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Abstract: The aim of the study is to prepare Dexibuprofen modified release gel for topical delivery to provide the drug release
in a modified manner, decreasing the oral side effects of the drug and improving the stability. Dexibuprofen, an anti-inflammatory
drug, was used to design Novel Modified Release Gel Formulation to avoid its first pass effect as well as to increase its bioavailability
with decline in dosing rate and to reduce its adverse effects. Skin is the largest, most extensive and accessible organ for topical
administration of drug on human body, compared to other organs for drug delivery. Skin is most important route of topical drug
delivery system. Topical application of dosage forms offers several advantages of delivering the drug directly to the site of action
and acts for an extended period of time. In this study, Dexibuprofen gel was prepared by aqueous process. Drug-Excipient
compatibility study was performed for the selected excipients. A sum of 6 batches (Batch No. from FOOl to FO06) were
arranged by means of different polymers for prototype development and these are evaluated for various parameters. Batch No.
FO06 was found to have better quality characteristics hence composition of this batch was taken forward for optimization.
Formulation was optimized using full factorial design. Four independent factors were optimised with varying levels of Chitosan,
Sepineo P 600, Lactic acid and stirrer rpm. JMP Software has given 19 trials with 3 centre points and three responses owing to
quality characteristics of gel formulations namely pH, viscosity and spreadability. An Interaction between Independent factors
and responses were studied. The stability studies were carried out for prepared gel formulation as per ICH guidelines. The
prepared Dexibuprofen gel was evaluated for various parameters and it shows good spreadability of B.No. FO06 and it is
concluded that the formulation could be very promising for the topical use to relieve pain and reduce the inflammation.
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1. INTRODUCTION

The topical drug delivery methods are self-limited, distinct
dosage forms which are usually applied on skin to distribute
drug directly into systemic circulation without passing
through gastrointestinal tract'. At present, most of the drugs
are delivered orally, whereas this has the remarkable
advantages of simple administration, it as well has some
limitations like aqueous solubility of drug, first pass
metabolism, gastric enzymes and pH variability in gastric
environment™®. It leads to poor bioavailability of drug
molecules. To prevail over these complications, there is a
need for the progress of new drug delivery method; which
will advance the remedial effect of products. One of the most
exploited parental approaches is topical drug delivery*.
Topical drug delivery carries therapeutic material through
the skin for general effect. The accomplishment of this
release depends on the capability of the drug to infuse the
skin in adequate quantities to attain its required therapeutic
outcome®. The skin is very efficient as a selective diffusion
barrier. Percutaneous absorption entails the channel of the
drug fragment through the Stratum corneum under the
control of a concentration gradient and its successive
diffusion of the fundamental epidermis through the dermis
and into the blood circulation®. The skin acts as an inert
barrier to the penetrating molecule. In percutaneous
absorption, the stratum corneum offers the peak resistance
to diffusion and it is the rate-limiting step. Gels are clear to
opaque semi solids that have a high ratio of solvent to gelling
agent fuse or entrap to form a three-dimensional colloidal
complex structure. This complex limits fluid flow by
entrapment and immobilization of the solvent molecules. The
complex structure is also accountable for a gel resistance to
deformation and so, its visco-elastic properties. Gels tend to
be soft, smart, non greasy and generate cooling effects and
develop better drug delivery as distinguished to other
semisolid formulation®. Gels have enhanced potential as a
vehicle to administer drugs topically in association to
ointment, since they are non-sticky and need low energy
during the formulations are constant and have high aesthetic
rate. Dexibuprofen is well known NSAID; it is a
dextrorotatory enantiomer of ibuprofen. Dexibuprofen
comprises of log P value of 3.97 and biological half-life of 1.8 -
35h, it possesses appropriate physicochemical and
pharmacokinetic properties making it prospective contender
for topical drug delivery®’. The purpose of this study is to
expand modified release gel formulation of Dexibuprofen by
means of full factorial design. Full factorial design generates
experimental points by means of all the feasible mixture of
the levels of the factors in every entire trial or replication of
the experiments. The trial design points in a full factorial
design are the vertices of a hypercube in the n-dimensional
design space identified by the least and the highest values of
all the factors’. This delivery method will liberate the drug in
a controlled mode with competent permeation to attain
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essential anti-inflammatory activity and excluding adverse
effects linked with gastrointestinal tract '*''.

2. MATERIALS AND METHODS
2.1 Materials

Dexibuprofen was received as gift sample from Solara Active
Pharma, Sciences Limited, India, Chitosan (Chitopharm™ M)
was purchased from Chitinor AS - A Company in the Sea
garden Group, Kolliphor RH 40 was purchased from BASF
Chemicals, Sepineo P 600 (Acrylamide/Sodium
Acryloyldimethyltaurate Copolymer/ls hexadecane
&Polysorbate 80) was purchased from Seppic Inc., All other
reagents utilized were of analytical category

2.2  Methods
2.2.1 Drug-Excipient Physical compatibility study'

The drug and excipients interactions were studied for
physical compatibility. Binary mixtures of drug and excipients
(1:1) were taken in glass vials with punctured LDPE plugs and
kept in accelerated and real time stability conditions for |
month. Physical descriptions were observed for initial and |
month samples. Excipient screening was done based on
outcome of compatibility study.

2.2.2 Preparation of samples

The mixtures of Dexibuprofen with selected excipients were
prepared in |:| w/w ratio by the easy incorporation of the
components in a mortar with pestle at room temperature for
0 min. The drug and polymers were individually weighed in
glass vials, each vial was sealed with Teflon-lined screw cap
and the mixture of drug and polymers were stored in two
different  conditions at  25°C%2/60%t5 RH and
40°C+2/75%+5 RH for one month"*'*. Dexibuprofen was
kept alone and also kept with other excipients like Chitosan,
Benzoic acid, Carbopol 971 P, Menthol, Transcutol,
Triethanolamine, Chlorocresol, Sepineo P 600, Lactic acid,
Kolliphor 40 & Propylene glycol.

2.2.3 Prototype development of Dexibuprofen gel

Dexibuprofen gel was formulated with aqueous base system
by using different excipients. Different excipients were
finalized based on compatibility studies. Chitosan and
Carbopol 971 P were used as a release controlling polymer'®,
Propylene glycol, Triethanolamine, Transcutol P, PEG-400 and
Kolliphor RH 40 were used as mild permeability enhancers.
Sepineo P 600 is a three in one polymer mainly used for
thickening, emulsifying and stabilizing of gel formulation,
Benzoic acid and Chlorocresol were used as preservatives.
Different compositions are provided in table-0l.

Table - 01.Prototype development and screening of excipient trials
Batch No. FOOI F002 F003 F004 F005 F006
Batch Size (kg) 1.00 1.00 1.00 1.00 1.00 1.00
Ingredients Gram
Dexibuprofen 103.14 103.14 103.14 103.14 103.14 103.14
Chitosan - - - - - 1.00
Benzoic acid - 2.00 2.00 - 2.00 -

P-179



ijlpr 2020; doi 10.22376/ijpbs/Ipr.2020.10.5.P178-190

Pharmaceutical Technology

Carbopol 971 P 25.00 - - 25.00 25.00 -
Chlorocresol 1.00 - - 1.00 - 1.00
Menthol 0.50 0.50 0.50 0.50 0.50 -
Sepineo P 600 - 30.00 40.00 - - 40.00
Lactic acid - - - - - 0.50
Polyethylene Glycol 400 10.00 10.00 10.00 20.00 20.00 -
Kolliphor 40 - - - - - 10.00
Propylene glycol 10.00 10.00 10.00 10.00 10.00 120.00
Transcutol HP 35.00 35.00 35.00 35.00 35.00 -
Triethanolamine 72.00 - - 72.00 72.00 -
Purified water 743.36 809.36 799.36 733.36 732.36 724.36
Total 1000.00 | 1000.00 | 1000.00 | 1000.00 | 1000.00 | 1000.00

2.2.4 Process flow

Dexibuprofen gel was manufactured by aqueous process'®'’. Sequence of addition also played an important role in gel
formulation, however it was finalized based on trial and error method hence it was not kept in the part of optimization. Finalized
process scheme is provided in Figure - O1.

| Step - 1: Chitosan and Lactic acid were dissolved in purified water (3000 RPM) |

!

Step - 2: Propylene glycol and Kolliphore RH 40 were kept on heat

at 45°C and drug was slowly added into it (2000 RPM)

l

Step - 3: Propylene glycol and Chlorocresol were mixed together in vial |

d

Step - 4: Sepineo P 600 was added in Step -1 solution along

with purified water under stirring (3000 RPM)

d

Step - 5: Step-2, 3 and 4 materials were mixed under stirring (5000 RPM) |

2.2.5 Optimization

Figure - 01.Manufacturing process flowchart

Dexibuprofen gel formulation was optimized using the Design of Experiment (DoE) approach. Full factorial design was employed
for optimization using JMP software. Major critical quality attributes were identified. Three material attributes and three process
parameters were selected based on prior knowledge and literature support. Factors and their defined levels are provided in Fig
02 and table-02 respectively. Software has given 19 trials with three centre points'®. Trials are mentioned in table-03. Three
responses like pH, viscosity and spreadability were measured during optimization trials to ensure desired quality characteristics

of prepared gel formulation'”.

Critical Material
Attributes
(CMA)

Critical Quality

attributes

(COAs)

Chitosan Sepneo P 600
concentration concentration

Lactic acid Stirri '
concentration ITENE Spee

Critical Process
Parameters
(CPP)

Figure 02.CMA and CPP impacts on CQAs
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Table - 02. Independent factors and their levels
S.No. | Factor | Independent factors Level (-) | Level (+)
I X1 Chitosan Concentration. (% w/w) 0.05 0.150
2 X2 Sepineo P 600 (% w/w) 2.0 6.0
3 X3 Lactic acid (% w/w) 0.025 0.075
4 X4 Stirrer speed (RPM) 3000 7000
Table - 03.DoE trials for optimization using full factorial design
Factor | Factor 2 Factor 3 Factor 4
X1 X2 X3 X4
A: Chitosan B: Sepineo P 600 C: Lactic acid D: Stirrer

Run concentration concentration concentration speed
% wiw % wiw % wiw RPM
| 0.15 6 0.075 7000
2 0.15 6 0.075 3000
3 0.15 6 0.025 7000
4 0.15 6 0.025 3000
5 0.15 2 0.075 7000
6 0.15 2 0.075 3000
7 0.15 2 0.025 7000
8 0.15 2 0.025 3000
9 0.05 6 0.075 7000
10 0.05 6 0.075 3000
I 0.05 6 0.025 7000
12 0.05 6 0.025 3000
13 0.05 2 0.075 7000
14 0.05 2 0.075 3000
15 0.05 2 0.025 7000
16 0.05 2 0.025 3000
17 0.1 4 0.05 5000
18 0.1 4 0.05 5000
19 0.1 4 0.05 5000

2.2.6 Characterization
2.2.6.1 Visual Inspection/Description

The formulated gels were examined for their colour,
consistency, homogeneity, texture (lumps) by checking
visually under a fluorescent tungsten light, viewed alongside a
white and black background. This was done for six times and
average values were calculated.

2.2.6.2 pH

For determination of pH, |.0gram of gel was dispersed in
distilled water (100 ml) then pH was calculated by using a
digital pH meter. (pHMeter-Toledo GmbH, Switzerland).
This was done for six times and average values were
calculated ',

2.2.6.3 Specific gravity:

The blank weight of the pycnometer was initially attained and
then was tarred on an analytical weighing balance. Gel (20
gm) was placed in a pycnometer and was weighed. This was
repeated with an equivalent amount of distilled water. All
measurements were made at room temperature. This was
repeated for 6 times and mean calculated.”

2.2.6.4 Viscosity

The viscosity of prepared gel formulation was measured by a
Brookfield Viscometer. The gels were rotated using spindle
no.4 at 10 rpm. At every speed, the subsequent dial reading
was noted. This was done for six times and average values
were calculated®.

2.2.6.5 Spread ability

| g of gel was packed in between 2 horizontal glass plates (20
X 20 cm?) for | minute. The upper plate was then separated
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and the diameter of the gel sticking on to it was calculated.
The identical weight (125 gm) tied on the upper plate. This
was done for six times and average values were calculated™.
Spreadability was then calculated by using the formula:

S=dxmn/4
Where, S = Spread ability, d = diameter of gel, m = 3.14
2.2.6.6 Stability Evaluation

The drug product was packed in aluminium collapsible tube
and laminated tubes; stability evaluated for 6 months at 40°C
/ 75% RH and for 6 months at 25°C / 60%RH. The product
was tested for Description, pH, specific gravity and Assay of
Dexibuprofen. The data is presented in Table. 12. The
results revealed that the product was found to be stable.

3. STATISTICAL ANALYSIS

The data obtained for Full factorial design was employed for
optimization by using JMP software. (Version 15.2.1). The
data were presented for the Effect of independent factors on
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pH, viscosity and spreadability. Probability value of less than
0.05 was considered statistically significant.

4. RESULTS AND DISCUSSION
4.1 Drug-Excipient compatibility study

Estimation of drug—excipient interactions is an important step
in pre formulation studies of formulation development to
achieve consistent stability, bioavailability and
manufacturability of all dosage forms®. It is already known
that active drugs in the topical dosage form accounts only for
a minor fraction in the formulation; therefore, it is important
to understand how the excipients within the formulation
interact with the active drug and influence the site of action
and permeation®. Physical description was observed during
compatibility study. All excipients were found to be physically
compatible with Dexibuprofen at both accelerated and real
time stability conditions for | month. Hence these excipients
are taken forward for prototype development. Physical
description data is provided in Table-04.

Table -04.Physical description data of compatibility study

o o 25°C/60%
E::,lg :::iﬂiﬁ)(dpient Initial 40 ICI75A’: H RH Inference

& R4 mont I month
Dexibuprofen White crystalline powder No Change No Change Comepatible
Dexibuprofen + Chitosan White to off white powder No Change No Change | Compatible
Dexibuprofen + Benzoic acid White to off white powder No Change No Change | Compatible
Dexibuprofen + Carbopol 971 P White to off white powder No Change No Change | Compatible
Dexibuprofen + Menthol White to O:;\CVV:I: crystalline No Change No Change Compatible
Dexibuprofen + Transcutol White to off white semi solid mass No Change No Change | Compatible
Dexibuprofen + Triethanolamine White to off white semi solid mass No Change No Change | Compatible
Dexibuprofen + Chlorocresol White to off white powder No Change No Change | Compatible
Dexibuprofen + Sepineo P 600 White to off white semi solid mass No Change No Change | Compatible
Dexibuprofen + Lactic acid White to off white semi solid mass No Change No Change | Compatible
Dexibuprofen + Kolliphor 40 White to off white powder No Change No Change | Compatible
Dexibuprofen + Propylene glycol White to off white semi solid mass No Change No Change | Compatible

4.2  Prototype development

Prototype development was finalized based on quality characteristics of gel products. It includes pH, viscosity and Spreadability.
Six batches have been executed and data is provided in table-05. F006 batch was found to have better viscosity and spreadability;
it helps to increase intimate contact time with skin”. It also shows acidic pH due to presence of lactic acid in composition which
helps in permeation of drug through skin, hence FO06 batch composition was taken forward for optimization.

Table - 05.Evaluation data of prototype development trials

Batch No. 4
Evaluation parameters FOOI F002 F003 | FO04 | FO005 F006
Viscosity (cps) 28360.41 | 31029.1 | 33142.8 | 28176 | 26793.1 | 35467.1
Spreadability (mm) 1.97 2.07 1.86 1.92 2.13
pH 5.7 4.7 5.31 5.92 3.79

Optimization trials have been executed and responses were measured. Results are provided in table- 06.

Table - 06.Optimization trials data

Factor

Response

4 I 2 3
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A:Chitosan B:Sepineo P 600 C:Lactic acid D:Stirrer . . Spread
Run - . ; pH | Viscosity I
concentration concentration concentration speed ability
% wiw % wiw % wiw RPM - mm
I 0.15 6 0.075 7000 348 | 377439 2.09
2 0.15 6 0.075 3000 3.52 | 352639 2.13
3 0.15 6 0.025 7000 3.18 35994 2.18
4 0.15 6 0.025 3000 32 | 348572 2.15
5 0.15 2 0.075 7000 3.39 | 286535 231
6 0.15 2 0.075 3000 3.61 | 275648 2.37
7 0.15 2 0.025 7000 3.83 | 28564.2 2.31
8 0.15 2 0.025 3000 349 | 29347.7 227
9 0.05 6 0.075 7000 3.51 | 36197.6 2.12
10 0.05 6 0.075 3000 3.57 | 37039.7 2.14
I 0.05 6 0.025 7000 3.73 | 365424 2.07
12 0.05 6 0.025 3000 3.84 | 349853 2.15
13 0.05 2 0.075 7000 329 | 295583 2.26
14 0.05 2 0.075 3000 3.36 | 28292.6 2.21
15 0.05 2 0.025 7000 3.68 | 29995.4 2.34
16 0.05 2 0.025 3000 3.37 | 304828 2.19
17 0.1 4 0.05 5000 3.75 | 34467.1 2.13
18 0.1 4 0.05 5000 3.77 | 345438 2.15
19 0.1 4 0.05 5000 3.75 | 343903 2.11
Table - 07 Analysis of Variance
Source Degree of Sum of Mean F Ratio
Freedom Squares Square
Model I5 0.61274375 0.040850 0.7959
Error 3 0.15397204 0.051324 | Prob>F
Total 18 0.76671579 - 0.6753
Effect of independent factors on pH:
Table - 08 Parameter Estimates
Term Estimate Prob>|t|
Intercept 3.6755428 0.0007*
A:Chitosan concentration -0.8125 0.5250
B:Sepineo P 600 concentration 0.0003125 0.9919
C:Lactic acid concentration -1.475 0.5614
D:Stirrer speed 4.0625e-6 0.8950
(A:Chitosa|.1 concentration-0.1)*(B:Sepineo P 600 _1.18125 0.1283
concentration-4)
(A:Chitosa|.1 concentration-0.|)*(C:Lactic acid 595 02805
concentration-0.05)
(B:Sepineo .P 600 concentration-4)*(C:Lactic acid 1 0625 04174
concentration-0.05)
(A:Chitosan concentration-0.1)*(B:Sepineo P 600
concentration-4)* 25.75 0.3383
(C:Lactic acid concentration-0.05)
gg.oc(l)l;ltosan concentration-0.|)*(D:Stirrer speed -6.25¢-6 09919
gs::dp_lgggol; 600 concentration-4)*(D:Stirrer 9219e-6 0.5614
(A:Chitosan concentration-0.1)*(B:Sepineo P 600
concentration-4)* 7.1875e-5 0.8160
(D:Stirrer speed-5000)
(C:Lactic acid concentration-0.05)*(D:Stirrer -0.001138 0.3893
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speed-5000)
(A:Chitosan concentration-0.|)*(C:Lactic acid
concentration-0.05)* -0.00625 0.8006
(D:Stirrer speed-5000)
(B:Sepineo P 600 concentration-4)*(C:Lactic acid
concentration-0.05)* 0.0006063 0.3629
(D:Stirrer speed-5000)
(A:Chitosan concentration-0.1)*(B:Sepineo P 600
concentration-4)*
(C:Lactic acid concentration-0.05)*(D:Stirrer 0.001375 09111
speed-5000)
Effect of independent factors on viscosity:
Table - 09 Parameter Estimates
Term Estimate Prob>|t|
Intercept 25695.832 0.0009*
A:Chitosan concentration -6381.125 0.5171
B:Sepineo P 600 concentration 1755.1469 0.0040*
C:Lactic acid concentration -1136.75 0.9521
D:Stirrer speed 0.169228| 0.4939
(A:Chitosan concentration-0.1)*(B:Sepineo P 600 concentration-4) 2058.0625 0.6689
(A:Chitosan concentration-0.1)*(C:Lactic acid concentration-0.05) 69035 0.8557
(B:Sepineo P 600 concentration-4)*(C:Lactic acid concentration- 10233.875 0.3250
0.05) ’ ’
(A:Chitosan concentration-0.1)*(B:Sepineo P 600 concentration-4)* i
(C:Lactic acid concentration-0.05) 12167.5 0.9487
(A:Chitosan concentration-0.1)*(D:Stirrer speed-5000) 1.5179375 0.7506
(B:Sepineo P 600 concentration-4)*(D:Stirrer speed-5000) 0.0507547 0.6730
(A:Chitosan concentration-0.1)*(B:Sepineo P 600 concentration-4)*
(D:Stirrer speed-5000) 10546563 0.6615
(C:Lactic acid concentration-0.05)*(D:Stirrer speed-5000) 3.211625 0.7370
(A:Chitosan concentration-0.1)*(C:Lactic acid concentration-0.05)*
(D:Stirrer speed-5000) 96.5375 06183
(B:Sepineo P 600 concentration-4)*(C:Lactic acid concentration-
0.05)* -2.925812 0.5500
(D:Stirrer speed-5000)
(A:Chitosan concentration-0.1)*(B:Sepineo P 600 concentration-4)*
(C:Lactic acid concentration-0.05)*(D:Stirrer speed-5000) 4529125 0.6392
Effect of independent factors on Spreadability:
Table - 10 Parameter Estimates
Term Estimate Prob>|t|
Intercept 22989967 <.0001*
A:Chitosan concentration 0.4125 0.3200
B:Sepineo P 600 concentration -0.038438  0.0214*
C:Lactic acid concentration -0.075 0.9208
D:Stirrer speed 2.1875e-6  0.8172
(A:Chitosan concentration-0.1)*(B:Sepineo P 600 concentration-4) -0.11875 0.5428
(A:Chitosan concentration-0. | )*(C:Lactic acid concentration-0.05) 0.5 0.9735
(B:Sepineo P 600 concentration-4)*(C:Lactic acid concentration-0.05) -0.1375 0.7184
(A:Chitosan concentration-0.1)*(B:Sepineo P 600 concentration-4)* 775 0.3455
(C:Lactic acid concentration-0.05)
(A:Chitosan concentration-0.)*(D:Stirrer speed-5000) -8.125e-5 0.6715
(B:Sepineo P 600 concentration-4)*(D:Stirrer speed-5000) -4.531e-6  0.3729
(A:Chitosan concentration-0.1)*(B:Sepineo P 600 concentration-4)* 96875¢-5  0.3455
(D:Stirrer speed-5000) : ’
(C:Lactic acid concentration-0.05)*(D:Stirrer speed-5000) -0.000263  0.5043
(A:Chitosan concentration-0.)*(C:Lactic acid concentration-0.05)* -0.00325 0.6715
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(D:Stirrer speed-5000)

(B:Sepineo P 600 concentration-4)*(C:Lactic acid concentration-
0.05)*
(D:Stirrer speed-5000)

0.0001188  0.5428
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(C:Lactic acid concentration-0.05)*(D:Stirrer speed-5000)

-0.001625  0.6715
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pH Spreadability
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Fig - 04 Contour Profiler

Table - 1| Parameter Estimates
. . Spreadability
Response pH Viscosity (cps) (mm)
Target 35-40 28000 - 36000 1.8-22
A:Chitosan concentration B:Sepineo P 600 C:Lactic acid S
Factors o o s speed
(%owiw) concentration (%w/w) concentration (%w/w) RPM
Optimum 0.05 4.549 0.025 3000
value

4.3 Design Of Experiments (DoE):

DoE is a structured and organized method for determining
the relationships between input factors (independent
variables) affecting one or more output responses
(dependent variables), through the establishment of
mathematical models. In DoE approach, the controlled input
factors are systematically varied to determine their effects on
the output responses, which allows the determination of the
most important input factors, the identification of input
factors setting leading to optimized output responses, and
the elucidation of interactions between input factors®,

4.4  Effect of independent factors on pH

Inference

Regression model is insignificant for pH. No factor is
significant for pH.

4.5 Effect of independent factors on viscosity

Inference

Regression model is insignificant for viscosity. Sepineo P 600
concentration is significant for viscosity with p value of 0.004
(p value < 0.05) on increasing Sepineo P 600 concentration
viscosity increases.

4.6 Effect of independent factors on spread ability

Inference

Regression model is insignificant for Spreadability. Sepineo P
600 concentration is significant for viscosity with p value of
0.0214 (p value < 0.05). On increasing Sepineo P 600
concentration Spreadability decreases.

4.7 Inference on prediction profiler and contour
profiler:

Based on the contemporary data , a representation is
generated by using a prediction profiler, which is available
with standard statistical software. The prediction profiler and
contour profiler values (Table No. | I) proposed as optimum
values to achieve target and to achieve desired quality
characteristics of gel formulation.

4.8  Stability Summary®:

Accelerated stability studies and long term stability studies
were performed on final formulation (B.No. F006) for a
period of 6 months for prepared topical gel. For tests like
Description, pH, Specific gravity and Assay of Dexibuprofen
in pack type like Lamitubes and Aluminium collapsible tubes
and the results were shown in table- |2.
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Table - 12 Stability Summary

Pack type Lamitubes
Test 40°C/75%RH 25°C/60%RH Specification
3 months 6 months 3 months 6 months
White White White White White to off white
Description homogenous homogenous homogenous homogenous homogenous viscous
viscous gel viscous gel viscous gel viscous gel gel
pH 3.8 3.9 3.85 3.88 3.5-45
Specific gravity 0.95 0.97 0.96 0.95 09-1.0
Assay of 98.2 98.0 99.5 98.8 90.0 - 110.0 % wiw
Dexibuprofen
Pack type Aluminium collapsible tubes
Test 40°C/75%RH 25°C/60%RH Specification
3 months 6 months 3 months 6 months
White White White White White to off white
Description homogenous homogenous homogenous homogenous homogenous viscous
viscous gel viscous gel viscous gel viscous gel gel
pH 3.72 3.80 3.82 3.89 3.5-45
Specific gravity 0.96 0.98 0.96 0.96 09-1.0
Assay of 97.0 96.2 99.0 98.6 90.0 - 110.0 % wiw
Dexibuprofen

Inference:

The selection and closures are very important and the above stability summary shows the drug product packed in laminated
tubes data shows satisfactory results as compared to Aluminium collapsible tubes. It indicates the laminated tubes are more

compatible for prepared Dexibuprofen gel of primary containers.

5. DISCUSSION

Formulation of a topical drug product with desirable CQA is
challenging. Several factors such as physicochemical
properties of the drug, formulation parameters, excipients in
the formulation, and other parameters can affect the
formulation stability. For successful topical product
development, a thorough understanding of the impact of
these factors on product performance is required. This study
gives an example of a screening study approach that evaluates
several excipients and formulation variables on product
performance. It has been already known that the active drug
which is Dexibuprofen accounts only for a considerable
fraction in the dosage form and; therefore, it is necessary to
recognize how the non active excipients within the
formulation interact with the active drug and influence the
drug release of topical dosage form. NSAID is required for
Anti-inflammatory actions, Modified release Dexibuprofen
was not found very much in the market to an extent.
Inorder to increase the therapeutic cycle and quality of the
several round was made to formulate topical preparations
for adherence. Inorder to maintain the quality aspect we
have considered multiple variable as specifications like
viscosity, spreadability, pH. The excipientused in these
standardised formulations and multiple literature is found in
academic circles. From the Design of experiments we can
conclude that the optimisation of formulation (figure No. 4)
which shows an influence of used excipients like Chitosan
concentration, Sepineo concentration, Lactic acid
concentration and stirrer speed influences the viscosity;
which further influences the drug release in the
formulation. The topical administration of the drug provides
the targeted therapy, and the active substance penetrates
into the site of action and might be used by the patients

which do not tolerate the nonsteroidal anti-inflammatory
drugs orally. Dexibuprofen, a NSAID has been reported to
possess several biological activities such as anti-inflammatory,
reported that the reservoir-type transdermal patch exhibiting
controlled zero-order rate of release with suitable
permeation rate was prepared. The findings of in vitro
studies suggest effective delivery of dexibuprofen across
skin®. Gels were prepared by dispersing the polymers in a
mixture of water and glycerol with methyl paraben as the
preservative and the varying amount of ibuprofen, being kept
under magnetic stirring until the homogeneous dispersion
was formed. The dispersion was then neutralized and made
viscous by the addition of triethanolamine. The Carbopol gels
of Ibuprofen were found to be homogenous with good drug
loading. Prepared formulation has better diffusion of drug
through egg membrane’'. The study investigated usage of
hydrogel of an anionic polymer xanthan gum for design of
ibuprofen-loaded hydrogel-thickened microemulsions
(HTMs) from the nonionic oil-in-water microemulsion (M).
The HTM with optimized drug release rate and spreadability
(HTMI) and the polymer-free microemulsion (M) were
assessed and compared with the referent hydrogel inin
vivo studies in rats. HTMI and M were significantly more
efficacious than reference hydrogel in producing anti
hyperalgesic and at lower extent anti edematous activity in
prophylactic topical treatment>The flux of drug is
independent on the viscosity of the formulae. The anti-
inflammatory activity of the drug in different gel formulations
was studied using carrageenan-induced rat paw edema
method. The results obtained show that there is excellent
anti-inflammatory activity of the gel forms on rat paw
edema®. This study provides evidence that an anti-
inflammatory reagent can be used topically to suppress pain
due to IVFl and/or DRG inflammation through inhibition of
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sensory neuron hyper excitability and the immune and
inflammatory responses®. The use of the topical nonsteroidal
anti-inflammatory drugs (NSAID) ibuprofen for the treatment
of knee osteoarthritis. Supporting clinician decision-making in
the first-line treatment of osteoarthritis. Topical NSAIDs
provide good levels of pain relief in subjects with mild to
moderate knee osteoarthritis. There is also evidence for the
use of the topical application being a clinically effective, safe,
and cost-efficient treatment.® Topical NSAIDs may be the
preferred treatment option, especially in OA patients aged
275 years, and those with co-morbidities or at an increased
risk of cardiovascular, gastrointestinal, or renal side effects.
Furthermore, wusing topical NSAIDs in inflammatory
rheumatic diseases leads to a 40% reduction in the need for
concomitant oral NSAIDs. When selecting a topical NSAID,
absorption and bioavailability are important because of
heterogeneity among topical drug formulations®. Current
evidence indicates that topical NSAIDs and capsaicin in
licensed doses may be equally effective for pain relief in OA.
Whether the equivalence varies between individuals remains
unknown®. The dermato pharmacokinetic approach, using
SC tape-stripping, offers a valid method to assess equivalency
between topical drug formulations. In vitro experiments must
be extrapolated cautiously to the clinic, especially when
complex interactions between real formulations, which
deliver both drug and excipients, and the skin occur®. The
stratum corneum (SC) uptake and skin penetration of
ibuprofen in vitro from the novel gels and the marketed
formulations were generally comparable even though the
drug loading in the TOCN-based vehicles was only 20% of
that in the ‘reference’ products.In vivo, the new gels
appeared to enhance drug uptake into the SC following a
relatively short application time, again matching the
performance of the commercial formulations®.

6. CONCLUSION

The research methodology of the study was to make a
Formulation, Optimization and Characterization of Modified
Release Gel of Dexibuprofen using Full Factorial design
Dexibuprofen gel is prepared by aqueous method. Drug-
Excipient physical compatibility study was performed to
screen the excipients for gel formulation and it was observed
that Dexibuprofen was found to be physically compatible
with all commonly used excipients of gel formulations.
Prototype development was done by trial and error method.
Six formulations were prepared and evaluated for pH,
viscosity and spreadability; B.No. FO06 was found to better
quality characteristics of gel formulation. For this reason
composition of B.No. F006 was taken forward for
optimization. Optimization was performed using DoE
approach and full factorial design was employed, four
independent factors were taken during optimization.
Chitosan concentration, lactic acid concentration, Sepineo
P600 concentration and stirrer speed were selected in
software and full factorial design was run; 19 trials were
showed by software design with 3 centre point; these trials
were executed in lab and their responses; pH, viscosity and
spreadability ~were measured. Interactions between
independent factors and responses were studied and desired
ranges of responses were entered in software to meet
quality characteristics of gel formulation. The progress of
drug delivery methods and novel formulations would be
efficient and hopeful advances for escalating the remedial
index and dropping side effects. Though, it would not be
ignored to balance the drug capability and functional design,
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as the clinical relevance would be the ultimate hub. It is
essential to reinforce the research and progress of novel
technologies and drug delivery methods within the
pharmaceutical trade. Definitely, a new scientific design
becomes a pioneering technology to be applied in drug
delivery method, entailing long-term testing assessment,
modification and optimization.

7. AUTHOR CONTRIBUTION STATEMENT

K.K. Janakiraman designed and performed the experimental
section whereas Janakiraman Kunchithapatham assisted and
supervised during the project. K.K. Janakiraman wrote a
manuscript with support from R. Paramaguru.

8. CONFLICT OF INTEREST

Conflict of interest declared none.
9. REFERENCES

l. Zook GP. Topical drug delivery system; 1995, Patent
no. US5415866. https://patents.
google.com/patent/US5415866.

2. Debjit B, Harish G, Pragati Kumar B, Duraivel S,
Sampath Kumar KP. Recent advances in novel topical
drug delivery system. The Pharmacollnnov .
2012;1(9):12-31.

3. Lachman L, Lieberman HA, Kanig JL. The theory and
practice of industrial pharmacy.4th ed. Vol. 986.Lea
&Febiger; 2013.

4. Hsieh DS. Drug permeation enhancement - theory
and applications.Taylor& Francis; 1994.

5. Pena LE. Gel dosage forms: theory, Formulation and
processing. Drugs Pharm Sci. 1989:381-8.doi:

10.1201/b14194-22.

6. Bonabello A, Galmozzi MR, Canaparo R, lIsaia GC,
Serpe L, Muntoni E, Zara GP. Dexibuprofen (S+-
isomer ibuprofen) reduces gastric damage and
improves analgesic and antiinflammatory effects in
rodents. AnesthAnalg. 2003;97(2):402-8, table of
contents. doi: 10.1213/01.ane.0000073349.04610.42,
PMID 12873925.

7. Prasanta S, Barman TK. ANN modelling of fractal
dimension in machining. MechatronManuf Eng. 2012.

8. Debnath SK, Sibaji S, Janakiraman K, Sumit C.
Formulation and evaluation of AceclofenacGel. Int ]
ChemTech Res. 2009;1(2):204-7.

9. Helal DA, El-Rhman DA, Abdel-Halim SA, EI-
Nabarawi MA. Formulation and evaluation of
fluconazole topical gelInt ] Pharm Pharm Sci.
2012;4(5):176-83.

10. Alsarra |IA. Chitosan topical gel formulation in the
management of burn wounds.Int ] BiolMacromol.
2009;45(1):16-21. doi: 10.1016/j.ijbiomac.2009.03.010,
PMID 19447254.

I1. Stable LR. Cosmetically acceptable topical gel
formulation and method of treatment for acne; 1992,
Patent no. US5122519A.

12. Ceresole R, Han YK, Rosasco MA, Orelli LR, Segall A.
Drug—excipient compatibility studies in binary
mixtures of avobenzone. ] Cosmet Sci.
September/October 2013;64(5):317-28. PMID
24139431.

3.  Singh B, Dahiya M, Saharan V, Ahuja N. Optimizing
drug delivery systems using systematic “design of

P-188



ijlpr 2020; doi 10.22376/ijpbs/lpr.2020.10.5.P178-190

20.

21.

22.

23.

24.

25.

26.

27.

experiments.” Part |l: retrospect and prospects. Crit
Rev Ther Drug Carrier Syst. 2005;22(3):215-94.
doi: 10.1615/CritRevTherDrugCarrierSyst.v22.i3.10,
PMID 15896189.

Jin SG, Yousaf AM, Son MWV, Jang SW, Kim DW, Kim
JO, Yong CS, Kim JH, Choi HG. Mechanical
properties, skin permeation and in vivo evaluations of
dexibuprofen-loaded emulsion gel for topical delivery.
Arch ~ Pharm  Res.  2015;38(2):216-22.  doi:
10.1007/s12272-014-0367-8, PMID 24988989.

Mitkari BV, Korde SA, Mahadik KR, Kokare CR.
Formulation and evaluation of topical liposomal gel for
fluconazole. Indian ] Pharm Educ Res. 2010;44(4):324-
5.

Glavas-Dodov M, Fredro-Kumbaradzi E, Goracinova
K, Calis S, Simonoska M, Hincal AA. 5-Fluorouracil in
topical liposome gels for anticancer treatment--
formulation  and  evaluation. @ Acta  pharm.
2003;53(4):241-50. PMID 14769231.

Jani R, Jani K, Chitral MS, Dipti P, Rupal K]J.
Preparation and evaluation of topical gel valdecoxib.Int
J Pharm Sci Drug Res. 2010;2(1):51-4.

Ronald GL. The structure and rheology of complex
fluids. Oxford: Oxford University Press; 1999.

Goyal S, Sharma P, Ramchandani U, Shrivastava SK,
Dubey PK. Novel anti-inflammatory topical herbal gels
containing Withaniasomnifera and Boswelliaserrata.
Int ] Pharm Biol Arch. 2011;2(4):1087-94.

Shah VP. Transdermal drug delivery system regulatory
issues. In: Guy RH, Hadgraft |, editors. Available from:
https://www.researchgate.net/deref/http%3A%2F%2Fd
x.doi.org%2F10.1201%2F9780203909683-11,
Transdermal drug delivery. New York: Marcel
Dekker; 2002. p. 361-7.

Carter §). Disperse system. In: Cooper and Gunn’s
tutorial pharmacy. 6th ed. New Delhi, CBS Publishers
and Distributors; 2000. p. 68-72.

Zatz JL. Pharmaceutical dosage form: disperse system.
2nd ed. New York: Marcel Dekker; 2005. p. 399-421.
Pham J, Nayel A, Hoang C, Elbayoumi T. Enhanced
effectiveness of tocotrienol-based nano-emulsified
system for topical delivery against skin carcinomas.
Drug Deliv. 2016;23(5):1514-24. doi:
10.3109/10717544.2014.966925, PMID 25293973.
Chen M, Kumar S, Anselmo AC, Gupta V, Slee DH,
Muraski JA, Mitragotri S. Topical delivery of
cyclosporine A into the skin using SPACE-peptide. |
Control Release. 2015;199:190-97. doi:
10.1016/j.jconrel.2014.11.015.

Chadha R, Bhandari S. Drug-excipient compatibility
screening--role of thermoanalytical and spectroscopic
techniques. ] Pharm Biomed Anal. 2014;87:82-97. doi:
10.1016/j.jpba.2013.06.016. PMID 23845418.

Bolla PK, Clark BA, Juluri A, Cheruvu HS, Renukuntla
J. Evaluation of formulation parameters on permeation
of ibuprofen from topical formulations using Strat-M®
membrane.  Pharmaceutics.  2020;12(2):151. doi:
10.3390/pharmaceutics 12020151, PMID 32069850.
Deuschle YVCKN, Deuschle RAN, Bortoluzzi MR,
Athayde ML. Braz | Pharm Sci. Physical chemistry
evaluation of stability, spreadability, in vitro
antioxidant, and photo-protective capacities of topical
formulations containing Calendula officinalis L. leaf
extract. 2015;51(,  Styczen/March):63-75. doi:
10.1590/51984-82502015000100007.

28.

29.

30.

31

32.

33.

34.

35.

36.

Pharmaceutical Technology

Fukuda IM, Pinto CFF, Moreira CdS, Saviano AM,
Lourengo FR. Desig n of Experiments (DoE) applied
to Pharmaceutical and Analytical Quality by Design
(QbD). Braz J Pharm Sci.
2018;54(spe)(Special):e01006.  doi:  10.1590/s2175-
97902018000001006.

Sohail M, Naveed A, Abdul R, Gulfishan, Muhammad
Shoaib Khan H, Khan H. An approach to enhanced
stability: formulation and characterization
of Solanumlycopersicum derived lycopene based topical
emulgel. Saudi Pharm ). 2018;26(8, December):1170-7.
doi: 10.1016/j.jsps.2018.07.005, PMID 30532638.
Fatima Ramzan Ali, Muhammad Harris Shoaib, Rabia
Ismail Yousuf,ShyedAbid Ali,
MuhammedSulemanimtiaz, Lubna Bashir, ShaziaNaz,
“Design, Development and Optimization of
DexibuprofenMicroemulsion ~ based  transdermal
Reservoir patches for controlled drug delivery”
BioMed Research International, Vol.2017, Article 1D
4654958, |5 pages, 2017.
https://doi.org/10.1155/2017/4654958

Kashyap A, Das A , Ahmed AB, Formulation and
Evaluation of Transdermal Topical Gel of Ibuprofen,
Journal of Drug Delivery and Therapeutics. 2020;
10(2):20-25
http://dx.doi.org/10.22270/jddt.v10i2.3902
LjilianaDjekic, Martina Martinovic, Radica Stepanovic-
Petrovi¢, AnaMicov, MajaTomi¢, MarijaPrimorac
“Formulation of hydrogel-thickened
nonionicmicroemulsions with enhanced percutaneous
delivery of ibuprofen assessedin vivoin rats”
European Journal of Pharmaceutical SciencesVolume
92, 20 September 2016, Pages 255-265
https://doi.org/10.1016/j.ejps.2016.05.005

M.EI-Badry, G.Fetih” Preparation, charactarization and
anti-inflammatory activity of celecoxib chitosan gel
formulations” Journal of Drug Delivery Science and
Technology; Volume 21, Issue 2, 201 |, Pages 201-206
https://doi.org/10.1016/S1773-2247(11)50023- |
Zhi-JiangHuangEricaHsuHao-
ChuanLiAnthonyL.RosnerRonaldL.RupertXue-JunSong
“Topical Application of Compound |buprofen
Suppresses Pain by Inhibiting Sensory Neuron
Hyperexcitability and Neuroinflammation in a Rat
Model of Intervertebral Foramen Inflammation”The
Journal of Pain, Volume 12, Issue I, January 2011,
Pages 141-152.
https://doi.org/10.1016/j.jpain.2010.06.008

Catrin Hawthorn “A Narrative Review: The Use of the
Topical NSAID I|buprofen for the Treatment of Knee
Osteoarthritis. Supporting Clinician Decision-Making
in the First-Line Treatment of Osteoarthritis”
Rehabilitation process and out come; Volume 9: 1-6
Issue ,Published June |1, 2020

DOI: 10.1177/1179572720914945
Frangois RannouMD, PhD,

PierrePelletierMD,JohanneMartel-PelletierPhD,”
Efficacy and safety of topical NSAIDs in the
management of osteoarthritis: Evidence from real-life

Jean-

setting trials and surveys”

Seminars in Arthritis and RheumatismVolume 45,
Issue 4, Supplement, February 2016, Pages S18-S21
https://doi.org/10.1016/j.semarthrit.2015.11.007

P-189



ijlpr 2020; doi 10.22376/ijpbs/lpr.2020.10.5.P178-190

37.

38.

M.S.M.Persson,).Stocks,D.A.Walsh,M.Doherty,W.Zhan
g The relative efficacy of topical non-steroidal anti
inflammatory drugs and capsaicin in osteoarthritis: a
network meta-analysis of randomised controlled
trials” Osteoarthritis and Cartilage; Volume 26, Issue
12, December 2018, Pages 1575-1582
https://doi.org/10.1016/j.joca.2018.08.008

Christophe Herkenne,AartiNaik,
YogeshvarN.KaliaJonathan Hadgraft “Ibuprofen
Transport into and through Skin from Topical

39.

Pharmaceutical Technology

Formulations: In Vitro—In Vivo Comparison” Journal
of Investigative Dermatology, Volume 127, Issue
I, January 2007, Pages 135-142.
https://doi.org/10.1038/sj.jid.570049 |
DuyguCelebiRichard H.GuyKaren J.Edlerjanet L.Scott
‘“ Ibuprofen delivery into and through the skin from
novel oxidized cellulose-based gels and conventional
topical formulations” International Journal of
PharmaceuticsVolume 514, Issue 1,30 November
2016, Pages 238-243.
https://doi.org/10.1016/j.ijpharm.2016.09.028

P-190



