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Formulation and assessment of wound-
healing potential of a gel formulation 
containing propolis and green tea extracts

Abstract
Summary of aims In the quest for restorative healing and a better quality of life, the ancient wisdom of herbal remedies 
is emerging as a beacon of hope for effective wound management.This study investigated the wound-healing capabilities 
of a novel gel combining propolis resin (PR) and green tea (GRT) extract, seeking a natural alternative for wound care. 
Methods: The PR+GRT gel was formulated and tested for sensory attributes and stability through various methods. Its 
efficacy was then compared in vivo against a positive control (CICALFATE™) and negative controls (sodium chloride and 
base gel). On day 9 post-wounding, histopathological analyses were conducted using Hematoxylin and Eosin (H&E) and 
trichrome staining to evaluate tissue regeneration and collagen deposition.
Results: The PR+GRT gel possessed favorable sensory characteristics and stability. Significantly, it improved wound 
healing compared to negative controls and performed comparably to CICALFATE™. Histopathological examination 
highlighted significant differences between treatment groups, particularly in membranous nephropathy, where PR+GRT 
and CICALFATE™ outperformed the controls. 
Conclusions: the PR+GRT gel holds promise as a wound-healing agent, demonstrating effectiveness on par with 
CICALFATE™. Further research is recommended to explore its synergistic potential and refine histological evaluations for 
more quantitative analysis. Study limitations include small sample sizes and qualitative histopathological assessments.

Introduction
Wound healing is a multifaceted biological process 
characterised by several distinct stages: inflammation, 
proliferation, and remodeling. Traditional medicine has long 
embraced a variety of plant-derived compounds to enhance 
wound repair, and contemporary research is increasingly 
affirming the efficacy of these age-old practices.1 When 
addressing oral discomfort, various therapeutic approaches 
have been explored. These studies highlight ongoing efforts 
to find effective treatments for oral ailments.2,3 In recent 
years, there has been a surge in interest surrounding natural 
substances due to their therapeutic potential.4,5 

Among these, propolis (PR)—a resinous compound collected 
by honeybees—has shown remarkable promise in facilitating 
wound healing through various mechanisms.6,7 Its diverse 
composition, rich in flavonoids, phenolic acids and terpenes, 
underpins its antimicrobial properties, effectively combating 
bacterial and fungal infections that can obstruct the healing 
process. Furthermore, PR boasts potent antioxidant 
capabilities that scavenge free radicals, thereby reducing 
oxidative stress at the wound site, which is vital for effective 
tissue repair.4,6,8-10

Similarly, green tea (GRT), Camellia sinensis L. from 
the Theaceae family, has garnered recognition for its 
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wound-healing properties, primarily attributed to its high 
concentration of polyphenols, especially catechins. Research 
indicates that these compounds exhibit notable anti-
inflammatory effects, mitigating the inflammatory response 
associated with wound healing and fostering accelerated 
tissue regeneration. Additionally, GRT promotes collagen 
synthesis, thereby enhancing wound tensile strength and 
overall healing efficacy.11-14 Green tea extract (GRT) exerts 
its potent inflammation-modulatory effects primarily through 
its rich polyphenol content, especially epigallocatechin 
gallate (EGCG). The multifaceted mechanisms by which 
GRT mitigates inflammation involve critical interactions 
with cellular signaling pathways and molecular targets. A 
primary mechanism is the inhibition of the nuclear factor-
kappa B (NF-κB) signaling pathway. NF-κB is a central 
regulator of inflammatory gene expression. GRT, particularly 
EGCG, suppresses NF-κB activation, thereby preventing the 
transcriptional upregulation of pro-inflammatory mediators 
such as cytokines (such as TNF-α, IL-1β, IL-6), chemokines, 
and inducible enzymes like COX-2 and iNOS. This blockade 
effectively curtails the inflammatory cascade.15,16

Furthermore, GRT directly reduces the production of key 
pro-inflammatory cytokines, including IL-1β, IL-6, and TNF-
α, thereby dampening systemic inflammatory responses. 
Crucially, GRT also demonstrates significant antioxidant 

activity. EGCG acts as a potent scavenger of reactive 
oxygen species (ROS) and enhances endogenous 
antioxidant defenses.17 By mitigating oxidative stress, GRT 
indirectly alleviates inflammation, as ROS can activate 
pro-inflammatory pathways. These combined actions, 
alongside potential modulations of other pathways like 
inflammasome activation, underscore GRT’s comprehensive 
anti-inflammatory potential, making it a promising agent for 
managing inflammatory conditions.18,19

The synergistic effect realised by combining PR and GRT in a 
topical formulation may therefore provide a holistic approach 
to wound care, effectively addressing both infection control 
and tissue repair (Figure 1).

In parallel, transdermal drug delivery has become a focal point 
of research as a targeted and efficient therapeutic strategy 
for various skin and topical conditions. This innovative 
approach allows localised drug delivery to affected areas, 
minimising systemic side effects while enhancing treatment 
effectiveness.1 This study aims to investigate the potential 
use of a combined PR and GRT formulation on the wound 
healing process in an animal model. The outcomes of this 
research could yield valuable insights into the application of 
natural substances, paving the way for the development of 
more effective treatments for wound management.

Figure 1: Propolis and green tea, elucidating the potential mechanisms underlying their wound-healing properties. This 
schematic representation outlines the convergent and divergent molecular targets and pathways, such as modulation 
of inflammatory mediators, antioxidant defense, and fibroblast proliferation, implicated in the wound-healing actions of 
propolis and green tea.
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Methods
Plant material preparation and phytochemical screening

Plant materials preparation

Raw propolis (PR) was obtained as an unprocessed, resinous 
extract directly from local beekeepers in Shahdad, Kerman 
province, Iran. The propolis exhibited a characteristic 
greenish-brown color, consistent with its presumed botanical 
origin from mixed botanical origin which are common in 
the region. Due to its raw, unbranded nature, no further 
compositional information was available from the supplier. 
Green tea (GRT) leaves were procured as raw, unbranded 
material directly from a local market, which was supplied 
by cultivators in the Rasht region, Gilan province, Iran. 
The specific cultivar and processing methods prior to 
acquisition were not provided by the local suppliers. GRT 
leaves were ground and sieved through a 20-mesh sieve to 
achieve uniform particle size. PR was coarsely crushed. Both 
samples underwent phytochemical screening to identify the 
presence of alkaloids, saponins, flavonoids and terpenoids 
using established procedures

Phytochemical screening of PR and GRT

The qualitative phytochemical screening of the prepared PR 
and GRT extracts was conducted to identify the presence of 
major classes of secondary metabolites, including alkaloids, 
flavonoids, tannins, saponins, and terpenes. All reagents 
used were of analytical grade. For each test, both a negative 
control (solvent without extract) and an appropriate positive 
control (a medicinal plant belonging to the respective 
phytochemical class) were run in parallel to ensure the 
specificity and relative intensity of the observed reactions.

a. Alkaloids (Mayer’s and Wagner’s tests)

Approximately 1mL of the extract solution was treated 
with a few drops of Mayer’s reagent (potassium mercuric 
iodide solution). The formation of a creamy white precipitate 
indicated the presence of alkaloids. In parallel, for Wagner’s 
test, another 1mL of the extract was treated with Wagner’s 
reagent (iodine in potassium iodide solution). The appearance 
of a reddish-brown precipitate confirmed the presence of 
alkaloids.

b. Flavonoids (Shinoda test, antioxidant assay)

A small portion of the extract (around 2mL) was mixed 
with a few pieces of magnesium turnings, followed by 
the dropwise addition of concentrated hydrochloric acid. 
The development of an orange to red color indicated the 
presence of flavonoids, while a crimson to magenta color 
suggested the presence of flavones.

c. Tannins (Ferric Chloride Test):

To 1mL of the extract, 1–2 drops of 5% ferric chloride 
solution were added. The appearance of a bluish-black or 
greenish-black coloration indicated the presence of tannins.

d. Saponins (Froth Test):

About 2mL of the extract was vigorously shaken in a test tube 
for 15 seconds. The persistence of a stable foam (froth) for 
at least 10 minutes confirmed the presence of saponins. The 
height of the foam (greater than 1cm) could also be noted.

e. Terpenes (Salkowski Test):

To 1mL of the extract, 0.5mL of chloroform was added, 
followed by the addition of a few drops of concentrated 
sulfuric acid carefully along the sides of the test tube. The 
formation of a reddish-brown color at the interface indicated 
the presence of terpenes.20

Extraction and total phenolic content determination

Extraction was performed using a 96-hour warm maceration 
method with 90% ethanol as the solvent. Fresh solvent 
was added every 24 hours. The combined extracts were 
concentrated using a rotary evaporator under reduced 
pressure and subsequently dried in a laboratory oven at 
temperatures below 50°C. The dried extracts were weighed 
and stored at -20°C until further analysis. Total phenolic 
content (TPC) of the PR and GRT extracts was determined 
using the Folin-Ciocalteu method, employing a gallic acid 
calibration curve. This method is based on the reduction 
of the Folin-Ciocalteu reagent by phenolic compounds in 
an alkaline medium, resulting in a blue-colored complex 
with maximum absorbance at 765nm. TPC is expressed as 
gallic acid equivalents (GAE). Each sample was analysed in 
triplicate.21

Gel formulation of a combination of PR and GRT

A series of gel formulations combining PR and GRT 
extracts were meticulously prepared to achieve specific 
final concentrations of the active compounds. Varying 
ratios of Carbopol 934, carboxymethyl cellulose (CMC), and 
hydroxypropyl cellulose (HPC) were initially dispersed in 
distilled water using a homogeniser (Heidolph, Germany) at 
a consistent speed of 5000rpm. This dispersion continued 
until a visually clear and complete dissolution of the gelling 
agents was achieved.

Following the complete dissolution of the gelling agents, 
accurately pre-weighed quantities of both PR and GRT 
extracts were incorporated into the mixture. Specifically, each 
formulation was designed to contain a final concentration of 
3% (w/v) of PR extract and 1% (w/v) of GRT extract. Both 
PR and GRT extract were standardised to contain phenolic 
compounds (expressed as gallic acid equivalents) by the 
Folin-Ciocalteu method. Continuous mixing ensued until the 
extracts were thoroughly and homogeneously integrated into 
the solution, ensuring a uniform distribution of the active 
compounds throughout the gel base. The final volume of 
each formulation was then adjusted to a predetermined mark 
with distilled water. For formulations incorporating Carbopol 
934, triethanolamine (TEA) was meticulously added dropwise 
after the homogenisation process to achieve the desired gel 
consistency and pH, crucial for both stability and application. 
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The precise quantitative composition of the four optimised 
gel formulations (F1–F4), each consistently containing 3% 
w/v PR and 1% w/v GRT extracts, is detailed in Table 1.

Physicochemical characterisation of formulated gels

This section details the methodologies employed to 
evaluate the physicochemical properties of the prepared gel 
formulations, encompassing assessments of their physical 
appearance and stability.22

The physical characteristics of the four formulated gels 
were initially assessed via visual inspection. This included 
evaluation of clarity, color, the absence of air bubbles 
and overall homogeneity. Gel homogeneity was further 
investigated using microscopic analysis to identify any 
inconsistencies in the structural matrix.

The consistency and uniformity of the gels were assessed 
using a finger test. A small aliquot of the formulation 
was applied between two fingers, followed by gentle 
compression. This procedure allowed for evaluation of the 
gel’s consistency, uniformity, presence of any palpable 
particles and the duration of adhesion on the skin surface.

Physical controls 

The pH of each gel formulation was determined to assess 
its stability and potential impact on skin compatibility. One 
gram of each formulation was dispersed in 10mL of distilled 
water, and the pH was measured using a calibrated pH 
meter. Measurements were conducted immediately after 
preparation (Time Zero) and at the following intervals: 24 
hours, 48 hours, 1 week, 2 weeks, 1 month, and 3 months. All 
measurements were performed in triplicate, and the average 
value was reported. 

The stability of the formulations under centrifugal stress was 
evaluated to assess their resistance to phase separation. 
Samples were subjected to centrifugation at 2000rpm for 
incremental durations: 5, 15, 30, and 60 minutes. 

To assess stability at elevated temperatures, 15g of each 
formulation, prepared 48 hours prior, underwent six cycles 
of 48 hours at 45°C followed by 48 hours at 4°C. The gels 
were evaluated for leakage, shrinkage, liquid exudation, color 
change, bubble formation and particle formation. 

To evaluate stability at cold temperatures, 15g of each 
formulation, also prepared 48 hours prior, were subjected to 
six cycles of 48 hours at -8°C followed by 48 hours at 25°C. 
The same evaluations as above were conducted.

Thermal Stability Test: Three samples of each formulation 
were stored at 4°C, 25°C, and 45°C for stability assessments 
at 24 hours, 1 week, 1 month, 3 months, and 6 months.

The spreadability of the gels, a key indicator of their 
application properties, was assessed using a modified 
two-glass-slide method. A 0.5-gram sample of the gel was 
placed on the lower glass slide. A second glass slide was 
then placed on top, with gentle pressure applied to ensure 
even spreading of the gel. A specified weight (10, 20, 30, 
40, 50, and 60 grams) was attached to the end of the upper 
glass slide. The time required for the slides to separate (with 
a maximum observation time of 180 seconds) was recorded. 
Spreadability was calculated using the following formula: 

Spreadability=(M * L) / T

Where: M=weight tied to the upper slide (20g) and L=Length 
of the glass (7.5cm).22-24

Wound healing effect

In this study, 24 healthy adult male Wistar rats were used. 
Animals are randomly divided into four groups of 6. Group A 
was the negative control and received normal saline; Group 
B was the positive control and was exposed to CICALFATETM; 
Group C received gel base, and Group D was treated with 
gel containing the concentration of 3% PR extract and 1% 
GRT extract.

Regarding wound creation, the rats were anesthetised 
using an i.p. injection of ketamine (50mg/kg) and xylazine 
hydrochloride (10mg/kg), followed by the creation of a wound 
as a circular region of approximately 3.14cm² on depilated 
thoracic areas. The first administration on different groups 
began one day after wound creation, then every other day. 
Treatment was done once. Finally, on days 0, 3, 6, and 9, the 
wound was examined, and a photo of the area was taken. 
By negatoscope and the software Digimizer, the area and 
percentage of wound healing were accurately calculated.25

Histopathological assessments 

Using ether, the animals were anaesthetised on the last 
treatment day and then sacrificed. The granulation tissues 
were excised, fixed in formalin (10%, v/v), and processed 
for histopathological examinations. The sections (5µm) were 
stained by Hematoxylin and Eosin (H&E) and Masson’s 
trichrome staining, and evaluated using a routine light 
microscope (Olympus CX33, Japan). Acute inflammation, 
chronic inflammation, granulation tissue amount, granulation 
tissue fibroblast maturation, collagen deposition, epidermal 

Table 1. Composition of optimised gel formulations containing PR and GRT extracts.

Formulation
Carbopol 934 

(W/V)%
CMC

(W/V)%
GRT extracts 

 (W/V)%
PR extract

(W/V)%

F1 1 – 1 3

F2 – 3 1 3

F3 0.5 3 1 3

F4 1 3 1 3
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regeneration, and neovascularisation were studied in the 
sections. Histopathological examinations were performed 
on H&E and Masson’s trichrome stained sections. For 
Masson’s trichrome staining, mature collagen fibers stained 
dark blue, while immature collagen fibers stained light blue. 
The assessment of various parameters, including collagen 
deposition, was conducted blindly by an experienced 
pathologist using a standardised scoring system. For collagen 
deposition, scores ranged from 1 (scant) to 3 (abundant).8

Statistical analysis

Quantitative data were expressed as mean±standard 
deviation (SD). Statistical analysis with decomposition was 
performed using one-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc test. The qualitative data 
were analysed using the Chi-square test. This experiment 
was used to compare each experimental condition with 
and without treatment, using normal saline to calculate the 
wound area and tissue staining score. P value less than 0.05 
was statistically considered significant.

Results
Extraction yield, phytochemical screening and total phenolic 
content 

The extraction yields were calculated at 22.5% for PR and 
13.4% for GRT. The qualitative phytochemical screening 
was performed on both PR and GRT extracts to identify 
the presence of key secondary metabolites. The results, 
summarised in Table 2, confirmed the rich phytochemical 
composition of both extracts.

As presented in Table 2, PR extract demonstrated a strong 
presence (+++) of flavonoids and a moderate presence (++) 
of terpenoids. Alkaloids and saponins were found to be 

absent (-) in the PR extract. GRT extract, on the other hand, 
was notably rich in flavonoids and tannins, showing a strong 
positive response (+++) for tannins and a moderate presence 
(++) for alkaloids, flavonoids, and saponins. Terpenoids 
were observed in detectable amounts (+) in the GRT extract. 
These findings underscore the potential therapeutic benefits 
of both extracts, attributable to their distinct yet overlapping 
phytochemical profiles. 

The total phenolic content (TPC) was determined using 
a gallic acid calibration curve. The results indicated that 
the total phenolic content was 5.4g and 6.89g of gallic 
acid equivalent per 100g of dried extract for PR and GRT, 
respectively (Figure 2).

Physicochemical characteristics of formulated gels

The consistency of the formulations (F1, F2, F3, F4) was 
assessed using a finger test, which revealed that all four 
formulations exhibited a clear and uniform texture with 
excellent spreadability. Stability tests, including centrifugation 
at 25°C for 60 minutes, indicated that none of the formulations 
displayed signs of instability.
Table 2. The results of phytochemical studies for Propolis and 
Green tea extract

Phytochemical 
group

Propolis  
extract

Green tea 
extract

Alkaloids – ++

Flavonoids +++ ++

Saponins – ++

Tannins ++ +++

Terpenoids ++ +

– indicates no detectable result and + to +++ indicates relative 
intensity of positive response compared to control

Figure 2 Gallic acid calibration curve measured at 765nm (mean±SD of three independent experiments). This calibration curve 
demonstrates the linear relationship between gallic acid concentration and absorbance at 765nm, serving as a standard for 
quantifying total phenolic content in unknown samples

Maghsoudi et al	 Propolis and green tea gel in wound healing



Volume 34 Number 1 – March 202637

The pH values of formulations (F1-F4) were measured at 
various time intervals, revealing a narrow range of acceptable 
pH fluctuations. Moreover, no notable changes in swelling, 
color, sedimentation, wrinkling, air bubbles, consistency, 
or solid particles were detected in any of the formulations 
(F1–F4) following thermal cycling between 4°C and 45°C. 
All formulations maintained stability without visible changes 
after undergoing six freeze-thaw cycles (-8°C to 25°C).

Thermal stability was evaluated at 4°C, 25°C, and 45°C, 
with significant alterations observed after one month at 
45°C. Spreadability tests revealed variability among the 
formulations, with Formulation 1 showing the highest level 
of consistency.

Drug release study

For the drug release study, absorbance-concentration curves 
were generated for the GRT extract (λmax=278nm) and the 
PR extract (λmax=298nm). The analysis of these curves 
revealed that the λmax of the two extracts is distinctly 
different. Based on the release kinetics obtained from the 
Franz diffusion cell studies, formulation F1 exhibited an 
optimal release rate and was subsequently selected for 
further investigation (Figure 3).

Wound area assessment

The wound area changes were meticulously monitored and 
compared across four distinct groups: the NaCl control 
group, the base control group, the PR+GRT gel treatment 
group, and the CICALFATE™ positive control group. The 
results indicated that the wound area decreased over time 
in all groups, demonstrating a progressive healing trend. 
Notably, the PR+GRT gel treatment group showed slightly 

more favorable outcomes on days 1 and 3, suggesting a 
potentially enhanced healing response. However, statistical 
analysis revealed no significant differences in wound healing 
percentages among the groups at specific time points, 
including days 0, 3, 6, and 9. This suggests that while the 
PR+GRT gel treatment may have exhibited a marginally 
improved healing trajectory, the overall wound healing 
rates were relatively comparable across all groups. Further 
analysis and investigation may be necessary to fully elucidate 
the effects of the PR+GRT gel treatment on wound healing 
outcomes (Figure 4).

Histopathological scores on day 9 post-wounding (H&E and 
trichrome staining)

Histopathological assessments on day 9 post-wounding 
revealed significant differences (p-value=0.030) in 
histopathological scores between the CICALFATETM and 
PR+GRT gel groups compared to the NaCl control group 
(Figure 5). This indicates markedly improved tissue structure 
and wound healing in the treatment groups, with both 
CICALFATETM and PR+GRT gel demonstrating significantly 
better healing outcomes than the control (Figure 5). Qualitative 
analysis of pathological data further supports these findings, 
suggesting a measurable impact of these treatments on 
a specific pathological condition. While other analysed 
parameters showed no significant differences (data not 
shown), this qualitative analysis, crucial for understanding 
treatment effectiveness on specific pathological markers, 
highlights the influence of different treatments on tissue 
repair and regeneration at a cellular level. To enhance 
understanding, cross-referencing these qualitative results 
with quantitative data and additional histopathological scores 
(inflammation, fibrosis, epithelialisation) directly related to 
wound healing processes would be beneficial. Figure 5 
displays representative Masson’s trichrome stained sections, 
illustrating the differences in collagen deposition among the 
treatment groups. As shown in Figure 5, the groups treated 
with CICALFATETM and PR+GRT exhibited significantly higher 
deposition of mature collagen (dark blue staining) compared 
to the NaCl control group, consistent with the quantitative 
histopathological scores.

The H&E and trichrome staining results provide insight into 
tissue regeneration and collagen deposition. The treatment 
groups showed some level of effectiveness in both tissue 
and collagen regeneration (Figure 6).

Representative microscopic images illustrate the 
morphological features of cutaneous wounds in various 
experimental groups. Sections were stained with H&E for 
general tissue architecture and Masson’s Trichrome (MT) to 
delineate collagen deposition. All images are presented at 
×100 magnification, with a corresponding scale bar denoting 
200micrometers. Within the H&E stained sections, prominent 
red arrows highlight areas indicative of active angiogenesis 
and the formation of new capillary structures, crucial for 
efficient wound healing.

Figure 3. Release kinetics of PR and GRT extract from the 
F1 formulation obtained from the Franz diffusion cell studies. 
This figure illustrates the in vitro release profiles of both active 
compounds, PR and GRT extract, from the optimised F1 
formulation over time. These kinetics provide crucial insights 
into the controlled and sustained delivery potential of the 
formulation, which is vital for its intended therapeutic efficacy.
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Figure 4: Comprehensive analysis of wound healing progression during the treatment period across different groups. (A) visually 
depicts the daily changes in wound size and the overall closure process, illustrating macroscopic healing, (B) quantifies the wound 
area in millimeters squared over time, providing precise measurements of contraction, and (C) presents the calculated percentage 
of wound healing, serving as a key indicator of treatment efficacy. Together, these metrics provide a holistic view of the therapeutic 
effects of various interventions on wound repair.

Discussion
This study investigated the potential of a gel formulation 
containing PR+GRT extract as a wound healing agent, 
comparing its efficacy to a positive control (CICALFATETM) 
and two negative controls (NaCl and a base gel). Our findings 
contribute to the growing body of research exploring natural 
extracts for wound management.

The extraction process revealed a significant difference in 
yield between PR and GRT, with values of 22.5% and 13.4%, 
respectively. This discrepancy likely stems from the differing 
composition of the raw materials, as PR is a complex resin 
while GRT originates from dried plant material. Phytochemical 
analysis further supported these compositional differences, 
indicating the presence of distinct classes of compounds in 
each extract, such as steroids in GRT. The standardisation 
of phenolic compounds provides a basis for future studies 
aimed at quantifying active components in these extracts.26

The favorable sensory attributes (uniformity and good 
spreadability) and stability observed during initial evaluations 
of the formulations, especially after adding triethanolamine 
as a thickening agent, suggest a promising potential for a 
dermatological formulation.27 These tests (centrifuge, pH, 
thermal cycling, freeze-thaw) confirmed the formulations’ 

Figure 5: Comparison of histopathological parameters and 
collagen deposition at Day 9 post-wounding. Representative 
MT stained sections from Control NaCl, Control Gel Base, 
PR+GRT and  CICALFATETM groups, illustrating differences in 
tissue regeneration and collagen deposition. 

stability and resilience, except for minor discoloration at higher 
temperatures (45°C), which will require careful consideration 
in storage conditions. Based on the release profile (Figure 3), 
formulation F1 was selected for further studies as it exhibited 
an optimal release profile and the highest level of consistency. 
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Given this, further understanding of the controlled release of 
bioactive components will be critical for designing future 
formulations with specific therapeutic outcomes.

The study’s findings indicate a positive effect of the PR 
and GRT extract formulation 1 on wound healing. The 
results suggest that the treatment group (PR+GRT gel) 
demonstrated a notable improvement in wound healing, with 
an effect comparable to that of the positive control group 
(CICALFATETM) and significantly better than that of the two 
other control groups. These results are consistent with the 
existing literature, which supports the use of flavonoids 
and phenolic compounds in wound healing due to their 
anti-inflammatory, angiogenic, and fibroblast-stimulating 
properties.28,29

The histopathological findings on day 9 post-wounding point 
to significant differences between the treatment groups. 
Specifically, the membranous nephropathy parameter showed 

a statistically significant difference (p=0.030), with the groups 
treated with PR+GRT and CICALFATETM presenting improved 
scores compared to the control groups. This finding suggests 
that the active components in these treatments may influence 
cellular-level recovery. The qualitative pathology data, while 
limited to descriptive categories, further supports the above 
observation. While the membranous nephropathy showed 
statistically significant differences across groups, other 
parameters did not show the same extent of variation. This 
suggests a potentially targeted effect of the herbal formulation 
on particular aspects of tissue healing. However, the lack of 
specific scoring criteria and visual data for histopathology 
means the interpretation of these results is limited.

The results from H&E and trichrome staining further elucidate 
tissue regeneration and collagen deposition. Treatment 
groups exhibited a degree of effectiveness in both tissue 
and collagen healing. H&E staining, a commonly used 

Figure 6. Histopathological analysis of wound tissues across the treatment cohorts.
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technique in histopathology, facilitates the visualisation of 
cellular architecture, inflammatory markers, and overall tissue 
organisation. The analysis of cross-sectional images is crucial 
for understanding the efficacy of each treatment in promoting 
tissue repair and regeneration.1 This systematic approach 
allows us to draw meaningful conclusions regarding the 
therapeutic benefits of the various treatments evaluated in 
this study. 

The findings presented in this study, as visualised in Figure 
1, highlight the significant antioxidant and antimicrobial 
potential inherent in PR and GRT. These observations are 
consistent with a substantial body of scientific literature 
that has extensively documented these bioactivities. For 
instance, numerous studies have confirmed the potent 
free radical scavenging capabilities of compounds found 
in both PR and GRT, attributing these effects to phenolic 
compounds, flavonoids, and catechins.30-35 Furthermore, 
the antimicrobial efficacy of PR against a broad spectrum of 
bacteria and fungi, alongside the antibacterial and antiviral 
properties of GRT catechins, has been well-established.36,37 
Our work aims to contextualise these known properties 
within a novel formulation.

We can conclude that these findings demonstrate the gel’s 
capacity to not only support healing but also to promote 
proper remodeling of the wound bed through collagen 
deposition, which is essential for preventing fibrosis and 
ensuring functional recovery. 

Conclusions
In conclusion, while this study demonstrates the potential 
of a PR and GRT extract gel for wound healing, particularly 
in improving membranous nephropathy, the results suggest 
that its performance is comparable to that of a standard 
pharmaceutical treatment. The study results underscore 
the need for further research, which should include a 
more in-depth evaluation of the synergistic potential 
of natural extracts combined with traditional agents in 
wound management. This will potentially lead to improved 
therapeutic outcomes.

Limitations  
While this study presents promising results regarding the 
wound healing potential of the PR and GRT extract gel, 
several limitations should be acknowledged. Firstly, the 
sample size may not have been large enough to generalise 
the findings across a broader population or various wound 
types. Additionally, the lack of established scoring criteria 
for histopathological evaluations limits the depth of analysis 
regarding tissue changes and the progression of healing. 
Future studies should incorporate more comprehensive 
scoring systems and visual data to assess the therapeutic 
effects of the treatment better. Moreover, extended duration 
for follow-up assessments could provide insights into the 
long-term efficacy and safety of the gel formulation. Exploring 
the synergistic effects of combining natural extracts with 
traditional pharmacological agents could further enhance 

therapeutic outcomes and provide a more comprehensive 
approach to wound management. A limitation of the current 
study is that the wound healing experiments were conducted 
under sterile conditions. In clinical practice, many acute and 
chronic wounds are complicated by bacterial colonisation 
or active infection, which can significantly impair the 
healing process and potentially compromise the efficacy of 
therapeutic agents. Our PR + GRT gel’s primary mechanisms 
of action are related to tissue regeneration and modulation 
of the wound microenvironment. Therefore, future research 
should explore the performance of the gel in infected 
wound models and investigate strategies for its optimisation, 
potentially through the incorporation of antimicrobial agents, 
to ensure its effectiveness in a broader range of clinical 
scenarios requiring concurrent infection control.
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