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ABSTRACT 

Objective: The objective of this work is to elucidate the wound healing capabilities of various extracts derived from the bark of Acacia catechu, and 
to explore their potential therapeutic effects. Furthermore, the examination of several seasons has been conducted to assess their influence on the 
examined parameters. 

Methods: In this study, albino mice were used to assess acute dermal toxicity, excision wound healing, and histological changes. The wounds were 
monitored, and the area of the wound was measured at the 0th, 4th, 8th, 12th, 16th, and 21st days as compared to the control animals. 

Results: The test extracts showed considerable protection and wound healing capabilities in acute dermal toxicity, excision wound, and 
histopathological studies. Among the tested extracts, the ethanolic extract showed the highest wound healing (46.68%, p<0.001), followed by the 
methanolic (38.50%, p<0.001), acetone (33.87%, p<0.05), aqueous (32.04%, p<0.001), chloroform (29.83%, p<0.05), and benzene extracts 
(28.60%, p<0.05) at the 21st d of wound healing. However, the samples gathered throughout the winter, summer, and rainy seasons did not show a 
statistically significant difference (p>0.05) in the present research work. 

Conclusion: This study helps to provide preliminary data on the concentration range of different extracts collected in different seasons. It is 
anticipated that this evaluation represents significant protective potential of indigenous flora for medicinal applications. 
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INTRODUCTION 

For long, plants have been acknowledged for their vast array of 
chemical compounds, which fulfill a diverse range of functions, such 
as safeguarding against pathogenic microbes, health supplements, 
growth regulators, antioxidants, wound healers and protection 
against many illnesses [1, 2]. Sufficient evidence exists to 
substantiate the health benefits associated with many components 
of plant parts, including roots, stems, leaves, bark, fruits, etc [3–5]. 
Due to the enormous known adverse effects of allopathic medicines, 
especially after the COVID pandemic, people have turned towards 
chemical-free, plant-based therapy [6]. In addition to the 
comparatively high cost of modern medications, traditional herbal 
treatments provide an inexpensive and natural alternative [2, 7]. 

Since Vedic era, India has a substantial body of knowledge 
pertaining to plant-based medicines, which may be effectively used 
in both preventive and therapeutic medical approaches [8, 9]. With 
special reference to, the ethnobotanical study carried out in the 
Gwalior and Chambal divisions, a diverse array of medicinal plants 
and indigenous populations have been documented [10, 11]. The 
tribal groups situated in the Guna district [12] of Gwalior division 
have been seen to harbor a considerable diversity of plant species, 
as shown by some researchers [8, 10-12].  

The genus Acacia has a broad distribution across India, with a notable 
presence in the state of Madhya Pradesh [13]. This state has a diverse 
range of plant species that have not been well-researched in terms of 
their potential therapeutic characteristics [12, 14]. Catechu, a bioactive 
compound, is derived from many species of Acacia, primarily from 
Acacia catechu bark [15, 16] has been used as a dietary supplement in 
several culinary applications, including tannins, natural pigments, 
astringents, Katha, antioxidants, and many more [17]. Several previous 
studies on Acacia catechu bark extract have shown a relationship 
between the amount and quality of secondary metabolites and the 
medicinal properties of plants [18, 19].  

The species name Acacia catechu was given because it has a 
significant amount of catechins, catechols, and catecholamines, 
which are primary bioactive components of the plant [20]. The 
presence of various compounds such as catechin, kaempferol, 
quercetin, ascorbic acid, riboflavin, thiamine, niacin, catechu tannic 
acid, catechuic acid, catechu red, acacatechin, quercitrin, fisetin, 
tannins, phlebotannin, cyanodol, polyphenols, and carotenoids, 
which belong to the class of anti-oxidants, has been reported in the 
bark of Acacia catechu [21]. This is primarily attributed to its 
inherent capacity to yield valuable medicinal components, as well as 
its potential in the creation of food products with beneficial 
characteristics [22]. The Acacia catechu shrub has been traditionally 
used for the treatment of several medical conditions, such as asthma, 
bronchitis, cancer, chest pain, diarrhoea, mouth sores, sore throats, 
ulceration, vitiligo, and wound healing. Additionally, this shrub has 
shown antifungal, antiviral, spasmolytic, and hypoglycemic 
properties [23, 24].  

Wounds are disruptions in cellular or histological structures, 
resulting in compromised integrity and functionality [25]. Till now, 
along with several plant-based compounds, some Acacia species 
have been studied for their wound-healing potential [26, 27]. 
Additionally, the wound-healing efficacy of Acacia catechu bark from 
Uttar Pradesh, Bihar, Rajasthan, Gujarat states has been validated by 
some previous experimentation on animal models [28, 29]. With 
reference to the Guna district of Madhya Pradesh, a wide range of 
Acacia catechu plants have been reported but scientific studies are 
meager. Though, along with Acacia catechu, some other regional 
plants known to be used by local people for medicinal purpose [30]. 
But again, scientific study and documentation is negligible.  

Though native plants can serve as sources of herbal remedies and 
health enhancers, as well as possible alternatives to allopathic 
medications, it is imperative that scientific research be conducted to 
validate these claims. In the present investigation, the potential 
wound-healing capabilities of Acacia catechu bark using solvents of 
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different polarity has been studied [12]. Usually, various seasons like 
summer, winter and rain also affect the chemical composition and 
thus medicinal potential of plant sample, hence, comparative study 
of seasonally collected samples using same solvent systems were 
also tested.  

This study possibly provides extraction solvent-based wound 
healing potential of Acacia catechu bark of the research area. To the 
best of our knowledge and based on the available data, this research 
is the first investigation that presents a comparative examination of 
the protective effects of different bark extract across different 
seasons. In contrast to the presently available chemotherapeutic 
drugs that are prohibitively expensive and carry their own set of 
adverse effects, the findings of this study might facilitate the creation 
of cost-effective pharmaceuticals for healthy skin [6, 28-30]. 
Similarly, this discovery represents a valuable contribution to the 
pursuit of sustainable development and perhaps signifies a 
transition in therapeutic approaches from synthetic chemicals to 
locally available herbal-based medicines. 

MATERIALS AND METHODS 

Chemicals 

Xylene, hematoxylin-eosin dye, Gallic Acid, Quercetin dihydrate, L-
Ascorbic Acid, Catechin, Dimethyl sulfoxide (DMSO), were purchased 
from Sigma-Aldrich, St. Louis, MO, USA; while, Phosphoric acid, 
Toluene, Ethyl acetate, n-Hexane, Ethyl Ether, Ethanol, benzene, 
methanol, sulphuric acid, sodium bisulphate monohydrate, were 
supplied by Hi Media Laboratories Ltd., Mumbai, India.  

Animals 

Healthy in-bred Swiss albino mice (2-2.5 mo old; 28±2 g) were housed 
in polypropylene cages under constant temperature (27±2 °C); 
humidity (50±5%) and photo-schedule (14 h light and 10 h dark). 
They were provided with commercial rodent feed (Golden Feeds, New 
Delhi, India) ad libitum and had free access to sterilized drinking 
water. Standard ethical guidelines of Committee for the Purpose of 
Control and Supervision of Experiments on Animals (CPCSEA), 
Ministry of Social Justice and Empowerment, Government of India 
were followed (institutional ethical committee Reg. No.-
1546/PO/E/S/11/CPCSEA). Handling and maintenance of 
experimental animals were done in the animal house of ADINA, 
institute of Pharmaceutical Sciences, Sagar, Affiliated to Rajiv Gandhi 
Proudyogiki Vishwavidyalaya (RGPV) Bhopal, Madhya Pradesh, India.  

Collection and processing of bark samples 

The bark of Acacia catechu trees (specimen deposited in the 
herbarium of Jiwaji University Gwalior, MP, with voucher number 
AC-101A-101O/SOB2016 and AC-102A-102O/SOB2017) was 
obtained from the trees located in Biloniya hamlet, Guna (MP), 
within a one-kilometer radius. Random selection was used to choose 
Acacia catechu trees within the designated region. In order to ensure 
uniformity, bark samples were collected from all plant specimens at 
a standardized height known as "Diameter at Breast Height" (DBH), 
which is measured at 1.3 meters above the ground. Samples were 
collected from five plants throughout each season, including winter 
(January), summer (May), and rainy season (September), over a 
duration of two consecutive years, namely 2016 (considered as group 
1-3 for above mentioned seasons, respectively) and 2017 (considered 
as group 4-6 for above mentioned seasons, respectively). The bark 
samples that were obtained were subjected to a series of procedures, 
including drying, pulverizing, weighing, and subsequent storage in a 
controlled and sterile environment, as described earlier [31]. Multiple 
test extracts were prepared using different solvents i.e., aqueous, 
methanolic, ethanolic, acetone, benzene, and chloroform; following 
methods used by others [23, 31]. For an experiment, samples were 
dissolved in double distilled water. 

Acute toxicity study of extract 

Acute toxicity study was carried out to find out the adverse 
effects of sample extracts on skin, if any. Healthy young adult 

mice of either sex were acclimatized to the laboratory conditions 
for about 2 w. Skin preparation was done following OECD (The 
Organization for Economic Cooperation and Development) 
guidelines 402 and 410. For this, general anesthesia (mixture of 
50 mg/kg ketamine and 5 mg/kg xylazine) was injected 
intramuscularly. Then the dorsal thoracic area of the animals 
was shaved using razor blade. After 24 h of shaving, animals 
were divided into control groups (distilled water) and treated 
groups (applied different concentrations of extracts range 100-
2000 mg/kg body weight on shaved skin area. Extract doses 
were applied only once at day 1st of the study. Then, the animals 
were kept under keen observation for next 24 hour. The same 
were further monitored for next 14 d for any side effect or 
behaviour change (salivation, itching, infection, allergic reaction, 
convulsions, diarrhea, swelling, lethargy, sleep and coma etc) as 
earlier done by some researchers [32, 33].  

Wound healing activity study 

For this test, an excision wound model were used. For each sample 
extract, albino mice of either sex were divided into five groups as 
control group, standard treated group (ointment), sample extract 
treated group dose 1-3. Excision wound of circular area of 10 mm 
diameter and 2 mm depth was made on the shaved back of 
anesthetized (as mention above) animals. The wounding day was 
taken as 0th day. From next day (day 1st) wounds were treated with 
topical application of distilled water (group 1st) or 
standard/ointment (group 2nd) or sample extracts (group 3rd-5th) 
routinely for next 21 d [34, 35]. The wounds were monitored and 
the area of the wound was measured at 0th, 4th, 8th, 12th, 16th and 21st 
day (at 1:00 pm); and the mean wound area with the wound 
contraction percentage were noted down using following formula. 
Epithelialization period was also noted for each group.  

 

Where n = Number of days 

Histopathological studies 

For the histopathological study, the section from 0th, 4th, 8th, 12th, 16th 
and 21st day old regenerated wound tissues were collected using 
standardized protocol and OECD guidelines. The obtained tissue 
samples were first washed using normal saline solution and then 
fixed in 10% neutral formalin solution for next 24 h. After that, the 
tissues were dehydrated with 90% ethanol-xylene solution. 
Following this, tissue sections were in filtered and embedded with 
paraffin (40-60 °C). Microtome sections were taken at 7 µm 
thickness and were stained with hematoxylin-eosin dye. The 
histological features of the tissue slides were observed under light 
microscope at ×40, ×100 magnification. Digital photomicrographs 
were captured by digital camera [36, 37].  

Statistical analysis 

Data are expressed as mean±SE. Statistical analysis was done 
considering one–way analysis of variance (ANOVA) followed by 
unpaired student’s t-test using a trial version of prism 9 software for 
windows (Graph Pad Software, Inc., La Jolla, CA, USA) and a p-value 
of 5% and less were considered as significant.  

RESULTS 

Acute toxicity study of extract 

In acute toxicity study, no negative sign on animal health have been 
observed. From day 1 to day 14, all experimental animals were 
remaining alive and exhibited no noteworthy alterations or 
impairments in their behaviour, skin condition, fur quality, 
respiratory patterns, body postures, food consumption, and water 
intake. No sign of skin infection, itching, swelling etc., were reported 
in any of the drug-treated group, till next 14 d of observation, up to 
dosages of 2000 mg/kg in mice. 
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Table 1: Behavioral patterns of experimental animals of acute toxicity study. 

S. No. Behavioral patterns Groups of experimental animals (n=5) 
Control group Test drug group 1-6 (All extracts) Standard drug GA/QUC/CAT  

1. Mortality rate (%) 0% 0% 0% 
2. Skin and fur  No change No change No change 
3. Salivation No Salivation No Salivation No Salivation 
4. Itching No Itching No Itching No Itching 
5. Infection No Infection No Infection No Infection 
6. Allergic reaction No Allergic reaction No Allergic reaction No Allergic reaction 
7. Convulsions No Convulsions No Convulsions No Convulsions 
8. Diarrhea No Diarrhea No Diarrhea No Diarrhea 
9. Swelling No Swelling No Swelling No Swelling 
10. Lethargy No  No No 
11. Sleep No change No change No change 
12. Coma No No No 
13. Respiratory patterns No change No change No change 
14. Food consumption No change No change No change 
15. Water intake No change No change No change 

Comparison of acute dermal toxicity (up to application of 2000 mg/kg body weight drug concentration) of season-wise groups of test samples. 
Where control animals were treated with distilled water, G1 (Group-1 samples), G2 (Group-2 samples), G3 (Group-3 samples), G4 (Group-4 
samples), G5 (Group-5 samples), G6 (Group-6 samples), GA (standard gallic acid), QUC (standard quercetin), CAT (catechin).  

 

Wound healing activity study 

As compared to control animals, significant decreased areas of 
wound were measured in animals treated with standard ointment 
(p<0.001) in all experiments. In this assay, all extracts were 
reported to exhibit significant wound healing potential after 
treatment of 21 d and at least (p<0.05) results have been recorded 
for all extracts. As compared to all tested extracts, methanolic and 
ethanolic extracts have been measured for much better wound 
healing potential (p<0.05 or more). For example, at 4th, 8th, 12th, 16th 
and 21st d, the methanolic extracts of group1 samples were reported 
to exhibit 12.05%, 14.39%, 18.39%, 25.75% and 33.28% wound 
contraction, respectively (fig. 1). For the same extract, the animals of 
group-6 showed 13.42%, 18.98%, 30.39%, 35.75% and 38.50% 
wound contraction than that of the control group, at successive 4th, 
8th, 12th, 16th and 21st d of experiment, respectively.  

However, the group-6 of ethanolic extracts were reported to show 
the highest wound healing among other groups of the same 
extraction system (fig. 2). The values of % wound contraction was 
measured as 22.18%, 28.31%, 34.86%, 41.77% and 46.68% than 
that of control group, at successive 4th, 8th, 12th, 16th and 21st d of 
experiment, respectively. In the same way, aqueous extracts of test 
samples (fig. 3) were observed to exhibit significant wound healing 

potential (p<0.05 or more). But, these values were seen to be 
significantly less (p<0.01) than the wound-healing potency of the 
standard drug used. The values of % wound contraction was 
measured as 14.33%, 21.51%, 24.81%, 27.04% and 32.04% than 
that of control group, at successive 4th, 8th, 12th, 16th and 21st day of 
experiment, respectively. 

The protective efficacy of the acetone extracts was recorded as 
significantly less (p<0.05) than that of standard drug used (fig. 4). 
The present data indicated a significant difference among the wound 
healing higher potential of methanolic extracts (P<0.05) and 
ethanolic extracts (p<0.05) than that of acetone extracts of the same. 
In case of acetone extract, the group-3 of test sample plants were 
reported to show highest wound healing among other groups of the 
same extraction system. The values of % wound contraction was 
measured as 14.67%, 22.66%, 25.88%, 28.31% and 33.87%, as 
compared to the control group, at successive 4th, 8th, 12th, 16th and 
21st day of experiment, respectively. However, in contrast to above 
mentioned extracts, chloroform (fig. 5) and benzene extracts (fig. 6) 
of test samples were seen to be less effective (p<0.05) against 
excision wounds (fig. 7-8). In addition to this, a non-significant 
difference was observed among the plant samples collected over 
different seasons of both years. 

  

 

Fig. 1: Comparison of Wound healing efficacy of season-wise groups of test samples at 10 mg/ml drug concentration. Data are expressed 
in wound area contraction in mm2 (mean±SE of n=5 samples of each group). Significant values ap<0.05; bp<0.01 and cp<0.001 were taken 

in comparison to that of control at respective days. Where, Control group (treated with distilled water only), standard treated group 
(ointment), G1 (Group-1 samples), G2 (Group-2 samples), G3 (Group-3 samples), G4 (Group-4 samples), G5 (Group-5 samples), G6 

(Group-6 samples) 
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Fig. 2: Comparison of Wound healing efficacy of season-wise groups of test samples at 10 mg/ml drug concentration. Data are expressed in 
wound area contraction in mm2 (mean±SE of n=5 samples of each group). Significant values ap<0.05; bp<0.01 and cp<0.001 were taken in 

comparison to that of control at respective days. Where, Control group (treated with distilled water only), standard treated group (ointment), 
G1 (Group-1 samples), G2 (Group-2 samples), G3 (Group-3 samples), G4 (Group-4 samples), G5 (Group-5 samples), G6 (Group-6 samples) 

 

 

Fig. 3: Comparison of Wound healing efficacy of season-wise groups of test samples at 10 mg/ml drug concentration. Data are expressed in 
wound area contraction in mm2 (mean±SE of n=5 samples of each group). Significant values ap<0.05; bp<0.01 and cp<0.001 were taken in 

comparison to that of control at respective days. Where, Control group (treated with distilled water only), standard treated group (ointment), 
G1 (Group-1 samples), G2 (Group-2 samples), G3 (Group-3 samples), G4 (Group-4 samples), G5 (Group-5 samples), G6 (Group-6 samples) 

 

 

Fig. 4: Comparison of Wound healing efficacy of season-wise groups of test samples at 10 mg/ml drug concentration. Data are expressed in 
wound area contraction in mm2 (mean±SE of n=5 samples of each group). Significant values ap<0.05; bp<0.01 and cp<0.001 were taken in 

comparison to that of control at respective days. Where, Control group (treated with distilled water only), standard treated group (ointment), 
G1 (Group-1 samples), G2 (Group-2 samples), G3 (Group-3 samples), G4 (Group-4 samples), G5 (Group-5 samples), G6 (Group-6 samples) 
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Fig. 5: Comparison of Wound healing efficacy of season-wise groups of test samples at 10 mg/ml drug concentration. Data are expressed in 
wound area contraction in mm2 (mean±SE of n=5 samples of each group). Significant values ap<0.05; bp<0.01 and cp<0.001 were taken in 

comparison to that of control at respective days. Where, Control group (treated with distilled water only), standard treated group (ointment), 
G1 (Group-1 samples), G2 (Group-2 samples), G3 (Group-3 samples), G4 (Group-4 samples), G5 (Group-5 samples), G6 (Group-6 samples) 

 

 

Fig. 6: Comparison of Wound healing efficacy of season-wise groups of tests samples at 10 mg/ml drug concentration. Data are expressed in 
wound area contraction in mm2 (mean±SE of n=5 samples of each group). Significant values ap<0.05; bp<0.01 and cp<0.001 were taken in 

comparison to that of control at respective days. Where, Control group (treated with distilled water only), standard treated group (ointment), 
G1 (Group-1 samples), G2 (Group-2 samples), G3 (Group-3 samples), G4 (Group-4 samples), G5 (Group-5 samples), G6 (Group-6 samples) 

 

 

Fig. 7: Photographic representation of wound healing (wound contraction area) on 1st, 4th, 8th, 12th, 16th, and 21st d of control, ointment (10 
mg/ml), methanolic extract (10 mg/ml) and ethanolic extract (10 mg/ml) treated mice treated mice 
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Fig. 8: Photographic representation of wound contraction area on 1st, 4th, 8th, 12th, 16th, and 21st days of aqueous extract (10 mg/ml), 
acetone extract (10 mg/ml) chloroform extract (10 mg/ml) and benzene extract (10 mg/ml) treated mice 

 

Histopathological studies 
In histopathological examination of excision wounds, test drug-
treated animals showed faster healing compared with control group. 
The histopathological analysis of skin tissue sections on day 0 
revealed the absence of an inflammatory response. However, there 
was observed ulceration of the epidermis, accompanied with minor 
dermal edema in the wound edges. Additionally, the sections 
included normally dense, thick collagen fibers that were irregularly 
organized in various orientations. On the first day, the skin tissue 
sections exhibited ulceration of the epidermis, accompanied by 
coagulated necrosis extending across the whole thickness of the 
dermis and subcutaneous fat layer. The skin tissue sections obtained 
on day 3 exhibited pronounced necrotic dermatitis characterized by 
the absence of hair follicles, sweat glands, and sebaceous glands, 
which was observed to be higher in the control group than in 
standard and plant-extract treated groups. The subcutaneous fat 
exhibited pronounced congestion, haemorrhage, and infiltration of 
inflammatory cells. The histopathological analysis of test drug 

treated animals exhibited that the wound tissue sections between 
days 7 and 8 revealed consistent findings of inflammatory responses 
characterized by the presence of macrophages and lymphocytes, 
together with concurrent fibroblast growth and neovascularization. 
After a period of 12 d, the skin wound sections exhibited a greater 
level of re-epithelialization, with the presence of mature collagen 
fibers persisting in the central region without any signs of 
inflammatory responses. The observed maturation of the healing 
tissue on day 16 was reported for the synthesis of new interstitial 
collagens fibers, fibronectin filaments, elastin fibers, and greater 
activity of fibroblast cells etc. On the twenty-first day, the observation 
of full epithelization and healing was made. The histopathological 
examination of the wound on day 21 revealed that the test drug and 
ointment-treated groups exhibited healed skin tissue structures with 
normal level of epithelization. However, the same was seen to be 
lesser than standard and test drug-treated groups (ethanolic extract ≥ 
methanolic>aqueous>acetone>chloroform ≥ benzene extract) (fig. 9-
12). 

  

 

Fig. 9: Histopathology (hematoxylin-eosin staining) of skin of control and Ointment treated mice at Day 1 (A), Day 4 (B), Day 8 (C), Day 12 
(D), Day 16 (E) and Day 21 (F), respectively. In control group 
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Fig. 10: Histopathology (hematoxylin-eosin staining) of skin of Methanolic and Ethanolic extract-treated mice at Day 1 (A), Day 4 (B), Day 
8 (C), Day 12 (D), Day 16 (E) and Day 21 (F), respectively. (Non-significant difference was observed between extracts of all three seasons 

of both 2016 and 2017 y) 

 

 

Fig. 11: Histopathology (hematoxylin-eosin staining) of skin of Aqueous and acetone extract-treated mice at Day 1 (A), Day 4 (B), Day 8 
(C), Day 12 (D), Day 16 (E) and Day 21 (F), respectively. (Non-significant difference was observed between extracts of all three seasons of 

both 2016 and 2017 y) 

 

 

Fig. 12: Histopathology (hematoxylin-eosin staining) of skin of chloroform and benzene extract treated mice at Day 1 (A), Day 4 (B), Day 8 
(C), Day 12 (D), Day 16 (E) and Day 21 (F), respectively. (Non-significant difference was observed between extracts of all three seasons of 

both 2016 and 2017 y) 
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DISCUSSION  

Along with beneficial bio-ingredients, some vegetations have also 
been reported for the presence of toxic or harmful components [38]. 
Some of the, recent scientific investigations have reported severe 
adverse effects and toxicity due to certain plant species [6, 39, 40]. 
Hence, the preliminary pharmacological investigation is essential as 
first step of drug development [41]. The present finding can be a 
strong step towards the potential use of regional plants for 
therapeutic purpose. The ethanolic and methanolic extract of test 
samples exhibited no negative skin or systemic responses in both 
acute dermal toxicity studies and wound healing activity, as was 
observed to be significantly effective than the untreated groups, 
suggested its beneficial protective potential, as were earlier 
reported by other researchers also [20, 42, 43].  

All the examined physical, behavioral, and histological parameters 
revealed that the test plant samples do not exert any sign of a 
negative health effect on experimental animals. With solvent-specific 
protective efficacy, the test drugs were found to confirm the 
therapeutic benefits in terms of reduction in tissue damage caused 
by wound formation, as also seen earlier by others [44–48]. Some 
earlier researchers have also observed comparable results, where 
the topical application of essential oil to rats for a duration of 28 
consecutive days did not yield any significant alterations in factors 
such as feed intake, water consumption, body weight, blood 
parameters, or the macroscopic and microscopic structures of the 
specific organs under investigation [49]. 

Since the occurrence of wounds is a significant challenge to public 
health, since it contributes to both the prevalence of illness and the 
number of deaths [27, 49], numerous investigations have been 
undertaken to assess the capacity of natural products as a reservoir 
of chemicals or extracts with wound healing attributes [50, 51]. 
Nevertheless, an essential first step in the evaluation and 
exploration of new and organic wound care treatments is the 
assessment of their potential effects through in vitro research. For 
example, the use of keratinocytes and fibroblast cell lines is deemed 
appropriate for assessing the wound healing attributes of novel 
natural and medicinal substances [52]. Our research work has 
clearly demonstrated the wound-healing efficacy of different 
extracts with different extents. Like previous reports, methanolic 
and ethanolic extracts have been reported to exhibit greater wound 
healing than other tested extracts at same concentration [26, 28, 29, 
53-54].  

It has already been known that plant extracts containing natural 
components have the potential to enhance the wound healing 
process by mitigating the development of scars [55, 56]. Plant-
derived bioactive chemicals with antimicrobial, antioxidant, and 
wound-healing properties have been shown to promote blood 
coagulation, combat infections, and accelerate the process of wound 
healing [51]. Hence, the possible wound-healing power of test 
extracts can be explained on the basis of their anti-oxidative and 
anti-bacterial activity of the same [57]. The existing body of 
literature has a multitude of publications discussing natural 
compounds that possess the capacity to facilitate the process of 
wound healing [20, 24, 45, 50]. These compounds have shown 
promise as viable treatments throughout the many stages of wound 
healing [1, 41].  

These substances are supposed to be harmless, particularly when 
compared to some synthetic compounds. However, more data is 
required from clinical studies for the same [58]. However, it is 
evident that chronic wounds showed significantly increased levels of 
oxidative stress caused by oxidants released by wound cell, 
neutrophils and the activity of myeloperoxidase enzyme [43, 44, 50]. 
The excessive generation of oxidative stress subsequently induces 
cytotoxic effects and delays the process of wound healing [27, 49]. 
Consequently, the inhibition of oxidative stress might potentially 
serve as a significant approach in facilitating the healing of chronic 
wounds [22, 24]. Some earlier reports also emphasized the potential 
antioxidative potential of test plant samples promoted wound 
healing either via scavenging free radicals or via inhibiting the 
generation of more free radicals at wound sites [26, 32, 37, 58]. This 
might be contributed to the prevention of inflammation and 

oxidative harm, and further facilitates the promotion of the healing 
process [25, 30, 46]. Though, the exact mechanism of wound healing 
has not been studied here, but some earlier investigations might be 
helpful to provide better understanding of the same [27, 32, 49, 51].  

In some studies, the bioactive compounds (i.e., quercetin, catechin, 
gallic acid, etc.) of the test plant extracts have also been observed to 
play crucial role in wound healing [37, 49, 59]. For example, 
research has shown that cultured fibroblasts exhibited typical 
growth patterns when exposed to quercetin therapy. There was an 
observed elevation in αV integrin levels and a concurrent reduction 
in β-1 integrin expression on the cellular membrane [3, 58]. The 
observed alterations in the expression of surface integrins seem to 
be playing a role in the facilitation of fibroplasia-associated 
processes, such as the migration and synthesis of extracellular 
matrix by fibroblasts [19, 20, 59]. The presence of quercetin and 
kaempferol in hydroalcoholic extracts of tested plant has been 
documented for its protective efficacy [44, 52]. The observed 
biological activities of these flavonoids may also account for the 
enhanced maturation of granulation tissue and accelerated 
conversion into the primary fibrous scar [59]. Additionally, these 
activities may potentially serve as a preventive measure against the 
development of hypertrophic scars during the healing process [60].  

In addition to the above-mentioned pathways, some other pathways of 
wound healing have also been known. For instance, there has been 
evidence showcasing the efficacy of secondary metabolites derived 
from plant extracts in enhancing the process of wound healing [43, 
60]. These metabolites have been reported for a variety of functions, 
such as reducing the presence of inflammatory cells at the site of 
injury [52], stimulating the formation of new blood vessels 
(angiogenesis) and the proliferation of fibroblasts, expediting the 
regeneration of epithelial tissue, or even facilitating a combination of 
these physiological effects [51]. The healing effects of herbal products 
are mediated by various pharmacological targets, which are 
contingent upon the phytochemical composition of the extract. These 
targets encompass the negative modulation of inflammatory cytokine 
release, stimulation of antioxidant enzymes to mitigate oxidative 
stress, and modulation of angiogenesis [47, 52, 62].  

CONCLUSION 

Thus, these results represent a significant advancement in the 
exploration of utilizing indigenous flora for medicinal applications, as 
they demonstrate the wound-healing efficacy of specific plant extracts 
based on their solvent properties. Furthermore, the current study has 
the potential to provide significant insights on the optimal dose or 
concentration range necessary for the development of safe products. It 
is anticipated that this evaluation will provide significant findings 
about the potential of these extracts as protective and wound-healing 
medicine, though further investigation is needed.  
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