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Abstract:
Rofecoxib, a novel Non-Steroidal Anti-inflammatory Drug (NSAID), was formulated as a topical Carbopol gel to
improve skin permeation and local therapeutic efficacy. This study evaluated the development and optimization of
Carbopol gel formulations at varying concentrations (0.5%, 1.0%, and 1.5%) with different drug loadings (0.5-2%)
and permeation enhancers (Tween-80, Span-80, and Isopropyl Myristate). Physicochemical characterization, In
Vitro drug release, and permeation studies across rat abdominal skin were performed. Results demonstrated that
a 1.5% Carbopol gel formulation provided optimal physicochemical properties, while a 1% drug concentration was
most suitable for the formulation. Among the tested permeation enhancers, Isopropyl Myristate proved most
effective with an enhancement factor of 2.372. This research establishes the feasibility of topical rofecoxib delivery
via Carbopol gels as an alternative to systemic administration, with potential for improved tolerability and reduced
systemic side effects.
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1. Introduction

1.1 Background and Significance

The success of a new drug molecule depends not only on its
pharmacological discovery but equally on appropriate dosage
form design and delivery system. As noted in pharmaceutical
science, the design of a dosage form requires scientific skill, as
well as innovation and imagination.

Topical drug administration represents a historically
important route that continues to play a vital role in modern
medicine. However, developing effective topical formulations
presents significant challenges. The bioavailability and
therapeutic efficacy of topically applied drugs depend
critically on the medicament's ability to penetrate the stratum
corneum and reach the viable epidermis and dermis, where
the desired pharmacological response occurs. The primary
objective in dermatological drug delivery is to design or
incorporate active drugs into appropriate vehicles or delivery
systems that can transport the medicament to the target site
at a controlled rate.

1.1.1 Skin Anatomy and Barrier Function

The skin is a stratified organ comprising three distinct tissue
layers: the epidermis, the dermis, and the subcutaneous fat
layer. Among these, the stratum corneum—approximately 10
micrometers thick and composed of keratinized flattened
epidermal cells—is the critical layer controlling percutaneous
drug absorption and acts as a highly selective penetration
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barrier.

1.1.2 Bioavailability and Skin Permeation in Topical Delivery
The bioavailability of a drug is most important in the
development of a topical dosage form as it affects the drug's
skin permeation. The drug's topical bioavailability depends on
the medicament leaving a formulation and penetrating
through the stratum corneum into the viable epidermis and
dermis. Within the living tissues, the molecule usually
produces its characteristic pharmacological response before
systemic circulation removes it.

1.1.3 Topical Route: Historical Significance and Clinical
Importance

Topical administration of a drug is not new. In ancient times,
humans used this route for various diseases, and the topical
route continues to play an important role in modern medicine
systems. The development of a topical dosage form and its
formulation is not easy, as multiple types of experimental
studies must be conducted to develop an effective
formulation.

1.2 Rofecoxib as a Candidate for Topical Delivery

Rofecoxib is a selective COX-2 inhibitor offering anti-
inflammatory efficacy with potential advantages over non-
selective NSAIDs. The development of a topical rofecoxib
formulation addresses gaps in current NSAID delivery systems
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by providing a localized therapeutic approach.

1.3. Rationale of the study

This study focuses on developing and optimizing a Carbopol
gel formulation for rofecoxib to achieve controlled drug
release and enhanced percutaneous absorption. Carbopol
polymers are well-established in dermatological formulations
due to their gelling properties, biocompatibility, and sustained
drug-release capabilities. Systematic evaluation of polymer
concentration, drug loading, and permeation enhancers is
necessary to identify optimal formulation parameters.

1.4. Research Gaps and Study Objectives

e Research Gap: Generally, topical NSAID formulations
exhibit limited therapeutic effectiveness due to
insufficient skin permeation and inadequate drug release
from the vehicle, driven by their inconsistent
physicochemical properties. There is a need for
systematic optimization of formulation parameters,
including gelling agent concentration, drug loading
concentration, and permeation enhancers alongside
thorough safety and physicochemical evaluation to
overcome these limitations.

e  Study Objective: The primary objective of this study is to
develop a topical Carbopol gel formulation for the NSAID
Rofecoxib and to evaluate its In Vitro skin permeation
characteristics. To optimize this formulation, the study
specifically aims to assess how varying the
concentrations of Carbopol and the drug affects
permeation, determine the impact of adding different
permeation enhancers on the drug's delivery rate, and
evaluate the overall physicochemical properties of the
prepared gels

2. Materials and Methods

2.1 Materials

The following materials were utilized in the study:

e Rofecoxib: Active pharmaceutical ingredient.

e Carbopol 940 (Carbomer): A synthetic high-molecular-
weight cross-linked polymer of acrylic acid. It was
selected for its high gelling power at low concentrations
(0.5-5% for dermatologicals) and for producing clear gels
in hydroalcoholic systems.

e  Triethanolamine: Used as a neutralizing agent to form
the gel base.

e  Propylene Glycol & Ethyl Alcohol: Utilized as cosolvents
to enhance drug solubility.

e Permeation Enhancers: Isopropyl Myristate (IPM),
Tween-80, and Span-80.

o  Monobasic Potassium Phosphate: Used to prepare the
Sorensen's Phosphate buffer.

2.2 Solubility Studies

To ensure maximum chemical potential and thermodynamic
activity of the drug, the solubility of Rofecoxib was evaluated
in various cosolvent combinations. Solubility was determined
in water mixed with Ethyl Alcohol and Propylene Glycol (PG)
at ratios of 2:1, 1:2, and 1:1. Furthermore, solubility was
measured in a mixture of PG and Phosphate buffer (pH 7.4)
across various ratios. An excess of the drug was added to the
mixtures, stirred for 48 hours at 37°C, filtered, and assayed
using a UV spectrophotometer at 286 nm.

2.3 Preparation of Carbopol Gel Formulations
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Gels were prepared by dispersing the entire mass of Carbopol
940 in water and neutralizing the dispersion with
triethanolamine. Based on solubility studies, a 30% cosolvent
mixture (Propylene glycol and Ethanol in a 1:2 ratio) was
incorporated into the gel with continuous slow mixing.

Four experimental formulation sets were prepared:

e Effect of Carbopol Concentration (C1-C4): Formulations
containing 0.5%, 1.0%, 1.5%, and 2.0% Carbopol 940, all
with 1% Rofecoxib.

o Effect of Drug Concentration (D1-D4): Formulations
containing 0.5%, 1.0%, 1.5%, and 2.0% Rofecoxib, all
standardized with 1.5% Carbopol 940.

e Effect of Permeation Enhancers (E1-E4): Formulations
containing 1.5% Carbopol and 1% Rofecoxib,
supplemented with 5% of different enhancers: Tween-80
(E1), Span-80 (E2), IPM (E3), and a control with no
enhancer (E4).

2.4 Physicochemical Evaluation

The formulated gels were subjected to multiple evaluations-

a) pH Measurement: Determined using a digital pH meter.

b) Viscosity determination: Viscosity measurements were
conducted using appropriate rheological instruments and
reported in centipoises (cps).

c) Spreadability: Expressed as the time (in seconds) taken
for two glass slides, sandwiching the gel under a specific
weight (20 gm), to separate over a distance of 6.0 cm.

d) Extrudability & Homogeneity: Assessed visually and
mechanically by filling collapsible metal tubes.

e) Primary Skin Irritation Test: Conducted on mice and
rabbits by applying the gel on shaved dorsal skin for 12
hours and observing for allergic or inflammatory
reactions.

f) Drug Content Analysis: Gel samples dissolved in
methanol were assayed via UV spectrophotometry.

2.5 In Vitro Drug Release and Permeation Studies

e Release Study: A K.C. Cell apparatus was utilized,
featuring a synthetic hydrated cellulose membrane and
an effective receptor volume of 12 ml. The receptor
medium was a 40:60 mixture of Propylene glycol and
Sorensen’s Phosphate buffer (pH 7.4), maintained at
37°C.

e  Permeation Study: Albino rats were sacrificed, and full-
thickness abdominal skin was excised, shaved, and
treated with 0.32N Ammonium Hydroxide to remove the
stratum corneum side hairs. Subcutaneous fat was
removed, and the skin was mounted on the diffusion cell.

For both studies, aliquots (1 ml) were withdrawn at
predetermined intervals (0.25, 0.5, 1, 2, 3, 4, 5, 6, 7, and 8
hours), replaced with fresh medium, and analysed using a UV
spectrophotometer.

2.6 Data Calculation

Data was plotted as cumulative drug released/permeated per
unit area (mg/cm?) versus the square root of time (for release)
or time (for permeation).

Permeation Flux (J): Calculated from the slope of the linear
portion of the cumulative release plot divided by the skin
surface area (3.14 cm?).
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Permeation Flux (J): J=Kp - Co(mg/cm?/hr)

Permeability Coefficient (Kp): Calculated by dividing the flux
(J) by the initial concentration of the drug in the gel (Co).

Permeability Coefficient: Kp=]/Co (cm/hr)

Enhancement Factor: Permeability coefficient of the test
formulation divided by the Permeability coefficient of the
control formulation.

Diffusion Coefficient: D=(Kp.h)/(K) ) (cm?/hr).

Lag Time (t_): Determined from cumulative release vs. time
plots (hr).

3. RESULTS AND DISCUSSION

3.1 Solubility Profile of Rofecoxib

Solubility is a critical parameter for formulating an effective
topical gel. Rofecoxib is insoluble in water. The addition of
Propylene Glycol greatly increased solubility, peaking at a 40%
PG concentration in the PG/phosphate buffer mixture.
Beyond 40%, solubility began to decrease. In the evaluation of
cosolvent mixtures, it was found that a 30% cosolvent mixture
of Ethanol and Propylene glycol significantly enhanced drug
solubility.

Table 1: Solubility of Rofecoxib in Propylene Glycol/Phosphate

Buffer
Propylene Glycol (% w/w) Solubility of Drug (mg/ml)

0 0.08

20 0.32

40 1.02

60 0.74

80 0.56
100 0.48

Solubility Curve of Rofecoxib

Solubility of Drug (mg/ml)

0 » e t P %0
Progylene Glycol Concentration (% w/w)

Based on the solubility study, 40% propylene glycol + 60%
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Phosphate buffer (pH 7.4) as the receptor medium to provide
a proper sink condition for diffusion studies.

3.2 Experimental Formulations
Table 2: Formulations for the Study of the Effect of Different

Carbopol Concentrations on the Release and Permeation of
Rofecoxib.

INGREDIENT [C1 (%w/w)|C2 (%w/w)|C3 (%w/w)|C4 (%w/w)

Carbopol-940 0.5 1.0 1.5 2
Rofecoxib 1 1 1 1

Q.S. to Q.S. to Q.S. to Q.S. to

Triethanolamine| neutralize | neutralize | neutralize | neutralize

(pH-7) (pH-7) (pH-7) (pH-7)

Propylene glycol 10 10 10 10

Ethyl alcohol 20 20 20 20
Purified water Q.S. to Q.S. to Q.S. to Q.S. to
100% 100% 100% 100%

Table 3: Formulations for the Study of Different Concentrations
of Rofecoxib on Permeation through Rat Abdominal Skin from
Carbopol Gel Formulation

INGREDIENT (D1 (%w/w)|D2 (%w/w)|D3 (%w/w)|D4 (%w/w)

Carbopol-940 1.5 1.5 1.5 15
Rofecoxib 0.5 1 1.5 2
. . ]Q.S. to (pH-|Q.S. to (pH-|Q.S. to (pH-|Q.S. to (pH-
[Triethanolaming| 7) 7) 7) 7)
Propylene glycol 10 10 10 10
Ethyl alcohol 20 20 20 20
purified water Q.S. to Q.S. to Q.S. to Q.S. to
100% 100% 100% 100%

Table 4: Formulations for the Study of the Effect of Various
Permeation Enhancers (5% w/w) on Drug Permeation from

Carbopol Gel
INGREDIENT (E1 (%w/w)|E2 (%w/w)|E3 (%w/w)|E4 (%wW/w)
Carbopol-940 1.5 1.5 1.5 1.5
Rofecoxib 1 1 1 1

Q.S. to Q.S. to Q.S. to Q.S. to
Triethanolamine| neutralize | neutralize | neutralize | neutralize
(pH-7) (pH-7) (pH-7) (pH-7)

Propylene glycol 10 10 10 10
Ethyl alcohol 20 20 20 20
Permeation | Tween-80| Span-80

I.P.M. (59 |
enhancer (5%) (5%) (5%)| Contro
Q.S. to Q.S. to Q.S. to Q.S. to

Purified water

100% 100% 100% 100%

These three categories of experimental formulation series

were subjected to systematic evaluations:

e Carbopol concentration effects (0.5%-2%),

e  Drug concentration effects (0.5%-2%), and

e Three different permeation enhancers (Tween-80, Span-
80, and Isopropyl Myristate) at 5% concentration each.
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3.3 Physicochemical Characteristics of the Gels

Table 5: Physicochemical Properties of Carbopol Gel Formulations

Formulation Code | Gelling | Viscosity (x10 cps) Homogeneity | Extrudability Drug Content (mg/g) pH | Skin Irritation
C1 — 15.2 + + 10 6.99 —
Cc2 + 23.8 + ++ 10.02 7.00 —
Cc3 ++ 32.6 ++ +++ 9.98 7.04 —
c4 + 35.0 + + 10.01 6.89 +
D1 +++ 32.5 +++ ++ 5.00 7.00 —
D2 +++ 32.6 +++ +++ 9.99 7.04 —
D3 ++ 32.7 ++ +++ 15.00 7.00 +
D4 +++ 32.5 + +++ 20.01 6.97 +
E1l +++ 32.6 +++ ++ 10.0 7.08 +
E2 +++ 32.5 +++ +++ 10.02 7.03 —
E3 +++ 32.5 +++ ++ 10.00 7.1 —
Legend: Excellent = +++; Good = ++; Bad = +; No Gelling = —; Skin Irritation = + (Irritation Present) 1

Table 6: Spreadability of Different Carbopol Gel Concentrations

Formulation Time (seconds) Spreadability
Cl 2 60
Cc2 3 40
C3 4 30
Cc4 8 15

Spreadability is calculated using the formula:
S=(m-)/t,
Where: S = spreadability; m = weight tied to upper slide (20

gm); l=lengh of glass slide,(6cm),t=time taken
The formulated Carbopol gels were transparent and colorless

at storage conditions of 5°C and 37°C. The formulations
exhibited non-Newtonian, pseudoplastic rheological behavior
under shear. The pH of the formulations ranged generally
between 6.89 and 7.1, making them highly compatible with
the physiological pH of skin. Homogeneity and extrudability
were optimal for the 1.0% and 1.5% Carbopol formulations.
Spreadability testing revealed an inverse relationship
between Carbopol concentration and spreadability. The time
required for slide separation was 2 seconds for C1 (0.5%
Carbopol), 3 seconds for C2 (1.0%), 4 seconds for C3 (1.5%),
and 8 seconds for C4 (2.0%). Lower time indicates higher
spreadability; thus, higher Carbopol concentrations exhibited
more resistance to spreading. Crucially, primary skin irritation
tests over 12 hours showed no signs of irritation across any
formulations, indicating the gel is safe for topical use.

Table 7: 3.4 Effect of Carbopol Concentration on Drug Release

Formulation | Carbopol Concentration | Release Rate/Diffusion Flux (mg/cm?/hr) |Lag Time (hr) | Diffusion Coefficient (D) (cm?/hr)
Cl 0.5% 1.859 0.25 1.08569 x 1073
C2 1.0% 1.549 0.36 7.53794 x 1074
C3 1.5% 1.375 0.5476 5.93957 x 1074
C4 2.0% 1.041 0.7744 3.40448 x 1074

Effect on Release Rate (Diffusion Flux): The drug release rate
shows a direct inverse relationship with Carbopol
concentration. As Carbopol concentration increases from
0.5% (C1) to 2.0% (C4), the release rate decreases
progressively from 1.859 to 1.041 mg/cm?/hr, representing a
44% reduction. Higher concentrations of Carbopol-940
increase gel viscosity and form a more complex polymeric
matrix with greater tortuosity, thereby increasing resistance
to drug diffusion. The Carbopol polymer forms an extended
network structure that impedes drug molecules from
traversing through the gel matrix. Effect on Diffusion
Coefficient (D): The diffusion coefficient decreases
dramatically as Carbopol concentration increases: C1 (0.5%):
1.08569 x 1073 cm?/hr; C4 (2.0%): 3.40448 x 10™* cm?/hr. This
significant reduction in D values indicates that higher
Carbopol concentrations substantially inhibit drug mobility
within the gel matrix. The decrease in the diffusion coefficient
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is attributed to a marked increase in the mean micellar size
and micellar polydispersity. Since Carbopol gels are viscous,
the drug is released by diffusion through the extracellular
water channels of the gel matrix. Higher Carbopol
concentration reduces the size of water channels, increases
micelle growth, and increases tortuosity within the gel
system. Effect on Lag Time: Lag time progressively increases
with Carbopol concentration: C1 (0.5%): 0.25 hours, C4 (2.0%):
0.7744 hours (approximately 210% increase). The lag time
represents the time required for drug molecules to diffuse
through the gel matrix before reaching the synthetic cellulose
membrane. Increased lag time at higher Carbopol
concentrations indicates delayed onset of drug permeation, a
direct consequence of increased matrix tortuosity and
polymer-drug interactions.
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SQRT. TIME (hr)

—+— 0.5 % CARBOPOL GEL
= 1.0 % CARBOPOL GEL
a— 15 % CARBOPOL GEL
w— 2.0 % CARBOPOL GEL

Fig 1: Effect of different concentration of carbopol on the release of rofecoxib from various gel formulations

3.5 In Vitro Permeation Across Rat Skin
Permeation studies utilizing excised hairless rat skin further membrane release study, and the lag time was greater,
validated the formulation dynamics. The permeation rate and
diffusion coefficients across the biological membrane were an

order of magnitude lower than those in the synthetic

confirming that the rat abdominal skin served as the primary
rate-determining barrier.

Table 8: Effect of Different Concentrations of Carbopol on the Permeation Rate of Rofecoxib from Carbopol Gel

Carbopol Concentration Permeation Rate Lag Time | Diffusion Coefficient D | Permeability Coefficient P Partition
(%) (mg/cm?/hr) (hr) (cm?/hr) (cm/hr) Coefficient k
0.5% (C1) 1.701 0.49 1.11431x 104 0.03402 0.1
1.0% (C2) 1.36 0.739 7.388x10° 0.02494 0.13213
1.5% (C3) 1.247 0.883 6.18365 x 10~° 0.02494 0.03213
2.0% (C4) 0.945 1.0 5.46016 x 10°° 0.0189 0.01134

Effect of Carbopol Concentration: Similar to the release
study, increasing Carbopol concentration decreased the
permeation flux. The calculated permeability coefficients (P)
dropped from 0.03402 cm/hr at 0.5% Carbopol to 0.0189

cm/hr at 2.0% Carbopol. However, formulations below 1.5%
Carbopol did not yield ideal gelling properties or extrudability,
making 1.5% the ideal structural concentration.

2
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i g, 1 - = —_J_.: > OFNCARBOP OL GEL
05 ./.f;{,_:“_frﬂ-"' " INCARBOP OL GE
-l
‘ 0
0 1 2 3
l SQRT. TIME (hr)

Fig 2: Effect of different concentration of carbopol on permeation of rofecoxib from various gel formulations across rat abdominal skin

Table 9: Effect of Drug Concentration on Permeation Rate (1.5% Carbopol Base)

Drug Concentration Permeation Flux Lag Time Diffusion Coefficient Permeability Coefficient Partition
(%) (mg/cm?/hr) (hr) (cm?/hr) (cm/hr) Coefficient
0.5% (D1) 1.0 1.0 5.46016 x 107° 0.04 0.24
1.0% (D2) 1.274 0.883 6.18365x 10°° 0.02494 0.1321
1.5% (D3) 1.342 0.81 6.74094 x 107° 0.0178933 0.08696
2.0% (D4) 1.385 0.7396 7.38259 x 10°° 0.01385 0.06146

Study Conditions: Same as Table 8; Base formulation:
1.5% Carbopol gel

Effect of Drug Concentration: Testing drug
concentrations from 0.5% to 2.0% in a 1.5% Carbopol gel
showed that the permeation rate increases
proportionally with Rofecoxib concentration until the
saturation point is reached. The fluxes were recorded as
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1.0 mg/cm?/hr (0.5% drug), 1.274 mg/cm?/hr (1.0%
drug), 1.342 mg/cm?/hr (1.5% drug), and 1.385
mg/cm?/hr (2.0% drug). Above 1.0% formulation, the
relative magnitude of diffusivity becomes the rate-
limiting step, and permeation does not increase
significantly. Thus, a 1% Rofecoxib concentration is
deemed highly suitable.
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Fig 3: Effect of various drug Connc. on permeation rate
Table 10: Permeation Enhancer Efficacy (1.5% Carbopol with 1% Rofecoxib)
Permeation Enhancer| Permeation Rate |Lag Time |Diffusion Coefficient D Permeability Partition Enhancement
(5% w/w) (mg/cm?/hr) (hr) (cm?/hr) Coefficient P (cm/hr) | Coefficient k Factor
Tween-80(E1) 1.903 0.64 8.53151x10°° 0.03806 0.14615 1.529
Span-80(E2) 2.444 0.409 1.335x107* 0.04888 0.011995 1.959
Isopropyl Myristate 2.958 0.1936 2.82033x10™* 0.05916 0.06872 2372
(IPM)(E3)
Control(D3) 1.247 0.883 6.18365x10°> 0.02498 0.1326 1

Study Conditions: /n Vitro permeation study using excised rat
abdominal skin at 37°C + 0.5°C; Base gel: 1.5% Carbopol; Drug
concentration: 1% Rofecoxib; Cosolvent system: 30%
(Ethanol: Propylene Glycol = 2:1); All enhancers used at 5%

w/w concentration

To overcome the intense barrier function of the stratum
corneum, 5% concentrations of various penetration
enhancers were tested against a control formulation
containing 1.5% Carbopol and 1.0% Rofecoxib

3.6. Effect of Permeation Enhancers

The stratum corneum presents substantial diffusional

resistance. To overcome the intense barrier function of the
stratum corneum, 5% of three permeation enhancers: Span
80, Tween 80, and Isopropyl Myristate (IPM).were tested
against a control formulation containing 1.5% Carbopol and
1.0% Rofecoxib.

Control (No Enhancer): Flux = 1.247 mg/cm?/hr

Tween 80: Flux = 1.903 mg/cm?/hr (Enhancement Factor
1.529)

Span 80: Flux = 2.444 mg/cm?/hr (Enhancement Factor =
1.959)
Isopropyl Myristate (IPM): Flux = 2.958 mg/cm?/hr

(Enhancement Factor = 2.372).

The study of different permeation enhancers on drug
permeation indicates that Isopropyl Myristate is the best
permeation enhancer among all tested, with an optimal
enhancement factor of 2.372. IPM demonstrated the greatest
enhancing effect, facilitating rapid partitioning and trans-
epidermal permeation of Rofecoxib compared to the other
non-ionic surfactants evaluated. The ideal topical carbopol gel
formulation for Rofecoxib delivery should incorporate 5%
Isopropyl Myristate as the permeation enhancer, combined
with 1.5% Carbopol-940, 1% Rofecoxib, and a 30% cosolvent
system (Ethanol: Propylene Glycol 2:1).
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Fig 4: Effect of various permeation enhancers on drug permeation rate
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4. Conclusion

The objective of this study was to develop an effective, safe,
and stable topical gel formulation of the potent NSAID
Rofecoxib, which was thoroughly achieved. By circumventing
the gastrointestinal tract, the severe systemic side effects
associated with oral Rofecoxib are theoretically reduced.
Evaluations indicate that the permeation of Rofecoxib is
directly linked to both the release properties of the polymer
network and its transdermal behavior across the stratum
corneum. An optimal physicochemical balance was attained
using a 1.5% Carbopol 940 base. Solubility thermodynamics
indicated that a 30% cosolvent system (Ethanol: Propylene
Glycol at a 2:1 ratio) was required to solubilize the active
ingredient. Kinetic studies confirmed that a 1.0% Rofecoxib
concentration aligns with the saturation point required for
maximum  transdermal chemical potential without
precipitation. Additionally, the incorporation of 5% Isopropyl
Myristate as a permeation enhancer significantly reduced the
skin barrier's diffusional resistance, resulting in exceptional
flux rates.

Thus, this specifically aforesaid formulation exhibits the ideal
biopharmaceutical properties for the topical delivery and
therapeutic management of acute and chronic localized pain
using Rofecoxib.
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