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ABSTRACT

The current study focuses on the development of a pharmacosomal gel containing indomethacin to enhance its
therapeutic efficiency in a sustained-release manner. The formulation aims to improve the solubility and
bioavailability of the drug while minimizing potential side effects. Preformulation studies and analytical
validation confirmed drug-excipient compatibility using FTIR and DSC analyses. Pharmacosomes were
prepared using the thin-film hydration method and optimized through a Central Composite Design (CCD),
varying the concentrations of soya lecithin and the rotation speed of the evaporator. Among thirteen
formulations, batch F9 was found to be optimal with a particle size of 188.4 nm and an entrapment efficiency of
97.8%. This optimized batch was incorporated into a 0.4% Carbopol 934-P gel and was subjected to various
evaluations, including in vitro drug release, stability, and anti-inflammatory studies. The findings indicate that
the gel provides prolonged drug release and may serve as an effective transdermal delivery system for managing
rheumatoid arthritis.
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I. INTRODUCTION

Vesicular systems that are used to improve drug stability, solubility, and delivery. A special kind of
pharmacosome is formed by the covalent linkage of drugs with phospholipids which also aids in improving
these factors. These supports increase bioavailability while controlling release as well enhancing therapeutic
efficiency. Traditional semi solid dosage forms have aged gels, which provide better patient and user compliance
than more traditional semi solids, this improved spreadability and enhanced stability is very helpful when it
comes to aiding transdermal applications. Indomethacin is another NSAID that is orally used widely to manage
pain and inflammation, it does have gastrointestinal side effects or serving too much so maintaining oral intake
helps avoiding too much side effects. The idea behind pharmacosomal gels can deliver indomethacin through
gels aims enhanced skin permeability combined with controlled release of the drugs promises bypassing some of
these issues. This study focuses on formulating advanced technology for undifferentiated indomethacin gel
loaded with pharmacosomes specifically looking at dealing with rheumatoid arthritis focusing on increasing
targeted solubility relative to effect while reducing systemic side effect damage through acute transdermal
dosing sustained over time translucent layers. (119

II. METHODOLOGY
Preformulation Studies of Indomethacin:
For indomethacin, preformulation tests include color, appearance, odor, melting point by capillary method, and
solubility in different solvents. Compatibility of the excipients with drug substance was confirmed using FTIR
and DSC techniques.
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The efficiency of entrapment was evaluated with centrifugation technique. Thin film hydrating phosphate buffer
pH 7.4 has also been reported. After centrifugation lasting twenty minutes at seventy-five thousand RPM (75K
RPMS), the supernatant underwent analysis to measure unentrapped drug quantitatively through UV
spectroscopy at wavelength 316 nanometers (55,56). The remaining portion containing the pellet underwent
extraction with methanol to assess total drug content determination of balance portion post-extraction
quantification alongside supernatant volume termed as residue fraction calculation technique.

Formulation of Indomethacin Pharmacosomes:

It is prepared by solvent evaporation followed by thin film hydration methods. A solution containing drug
(20mg) and soya lecithin was made in dichloromethane (12 ml). That mixture was put in a rotary evaporator set
at 43 + 2 °C for 25 min resulting in a thin film. This thin film was then hydrated with phosphate buffer pH 6.8
forming a vesicular suspension of pharmacosomes .%3

Table: 1: Formulation Design of Indomethacin Pharmacosomes generated by the DoE software in Central
Composite Design

Factor 1 Factor 2

Std Run A: lecithin (mg) B: rotation (rpm)
1 1 30 75

9 2 40 112

11 3 40 112

2 4 50 75

12 5 40 112

7 6 40 59

3 7 30 150

6 8 54.14 112

4 9 50 150

10 10 40 112

5 11 25.85 112

13 12 40 112

8 13 40 165

Evaluation of Pharmacosomes

Particle Size and Shape

The shape and size of pharmacosomes were evaluated using optical microscopy coupled with dynamic light
scattering (DLS) methods

Entrapment Efficiency and Drug Content
The efficiency of entrapment was evaluated with centrifugation technique. Thin-film hydrating phosphate buffer
pH 7.4 has also been reported. After centrifugation lasting twenty minutes at seventy-five thousand RPM (75K
RPMS), the supernatant underwent analysis to measure unentrapped drug quantitatively through UV
spectroscopy at wavelength 316 nanometers ©>39 The remaining portion containing the pellet underwent
extraction with methanol to assess total drug content determination of balance portion post-extraction
quantification alongside supernatant volume termed as residue fraction calculation technique.>3

. Drug Content (%) = (Amount of drug in residue / Total drug taken) x 100

. Entrapment Efficiency (%) = [(Total drug added — Drug in supernatant) / Total drug added] x
100
In-vitro Drug Release
In the release assessment, 5 ml of pharmacosomal suspension was placed in the donorcompartment of a
diffusion tube equipped with an eggshell membrane. The membrane was submerged in 50 ml phosphate buffer
(pH 7.4) at 37°C under magnetic stirring. At specific time points, 2 ml aliquots were taken and drug-free buffer
equivalent to the removed volume was added. The concentration of drug was determined by UV spectrometry at
316 nm.

Solubility Enhancement

The solubility of indomethacin and its pharmacosomal complex was determined in distilled water as well as in
phosphate buffer (pH 6.8). After 24 hours, samples were taken, filtered through 0.45 p membranes, diluted
appropriately and analysed via UV spectroscopy at 316nm.

Zeta Potential and PDI
Surface charge and PDI were assessed by DLS for Zeta potential. These are colloidal systems parameters that
determine suspension system stability, e.g., pharmacosomes stability.
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III. RESULT AND DISCUSSION
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Fig Nol: Spectrum of Indomethacin Fig No2: FTIR Spectrum of Indomethacin+Soyalecithin

Fig No3: FTIR Spectrum of Indomethacin + Soya lecithin+ Carbopol 934-P+Methyl paraben+Propyl
paraben

No significant shifts showing loss or gain of absorption peaks associated with the functional groups were
observed, so the drug was determined to be compatible with the excipients.

DSC STUDIES
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Fig No4: DSC Curve of Indomethacin Fig No5: DSC Curve of Indomethacin +Soya lecithin +
Carbopol 934-P+Methyl paraben+Propyl paraben

DSC Studies were performed for the samples containing excipient and separately for drug alone. DSC Curve of
indomethacin showed melting point of 163.87°C while one obtained from blend with excipients showed a curve
with peak at 158.47°C. The converging values indicate that both components exhibit relatively close melting
points hence are compatible.
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Optimization ofindomethacin pharmacosomes by Central Composite Design (CCD)
Table.20: Composition & Characterization of Indomethacin Pharmacosomes using CCD

Factor 1 Factor 2 Response Response 2
1

Std Run Formulation code A: lecithin B: rotation Size (nm) EE (%)
(mg) (rpm)

1 1 F1 30 75 1395.5 52.5

9 2 F2 40 112.5 251.2 67.12

11 3 F3 40 112.5 550 68

4 F4 50 75 2791.1 83.62

12 5 F5 40 112.5 628 62.8

7 6 F6 40 59.467 2791.1 71.4

3 7 F7 30 150 189 47

6 8 F8 54.1421 112.5 480 97.5

4 9 F9 50 150 188.4 97.8

10 10 F10 40 112.5 314 62.8

5 11 F11 25.8579 112.5 697.7 39.8

13 12 F12 40 112.5 251.2 64.2

8 13 F13 40 165.533 314 70.68

EVALUATION OF INDOMETHACIN PHARMACOSOMESS

Particle size

3D Surface

Fig No6: 2D Contour plot for particle size Fig No7: 3D-Surface plot for Particle size
The sample and its excipient underwent DSC studies. The DSC curve for indomethacin revealed a melting point
of 163.87°C, while the DSC curve for the drug containing excipients revealed a melting point of 158.
47°C.These findings imply that the Aside is compatible with the excipients because both melt at nearly the same
temperature.

Y1=100.107+-1.10772*A + -0.989141*B +0.01312*AB + 0.0211675*A%+ 0.00217724*B2
Y1 = Particle size, A= Amount of lecithin, B= rpm of rotary evaporator
Percentage Entrapment Efficiency

3D Surface

B rotation (rpm)

Fig No8: 3D Response surface plot showing the
effect of the amount of lecithin and rpm on
percentage entrapment efficiency.

Fig No.9: 2D Contour Plot showing the effect of
the amount of lecithin and rpm on percentage
entrapment efficiency
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In these samples, DSC studies were conducted alongside formulations to assess compatibility for the final
formulation. Thermograms of indomethacin indicated melting peaks at 163.87°C, and his combination with
excipients showed a peak at 158.47°C., confirming partial degradation corroborated by reduced diastolic
temperatures suggesting some form of interaction during blending Estos supresores sugieren que sustancia
puede ser algo metabolizable o modificable dependiendo de otros factores. It is apparent from both 3D and 2D
surface plots that the concentration of lecithin has considerable effect on entrapment efficiency (%EE). The EE
values showed a proportional increase with regard to the increased amounts of lecithin. A further observation
noted increases in EE with increase in rotation speed as well. The correlation between formulation parameters
and EE (Y2) is defined by this equation:

Y2 =5417.28 +25.3148*A + -77.591*B + -0.929667*AB +1.16104*A2 + 0.396945*B2

Y2 = Entrapment efficiency, A = Amount of lecithin, B= rpm of rotary evaporator

Using Design Expert Software, we optimized the formulation F9 which has a desirability score of 0.994.

From the 3D and 2D surface plots, it is evident that the concentration of lecithin greatly impacts the entrapment
efficiency (%EE). With increasing concentrations of lecithin, both EE values and to a lesser extent higher
rotational speeds increased EE. The relationships between factors of formulation and Y2 — EE are given this
equation:

Table No:24 Percentage Drug Content

Formulation code *Percentage Drug Content (%)
Fl 46.4% +0.11
F2 63.7+0.16
F3 65.13+£0.22
F4 78.60 +0.33
F5 5820+ 1.1
F6 67.60 £0.21
F7 43.95+0.72
F8 94.17 £1.33
F9 94.80 + 76
F10 61.4+0.40
Fl1 39.06 +0.32
F12 64.15+0.57
F13 69.37 +£0.86

In Vitro Drug Release Study
In vitro drug release study of the optimized formulation, F9 was done. The formulation showed a drug release of
94.3068% for 20 hours. Thus, proving that the indomethacin pharmacosomes have a sustained drug release.

In vitro drug release study
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Fig No10: Graph of in vitro drug release of F9 formulation

Solubility Enhancement
Table No:28Solubility Enhancement

Drug / Formulation Solubility in water Solubility in pH 6.8
Indomethacin 24.58 mcg/ml 24.54 mcg/ml
Indomethacin pharmacosomes (F9) 147.48 mcg/ml 56.17 meg/ml

Pharmaceutical formulation of indomethacin though pharmacosomal improved its solubility
significantly. The drug demonstrated low soluble data in terms of water and phosphate buffer (pH 6.8) with
24.58 mcg/ml and 24.54 mcg/ml respectively. On the other hand, F9 pharmacosome refined formulation
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revealed better solubility giving out 147.48 mcg/ml in water while 56.17 mcg/ml in the buffer solution. Such
increase in the documented value is closely associated to amphiphilic structural constituents of lipids involved in
the formulation to aid solubilization sixfold better than before. These solubilizing factors work by improving
wetting, dispersion, and formation of micelles among others. The phospholipid-drug complex defined as
“pharmacosomes” due to their simultancous hydrophilic and lipophilic features enhances indomethacin’s
dissolution rate thus increasing bioavailability when applied trans dermally.

Zeta Potential and Polydispersity Index

The indomethacin pharmacosome formulation (F9) was found to have an excellent stability with a zeta potential
value of -70.2mV. We can conclude that the prepared pharmacosomes are sufficiently charged to prevent particle
aggregation. The formulation's PDI was determined to be 0.416, indicating that the system was monodispersed
and that the particle size was homogeneous.

P —
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sSz-100
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11:52 M
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Fig Noll: Zeta Potential

SEM Analysis

The crystalline drug's attachment to the phospholipids is visible. In SEM, pharmacosomes appear clumped
together. Because the complexes were made with high-purity phospholipids, their surfaces were rough, free-
flowing, and non-stick; in contrast, complexes made with low-purity phospholipids had sticky surfaces.

10kV__ X1,000 10kV X650  20pm
Fig No.12: SEM Images of Pharmacosmes

KINETIC STUDY OF OPTIMIZED INDOMETHACIN

Several kinetic models, including Zero-order, First-order, Hixson-Crowell, Higuchi, and Korsmeyer-
Peppas, were used to perform in vitro drug release studies of the pharmacosome formulation. The best fit model
was determined to be the one with an R2 value that was closest to unity. A release mechanism independent of
drug concentration was suggested by the release kinetics data, which showed that drug release from the
pharmacosomes followed zero-order kinetics. A diffusion-controlled release mechanism was also suggested by
the high R? value obtained when fitting the data to the Higuchi model. An "n" value of 1.1856 was obtained
through analysis using the Korsmeyer-Peppas model, indicating super case II transport, which combines
diffusion and polymer relaxation mechanisms.
These findings suggest that drug release from the pharmacosomes is governed by a diffusion mechanism
following zero-order kinetics.
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Physical evaluation of pharmacosomal gel

PH Determination

The pharmacosomal gel's pH was measured and found to be 5.61+0.01.

Spreadability

The pharmacosomal gel's spreadability was assessed, and it was discovered to be good. A good spreading aids in
the gel's even skin application.

Extrudability

The pharmacosomal gel was found to have good extrudability after the gel's extrudability was assessed.
Viscosity

The pharmacosomal gel's viscosity was measured and found to be 9199 cps.
Percentage drug content

The pharmacosomal gel's indomethacin content was 90.56+0.47%.
Table No.36: In vitro drug release &ex vivo skin permeation study data

In vitro Drug Release Study Ex vivo skin permeation study
Time in Hours %CDR of IND plain Gel % CDR of IND-PC Gel % CDR of IND-PC Gel
0 0 0 0

1 31.79 % 4.54 % 4.15%

2 49.76 % 9.81 % 7.89%

3 61.57 % 13.07 % 12.01%

4 74.62 % 17.48 % 17.56%

5 81.35% 22.65 % 22.09%

6 94.21 % 26.81 % 24.62%

7 32.53 % 29.07%

8 38.62 % 34.51%

9 43.86 38.64%

10 48.73 43.32%

20 88.42 79.02%

24 - 83.58%

In vito drug release and ex vivo skin permeLtion

10
.
% ~*% CDR of
c 6] IND plain
n4] % CDR of
2 IN-PC
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Fig No13: In vitro drug release and Ex vivo skin permeation study

According to the in vitro study, the IND-PC Gel exhibits 88.42% drug release over 20 hours, while the
IND plain gel exhibits 94.21% drug release in 6 hours. As a result, it demonstrates the IND-PC Gel's prolonged
drug release. 83.58% of the drug is released in a 24-hour period in the ex vivo skin penetration study.
Accordingly, the IND-PC Gel exhibits comparable drug release in in vitro, and ex vivo release studies.

Egg Albumin Denaturation Assay

The pharmacosomal gel's ability to reduce inflammation was assessed. It is possible to conclude from the
current study's findings that the indomethacin pharmacosomal gel effectively prevents heat-induced albumin
denaturation. It was determined that the percentage inhibition was 44.30 %.
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Kinetic Study of Indomethacin Pharmacosomal Gel

Zero order First order Higuchi model Hixson Crowell Model Korsmeyer Peppas Model
R2 R2 R2 R?

R2 N
0.859 0.022 0.859 0.007 0.848 1.2517

According to the release kinetics data, the drug's release from the pharmacosomal gel fits within the range of
zero order release kinetics. This indicates that the drug concentration in the formulation had no bearing on the
drug's release from the pharmacosomal gel. The Higuchi model, which was fitted to the in vitro data, produced a
nearly linear plot with the highest R2 value, suggesting that diffusion was the mechanism of drug release. The
indomethacin pharmacosomal gel exhibits super case II diffusion, as indicated by the "n" value of 1.2517 that
was obtained from the Korsmeyer Peppas plot.

Stability Studies of Indomethacin Pharmacosomal

For three months, pharmacosomal gel was kept in a stability chamber at 40 £2°C and 75 + 5% relative humidity
while undergoing accelerated stability studies. The formulated pharmacosomal gel is stable, as evidenced by the
lack of discernible changes in physical characteristics, pH, drug content, and in vitro release.

IV. SUMMARY

Advanced vesicular carriers called pharmacosomes are created when medications are covalently
bonded to phospholipids. Improved drug solubility, stability, and site-specific delivery are made possible by
their membrane-like structure. The short half-life, frequent dosing, and gastrointestinal side effects of traditional
delivery methods were addressed in this study by developing a pharmacosomal gel containing indomethacin.
The compatibility of indomethacin with the chosen excipients was validated by preformulation studies. Using
Central Composite Design, the pharmacosomes were optimized, yielding formulation F9 with the desired
properties of a sixfold increase in solubility, a 98.8% entrapment efficiency, and a particle size of 188.4 nm. The
pharmacosomes were added to a gel made of carbopol, which had good viscosity, spreadability, and pH. Studies
on drug release revealed 83.58% skin penetration in 24 hours and sustained release of up to 88.42% over 20
hours.A zero-order model with super case II transport behaviour was used to describe the release kinetics.
Additionally, the gel demonstrated significant stability and anti-inflammatory activity, indicating that it could be
a successful transdermal treatment for rheumatoid arthritis.

V. CONCLUSION

A potent anti-inflammatory drug called indomethacin is commonly prescribed to treat the pain
associated with rheumatoid arthritis (RA). However, topical formulations usually only provide temporary relief,
and oral administration is frequently linked to gastrointestinal side effects. This study aims to develop a
pharmacosomal gel that permits sustained transdermal delivery of indomethacin in order to overcome these
constraints. The pharmacosomal system facilitates deeper skin penetration and serves as a depot for controlled
drug release by improving the drug's solubility and bioavailability. This method reduces the need for frequent
application, minimizes side effects, and may increase patient adherence, making it a promising therapeutic
approach for skin-based RA treatment.
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