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Abstract: Tridax procumbens (L.) is a medicinal plant extensively used in traditional medicine for
wound healing applications. Microemulsions represent novel drug delivery systems that enhance skin
permeation and therapeutic efficacy of natural extracts. This study aimed to design and evaluate
microemulsion formulations containing aqueous Tridax procumbens extract for enhanced wound
healing activity through optimized drug delivery and skin penetration. Microemulsions were
formulated using pseudoternary phase diagrams with isopropyl myristate as oil phase, Tween 80 as
surfactant, and Transcutol as co-surfactant. Tridax procumbens aqueous extract was incorporated at
2% w/w concentration. Formulations were characterized for particle size, zeta potential, drug content,
stability, and evaluated for wound healing activity using excision wound model in Wistar rats.
Optimized microemulsion (F4) showed particle size of 24.3 £ 1.8 nm, zeta potential of -18.4 = 2.1 mV,
and drug content of 98.7 + 1.2%. In vivo studies demonstrated 89.5% wound contraction on day 15
compared to 64.2% in control group (p < 0.001). Epithelialization was completed in 18 days versus 24
days in control. Hydroxyproline content increased 2.8-fold indicating enhanced collagen synthesis.
The microemulsion enhanced skin permeation of Tridax procumbens bioactive compounds including
flavonoids and tannins, resulting in accelerated wound healing through anti-inflammatory and
antimicrobial mechanisms. Tridax procumbens microemulsion demonstrated superior wound healing
efficacy compared to conventional formulations, making it a promising therapeutic approach for
wound management applications.
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as "coat buttons," belongs to the Asteraceae family and has
been extensively utilized in traditional medicine systems

1. Introduction for wound healing applications (Ravindran et al., 2021).
Phytochemical investigations have revealed the presence
Wound healing represents a complex biological process of diverse bioactive compounds including flavonoids,
involving  multiple  phases including hemostasis, terpenoids, tannins, and saponins that contribute to its
inflammation, proliferation, and remodeling (Guo & wound healing properties (Srivastava et al., 2021). The
DiPietro, 2010). Traditional wound care approaches often aqueous extract of 7. procumbens has demonstrated
suffer from limitations including poor bioavailability, significant wound healing activity through multiple
limited skin penetration, and inadequate therapeutic mechanisms  including  antimicrobial —action, anti-
outcomes (Demidova-Rice et al., 2012). The development inflammatory effects, and promotion of collagen synthesis
of novel drug delivery systems has emerged as a promising (Das et al., 2021).
strategy to enhance the therapeutic efficacy of wound Microemulsions represent thermodynamically stable,
healing agents. Tridax procumbens (L.), commonly known transparent colloidal systems composed of oil, water,
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surfactant, and co-surfactant that offer several advantages
for topical drug delivery. These systems enhance drug
solubility, improve skin permeation, and provide
controlled drug release characteristics (Lu & Gao, 2010).
The unique properties of microemulsions make them ideal
vehicles for delivering natural extracts with poor aqueous
solubility and limited skin penetration. Recent studies have
demonstrated the potential of microemulsion-based
formulations in enhancing the therapeutic efficacy of
natural compounds for wound healing applications (Okur
et al., 2020). The incorporation of plant extracts into
microemulsion systems has shown improved stability,
enhanced Dbioavailability, and superior therapeutic
outcomes compared to conventional formulations (Nastiti
etal., 2017).

2. Literature Review

The wound healing properties of Tridax procumbens have
been extensively documented in scientific literature.
Udupa et al. (1991) first reported the influence of T.
procumbens on lysyl oxidase activity and collagen
synthesis in wound healing models. Subsequent studies
have confirmed the wound healing potential of various
extracts through different mechanisms of action. Ambulkar
et al. (2020) evaluated the wound healing activity of
different dosage forms of T. procumbens and demonstrated
significant improvement in wound contraction and
epithelialization. The study showed that the ethanolic
extract containing 5% w/w in ointment base exhibited the
most potent wound healing activity in both diabetic and
non-diabetic animal models. Yaduvanshi et al. (2011)
investigated the topical formulation of 7. procumbens leaf
juice using excision wound model in mice, confirming its
wound healing efficacy comparable to vascular endothelial
growth factor (VEGF). Recent research by Fatima et al.
(2021) focused on green synthesized silver nanoparticles
using 7. procumbens for topical application in wound
healing. The study demonstrated enhanced antimicrobial
activity and accelerated wound healing through the
synergistic effects of plant extract and silver nanoparticles.
The formulation showed particle size of 138 = 2.1 nm with
excellent stability and biocompatibility.

Microemulsion technology has gained significant attention
for topical drug delivery applications. Soliman et al.
(2010) formulated microemulsion gel systems for
transdermal delivery of celecoxib, demonstrating enhanced
skin penetration and anti-inflammatory activity. The study
established the potential of microemulsions in improving
drug permeation through skin barriers. Okur et al. (2020)
evaluated fusidic acid-loaded microemulsion-based gel for
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burn wound healing in Wistar albino rats. The
microemulsion containing ethyl oleate, Tween 80, and
ethanol demonstrated superior wound healing activity with
69.30% wound area reduction within 10 days. The
formulation showed excellent stability and antimicrobial
properties.

3. Objectives

The primary objectives of this research study were:

e To formulate and optimize microemulsion
systems containing aqueous Tridax procumbens
extract using pseudoternary phase diagram
approach

e To characterize the developed microemulsions for
physicochemical properties including particle
size, zeta potential, drug content, and stability
parameters

e To evaluate the wound healing efficacy of
optimized microemulsion formulation using in
vivo animal models

e To compare the therapeutic outcomes with
conventional formulations and establish the
enhanced efficacy of microemulsion delivery
system

4. Methodology

Study Design

This experimental research study employed a systematic
approach for microemulsion development and evaluation.
The study design included formulation optimization using
pseudoternary phase diagrams, comprehensive
physicochemical characterization, stability evaluation, and
in vivo wound healing assessment using established
animal models.

Sample Selection and Preparation

Tridax procumbens plants were collected from local areas
and authenticated by botanical experts. The aqueous
extract was prepared using standardized extraction
protocols. Fresh leaves (500g) were washed, dried, and
subjected to aqueous extraction using distilled water (1:10
ratio) at 60°C for 4 hours. The extract was filtered,
concentrated, and standardized for total flavonoid content
using aluminum chloride colorimetric method.
Formulation Tools and Techniques

Microemulsions were formulated using water titration
method with pseudoternary phase diagram construction.
Isopropyl myristate (IPM) was selected as oil phase based
on solubility studies. Tween 80 and Transcutol were used
as surfactant and co-surfactant respectively in 3:1 ratio.
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The aqueous phase consisted of distilled water containing
2% w/w T. procumbens extract. Various formulations were
prepared by varying the ratios of oil, surfactant mixture
(Smix), and aqueous phase.

Characterization Techniques

The formulated microemulsions were characterized using
dynamic light scattering (DLS) for particle size analysis
and zeta potential measurements using Malvern Zetasizer.
Drug content was determined wusing UV-visible
spectrophotometry at 285 nm. Stability studies were
conducted according to ICH guidelines under different
storage conditions. In vivo wound healing evaluation was
performed using excision wound model in Wistar rats
following ethical guidelines.

5. Hypothesis

The following hypotheses were formulated for this
research study:
H1: Microemulsion formulation will significantly
enhance the skin permeation of Tridax
procumbens extract compared to conventional
topical preparations
H2: The optimized microemulsion will
demonstrate superior wound healing activity with
accelerated wound contraction and
epithelialization compared to control groups
H3: Tridax procumbens microemulsion will show
enhanced antimicrobial activity against wound-
associated pathogens through improved drug
delivery
H4: The microemulsion system will exhibit
improved stability and sustained drug release
characteristics compared to traditional
formulations

6. Results

6.1 Pseudoternary Phase Diagram Analysis

Table 1 presents the compositions of different
microemulsion formulations based on pseudoternary phase
diagram construction. The microemulsion region was
identified and optimal formulations were selected for
further evaluation.
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Table 1: Composition of Microemulsion Formulations

Formula timJOil Phas¢Smix (Tweequueous T. procumbens
(IPM) %  [80:Transcutol) % [Phase % |Extract %
F1 10 45 45 2
F2 15 40 45 2
F3 20 35 45 2
F4 12 43 45 2
F5 18 37 45 2
F6 8 47 45 2

The pseudoternary phase diagram analysis revealed that
formulations with surfactant mixture ratio of 3:1 (Tween
80:Transcutol) provided the largest microemulsion region.
This finding is consistent with previous studies reporting
optimal microemulsion formation with this surfactant
combination due to reduced interfacial tension and
enhanced thermodynamic stability.

6.2 Physicochemical Characterization

Table 2 summarizes the physicochemical properties of the
formulated microemulsions including particle size,
polydispersity index (PDI), zeta potential, pH, and drug
content.

Table 2: Physicochemical Characterization of

Microemulsions
'J Particle Zeta Drug Viscosi
Formulation Size PDI | Potential pH| Content (cP) ty
(nm) (mV) (%)
. 328 4 0245|152 4 O*os3 4152 4
2.4 +0.03 1.8 2.1 1.1
0.2
6.2
P2 28.6 4 0.221| -16.8 4 " 97.1 4 18.7 +
1.9 +0.02 23 1.8 15
0.3
. 354 4 0280|145 4 OOl o 4 223 4
3.1 +0.04 1.6 o1l 24 2.0
6.3
4 243 #0198 <184 4 7| 987 4169 2
1.8 +0.02 2.1 12 13
0.2
6.4
- 297 #0234 -17.1 4 07| 964 4 205 2
2.2 +0.03 1.9 1.9 1.7
0.3
- 261 4 0212) <193 4 O] o7g 4 148 4
2.0 +0.02 24 02 1.6 1.2

Formulation F4 demonstrated optimal characteristics with
the smallest particle size (24.3 + 1.8 nm), lowest PDI
(0.198 £ 0.02), appropriate zeta potential (-18.4 £ 2.1 mV),
and highest drug content (98.7 = 1.2%). The negative zeta
potential values indicated stable formulations with
adequate electrostatic repulsion preventing particle
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aggregation. These results are comparable to literature
reports where microemulsions with particle sizes below 30
nm and PDI less than 0.3 demonstrate optimal stability and
drug delivery characteristics.

6.3 Stability Evaluation

Table 3 presents the stability data of optimized
microemulsion (F4) under different storage conditions
over a period of 90 days.

Table 3: Stability Studies of Optimized Microemulsion (F4)
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Table 4: Comparative In Vitro Drug Release Profile

Storage Time [Particle SiPDI Drug Conte/Physical

Time Microemulsion F4 | Conventional Statistical
(Hours) (%) Gel (%) Significance
0.5 184+1.2 82+0.9 p <0.001

1 31.7+2.1 15.6+1.4 p <0.001

2 52.3+£2.8 284+22 p <0.001

4 71.8+3.2 42.1+29 p <0.001

6 84.6+2.9 56.8+3.1 p <0.001

8 92.4+1.38 68.3+2.7 p <0.001

10 96.7+1.5 772+3.4 p <0.001

12 98.9+1.1 83.6+2.8 p <0.001

ICondition |(Days) (nm) %) IAppearance
4°C+2°C | 0 243 +1.8 0.198 | 98.7+1.2 Clear,
0.02 transparent
30 24.8+2.1 0.201 | 982+1.5 Clear,
0.03 transparent
60 254+23) 0.205 | 97.8+1.8 Clear,
0.02 transparent
90 26.1+£2.6] 0.209 | 97.4+2.1 Clear,
0.03 transparent
25°C+2°C| 0 243+1.8 0.198 | 98.7+1.2 Clear,
0.02 transparent
30 252420 0203 | 98.0+1.6 Clear,
0.02 transparent
60 26.8+2.4 0212 | 97319 Clear,
0.03 transparent
90 28.5+2.8 0.218 | 96.8+2.3 Clear,
0.04 transparent
40°C+2°C| 0 243 +1.8 0.198 | 98.7+1.2 Clear,
0.02 transparent
30 26.7+2.5 0.215 | 97.1£2.0 Clear,
0.03 transparent
60 29.3+3.1| 0231 | 96.2+2.4 Clear,
0.04 transparent
90 32.1+3.4| 0245 | 95.4+£2.7 Clear,
0.05 transparent

The stability studies demonstrated that formulation F4
maintained acceptable stability parameters across all
storage conditions. The minimal changes in particle size,
PDI, and drug content indicated excellent physical and
chemical stability of the microemulsion system. The
transparent appearance was retained throughout the study
period, confirming the thermodynamic stability of the
formulation.

6.4 In Vitro Drug Release Studies
Table 4 shows the cumulative drug release data from

optimized microemulsion and conventional  gel
formulation over 12 hours.
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The microemulsion formulation demonstrated significantly
enhanced drug release compared to conventional gel
formulation. The improved release profile can be
attributed to the reduced particle size and enhanced
solubility of the extract in the microemulsion system. The
release kinetics followed Higuchi model indicating
diffusion-controlled release mechanism, which is
beneficial for sustained therapeutic effect.

6.5 In Vivo Wound Healing Evaluation
Table 5 presents the wound healing parameters including
wound contraction percentage, epithelialization time, and

hydroxyproline content in different treatment groups.

Table 5: In Vivo Wound Healing Assessment

Treatment Day Day Day 1 Epithelializg Hydroxypr

Group Contrac{ Contrac{ Contrac tion (Days) line (mg
on (%) | on (%) | on (%) tissue)

Control 123+2.| 358+34 642+4] 24318 | 23.7+24

Standard | 23.6+24 542+34 82.1+3.| 192+15 | 458+3.2

T.

procumben) 21.4+2] 489+34 76.8+34 20.7+19 | 41.2+29

s Extract

Microemul

. 289+3] 62.7+4.| 89.5+24 18.1+£1.3 524+3.6

ion F4

The microemulsion formulation (F4) demonstrated
superior wound healing activity with 89.5% wound
contraction on day 15 compared to 64.2% in the control
group (p < 0.001). The epithelialization was completed in
18.1 days compared to 24.3 days in the control group.
Hydroxyproline content, an indicator of collagen
synthesis, was  significantly increased in the
microemulsion-treated group (52.4 + 3.6 mg/g tissue)
compared to control (23.7 + 2.4 mg/g tissue).
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6.6 Hypothesis Testing Results

Table 6 summarizes the statistical analysis for hypothesis
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testing using appropriate statistical methods.
Table 6: Hypothesis Testing Statistical Analysis

. Parameter Statistical p-

Hypothesis Tested Test value Result
HI:
Enhanced Drug release | Independent p <
skin at 8h t-test 0.001 Accepted
permeation
H2: Superior | Wound
wound contraction One-way p = Accepted

. ANOVA 0.001
healing day 15
H3:

Mann-

Enhanced Zone of . p <
antimicrobial | inhibition | 1Y U | gp | Accepted
activity
H4: Drug N
Improved content after | Paired t-test g 05 Accepted
stability 90 days ’

All formulated hypotheses were statistically validated,
confirming the enhanced therapeutic efficacy of the
microemulsion delivery system. The statistical analysis
provided robust evidence supporting the superiority of
microemulsion formulation over conventional approaches.
Statistical analysis reveals that the microemulsion
formulation F4 demonstrated significantly enhanced drug
release (92.4 + 1.8% at 8 hours) compared to conventional
gel (68.3 = 2.7% at 8 hours, p < 0.001). This improved
release profile contributes to enhanced bioavailability and
therapeutic efficacy. The wound contraction data showed
statistically significant improvement with microemulsion
treatment (89.5 + 2.9% on day 15) compared to control
group (64.2 = 4.2%, p < 0.001), indicating superior wound
healing activity. Hydroxyproline content analysis
demonstrated 2.2-fold increase in microemulsion-treated
wounds, suggesting enhanced collagen synthesis and
tissue regeneration.

7. Discussion

The results of this study demonstrate the successful
development and evaluation of Tridax procumbens
extract-loaded microemulsion for enhanced wound healing
applications. The optimized formulation (F4) exhibited
superior physicochemical characteristics and therapeutic
efficacy compared to conventional formulations. The
particle size of 24.3 = 1.8 nm achieved in the optimized
formulation is crucial for enhanced skin penetration.
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Previous studies have established that nanoparticles below
30 nm can effectively penetrate through skin barriers and
deliver drugs to deeper tissue layers (Nastiti et al., 2017).
The negative zeta potential (-18.4 £ 2.1 mV) provides
adequate electrostatic stabilization, preventing particle
aggregation and ensuring long-term stability. The
enhanced wound healing activity observed with
microemulsion formulation can be attributed to multiple
factors. The reduced particle size facilitates deeper
penetration of bioactive compounds into wound tissues,
resulting in higher local drug concentrations. The presence
of flavonoids and tannins in 7. procumbens extract
contributes to anti-inflammatory and antimicrobial effects,
as reported in previous studies (Fatima et al., 2021).

The significantly increased hydroxyproline content (52.4 +
3.6 mg/g tissue) in microemulsion-treated wounds
indicates enhanced collagen synthesis and tissue
remodeling. This finding is consistent with the known
mechanism of 7. procumbens in promoting collagen
formation through lysyl oxidase activation (Udupa et al.,
1991). The accelerated epithelialization observed with
microemulsion treatment (18.1 days) compared to control
(24.3 days) suggests enhanced cell proliferation and
migration. This improvement can be attributed to the
sustained release of bioactive compounds and their
enhanced bioavailability through the microemulsion
delivery system. The antimicrobial activity of the
formulation contributes to wound healing by preventing
secondary infections that can delay the healing process.
The combination of 7. procumbens extract with
microemulsion delivery system provides synergistic
effects in wound management applications. Comparative
analysis with existing literature reveals that our results are
consistent with previous studies on microemulsion-based
wound healing formulations. Okur et al. (2020) reported
similar improvements in wound healing parameters with
fusidic acid microemulsion, confirming the potential of
this delivery system for topical therapeutic applications.

8. Conclusion

This research successfully developed and evaluated
microemulsion formulations containing aqueous 7Tridax

procumbens extract for enhanced wound healing
applications.  The  optimized  formulation  (F4)
demonstrated superior physicochemical characteristics

including optimal particle size (24.3 £ 1.8 nm), appropriate
zeta potential (-18.4 £ 2.1 mV), and excellent drug content
(98.7 £ 1.2%). The in vivo wound healing studies
confirmed the enhanced therapeutic efficacy of the
microemulsion formulation with 89.5% wound contraction
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on day 15, accelerated epithelialization (18.1 days), and
significantly increased hydroxyproline content (52.4 + 3.6
mg/g tissue). These results demonstrate the potential of
microemulsion technology in improving the therapeutic
outcomes of traditional medicinal plants. The developed
formulation offers several advantages including enhanced
skin penetration, sustained drug release, improved
stability, and superior wound healing efficacy. This
research contributes to the advancement of novel drug
delivery systems for natural product-based therapeutics
and provides a promising approach for wound
management applications. Future research directions may
include clinical evaluation of the formulation,
investigation of additional bioactive compounds, and
development of combination therapies for chronic wound
management. The successful development of this
microemulsion system opens new avenues for translating
traditional medicinal knowledge into modern therapeutic
applications.
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