 (mg) 16.65 16.65 16.65 16.65 16.65 16.65 16.65 16.65 16.65 

TALC (mg) 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 

Mag. Stearate 

(mg) 

1.665 1.665 1.665 1.665 1.665 1.665 1.665 1.665 1.665 

 

DRUG-EXCIPIENT COMPATIBILITY STUDIES: 

The study of drug–excipient compatibility is an 
important process in the development of a stable solid 
dosage form [17]. Incompatibility between drugs and 
polymers can alter the stability and bioavailability of 
drugs, thereby affecting its safety and/or efficacy.  

FTIR spectra of Ofloxacin, HPMC, Carbopol, 1:1 w/w 
physical mixture of ofloxacin-HPMC and 1:1 w/w 
physical mixture of ofloxacin-carbopol were stored for 
24hrs in a glass dessicator, and then scanned by FTIR 
spectrophotometer (Bruker Alpha-E, Bruker®, 
Germany) in the range of 400–4000 cm−1 using an ATR 
attachment equipped with zinc selenium optical 
assembly. 

A differential scanning calorimeter (DSC-60, Shimadzu, 
Japan) was used for analysis of thermal stress on 
Ofloxacin and their mixture. Ofloxacin as well as 1:1 w/w 
physical mixtures of drug and excipients were weighed 
to about 5 mg in the DSC aluminum pan and scanned in 
the temperature range of 25–3000C in nitrogen 
environment. A heating rate of 200C per minute was 
used, and the thermo grams were reviewed for evidence 
of any interaction. 

EVALUATION OF GRANULES: 

Granules were evaluated by different factors like, Bulk 
density (Db= M/Vb), Tapped density (Dt= M/Vt), 
Compressibility index (I) and Hausner’s ratio (I= Dt – 
Db/Dt × 100andHausner’s ratio=  Dt/Db= Vb/Vt) and 
Angle of repose{(θ) = tan-1 (h/r}) [18-20]. 

EVALUATION OF VAGINAL TABLETS: 

Prepared tablets were then evaluated for hardness by 
hardness tester, friability by Roche friabilator, thickness 
by Vernier Caliper and then subjected to weight 
variation test [21]. 

UNIFORMITY OF DRUG CONTENT: 

Five tablets were powdered in a mortar. An accurately 
weighed quantity of powdered tablets (200 mg) was 
dissolved in 0.1N HCl and the solution was filtered 
through 0.45μ membranes. Each extract was suitably 
diluted and analyzed spectrophotometricallyat 294nm 
[22]. 

IN-VITRO DRUG RELEASE STUDY: 

Drug release studies of prototype tablets were 
conducted in dissolution medium at pH 4. The drug 
release rate from prototype tablets were studied using 
the USP (II) dissolution test apparatus (Labinda,DS8000, 
Navi Mumbai, India) [23]. The assembly is kept in a 
jacketed vessel of water maintained at 37±20C. The 
dissolution vessels were filled with 650ml of phosphate 
buffer pH 4 [24]. The vessel maintained at 25 rpm under 
stirring conditions by means of paddle fabricated for 
purpose in dissolution apparatus [25]. At various 
intervals of time, samples were withdrawn and filtered 
through whatman filter paper no.42. It was replaced 
immediately with equal amount of fresh buffer. The 
samples were then analyzed U.V. spectrophotometrically 
at 294 nm till the release of drug completes [26, 27]. 

DRUG RELEASE KINETICS: 

To investigate the kinetics of drug release from 
formulated Ofloxacin controlled release tablets, the data 
of In-vitro drug release study were fitted to different 
mathematical models. The order of drug release from 
matrix systems was described by using zero order or 
first order kinetics. The mechanism of drug release from 
matrix systems was studied by using Higuchi diffusion 
model and Hixson-Crowell model. Korsemeyer-Peppas 
support the drug release mechanism for further 
judgment. The respective equations for these models are 
shown below: [28-30]. 

 

 

Zero Order Model  :       Eq.1 

First Order Model  :     Eq.2 

Higuchi Model   :    Eq.3 

Hixson-Crowell Model  :    Eq.4 

Korsemeyer – Peppas Model :                    Eq.5 
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RESULT & DISCUSSION 

DRUG AND EXCIPIENTS COMPATIBLE STUDY: 

FT-IR spectroscopy 

The FTIR study was carried out to find out the possible 
interaction between drug and the polymers within the 
range of 500 to 4000 cm-1. Due to the complex 
interaction of atoms within the molecule, IR absorption 
of the functional groups may vary over a wide range. 
However, it has been found that many functional groups 
give characteristic IR absorption at specific narrow 
frequency range. Multiple functional groups may absorb 

at one particular frequency range but a functional group 
often gives rise to several characteristic absorptions. In 
FTIR spectra of Ofloxacin, one prominent characteristic 
peak was found between 3050 and 3000 cm-1, which was 
assigned to stretching vibration of OH group and 
intramolecular hydrogen bonding. The peak  3042.01 of 
ofloxacin which is of hydroxyl group shifted to 3041.63 
in mixture with HPMC and carbopol. Shift is also seen 
from 2968.82 to 2968.89 with aromatic cyclic enes, 
2785.14 to 2786.47 with alkyl groups. Similar shift is 
also seen in case of other groups in presence of the two 
excipients. 

 

 

Figure 1: IR spectra of Ofloxacin, HPMC K15M, Carbopol 

 

BY DIFFERENTIAL SCANNING CALOMETRY: 

DSC thermograms of Ofloxacin, HPMC K 15M, Carbopol 
and their physical mixture is shown in figure2. DSC 
thermogram of Ofloxacin shows an endothermic peak at 
2540C which is characteristic melting peak of pure 
Ofloxacin. DSC thermogram of HPMC K15M shows its 
endothermic peak at 900C which may be due to 
evaporation of water. DSC thermogram of Carbopol 

shows its broad peak at 1000C. Thermogram of mixture 
of Ofloxacin with HPMC K15M and Carbopol showed a 
wider melting endotherm due to melting of Ofloxacin 
and polymer in mixture. There was neither any other 
endothermic peak nor any sharp exothermic peaks 
within the scanning range indicating there was no 
significant chemical and physical interaction between 
Ofloxacin, HPMC K15M and Carbopol. 

 

 
 

Figure 2:  DSC thermograms of Ofloxacin, HPMC K15M, Carbopol and their physical mixtures 
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PRECOMPRESSION PARAMETERS: 

The granules for tablet were prepared by wet 
granulation method. The prepared granules were 
evaluated for angle of repose, bulk density, tapped 
density, compressibility index and Hausner’s ratio. The 
bulk densities and tapped densities of the granules were 
found to be in the range of 0.456 to 0.474 gm/ml and 

0.572 to 0.683 gm/ml. The angle of repose varied from 
26.98 to 28.62 which indicated good flow properties of 
the granules. Hausner’s ratio was ranged between 1.16 
to 1.32, while the compressibility index was in the range 
of 14.5 to 18.02.These values indicated that the powder 
mixture of all batches of formulation exhibited good flow 
properties. 

  
 

Table 3: Pre compression parameters of prepared granules 

 
Batch 
code 

Bulk density 
(g/ml) ± 
0.02 

Tapped density 
(g/ml) ± 0.02 

Carr’s Index 
(%) ± 0.02 

Hausner’s 
Ratio ± 0.02 

Angle of repose 
(Ө) ± 0.02 

OF1 0.458 0.589 14.5 1.23 27.60 

OF2 0.469 0.678 16.33 1.16 27.12 

OF3 0.456 0.572 15.28 1.25 28.32 

OF4 0.462 0.621 18.02 1.32 28.62 

OF5 0.457 0.585 17.12 1.18 27.47 

OF6 0.468 0.641 16.02 1.21 28.10 

OF7 0.474 0.683 15.7 1.17 27.36 

OF8 0.467 0.638 14.73 1.24 26.98 

OF9 0.471 0.653 17.4 1.27 27.38 

 
POST COMPRESSION PARAMETERS: 
The Ofloxacin tablets were prepared by wet granulation 
method. The results of physicochemical evaluation of 
prepared tablets are shown in Table3. The tablets were 
evaluated for weight variation, hardness, friability 

anddrug content. The hardness, friability, thickness, 
weight variation and drug content were found to be from 
4.2  to 4.5 kg/cm2, less than 1%(in case of all 
formulation), 4mm, 99.08% to 100.4% respectively. 

 
 

Table 4: Post compression parameters of Tablets 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IN-VITRO DRUG RELEASE STUDY OF VAGINAL 
TABLETS: 
The percentage of release of Ofloxacin tablets is shown 
in table5. The results for in-vitro dissolution study 
showed a sustaining effect for all the batches. 
Formulation OF1(5% HPMC and 5% Carbopol) required 
12 hrs. to release the drug completely. OF9 contains15% 
of HPMC and 10% of carbopol required 15hrs. to release 
the drug completely. Similarly OF2 (5% HPMC and 7.5% 
carbopol) took 12 hrs, OF3 (5% HPMC and 10% 

Carbopol) took 12 hr. OF4 (10% HPMC and 5%Carbopol) 
and took 13 hrs, OF5 (10% HPMC, 7.5% Carbopol) took 
13 hrs. OF6 (10% HPMC, 10% Carbopol) and took 13 
hrs, OF7 (15% HPMC, 5% Carbopol) took 15 hrs. OF8 
(15% HPMC, 7.5% Carbopol) took 15 hrs. OF9 (15% 
HPMC, 10% Carbopol) took 15 hrs to completely release 
the drug. The results showed that as the concentration of 
the polymers increases the drug release decreases. 
 

 

 

Batch code 

Parameter 

Hardness 

(kg/cm2) 

Friability 

(%) 

Thickness 

(mm) 

Weight                     

variation 

Drug content 

% 

OF1 4.5 0.82 4 333±0.6 99.32 

OF2 4.2 0.84 4 333±0.5 99.26 

OF3 4.3 0.83 4 333±0.7 99.48 

OF4 4.2 0.86 4 333±0.4 99.27 

OF5 4.5 0.81 4 333 ±0.6 99.34 

OF6 4.4 0.80 4 333±0.8 100.15 

OF7 4.5 0.79 4 333±0.7 99.08 

OF8 4.2 0.82 4 333±0.6 100.45 

OF9 4.2 0.83 4 333±0.5 99.67 

http://doi-ds.org/doilink/02.2018-47499584/


 

Manas Jyoti Kapil et al., ASIO Journal of  Drug Delivery (ASIO-JDD): Volume 3, Issue 1;  2018, 01-12 

DOI Link :: http://doi-ds.org/doilink/02.2018-47499584/ 6 

Table 5: Cumulative in-vitro drug release data of tablets 
 

Time (Hr) Cumulative % drug release 

 OF1 OF2 OF3 OF4 OF5 OF6 OF7 OF8 OF9 

0.25 9.55 7.09 6.45 6.28 5.47 6.12 3.80 4.10 4.35 

0.5 16.27 10.49 8.48 8.73 11.75 8.69 10.84 9.46 10.95 

0.75 20.17 13.07 10.01 13.41 17.71 12.96 17.97 15.39 15.82 

1 22.39 15.87 14.31 15.64 22.35 15.31 22.93 18.34 20.80 

1.5 25.87 21.78 19.15 18.38 26.47 18.41 30.17 24.49 27.93 

2 30.66 25.00 24.35 21.16 33.53 20.71 31.77 28.01 31.87 

3 37.21 30.82 32.12 27.86 41.26 27.49 38.52 32.78 36.07 

4 43.78 34.41 39.83 34.49 47.22 33.78 41.29 38.46 41.74 

5 50.50 42.51 46.35 41.21 59.04 39.03 45.45 41.27 45.12 

6 57.34 50.44 53.52 44.47 63.84 45.21 50.77 46.34 50.47 

7 63.91 59.17 60.17 52.78 67.21 52.70 56.40 50.22 56.15 

8 70.44 68.91 67.95 62.71 69.95 61.49 61.11 56.26 59.54 

9 79.72 77.49 74.62 73.01 73.31 72.28 66.06 60.53 62.67 

10 87.96 85.17 82.18 81.25 76.73 80.75 69.93 65.10 65.82 

11 96.91 93.44 88.61 83.48 81.41 83.07 74.53 68.87 69.17 

12 101.58 99.67 96.86 87.59 86.19 87.27 78.51 75.15 74.52 

13    92.11 92.42 91.70 83.64 79.66 79.03 

14       88.90 86.49 83.29 

15       91.95 91.18 89.50 

 
 

 
 

Figure 3: In-Vitro Drug release profile for Ofloxacin vaginal tablets against time in hour 
 
DRUG RELEASE KINETICS: 
Mathematical model fitting of obtained drug release 
data:The  In-Vitro  release  studies  data  were quantified 

to  determine  the  release mechanism,  to  fit  various  
mathematical  models  and  to  determine  which  the  
best-fit model was. 
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Table 6: Kinetic analysis of In-Vitro drug release mechanism 

 

MODEL Parameter OF 1 OF2 OF3 OF4 OF5 OF6 OF7 OF8 OF9 

Zero Order R² 0.9164 0.9766 0.9758 0.97 0.799 0.973 0.82 0.89 0.8 

K₀ 9.071 8.573 8.434 7.66 8.185 7.61 6.93 6.54 6.621 

First Order R² 0.9406 0.938 0.97 0.95 0.981 0.956 0.95 0.96 0.95 

K₁ 0.173 0.149 0.148 0.132 0.168 0.13 0.134 0.117 0.124 

Higuchi R² 0.9516 0.9021 0.9234 0.91 0.98 0.9 0.98 0.96 0.98 

KH 25.87 24.067 23.761 22.47 24.71 22.285 22.4 20.989 21.448 

Hixon-
Crowel 

R² 0.9506 0.9614 0.9853 0.97 0.95 0.974 0.93 0.95 0.93 

KHC 0.048 0.042 0.042 0.037 0.045 0.037 0.037 0.032 0.034 

Korsemayer–
Peppas 

R² 0.9861 0.988 0.9985 0.98 0.99 0.99 0.98 0.99 0.99 

Release 
Exponent 
(n) 

0.672 0.834 0.79 0.8 0.554 0.815 0.564 0.63 0.552 

KKP 18.402 12.292 13.302 11.89 22.117 11.523 19.478 15.732 19.132 

 
STATISTICAL OPTIMIZATION OF OFLOXACIN 
SUSTAINED RELEASE VAGINAL TABLET: 
In order to optimize the formulation of controlled 
release tablet of Ofloxacin, the effect of selected variables 
viz. amount of HPMC and amount of Carbopol were 
studied on the nature and the performance of the drug 

delivery device. According to the central composite 
design, nine formulations were prepared by varying the 
amount of independent variables. The individual and 
interactive effects of the independent variables on the 
selected responses have been studied and presented in a 
tabular form.  

 
Table 7: Statistically optimized formulas as per experimental design 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STATISTICAL DATA ANALYSIS: 
The statistical analysis of the data obtained from trial 
batches was performed by multiple linear regression 
analysis using Design Expert® 8.0.7.1 software (Stat-Ease 
Inc. USA). The data clearly indicated that the values of 
two dependent variables, dissolution half-life and release 
at 12hours strongly depended on independent variables, 
amount of HPMC K15 and Carbopol. Analysis of variance 
(ANOVA) was performed to identify significant and 
insignificant factors. The model F-values for the 
responses i.e t50 and T12 were found to be 8.837 and 

278.128 respectively. This implied that the models were 
significant. The values of prob> F (Less than 0.05) for all 
the responses indicated the significance of the model.The 
polynomial equations relating the responses to the 
factors have been generated by multiple linear 
regression analysis as expressed below (eq.) – 
t50 = 4.739 + 0.602X1 + 0.2045X2  Eq.6 
T12 = 87.4822 – 11.655X1 – 1.505X2 Eq.7 
Where X1 and X2 are coded values of the test variables i.e. 
amount of HPMC and Carbopol in  
% w/w. 

EFFECT ON T50 : 

 Factor 1 Factor 2 Response 1 Response 2 

Formulations HPMC K15M 
%w/w 

Carbopol 943 
%w/w 

t50 
hrs. 

T12 
% 

OF1      5 5 3.7355 101.58 

OF2      5 7.5 4.3161 99.67 

OF3      5 10 4.428 96.86 

OF4     10 5 4.9515 87.59 

OF5     10 7.5 4.0944 86.19 

OF6     10 10 5.034 87.27 

OF7     15 5 4.9825 78.51 

OF8     15 7.5 5.6749 75.15 

OF9     15 10 5.4346 74.52 
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The polynomial equation for t50 illustrates that both the 
variables viz. HPMC and Carbopol was found to have 
additive effect on t50. Figure A and Figure B represent the 
contour plot and three dimensional analysis of the 
studied response property, time taken for 50% release of 

drug. From the contour plot it can be concluded that the 
t50 decreases with augmentation of both variables. The 
response changes the variables in a linear and 
descending manner. 

 
 

 
 

Figure 4: Contour plot showing the influence of HPMC and Carbopol on the t50 
 

 
 

Figure 5:3D Response Surface graph showing the influence of HPMC and Carbopol on t50 
 
 
EFFECT ON T12: 
The polynomial equation for T12 illustrates that both the 
variables viz. HPMC and Carbopol was found to have 
negative effect on T12. Figure 6 and Figure 7 represent 
the contour plot and three dimensional analyses for the 

studied response properties ofrelease at 12hr. From the 
contour plot it can be concluded that the T12 decreases 
with augmentation of both variables. The response 
changes the variables in a linear and descending manner. 

 

http://doi-ds.org/doilink/02.2018-47499584/


 

Manas Jyoti Kapil et al., ASIO Journal of  Drug Delivery (ASIO-JDD): Volume 3, Issue 1;  2018, 01-12 

DOI Link :: http://doi-ds.org/doilink/02.2018-47499584/ 9 

 
 

Figure 6: Contour plot showing the influence of HPMC and Carbopol on the T12 
 

 

 
 

Figure 7:3D Response Surface graph showing the influence of HPMC and Carbopol on T12 
 

SEARCH FOR OPTIMUM FORMULATION: 
The most important part of response surface 
methodology is to search the optimized formulation. 
Response surface optimization is more advantageous 
than the traditional single parameter optimization in 
that it saves time, space and raw material.  A numerical 
optimization technique using the desirability approach 
was employed to develop a new formulation with the 
desired responses. The two formulations composition 
with HPMC concentration of 5.02% and 7.88%, the 
amount of Carbopol was 4.01% and 4.167% respectively, 
fulfilled maximum requirements of an optimum 

formulation, desirability 1 and 0.957 respectively. The 
higher desirability value indicates the more suitability of 
the formulation in terms better regulation of drug 
release rate. The optimized formulation was evaluated 
for various dependent variables. The response values 
were calculated and compared to the corresponding 
predicted values. Table8 lists the values of the observed 
responses and those predicted by mathematical models 
along with the percentage prediction errors. The 
prediction error for the response parameters ranged 
between 1.01 and 3.624%. 
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Figure 8: Graph showing desirability of optimized formulation 
 

 
 

Figure 9: Plot showing desirability of optimized formulation 
 

Table 8: Comparison of experimentally observed responses of the optimized Ofloxacin vaginal tablet with 
predicted responses 

 

Response 
parameter 

Optimized 
formulation 

Observed 
value 

Predicted 
value 

Error (%) 

t50 

 
OF1 
OF2 

4.015 
4.167 

3.869 
4.315 

3.624 
3.537 

 
T12 
 

 
OF1 
OF2 

 
99.99 
98.91 

 
98.96 
97.91 

 
1.03 
1.01 

http://albertscience.com/journals/article_detail/121
http://doi-ds.org/doilink/02.2018-47499584/


 

Manas Jyoti Kapil et al., ASIO Journal of  Drug Delivery (ASIO-JDD): Volume 3, Issue 1;  2018, 01-12 

DOI Link :: http://doi-ds.org/doilink/02.2018-47499584/ 11 

 
PHYSICAL STABILITY STUDY (At 400 C ± 2 and 
Humidity 75% ± 5):  
Statistical analysis of the results, before and after 
conducting the stability studies for 3 months, was 
carried out using paired Student’s t-test. No significant 
difference (p > 0.05) was observed in the tablet 
appearance, hardness or thickness. The similarity factor 
(ƒ2) was calculated for comparison of dissolution profile 

before and after stability studies.The ƒ2 values were 
found more than 50 (97.56 and 89.34 respectively after 
one and three months) that indicate a good similarity 
between both the dissolution profiles. Similarly, no 
significant difference was observed in the drug content. 
The periodic data of stability study is presented in 
Table9. The results of stability studies indicated that the 
developed formulation has good stability. 

Table 9: Results of short term physical stability study (OF1) 
 

Parameters Study period (Months) 

0 1 3 

Appearance Off-white coloured capsule 
shaped tablets 

Off-white coloured 
capsule shaped tablets 

Off-white coloured 
capsule shaped tablets 

Hardness (Kg/m2) 4.3 4.4 4.5 

Thickness (mm) 4 4 4 

Drug content (% w/w) 99.45  98.83  98.28  

Dissolution profile 
similarity factor (f2 %) 

98 96 97 

 

CONCLUSION 

From this investigative study it was observed that wet 
granulation method could be used successfully to 
develop control release tablets of Ofloxacin. Tablets were 
subjected to various evaluation parameters such as 
Weight variation, Hardness, Friability, Drug content, 
Thickness and drug release study. Study revealed that 
tablets of all batches had acceptable physical 
parameters. FT-IR studies revealed that there was no 
interaction between ofloxacin and other excipients used 
in the tablets. The results for invitro dissolution study 
showed a sustaining effect for all the batches. 
Formulation OF1(5% HPMC AND 5% Carbopol) required 
12 hrs to release the drug completely. OF9 contain 15% 
of HPMC and 10% of carbopol required 15hrs to release 
the drug.  
The two formulations composition with HPMC K15M 
concentration of 5.02% and 7.88%, the amount of 
Carbopol was 4.01% and 4.167% respectively, fulfilled 
maximum requirements of an optimum formulation, 
desirability 1 and 0.957 respectively. The higher 
desirability value indicates the more suitability of the 
formulation in terms better regulation of drug release 
rate. 
Hence sustained release of drug from the tablet using 
these polymers can be achieved.  
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