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1. INTRODUCTION

Cyclosporine is a cyclic undecapeptide and a potent immunosuppressive agent widely employed in the
management of autoimmune disorders, including rheumatoid arthritis, and in the prevention of organ
transplant rejection. Despite its remarkable therapeutic efficacy, the clinical application of cyclosporine is
limited by its poor aqueous solubility, low and variable oral bioavailability, extensive first-pass
metabolism, and significant fluctuations in plasma drug concentration. These drawbacks often necessitate
frequent administration and may lead to dose-related adverse effects, thereby reducing patient compliance.

Rheumatoid arthritis (RA) is a chronic, progressive autoimmune inflammatory disease
characterized by persistent synovial inflammation, cartilage degradation, and irreversible joint destruction.
Conventional pharmacotherapy, including non-steroidal anti-inflammatory drugs (NSAIDs),
corticosteroids, and disease-modifying antirheumatic drugs (DMARDs), provides symptomatic relief but is
often associated with systemic toxicity and limited long-term effectiveness. Cyclosporine has demonstrated
significant immunomodulatory activity in RA by suppressing T-lymphocyte activation and inhibiting
cytokine production; however, its pharmaceutical limitations restrict its therapeutic potential.

Microemulsions are thermodynamically stable, transparent, isotropic dispersions composed of oil,
water, surfactant, and frequently a co-surfactant. Owing to their nanometric droplet size and excellent
solubilization capacity, they have emerged as promising carriers for lipophilic drugs. Non-ionic micro
emulsion systems are particularly attractive because of their superior biocompatibility, lower toxicity, and
enhanced formulation stability compared with ionic systems.
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A unique advantage of these systems is their ability to undergo in-situ phase transformation when
exposed to an aqueous biological environment. Upon contact with gastrointestinal fluids, the low-viscosity
micro emulsion can spontaneously transform into highly organized liquid crystalline mesophases. These
structures create a diffusion barrier that slows drug release, thereby providing sustained delivery and
improving therapeutic performance.

Liquid crystalline systems have attracted considerable attention in advanced drug delivery because
of their ability to accommodate both hydrophilic and lipophilic drugs, maintain structural stability, and
prolong drug release. The in-situ generated liquid crystalline matrix can function as a drug reservoir,
minimizing rapid drug diffusion and reducing fluctuations in systemic drug levels.

Therefore, the development of a non-ionic micro emulsion capable of in-situ phase transformation
represents a promising strategy for the controlled delivery of cyclosporine. Such a system may improve
drug solubility, enhance bioavailability, provide sustained release, reduce dosing frequency, and minimize
dose-related toxicity, ultimately leading to improved therapeutic outcomes in the management of
rheumatoid arthritis.

The present study was therefore undertaken to develop and evaluate a non-ionic micro emulsion-
based in-situ phase transforming system for the controlled release of cyclosporine and to investigate its
potential as an effective drug delivery platform for long-term therapy.

2. AIM AND OBJECTIVES
2.1 Aim of the Study

The present study aims to develop and evaluate a non-ionic micro emulsion-based drug delivery system
capable of undergoing in-situ phase transformation into a lipotropic liquid crystalline structure for
the controlled release of cyclosporine. The proposed system is intended to create a stable depot following
aqueous dilution, thereby prolonging drug release, enhancing drug solubility, and improving the
therapeutic performance of cyclosporine.

2.2 Objectives of the Study
To accomplish the above aim, the following specific objectives were established:

1. To formulate a non-ionic micro emulsion of cyclosporine using suitable oils, surfactants, and co-
surfactants.

2. To construct pseudo-ternary phase diagrams for the selection and optimization of the micro emulsion
composition.

3. To optimize the micro emulsion formulation with the ability to undergo in-situ phase
transformation into a lipotropic liquid crystalline system upon aqueous dilution.

4. To characterize the developed micro emulsion and the resulting liquid crystalline system using
appropriate analytical techniques.

5. To evaluate the physicochemical properties of the developed system by:
e Dynamic Light Scattering (DLS)
e Differential Scanning Calorimetry (DSC)
e Polarized Optical Microscopy (POM)
e Rheological studies
e Texture Profile Analysis (TPA)

e To investigate the in-vitro release profile of cyclosporine from the in-situ phase transforming non-
ionic micro emulsion.

e To assess the capability of the liquid crystalline system to provide sustained and controlled drug
release.

6. To perform stability studies of the optimized formulation under appropriate storage conditions to
ensure its physicochemical stability and performance.
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3. MATERIALS AND METHODS
3.1 Materials

Cyclosporine was used as the model drug for the development of the controlled release formulation.
Tocopherol polyethylene glycol succinate (TPGS) was selected as the non-ionic surfactant, Span 80 as the
co-surfactant, and caprylic/capric triglyceride (Captex® 300) as the oil phase. Sterile purified water was
used as the aqueous phase. All chemicals and solvents employed in the study were of analytical or HPLC
grade and were used without further purification.

Table 1: Materials used in the study

Sr. No. Material Function
1 Cyclosporine g;tri;/giglllltarrnaceutical
2 TPGS (Tocopheryl polyethylene glycol succinate) | Surfactant
3 Span 80 Co-surfactant
4 Caprylic/Capric Triglyceride (Captex® 300) Oil phase
5 Sterile Purified Water Aqueous phase

3.2 Instruments

The formulation and characterization studies were carried out using standard analytical instruments.
Differential scanning calorimetry (DSC) was performed using a Mettler STARe SW 9.30 instrument. High-
performance liquid chromatography (HPLC) analysis was conducted using a Shimadzu LC-2010C HT
system. Fourier transform infrared (FTIR) spectroscopy was carried out using a Shimadzu 8400S
spectrophotometer. Morphological analysis was performed using a JSM-5610 scanning electron
microscope. A polarized optical microscope (Olympus) was used for the identification of liquid crystalline
structures. Other laboratory equipment included a magnetic stirrer, sonicator, and digital analytical balance.

Table 2: Instruments used in the study

Sr. No. | Instrument Manufacturer
1 Differential Scanning Calorimeter (DSC) Mettler STARe SW 9.30
2 High Performance Liquid Chromatography (HPLC) | Shimadzu LC-2010C HT
3 FTIR Spectrophotometer Shimadzu 84008
4 Magnetic Stirrer Remi
5 Scanning Electron Microscope (SEM) JSM-5610
6 Sonicator Shimadzu
7 Digital Analytical Balance Sartorius
8 Polarized Optical Microscope Olympus

3.3 Drug and Excipient Selection

Cyclosporine was selected because of its poor aqueous solubility, low oral bioavailability, and short
biological half-life, making it a suitable candidate for controlled release delivery. TPGS was employed as a
non-ionic surfactant due to its excellent emulsifying ability and biocompatibility. Span 80 was incorporated
as a co-surfactant to improve interfacial flexibility and facilitate micro emulsion formation. Caprylic/capric
triglyceride (Captex® 300) was used as the oil phase because of its high solubilisation capacity for
lipophilic drugs.

3.4 Preparation and Optimization of Non-Ionic Microemulsion

The non-ionic micro emulsion system was designed by selecting appropriate ratios of oil, surfactant, and
co-surfactant. Pseudo-ternary phase diagrams were constructed using the aqueous titration method to
identify the micro emulsion region and optimize the formulation composition.
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3.5 In-situ Phase Transformation Study

The optimized micro emulsion formulation was diluted with the aqueous phase to induce in-situ
transformation into a lyotropic liquid crystalline system. The phase behavior and structural transition were
observed and characterized.

3.6 Characterization of the Formulation

The developed formulation was evaluated for:

e Particle size and polydispersity index by Dynamic Light Scattering (DLS).
e Thermal behaviour by Differential Scanning Calorimetry (DSC).

e Liquid crystalline structure by Polarized Optical Microscopy (POM).

e Rheological properties.

e Texture profile analysis.

e In-vitro drug release behaviour.
3.7 Stability Studies

The optimized formulation was subjected to stability studies under suitable storage conditions, and
changes in physicochemical properties and drug release characteristics were monitored over the study
period.

3.8 Methodology
3.8.1 Drug Identification

The identity of cyclosporine was confirmed by high-performance liquid chromatography (HPLC), Fourier
transform infrared (FTIR) spectroscopy, differential scanning calorimetry (DSC), and melting point
determination.

3.8.1.1 HPLC Analysis

Cyclosporine was analysed using a reverse-phase HPLC system equipped with a Grace Smart™ C18
column (4.6 x 250 mm, 5 um). The mobile phase consisted of water and acetonitrile (10:90, v/v), delivered
at a flow rate of 1.0 mL/min. Detection was carried out at 210 nm, and the column temperature was
maintained at 50°C. Standard solutions in the concentration range of 10-100 pg/mL were used for
calibration.

3.8.1.2 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR analysis was performed to identify the characteristic functional groups of the pure drug and to
evaluate possible interactions between the drug and excipients. Samples were mixed with potassium
bromide (KBr), compressed into pellets, and scanned over the range of 4000-400 cm™.

3.8.1.3 Differential Scanning Calorimetry (DSC)

Thermal characteristics of the drug and formulation components were investigated using DSC. Samples (2-
5 mg) were sealed in aluminum pans and heated from 50°C to 170°C at a heating rate of 10°C/min under a
nitrogen atmosphere.

3.8.1.4 Melting Point Determination

The melting point of cyclosporine was determined using a digital melting point apparatus to confirm its
purity and identity.

3.8.2 Drug-Excipient Compatibility Study

Compatibility between cyclosporine and the selected excipients was evaluated using FTIR spectroscopy by
comparing the characteristic absorption peaks of the pure drug and the physical mixtures.

3.8.3 Preparation of Standard Calibration Curve
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A standard calibration curve of cyclosporine was developed by HPLC using concentrations ranging from
10 to 100 pg/mL. Peak area was plotted against concentration, and linear regression analysis was
performed.

3.8.4 Solubility Study

The solubility of cyclosporine in the selected oil, surfactant, and co-surfactant was determined by the
shake-flask method. Excess drug was added to 2 mL of each vehicle and shaken continuously for 24 h at
room temperature. After equilibrium, the samples were filtered, suitably diluted, and analyzed by HPLC.

3.8.5 Preparation of Non-Ionic Microemulsion and In-Situ Liquid Crystalline System
3.8.5.1 Construction of Pseudo-Ternary Phase Diagram

Pseudo-ternary phase diagrams were constructed using the water titration method at room temperature.
Captex® 300, TPGS, and Span 80 were used as the oil phase, surfactant, and co-surfactant, respectively.
The mixtures were gradually titrated with water, and the boundaries of the micro emulsion and liquid
crystalline regions were identified based on visual appearance and transmittance.

3.8.5.2 Characterization of Liquid Crystalline System
The phase-transformed system was characterized using various analytical techniques:

Dynamic Light Scattering (DLS): Particle size distribution and changes during water addition were
determined using dynamic light scattering.

Differential Scanning Calorimetry (DSC): Thermal transitions associated with liquid crystal formation
were evaluated.

Polarized Optical Microscopy (POM): The formation of birefringent liquid crystalline structures was
confirmed using a polarized optical microscope.

Cryogenic Scanning Electron Microscopy (Cryo-SEM): The internal morphology and microstructure of
the liquid crystalline system were examined.

Rheological Study: The rheological behavior of the formulation at different hydration levels was
evaluated using a rotational rheometer.

In-vitro Drug Release Study: Drug release was investigated using the dialysis bag diffusion method.
Phosphate buffer (pH 7.4) containing 10% acetonitrile was used as the dissolution medium, and
cyclosporine concentration was quantified by HPLC.

3.8.6 Stability Study

The optimized formulation was subjected to short-term stability studies under refrigerated (4°C) and room
temperature conditions for 30 days. Samples were evaluated periodically for changes in physical
appearance, particle size distribution, and in-vitro drug release characteristics.

4. RESULTS AND DISCUSSION
4.1 Organoleptic Characteristics of Cyclosporine

The organoleptic properties of cyclosporine were evaluated to confirm its physical appearance and purity.
The drug was found to be a white, odourless solid, which is in accordance with the reported standard
characteristics.

Table 3: Organoleptic characteristics of cyclosporine

Colour | Odour Appearance
White | Odourless | White solid

4.2 Melting Point Determination

The melting point of cyclosporine was determined by the capillary method using a VEGGO melting point
apparatus. The observed melting point was found to be 146°C, which is in close agreement with the
reported standard range (148-151°C). The slight variation may be attributed to experimental conditions and
indicates the purity and authenticity of the drug sample.
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Table 4: Melting point determination of cyclosporine

Standard Value | Observed Value
148-151°C 146°C

4.3 Fourier Transform Infrared (FTIR) Study

4.3.1 FTIR Spectrum of Pure Cyclosporine

The FTIR spectrum of pure cyclosporine exhibited characteristic absorption peaks corresponding to the
functional groups present in the molecule. The N-H stretching vibration was observed at 3309.9 cm™, C-H
stretching at 2955.8 cm™, carbonyl (C=0) stretching at 1617.7 cm™, and C-N stretching at 1092.1 cm™.

These values were found to be in agreement with reported literature values, confirming the identity of
cyclosporine.
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Fig 1: FTIR spectrum of pure cyclosporine

Fig 2: Chemical structure of cyclosporine and FTIR peak interpretation

Table 5: Characteristic FTIR peaks of cyclosporine

Sr. No. | Functional Group | Reported Value (cm™) | Observed Value (cm™)
1 N-H 3200-3600 3309.9
2 C-H 2800-3000 2955.8
3 C=0 1610-1690 1617.7
4 C-N 1266-1342 1092.1

4.3.2 FTIR Spectrum of TPGS Vitamin E
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The FTIR spectrum of TPGS showed characteristic peaks of aromatic C-H, carbonyl, C-O, and C-H
stretching vibrations, confirming the chemical identity of the selected surfactant.
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Fig 3: FTIR spectrum of TPGS vitamin E
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Fig 4: Chemical structure of TPGS vitamin E and FTIR peak interpretation
Table 6: Characteristic FTIR peaks of TPGS vitamin E

Sr. No. | Functional Group | Reported Value (cm™) | Observed Value (cm™)
1 Ar-C-H 2850-3000 2862.6
2 C=0 1610-1690 1736.9
3 C-0 1141-1250 1457.4
4 C-H 2879-2949 1099.6

4.3.3 FTIR Spectrum of Caprylic/Capric Triglyceride

The FTIR spectrum of caprylic/capric triglyceride exhibited characteristic C-H, C=0, and C-O absorption

peaks, which were consistent with the standard spectral data reported in the literature.
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Fig 5: FTIR spectrum of caprylic/capric triglyceride
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Fig 7: Chemical structure of caprylic/capric triglyceride and FTIR peak interpretation

Table 7: Characteristic FTIR peaks of caprylic/capric triglyceride

Sr. No. | Functional Group | Reported Value (cm™) | Observed Value (cm™)
1 C-H 3000-3100 2922.2
2 C=0 1040-1050 1740.7
3 C-0 1000-1300 1461.1

4.3.4 Drug-Excipient Compatibility Study by FTIR

The FTIR spectrum of the physical mixture containing cyclosporine, TPGS, caprylic/capric triglyceride,
and Span 80 retained all the characteristic peaks of the individual components without significant shifting
or disappearance. This indicates the absence of any major chemical interaction between the drug and
excipients and confirms their compatibility.
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Fig 7: FTIR spectrum of cyclosporine + TPGS + caprylic/capric triglyceride + Span 80

Table 8: Characteristic FTIR peaks of drug-excipient physical mixture

Sr. No. | Functional Group | Reported Value (cm™) | Observed Value (cm™)
1 N-H 3200-3600 3421.7
2 C-H 2800-3000 2922.2
3 C=0 1610-1690 1736.9
4 C=C 1566-1650 1461.1

4.4 HPLC Method Development and Calibration Curve

A reverse-phase HPLC method was developed for the quantitative estimation of cyclosporine. The method
showed good linearity over the concentration range of 10-100 pg/mL.

Table 9: Calibration data for cyclosporine

Concentration (ug/mL) | Peak Area
10 20573
20 36341
50 153563
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80 230392
100 299620

The calibration plot demonstrated a linear relationship between concentration and peak area, confirming
the suitability of the analytical method for quantitative estimation of cyclosporine.
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Fig 8: Calibration curve of cyclosporine

The optimized chromatographic conditions were as follows:
e Column: RP-C18

e Mobile phase: Acetonitrile: Water (90:10, v/v)

e Flow rate: 0.65 mL/min

e Detection wavelength: 210 nm

e Retention time: 6.2 min
The chromatogram exhibited a sharp and symmetrical peak with an acceptable retention time, indicating
the specificity and reliability of the developed HPLC method.
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Fig 9: Representative HPLC chromatogram of cyclosporine showing A, and retention time

4.5 Differential Scanning Calorimetry (DSC) of Cyclosporine
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The thermal behavior of pure cyclosporine was evaluated by differential scanning calorimetry (DSC). The
thermogram exhibited a distinct endothermic peak at approximately 128.0°C, which is in close agreement
with the reported thermal characteristics of the pure drug. The presence of a sharp melting endotherm
confirms the crystalline nature and purity of cyclosporine.
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Fig 10: DSC thermogram of pure cyclosporine

4.6 Solubility Study of Cyclosporine

The solubility of cyclosporine was investigated in different formulation components to identify suitable
excipients for the development of the non-ionic micro emulsion. Among the tested excipients, cyclosporine

showed maximum solubility in Captex® 300, followed by Span 80, while comparatively lower solubility
was observed in TPGS.

Table 10: Solubility of cyclosporine in different excipients

Sr. No. Excipients Category Obtai(l:::g /i:)il)lbility Repm(‘:leleg /i:)il)lbility
1 Caprylic triglycerides | Oil 96.47 £6.15 98.72£7.75
2 TPGS Surfactant 0.31+0.07 0.29 +0.01
3 Span 80 Co-surfactant | 19.14+1.16 17.31+1.03
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Fig 11: Solubility profile of cyclosporine

Based on the obtained solubility data, Captex® 300 was selected as the oil phase, Span 80 as the co-
surfactant, and TPGS as the surfactant for the preparation of the non-ionic micro emulsion.

Table 11: Selection of formulation components

. . Obtained Solubility(mg/ml) | Reported Solubility(mg/ml)
Sr.no Excipients Category n=3(S.D) n=3(S.D)
1 Caprylic oil 96,47+ 6.15 98.72 +7.75
triglycerides
2 TPGS Surfactant 0.31+£0.07 0.29 +£0.01
3 SPAN 80 oo 19.14 £ 1.16 17.31 +1.03
surfactant

4.7 Construction of Pseudo-Ternary Phase Diagram

Pseudo-ternary phase diagrams were constructed to identify the micro emulsion and liquid crystalline
regions. The optimized micro emulsion formed spontaneously under gentle magnetic stirring and remained
clear and transparent with transmittance values greater than 95%. The average hydrodynamic diameter of
the droplets was approximately 26 nm.
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Fig 12: Pseudo-ternary phase diagram showing micro emulsion and liquid crystalline regions

Table 12: Composition of micro emulsion formulations

Formulation | Oil | S-mix | Water

MEI 0.58 | 0.42 | 0.000
ME2 0.52| 0.46 | 0.021
ME3 0.46 | 0.51 | 0.036
ME4 0.40 | 0.55 | 0.045
MES 035 ] 0.60 | 0.055
MEG6 0.30 | 0.64 | 0.064
ME7 0.24 | 0.67 | 0.087
MES 0.19 | 0.70 | 0.120
ME9 0.17 | 0.76 | 0.064

MEI10 0.19 | 0.81 | 0.000

Table 13: Composition of ME-LC region A

Formulation | Oil | S-mix | Water

ME-LCA1 | 041 | 0.46 0.13

ME-LCA2 | 036 | 0.49 0.15

ME-LCA3 | 0.31 | 0.52 0.17

ME-LCA4 | 0.25| 0.55 0.19

ME-LCAS | 0.21 | 0.59 0.20

ME-LCA6 | 0.17 | 0.62 0.21

Table 14: Composition of ME-LC region B

Formulation | Oil | S-mix | Water
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ME-LCB1 | 0.361 | 0.40 0.24

ME-LCB2 | 0.30 | 0.42 0.28

ME-LCB3 | 0.26 | 045 0.29

ME-LCB4 | 0.20 | 0.45 0.34

ME-LCBS5 | 0.177 | 0.47 0.36

ME-LCB6 | 0.13 | 0.50 0.37

4.8 In-situ Phase Transition upon Water Dilution

The optimized micro emulsion was subjected to progressive water addition along the selected dilution line.
Gradual hydration resulted in transformation from a clear isotropic micro emulsion to a highly viscous
liquid crystalline system.

Formulation A1 remained transparent with approximately 6.4% water incorporation, while A2 and
A3 demonstrated increasing viscosity and phase transition due to additional water uptake.

Fig 13: Visual phase transition of micro emulsion during water addition

Table 15: Composition of formulations used for phase transition study

Formulation | Oil | S-mix | Water
Al 0.30 | 0.66 | 0.040
A2 0.29 | 0.62 | 0.090
A3 0.24 | 0.51 | 0.252

The successful in-situ transformation into a liquid crystalline phase suggests that the developed
formulation can serve as a stable depot system for the prolonged and controlled release of cyclosporine.

4.9 Rheological Study

The rheological behavior of the optimized formulations was investigated to evaluate the effect of water-
induced phase transformation on viscosity. The viscosity of formulations B1, B2, and B3 was measured at
a constant shear rate of 10 s™'. A significant increase in viscosity was observed with increasing water
content, indicating the gradual formation of a structured liquid crystalline network. The enhanced viscosity
is expected to contribute to prolonged drug retention and sustained drug release.
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Fig 14: Viscosity of micro emulsion and liquid crystalline formulations

4.10 Effect of Water Addition on Droplet Size Distribution

Dynamic light scattering (DLS) was employed to investigate the changes in droplet size during the
hydration process. The optimized micro emulsion composition (oil/water/Smix = 0.296/0.064/0.64) was
selected for the study because it was located near the phase boundary.

A substantial increase in droplet size was observed with progressive water addition. The
appearance of larger aggregates and increased polydispersity indicated the onset of phase transformation.
At higher water levels, the formulation became highly viscous and eventually transformed into a stiff gel-

like liquid crystalline system.
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Fig 15: Changes in droplet size distribution during water addition

Cryo-SEM analysis further confirmed the structural transformation. The images revealed that the initially
spherical droplets became interconnected through aqueous channels, indicating the formation of a highly
organized liquid crystalline network.

e
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Fig 16: Cryo-SEM image of the liquid crystalline structure

The phase transformation remained unaffected after sterilization and freeze-thaw cycles, demonstrating the
robustness of the developed formulation.

4.11 Polarized Light Microscopy Study

The water-induced phase transition was further confirmed by polarized light microscopy. Initially, the
micro emulsion appeared isotropic without birefringence. As water content increased, birefringent domains
characteristic of liquid crystalline structures became visible.

At higher hydration levels, the birefringence intensified and occupied the entire microscopic field,
confirming the formation of a stable liquid crystalline phase. Similar observations were obtained for the
cyclosporine-loaded formulation, indicating that drug incorporation did not interfere with phase
transformation.

Fig 17: Polarized microscopic images showing transition from micro emulsion to liquid crystalline phase

To further visualize the interfacial phenomenon, one drop of micro emulsion and one drop of water were
brought into contact on a microscope slide. A thick birefringent liquid crystalline layer was formed
immediately at the interface, restricting further diffusion of water into the formulation.
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Fig 18: Microscopic observation of the micro emulsion-water interface showing birefringence

The formation of this highly viscous liquid crystalline shell may act as a diffusion barrier and contribute to
the controlled release behavior of the developed formulation.

4.12 Differential Scanning Calorimetry of Microemulsion and Liquid Crystalline System

DSC analysis was carried out to investigate the thermal events associated with the hydration-induced phase
transition. The thermograms of the blank formulation exhibited characteristic crystallization and melting
transitions, confirming the structural rearrangement occurring during liquid crystal formation.

0.4 e
—LC1
0.2~ . G2
—— LC3
; 0.0 4
z
=
> -0.2
2
w -0.4
-0.6
-0.8

40 30 20 10 0 10 20 30
Temperature (°c)

Fig 19: DSC thermograms of blank micro emulsion during water addition

With increasing water content, the melting endotherms became broader and more distinct, suggesting
stable incorporation of water molecules within the hydrated surfactant matrix.

The DSC thermograms of the cyclosporine-loaded formulation showed a single melting transition
without the appearance of additional crystalline peaks. The absence of a separate drug melting endotherm
suggests that cyclosporine remained molecularly dispersed within the liquid crystalline matrix.
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Fig 20: DSC thermograms of cyclosporine-loaded micro emulsion during water addition

4.13 In-vitro Drug Release Study

The in-vitro release profile of cyclosporine from the optimized formulation was compared with that of the
pure drug suspension.

Table 16: Comparative in-vitro drug release profile

% Cumulative % Cumulative Drug
Sr. No. | Time (h) Drug Release Release (Optimized
(Pure Drug) Formulation)

1 0.5 12.00 6.48
2 1 25.00 17.87
3 1.5 47.00 22.77
4 2 69.00 27.49
5 3 82.00 36.66
6 4 96.00 44.48
7 8 - 67.61
8 12 - 79.93
9 24 - 89.24

The optimized micro emulsion exhibited a sustained release pattern compared with the pure drug. The
formation of an in-situ liquid crystalline depot effectively retarded drug diffusion and prolonged the release
of cyclosporine over 24 hours.
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Fig 21: Comparative in-vitro drug release profile of pure drug and optimized formulation
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Fig 22: Plot of cumulative drug release versus time

The integrity of the liquid crystalline matrix was maintained throughout the release study, and no evidence
of phase inversion was observed.

Fig 23: Time-dependent changes in the liquid crystalline formulation on agar surface

4.14 Stability Study

The optimized formulation was subjected to short-term stability studies under refrigerated conditions (4°C)
for one month. No visible phase separation, drug precipitation, or significant change in appearance was
observed during the storage period.

The cumulative drug release after one month was found to be 88.37%, which was comparable to
the initial value, indicating good formulation stability.

Table 17: Accelerated stability study of optimized formulation

Time (h) | Initial (% CDR) | After 1 Month (% CDR)
0.5 6.48 6.38
1 17.87 16.54
1.5 22.77 22.65
2 27.49 26.29
3 36.66 34.98
4 44.48 44.27
8 67.61 65.84
12 79.93 69.89
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| 24 ] 89.24 | 88.37 |

The stability results demonstrate that the developed non-ionic micro emulsion maintained its
physicochemical properties and controlled drug release characteristics during storage.
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Fig 24: Accelerated stability study

Conclusion

This study demonstrates water-driven transformation of a nonionic ME into rigid LC phase. The
formulation was composed of TPGS-Span 80 (3:1) and Captex 355, respectively, as surfactant mixture and
oil phase. Phase boundary corresponding to isotropic ME and birefringent LC structure was delineated in
the pseudoternary phase diagram. The transition was studied at the level of surfactants and during water
incorporation in complete oil phase. Water incorporation into oil phase triggered progressive conversion of
isotropic ME into birefringent LC phase with superior physical properties. It remained stable at
physiological temperature until 72 h and offered controlled released of cyclosporine under artificial sink
conditions. We speculate that fluidity of ME would enable its convenient intra-muscular placement
whereupon it can undergo transition to form a controlled release depot. Coupled with enhanced
cyclosporine solubilization, the approach can be valuable for minimizing the post-surgical recurrence
arising from the micro- deposits of tumor cells.

LIST OF ABBREVIATIONS

FT-IR | Fourier Transform Infrared

DSC Differential scanning colorimetry

ICH International Conference on Harmonization

HPLC | High Performance Liquid Chromatography

SEM Scanning electron microscopy

% CDR | Cumulative drug release

PDI Polydispersity index

RT Room temperature
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