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Abstract: 

Background: Oral Submucous Fibrosis (OSMF) is a chronic, 

progressive disorder of the oral mucosa characterized by fibrosis, 

trismus, and burning sensation. Current therapies offer limited benefits 

due to poor solubility, stability, and bioavailability of drugs. Lycopene 

and Coenzyme Q10, with strong antioxidant and anti-fibrotic properties, 

have therapeutic potential but are limited by these formulation 

challenges. Aim: The study aimed to design, optimize, and characterize 

a microemulsion of Lycopene and Coenzyme Q10 using a Quality by 

Design (QbD)-based Design of Experiments (DoE) approach for 

effective management of OSMF. Result: A microemulsion was 

formulated using olive oil, Tween 80, and glycerol, optimized through a 

Box–Behnken Design. The optimized formulation showed a particle size 

of 52 nm, zeta potential of –31.9 mV, and a PDI of 0.366, indicating 

nanoscale uniformity and stability. Entrapment efficiency was 74.5% for 

Lycopene and 97.5% for Coenzyme Q10. In-vitro release studies 

demonstrated biphasic, sustained drug release, ensuring both immediate 

and prolonged antioxidant effects.  

Keywords: Oral Submucous Fibrosis, Microemulsion, Lycopene, 
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1. INTRODUCTION  

Oral Submucous Fibrosis (OSMF) is a chronic, 

progressive disorder of the oral mucosa, strongly 

associated with areca nut chewing and tobacco use. 

It is characterized by excessive collagen deposition, 

stiffness of the oral mucosa, trismus, and burning 

sensation, with a significant risk of malignant 

transformation.1 Globally, OSMF prevalence has 

exceeded 2.5 million cases, with India among the 

most affected regions.2 Conventional treatments, 

including corticosteroids, enzymatic therapy, 

antioxidants, and surgical interventions, provide 

limited therapeutic success due to poor solubility, 

low bioavailability, and inadequate mucosal 

penetration of drugs.3 

 Lycopene and Coenzyme Q10 (CoQ10) are potent 

antioxidants with anti-inflammatory and anti-

fibrotic effects, yet their application is restricted by 

poor aqueous solubility and stability.4,5 

Microemulsions, due to their nanoscale droplet size, 

high solubilizing capacity, and improved mucosal 

penetration, represent a promising delivery system 

for such drugs. .6 

The present study aims to design and optimize a 

Lycopene and CoQ10-loaded microemulsion using 

a Quality by Design (QbD) approach to improve 

solubility, stability, and site-specific delivery for 

effective management of OSMF. 

2. MATERIALS AND METHODS 

Materials The key materials used in this study 

included Lycopene and Coenzyme Q10 as the active 

pharmaceutical ingredients, Olive oil as the oil 

phase, Tween 80 as the surfactant, and Glycerol as 

the co-surfactant. All materials were procured from 

established suppliers provided by VNS Institute, 
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Bhopal. Lycopene and Coenzyme Q10 were selected 

for their potent antioxidant properties relevant to the 

management of oral submucous fibrosis. Olive oil 

was used to enhance the solubility and 

bioavailability of the lipophilic actives, while Tween 

80 and Glycerol facilitated the formation and 

stabilization of the microemulsion system. All 

chemicals and reagents were of analytical grade and 

used without further purification. 

2.1 Formulation Optimization Using DoE 

A three-factor, three-level Box–Behnken design 

(BBD) was employed to evaluate the influence of 

Olive oil (X₁), Tween 80 (X₂), and Glycerol (X₃) on 

key microemulsion characteristics, including 

particle size, polydispersity index (PDI), zeta 

potential, and entrapment efficiency. Seventeen 

experimental runs were generated based on the 

selected variables. Analysis of these runs produced 

nineteen potential solutions, from which a single 

formulation exhibiting the most desirable 

characteristics was selected as the optimized 

microemulsion.7 

 

                                        Table 1: Formulation Protocol Using BBD 

Formulation 
Factor 1 

A: Olive oil[g] 

Factor 2 

B: Tween 80[g] 

Factor 3 C: 

Glycerol[g] 

F1 1.35 6.5 2.125 

F2 1.35 6.75 2 

F3 1.35 6.25 2 

F4 1.7 6.5 2 

F5 1.7 6.5 2.25 

F6 1.35 6.25 2.25 

F7 1.35 6.5 2.125 

F8 1.35 6.5 2.125 

F9 1.35 6.5 2.125 

F10 1.35 6.5 2.125 

F11 1 6.5 2 

F12 1 6.25 2.125 

F13 1 6.75 2.125 

F14 1.35 6.75 2.25 

F15 1.7 6.75 2.125 

F16 1.7 6.75 2.125 

F17 1 6.5 2.25 

 

2.2 Preparation of Microemulsion 

An accurately weighed amount of Olive oil was 

placed in a beaker and covered with brown paper to 

protect Lycopene from photodegradation. Lycopene 

(100 mg) and Coenzyme Q10 (10 mg) were added 

to the oil phase along with a single drop of alpha-

tocopherol as an antioxidant. The mixture was 

stirred continuously on a magnetic stirrer until both 

active ingredients were completely dissolved. 

Thereafter, the surfactant blend of Tween 80 and 

Glycerol was incorporated, and stirring was 

continued to ensure uniform mixing. Finally, 

distilled water was added Dropwise until the total 

volume reached 25 mL. After that, it was sonicated 

for 5 minutes, resulting in a stable and homogeneous 

microemulsion suitable for further evaluation. 

2.3 Characterization of Microemulsion 

Incompatibility studies:  
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FTIR studies were done after the lyophilization 

process of the optimized formulation to check the 

interaction between the drug and excipients.8 

Physical stability: 

 The transparency of the microemulsion was 

assessed visually. Formulations were stored at 25°C 

for one week and monitored for precipitation, 

creaming, or cracking. Samples were also 

centrifuged at 10,000 rpm for 30 minutes to check 

for phase separation.9 

Particle Size and Polydispersity Index (PDI): 

 Particle size and PDI were measured using a Horiba 

nanoparticle size analyzer via dynamic light 

scattering (DLS). Samples were diluted with HPLC-

grade water.10 

 

Zeta potential:  

Zeta potential was determined using the same 

analyzer after diluting the samples with HPLC 

water. Measurements were performed at 25°C. 11 

Entrapment: Entrapment efficacy was determined 

via ultracentrifugation at 120,00 rpm for 1 hour, 

followed by spectrophotometric drug estimation.12 

In Vitro Drug Release 

Drug release from the optimized microemulsion was 

studied using the dialysis bag method. Dialysis 

membranes were soaked overnight in distilled water, 

and 2.5 mL of microemulsion was placed inside each 

bag. Bags were immersed in 100 mL of PBS (pH 

7.4) containing 0.1% Tween 80 at 37°C with stirring 

at 100 rpm. Samples (3 mL) were withdrawn at 

predetermined intervals up to 24 hours and replaced 

with fresh medium. Drug concentration was 

measured by UV spectrophotometry 13 

2.4 Preparation of Microemulsion-Loaded Gel 

The optimized Lycopene and CoQ10 microemulsion 

was incorporated into a gel using Carbopol 934 (100 

mg) as the gelling agent. Carbopol was dispersed in 

1 mL of distilled water using a mechanical stirrer 

(Remi, Mumbai, India) at 1200 rpm. 

The drug-loaded microemulsion (10 mL) was then 

added to the gel base and stirred for 15 minutes to 

ensure uniform mixing. Triethanolamine (50 µL) 

was added to neutralize the dispersion, and the gel 

was allowed to stand overnight for complete 

swelling, resulting in a homogenous microemulsion-

loaded gel suitable for topical application. 

2.5 Characterization of ME Gel formulation: 

  pH test of gel: Calibrated the pH meter at 25°C. 

Disperse 1.0 g of the formulated ME gel in 

10 mL of purified water, equilibrate for 10 minutes, 

and measure the pH by dipping the pH meter 

electrode into the beaker.  

 Viscosity: 

To determine the rheological properties, the 

formulated gel was placed in a beaker beneath the 

spindle (RV-7) and rotated at room temperature (25–

27 °C) (20 rpm) in a Brookfield viscometer. 

 

Spreadability 

A 1 g sample of gel was placed between two glass 

slides, and a 50 g weight was applied for 20 seconds. 

The spread diameter was traced and transferred onto 

graph paper to calculate the spread area (cm²), 

indicating the ease of gel application. 

 In-Vitro Release Study by using goat mouth 

skin: 

2.5 g of microemulsion gel was placed on the goat 

buccal mucosa, sealed, and immersed in 100 mL 

PBS (pH 7.4) with 0.1% Tween 80 at 37 °C. The 

system was stirred at 100 rpm and 32 ± 0.5 °C. 

Samples (3 mL) were withdrawn at predetermined 

intervals up to 24 h, replaced with fresh medium, and 

analyzed by UV spectrophotometry for drug 

concentration. 

3. RESULTS AND DISCUSSION 

Fourier Transform Infra-Red Spectroscopy (FTIR) 

Study 

 

 
Figure 1: FTIR Spectrum of Lycopene 

 
Figure 2: FTIR Spectrum of CoQ10 
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Figure 3: FTIR Spectrum of Microemulsion 

Placebo 
Figure 4: FTIR Spectrum of Microemulsion  

Figure 5: FTIR Spectrum of Microemulsion gel 

 

Particle size: 

Increasing the concentration of oil (A) generally 

resulted in a reduction in particle size, indicating its 

crucial role in stabilizing the microemulsion system. 

In contrast, Tween 80 (B) exhibited a parabolic 

effect on particle size, where moderate levels led to 

the smallest particles, while both lower and higher 

concentrations caused an increase in size. 

Zeta potential: 

For good stability and inhibition of aggregation, a 

zeta potential value greater than ±30 mV is generally 

required. In this study, the zeta potential for 

Lycopene and Coenzyme Q10-loaded 

microemulsion ranged from –32 to –35 mV, 

indicating sufficient surface charge to provide 

electrostatic repulsion and ensure good colloidal 

stability of the system. 

 
Figure 6: Contour plot depicting the effect of the 

amount of Concentration of total oil and 

concentration of total Surfactant on Particle size 

 
Figure 7: 3D Surface response plot of particle size 
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Figure 8: Contour plot depicting the effect of the 

amount of oil and surfactant on Zeta potential. 

 
Figure 9: 3D Surface response plot of zeta 

potential 

 

Polydispersity Index (PDI):  

PDI is a unitless parameter that reflects the polydispersity of the formulation. In this study, the Lycopene and 

Coenzyme Q10-loaded microemulsion exhibited low PDI values, indicating a uniform and homogeneous particle 

population. The combination of an appropriate particle size with low PDI confirmed acceptable monodispersity, 

which is a critical factor in ensuring the stability and suitability of the formulation for final application. 

 
Figure 10: Contour plot depicting the effect of the amount of oil and surfactant on PDI. 

 

 
Figure 11: 3D Surface response plot of PDI 

 

Entrapment Efficacy of Lycopene:  

The interaction between oil (A) and Tween 80 (B) showed that entrapment efficiency (EE) was low at high 

surfactant with low oil, but improved when both were present in moderate amounts. Maximum EE was achieved 

around 1.3–1.5 g oil and 6.4–6.5 g Tween 80, where a balanced ratio provided stable droplets and better lycopene 

solubilization. 
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Figure 12: Contour plot depicting the effect of the amount of oil and surfactant on Entrapment 

Efficiency (Lycopene). 

 
Figure 13: 3D Surface response plot of Entrapment Efficiency (Lycopene). 

 

Entrapment efficacy of CoQ10: 

The entrapment efficiency of CoQ10 remained consistently high (94–99%) across all formulations, showing only 

slight improvement with increasing oil and Tween 80. This indicates efficient incorporation of CoQ10 into the 

microemulsion with minimal dependence on formulation ratios. 

 
Figure 14: Contour plot depicting the effect of the amount of oil and surfactant on Entrapment 

Efficiency (CoQ10). 
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Figure 15: 3D Surface response plot of Entrapment Efficiency (CoQ10). 

                       

In vitro drug release : 

 
                     Figure 16: Drug Release of Lycopene of All the Formulations using BBD 

 
 

                          Figure 17: Drug Release of CoQ10 of All the Formulations using BBD  

  Table 3: Characterization of optimized microemulsion 

Particle Size(nm) 52 

Zeta potential(mV) -31.9 

PDI 0.366 
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Table 4: Characterization of optimized microemulsion gel 

ph 6.5 

Viscosity(cp) 128800 

Spreadibility 17.875gm.cm/s 

 

                                      Table 5: %Drug release in goat mucosal skin 

 

CONCLUSION 

The optimized Lycopene and Coenzyme Q10- 

loaded microemulsion demonstrated nanoscale size, 

high stability, efficient drug entrapment, and 

sustained biphasic release. These properties make 

the system capable of reducing oxidative stress, 

improving tissue flexibility, and easing oral 

discomfort. Overall, the developed microemulsion 

shows strong potential as a safe and effective 

treatment for OSMF and may also be useful in other 

oral conditions linked to oxidative stress. 
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