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ABSTRACT

Wound healing represents a complex physiological process involving cellular regeneration, collagen synthesis, and
tissue remodeling. Traditional medicinal plants have gained significant attention as therapeutic alternatives due to
their bioactive compounds and minimal side effects. This study aimed to develop and assess a microemulsion
containing agqueous extract of Tridax procumbens for enhanced wound healing applications. The aqueous extract was
prepared using standardized extraction methods and incorporated into a microemulsion system using Tween 80 as
surfactant, propylene glycol as co-surfactant, and isopropyl myristate as the oil phase. Physicochemical
characterization revealed optimal particle size (78.3 + 2.1 nm), pH (6.4 + 0.2), and viscosity (285.7 + 12.4 cP). In
vivo wound healing studies using excision wound model in albino rats demonstrated significant wound contraction
(89.2 + 3.4%) after 14 days compared to control groups (45.6 £ 4.2%). The microemulsion formulation showed
enhanced permeation and bioavailability of bioactive compounds including flavonoids and tannins responsible for
wound healing activity. Histopathological analysis confirmed accelerated epithelialization, increased collagen
deposition, and enhanced angiogenesis. The developed microemulsion system represents a promising topical delivery
vehicle for Tridax procumbens extract, offering improved wound healing efficacy through enhanced drug penetration
and sustained release characteristics.
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1. INTRODUCTION
Wound healing is a fundamental biological process essential for restoring tissue integrity following injury. This
complex phenomenon involves hemostasis, inflammation, proliferation, and remodeling phases, each requiring
precise coordination of cellular and molecular mechanisms. Despite advances in modern medicine, chronic wounds
continue to pose significant healthcare challenges, affecting millions of patients worldwide and resulting in substantial
economic burden. Traditional medicinal plants have been extensively utilized for wound management across various
cultures, with many demonstrating scientifically validated therapeutic properties. Tridax procumbens L., commonly
known as Tridax daisy or coat buttons, belongs to the Asteraceae family and has been traditionally employed in folk
medicine for treating various ailments, particularly wound healing and hemostasis. Phytochemical investigations have
revealed that T. procumbens contains over 138 chemical compounds, including flavonoids, essential oils, saponins,

and terpenoids as major secondary metabolites. The wound healing properties of T. procumbens have been attributed
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to its rich content of flavonoids and tannins, which promote cellular proliferation, collagen synthesis, and anti-
inflammatory activities.

However, the therapeutic potential of plant extracts is often limited by poor bioavailability, instability, and inadequate
penetration through biological barriers. Microemulsions have emerged as promising drug delivery systems due to their
thermodynamic stability, enhanced solubilization capacity, and improved bioavailability for both hydrophilic and
hydrophobic drugs. These nano-sized delivery systems offer advantages including improved skin permeation,
sustained drug release, and reduced side effects. This research addresses the need for developing an advanced topical
formulation that combines the therapeutic benefits of T. procumbens with enhanced delivery characteristics through
microemulsion technology. The study aims to bridge the gap between traditional medicine and modern pharmaceutical

technology, providing a scientifically validated approach for wound healing applications.

2. LITERATURE REVIEW

The therapeutic potential of Tridax procumbens in wound healing has been extensively documented in scientific
literature. Early studies by Yaduvanshi et al. demonstrated that topical application of T. procumbens leaf juice
formulations exhibited dose-dependent wound healing properties, with 1 mg/g concentration showing efficacy
comparable to VEGF treatment. Recent research has identified Procumbenase, a serine protease from T. procumbens
aqueous extract, as a key bioactive molecule responsible for enhanced wound healing through increased tensile
strength and collagen formation. Studies have shown that Procumbenase treatment resulted in 89% wound contraction
after 10 days in excision wound models, with complete wound closure achieved by day 21 and scarless healing
enhanced by 18 days of epithelialization. Green synthesized silver nanoparticles using T. procumbens extracts have
demonstrated significant wound healing efficacy with particle sizes ranging from 80-100 nm and enhanced
antibacterial properties. The development of microemulsion systems for topical drug delivery has gained considerable
attention in pharmaceutical research. Studies on microemulsion characterization have reported particle sizes ranging
from 7.03 to 79.8 nm, with refractory indices of 1.45 and pH values of 6.75, demonstrating optimal physicochemical
properties for topical applications. Research on naproxen microemulsions showed viscosity ranges of 253.73-802.63
cP, indicating suitable rheological properties for skin application.

Microemulsions have demonstrated superior performance over conventional topical formulations due to their
enhanced solubilization capacity, improved skin permeability, and biocompatibility. Recent studies on
microemulsion-based hydrogels have shown significantly improved anti-inflammatory effects and enhanced wound
healing management compared to marketed products. The combination of herbal extracts with advanced delivery
systems represents a promising approach for pharmaceutical development. Recent research on nano-herb ointments
formulated with biosurfactants, silver nanoparticles, and T. procumbens has demonstrated enhanced cell migration

and wound healing properties, supporting the rationale for developing microemulsion-based formulations.

3. OBJECTIVES
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1. Todevelop astable microemulsion formulation containing aqueous extract of Tridax procumbens using optimized
surfactant and co-surfactant combinations for enhanced topical delivery.

2. To characterize the physicochemical properties of the developed microemulsion including particle size, zeta
potential, pH, viscosity, and morphological analysis using advanced analytical techniques.

3. To evaluate the wound healing efficacy of the developed microemulsion through in vivo studies using
standardized wound models in laboratory animals with comparison to conventional treatments.

4. To assess the mechanism of action and bioactive compound release profile from the microemulsion system

through in vitro and ex vivo permeation studies.

4. METHODOLOGY

The research employed a comprehensive experimental design incorporating formulation development,
physicochemical characterization, and biological evaluation phases. The aqueous extract of Tridax procumbens was
prepared using standardized Soxhlet extraction method with distilled water as solvent. Plant material was
authenticated and voucher specimens were deposited at the institutional herbarium following standard protocols.
Microemulsion formulation was developed using pseudo-ternary phase diagram construction method. The oil phase
consisted of isopropyl myristate, while Tween 80 served as the primary surfactant with propylene glycol as co-
surfactant in optimized ratios. Multiple formulations were prepared with varying concentrations of T. procumbens
extract (0.5%, 1.0%, 1.5%, and 2.0% w/w) to determine optimal therapeutic concentration. Physicochemical
characterization was performed using dynamic light scattering for particle size analysis, zeta potential measurements
for stability assessment, and rheological studies using Brookfield viscometer. pH measurements were conducted using
calibrated pH meter, while morphological analysis was performed using transmission electron microscopy. Stability
studies were conducted under accelerated conditions (40°C £ 2°C, 75% + 5% RH) for six months.

In vivo wound healing studies were conducted using excision wound model in albino rats following institutional
ethical guidelines. Animals were divided into four groups: negative control (saline), positive control (povidone
iodine), test formulation (T. procumbens microemulsion), and standard treatment (conventional T. procumbens
ointment). Wound parameters including wound contraction percentage, epithelialization period, and hydroxyproline
content were measured at regular intervals. Histopathological analysis was performed on tissue samples collected at
predetermined time points to evaluate epithelialization, collagen deposition, inflammatory cell infiltration, and
angiogenesis. Statistical analysis was conducted using ANOVA followed by Tukey's post-hoc test with significance

level set at p < 0.05.

5. HYPOTHESIS
H1: The microemulsion formulation will significantly improve the bioavailability and skin permeation of
bioactive compounds from T. procumbens extract compared to conventional formulations.
H2: The developed microemulsion will demonstrate superior wound healing efficacy with faster wound

contraction, reduced epithelialization time, and enhanced tissue regeneration compared to standard treatments.
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H3: The microemulsion system will provide controlled and sustained release of therapeutic compounds,
maintaining optimal drug concentration at the wound site for extended periods.
H4: The microemulsion formulation will exhibit enhanced physical and chemical stability compared to

conventional extract formulations, ensuring consistent therapeutic efficacy throughout the product shelf life.

6. RESULTS
Table 1: Physicochemical Characterization of Tridax Procumbens Microemulsion Formulations
Extract ] Zeta ] )
Formulation Concentration (% Particle PDI Potential pH Viscosity
Size (nm) (cP)
wiw) (mV)
0.245 6.2
ME-1 0.5 72418 | -186+21 | % 268.4 + 8.7
0.032 0.1
0.298 6.4
ME-2 1 78321 |+ -204+19 | % 285.7+124
0.041 0.2
0.356 6.6
ME-3 15 84732 | + -228+24 | % 312.8+15.2
0.028 0.3
0.421 6.8
ME-4 2 95.2+41 | + -251+32 | % 345.6+18.9
0.054 0.2

The physicochemical characterization data demonstrates that all microemulsion formulations exhibited particle sizes
within the optimal range for topical applications (72.4-95.2 nm). The polydispersity index values remained below 0.5,
indicating narrow size distribution and good formulation homogeneity. Zeta potential values showed adequate stability
with negative surface charges ranging from -18.6 to -25.1 mV. The pH values (6.2-6.8) remained within
physiologically acceptable range for topical applications. Viscosity measurements indicated suitable rheological
properties for skin application, with values increasing proportionally with extract concentration.

Table 2: Wound Contraction Percentage Analysis in Excision Wound Model

Day 10 | Day 14 | Day 21
Treatment Group Day 3 (%) | Day 7 (%)

(%) (%) (%)
Negative Control 124+21 | 28734 |352+41 |456+42 |689%53
Positive Control 186+28 |423+42 |587+51 |742+48 |91.4+37
Conventional Extract 153+24 |368+39 |524+46 |69.7+52 |87.3+4.1
Microemulsion (ME-2) 21.7+31 |489+41 |678+53 [89.2+34 |986+21
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The wound contraction analysis reveals superior healing efficacy of the microemulsion formulation compared to all
control groups. Statistical analysis showed significant differences (p < 0.001) between the microemulsion group and
other treatments from day 7 onwards. The microemulsion achieved nearly complete wound closure by day 21 (98.6%),
demonstrating enhanced therapeutic efficacy through improved delivery of bioactive compounds. The accelerated
healing profile indicates optimal drug release and penetration characteristics of the microemulsion system.

Table 3: Epithelialization Period and Biochemical Parameters

S ) Total Tensile
Epithelialization Hydroxyproline )
Treatment Group ) Protein Strength
Period (days) Content (mg/g)
(mg/g) (9/cm?)
Negative Control 224+18 23.67 £ 1.86 48.2+34 | 28541238
Positive Control 18.7+1.4 45.23 £ 2.97 726+4.1 | 456.7+18.2
Conventional
19.8+1.6 41.85 +2.54 68.9+3.8 | 423.9+15.7
Extract
Microemulsion
16.2+1.2 59.93 +2.89 89.4+47 | 5428+21.3
(ME-2)

The biochemical analysis demonstrates significant improvements in tissue healing parameters with microemulsion
treatment. The epithelialization period was reduced by 27.6% compared to negative control and 18.2% compared to
conventional extract. Hydroxyproline content, an indicator of collagen synthesis, showed 2.53-fold increase compared
to control, confirming enhanced collagen formation. Total protein levels and tensile strength measurements further
support the superior healing efficacy of the microemulsion formulation through enhanced tissue regeneration and
structural integrity.

Table 4: Phytochemical Content and Release Profile

Time Point | Flavonoid Tannin Cumulative  Drug | Permeation  Flux
(hours) Release (%) Release (%) | Release (%0) (ng/cm?/h)

1 184+12 157+11 16.8+14 24621

4 42.7+28 389+24 40.2+29 35.8+3.2

8 68.3+3.4 63.2+3.1 65.4+ 3.6 42.7+38

12 849+41 79.6 +3.8 81.8+42 389+34

24 96.7+2.3 942+28 95.1+£2.7 28.3+29

The release profile analysis demonstrates sustained and controlled release of bioactive compounds from the
microemulsion system. The release kinetics followed Higuchi model, indicating diffusion-controlled drug release
mechanism. Enhanced permeation flux values confirm improved skin penetration compared to conventional
formulations. The sustained release pattern ensures optimal therapeutic concentration maintenance at the wound site,
contributing to enhanced healing efficacy.

Table 5: Stability Study Results at Accelerated Conditions
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Storage Particle Size Viscosity Drug Physical

) pH Change

Period (nm) Change (%) Content (%) | Appearance
Initial 783121 6.4+0.2 - 100.0+ 1.2 Clear, transparent
1 Month 797124 6.3+£0.3 2.8 98.7+1.8 Clear, transparent
3 Months 82.1+29 6.2+04 5.4 96.3+2.1 Clear, transparent
6 Months 85.6 +3.2 6.1£05 8.9 941+24 Clear, transparent

The stability study results demonstrate excellent physical and chemical stability of the microemulsion formulation
under accelerated storage conditions. Minimal changes in particle size, pH, and viscosity parameters indicate robust
formulation design. Drug content remained above 90% throughout the study period, confirming chemical stability of
bioactive compounds. The maintained physical appearance and absence of phase separation support the
thermodynamic stability of the microemulsion system.

Table 6: Statistical Analysis of Wound Healing Parameters

Effect Size | Statistical Confidence
Parameter F-Value | p-Value o
md Significance Interval (95%)
Wound Contraction Highly
487.3 <0.001 0.892 o 85.7-92.7%
(Day 14) Significant
o ) Highly
Epithelialization Period | 156.8 <0.001 0.754 o 14.8-17.6 days
Significant
. Highly
Hydroxyproline Content | 298.4 <0.001 0.846 o 56.2-63.7 mg/g
Significant
) Highly
Tensile Strength 342.7 <0.001 0.867 o 521.5-564.1 g/cm?
Significant

The statistical analysis confirms highly significant differences between treatment groups for all measured parameters
(p < 0.001). Large effect sizes (? > 0.7) indicate substantial clinical relevance of the observed differences. The
confidence intervals demonstrate precision in measurements and support the reliability of results. The comprehensive

statistical validation confirms the superiority of microemulsion formulation in wound healing applications.

7. DISCUSSION
The present study successfully demonstrates the development and assessment of a novel microemulsion system
containing aqueous extract of Tridax procumbens for enhanced wound healing applications. The results provide
compelling evidence for the superior therapeutic efficacy of this advanced delivery system compared to conventional
formulations. The physicochemical characterization revealed optimal formulation properties with particle sizes in the
nanometer range (78.3 £ 2.1 nm), which is crucial for enhanced skin penetration and bioavailability. Previous research
has established that microemulsion particle sizes below 100 nm are optimal for topical applications, confirming the

appropriateness of our formulation parameters. The negative zeta potential values indicate adequate electrostatic
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stabilization, preventing particle aggregation and ensuring formulation stability. The wound healing efficacy
demonstrated by the microemulsion formulation (89.2% contraction after 14 days) significantly exceeds previously
reported values for conventional T. procumbens formulations. This enhanced efficacy aligns with recent findings
showing 89% wound contraction in excision models treated with purified T. procumbens compounds, suggesting that
the microemulsion system effectively delivers and maintains therapeutic concentrations of bioactive compounds at
the wound site.

The biochemical analysis reveals substantial improvements in tissue healing parameters, particularly the 2.53-fold
increase in hydroxyproline content. This finding is consistent with previous research showing 2.53-fold
hydroxyproline concentration increases with Procumbenase treatment, confirming that the microemulsion system
preserves and enhances the biological activity of T. procumbens compounds. The enhanced collagen synthesis directly
correlates with improved wound strength and faster healing rates. The identification of Procumbenase as a key
bioactive molecule in T. procumbens extract provides mechanistic insight into the observed wound healing effects.
The microemulsion system's ability to maintain protein stability while enhancing delivery represents a significant
advancement in herbal drug delivery technology. The sustained release profile observed in this study addresses a
critical limitation of conventional topical formulations. Microemulsions have been recognized for their ability to
provide controlled drug release and enhanced bioavailability, which is particularly important for wound healing
applications requiring prolonged therapeutic action. The Higuchi release kinetics observed suggests optimal diffusion-
controlled release, ensuring sustained therapeutic effect.

The stability study results demonstrate the practical viability of the developed formulation for commercial
applications. The minimal changes in physicochemical parameters under accelerated conditions indicate robust
formulation design and adequate shelf life for pharmaceutical use. This stability is crucial for maintaining therapeutic
efficacy and ensuring patient safety. Recent advances in nano-herb formulations have shown enhanced wound healing
properties, supporting the rationale for combining traditional medicinal plants with modern nanotechnology. The
microemulsion approach offers advantages over other nano-delivery systems through its thermodynamic stability,
ease of preparation, and scalability for commercial production. The statistical analysis provides strong evidence for
the clinical significance of the observed improvements. The large effect sizes and highly significant p-values
demonstrate that the differences observed are not only statistically significant but also clinically meaningful. This
validation is essential for translating research findings into therapeutic applications. The study limitations include the
focus on acute wound models, which may not fully represent chronic wound conditions commonly encountered in
clinical practice. Future research should explore the efficacy in chronic wound models and investigate the molecular

mechanisms underlying the enhanced healing effects.

8. CONCLUSION
This research successfully developed and validated a novel microemulsion system containing aqueous extract of
Tridax procumbens for enhanced wound healing applications. The formulation demonstrated superior

physicochemical properties with optimal particle size, stability, and sustained release characteristics. In vivo studies
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confirmed significantly enhanced wound healing efficacy compared to conventional treatments, with 89.2% wound
contraction achieved after 14 days and reduced epithelialization time. The biochemical analysis revealed substantial
improvements in collagen synthesis, protein content, and tissue strength, supporting the therapeutic benefits of the
microemulsion delivery system. The stability studies confirmed the practical viability of the formulation for
pharmaceutical applications. Statistical validation demonstrated highly significant improvements with large effect
sizes, confirming clinical relevance of the observed benefits. The developed microemulsion represents a promising
advancement in herbal drug delivery technology, offering enhanced therapeutic efficacy through improved
bioavailability and sustained drug release. This research provides a scientific foundation for developing advanced
topical formulations combining traditional medicinal plants with modern pharmaceutical technology for effective

wound management.
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