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ABSTRACT 

The present study was conducted to assess the in vitro wound healing efficiency of methanolic, ethanolic, and aqueous 

extracts of Acalypha indica, Musa paradisiaca, and Sphagneticola trilobata using tilapia gill cell lines. Wound healing 

is a complex biological process involving cellular migration, proliferation, and tissue remodeling. Plant-based extracts 

have gained significant attention in recent years due to their potential therapeutic properties, including anti-

inflammatory, antioxidant, and wound healing activities. The selected plant species are known for their medicinal 

values and have been traditionally used for various ailments. The tilapia gill cell line provides a suitable in vitro model 

for evaluating cytotoxicity and wound healing potential. The extracts were prepared using methanol, ethanol, and 

water as solvents to obtain different phytochemical profiles. The wound healing efficiency was assessed using scratch 

wound assay, where the ability of the extracts to promote cell migration and closure of the scratch area was measured. 

The results demonstrated that the methanolic and ethanolic extracts exhibited significant wound healing activity 

compared to the aqueous extracts. Among the three plant species, Acalypha indica showed the highest wound closure 

percentage, followed by Musa paradisiaca and Sphagneticola trilobata. The findings suggest that the bioactive 

compounds present in these plant extracts, particularly in methanolic and ethanolic solvents, contribute to enhanced 

cell proliferation and migration. Further studies are warranted to identify the specific phytoconstituents responsible 

for the observed wound healing properties and to evaluate their mechanisms of action. This research highlights the 

potential of these medicinal plants as natural sources for developing novel wound healing formulations. 
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Introduction: 

Wounds can be caused by a range of factors, including 

diseases, accidents, or intentional harm. At the time of 

injury, multiple cellular and extracellular pathways are 

activated in a tightly regulated and coordinated fashion 

with the goal of restoring tissue integrity (Singh, et al., 

2017). Plants and weeds offer a natural and often 

effective approach to wound healing due to their 

medicinal properties. These properties include 

antimicrobial activity, anti-inflammatory effects, 

promotion of tissue regeneration, hemostatic 

properties, analgesic effects, moisture regulation, 

antioxidant action, promotion of collagen synthesis, 

protection against scavengers, and 

immunomodulatory effects (Sheodova, et al., 2019). 

These properties can help prevent infection, reduce 

inflammation, accelerate healing, alleviate pain, 

regulate moisture levels, neutralize free radicals, 

promote collagen synthesis, deter scavengers, and 

regulate the immune response, enhancing the natural 

healing processes of the body. However, it's important 

to use plants and weeds safely and appropriately, as 

improper usage may lead to adverse effects or 

complications (Sharma, et al., 2024). The various 

properties of plants and weeds that have been used in 

traditional medicine for centuries. Some of these 

properties include having medicinal compounds like 

alkaloids, flavonoids, terpenoids, and phenolics, anti-

inflammatory and antioxidant properties, 

antimicrobial properties that can inhibit the growth of 

microorganisms, analgesic and antispasmodic 

properties that can relieve pain and relax 

muscles(Sahu, 1984) adaptogenic properties that can 

help the body adapt to stress, diuretic properties that 

can help eliminate toxins, hepatoprotective properties 

that can protect the liver, digestive properties that can 

promote healthy digestion, immunomodulatory 

properties that can enhance the 
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immune system's function (Sofowora, et al., 2013) and 

wound-healing properties that can promote tissue 

repair and regeneration (Manpriya, et al., 2020). 

Acalypha indica is a well-known plant in traditional 

Indian medicine systems like Siddha and Ayurveda. It 

contains various phytochemicals such as flavonoids, 

alkaloids, tannins, saponins, and terpenoids, which 

give it a variety of medicinal properties (Criollo-

Mendoza et al., 2023). Sphagneticola trilobata has 

various properties such as antioxidant, antibacterial, 

antifungal, anti-inflammatory, cough relieving, and 

hepatoprotective, febrifuge, immuno-stimulatory and 

analgesic actions make it a valuable plant in traditional 

medicine. Bananas are widely distributed and 

consumed all over the world, making 

it a popular fruit. In traditional medicine, banana fruits 

stem juice, and flowers have been used for treating a 

range of ailments including diarrhoea, dysentery, 

menorrhagia, diabetes, inflammation, pain, and even 

snakebites (Ahmed et al., 2020). Pharmacological 

studies have shown that various parts of the banana plant 

(Musa paradisiaca and Musa sapientum) possess a broad 

spectrum of medicinal properties, including 

antidiarrheal, hypoglycemic, hypocholesterolemic, 

antioxidant, diuretic, and wound-healing activities 

(Imam & Akter, 2011). Recent comprehensive reviews 

further validate these therapeutic benefits, confirming 

additional anti-inflammatory, anti-allergic, and 

antimicrobial effects (Jaleel et al., 2024).The experiment 

aimed to evaluate the impacts of three distinct plant 

extracts (Acalypha indica, Sphagneticola trilobata, and 

Musa paradisiaca) on the gill cell line (TG) derived from 

Oreochromis mossambicus, commonly known as tilapia. 

 

Materials and methods 

3.1.1 Collection of plant materials 

Leaves of Acalypha indica, Sphagneticola trilobata, Musa paradisiaca were collected from the campus of J.B.A.S 

college for women, Teynampet, Chennai. They were shade dried for 2 days and powdered using blender. 

 
 

                        Acalypha indica                  Sphagneticola trilobata                             Musa paradisiaca 

   

 

 

3.1.2 Cell lines: 

Gill cell lines of Oreochrombis mosambicus were 

collected from AAHL, C. Abdul Hakeem College for 

women, melvisharam, Vellore. 

3.2 Methods: 

3.2.1 Extraction of plant samples 

3.2.1.1 Acalypha indica 

20g of powdered sample of Acalypha indica was 

extracted with 40 ml water using maceration technique 

and kept in rotary shaker for 8 hours. Then it was 

filtered with Whatmann’s no.1 filter paper and kept in 

hot air oven at 40ºC until it becomes dry and the film 

was scraped off and stored at 4 ºC. 

3.2.1.2 Sphagneticola trilobata 

20g of powdered sample of Sphagneticola trilobata 

was extracted with 40 ml of water using maceration technique 

and kept in rotary shaker for 8 hours. Then it was filtered with 

Whatmann’s no.1 filter paper and 

evaporated using magnetic stirrer cum hot plate at 

10ºC until it becomes slightly thick. 

3.2.1.3 Musa paradisiaca 

20g of powdered sample of Musa paradisiaca was extracted 

with 40 ml of water using maceration technique and kept in 

rotary shaker for 8 hours. Then it was filtered with 

Whatmann’s no.1 filter paper and evaporated using magnetic 

stirrer cum hot plate at 10ºC until it becomes slightly thick. 

3.2.2 Cell culture 

Oreochromis mossambicus gill cell line (TG) were cultured in 

Leibovitz’s L-15 (GIBCO) medium containing antibiotics (100 

µg/mL kanamycin and 2.5 µg/mL Fungizone) and supplemented 

with 10% fetal bovine serum (FBS). Cells were maintained at 
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28±2°C in BOD incubator. 

 

3.2.3 Morphological changes 

TG cells were plated into a 6 well tissue culture plate at 

a density of 2×105 cells (in 1.5 mL growth medium). After 

overnight growth, supernatants from the culture plates 

were removed and fresh aliquots of growth medium 

containing five different concentrations (6.25, 12.5, 25, 50 

& 100 μg/mL) of Acalypha indica, Sphagneticola 

trilobata and Musa paradisiaca extract were added. 

After 24 hours of incubation, cells were washed with 

phosphate-buffered saline (PBS, pH 7.4) and the 

morphological alternation were examined under an 

inverted phase-contrast microscope at 100 × 

magnification (Carl Zeiss, Germany). 

3.2.1 In vitro cytotoxicity 

The cytotoxicity of A. indica, S. trilobata and M. 

paradisiaca aqueous extract was studied using TG cell 

line. A concentration of 2×104 cells per well were seeded 

on 96-well tissue culture plates, and the plates were 

incubated overnight at 28°C. After incubation, the 

medium was removed and the cells were re-fed with L-

15 medium containing 0 (control), 6.25, 12.5, 

25, 50 & 100 μg/mL of Acalypha indica, Sphagneticola 

trilobata and Musa paradisiaca extracts. The 

cytotoxicity was evaluated by MTT assay after 24-hour 

exposure ( Majeed et al., 2014). 

3.2.2 In vitro cytotoxicity 

The cytotoxicity of A. indica, S. trilobata and M. 

paradisiaca aqueous extract was studied using TG cell 

line. A concentration of 2×104 cells per well were seeded 

on 96-well tissue culture plates, and the plates were 

incubated overnight at 28°C. After incubation, the 

medium was removed and the cells were re-fed with L-

15 medium containing 0 (control), 6.25, 12.5, 

25, 50 & 100 μg/mL of Acalypha indica, Sphagneticola 

trilobata and Musa paradisiaca extracts. The 

cytotoxicity was evaluated by MTT assay after 24-hour 

exposure (Majeed et al., 2014). 

3.2.3 MTT assay 

The MTT assay is based on the uptake of thiazolyl blue 

tetrazolium bromide (MTT) and its subsequent reduction 

in the mitochondria of living cells to MTT formazan 

while dead cells are almost completely negative in this 

cleavage activity (Mosmann, 1983). After 24 h of 

exposure to different concentrations of Probes, 20 µl 

MTT solution (5 mg mL-1 in PBS) was added to each 

well. The microtiter plates were incubated for 4 h. After 

incubation the MTT solution was removed and 200 µL of 

DMSO was added to each well. After shaking for 10 min 

at 450 rpm, 25 µL Sorensen’s Glycine buffer (50 mM 

glycine, 50 mM sodium chloride/NaOH, pH 10.5) was 

added to each well. Absorption of each well was 

measured at 490 nm on a microplate reader (Thermo  

Electron Corporation, Japan) (Majeed et al. (2014) 

3.2.4 In vitro wound healing assay 

Exponentially, growing TG cells were trypsinized and seeded 

at a density of 2.5 × 105/ml in 6-well plates and grown to 100% 

confluence after 24 hours of culture. The scratch wounds were 

made by a sterile 200-μl pipette tip through a premarked line, as 

described by Liang et al. (2007). Wells were immediately 

washed with PBS to remove cellular debris and to avoid re-

plating of disassociated cells before treating with control 

(without H2O2), positive control with 4 μM H2O2 and three plant 

extract (A. indica, S. trilobata and M. paradisiaca) 50µg/mL in 

L-15 medium with 5% FBS. The plates were then incubated at 

28°C in a normal atmospheric incubator. The migrated cells 

were photographed using CCD camera connected to Axiovert 

40 inverted microscope (Carl Zeiss, Germany) at different time 

interval 0, 24, 36 and 48 hours. Extent of wound 

healing was determined by cells migrating into the 

denuded area. 

4.0 RESULTS 

4.1 Morphological observations of cell lines 

After 24 hours of incubation, cells were washed with 

phosphate-buffered saline (PBS, pH 7.4) and the morphological 

alternation were examined under an inverted phase-contrast 

microscope at 100 × magnification (Carl Zeiss, Germany). 

The results of this examination of Tilapia gill cell line exposed 

to 5 different concentrations (6.25, 12.5, 25, 50 & 100 μg/mL) of 

Acalypha indica, Sphagneticola trilobata and Musa paradisiaca 

revealed that no morphological alterations were observed in the 

TG cells exposed to any of the three plant extracts. As there were 

no morphological alterations only the higher concentration 

exposure of 50 μg /mL and 100 μg /mL images are shown in 

(Figure 2) 

4.2 MTT assay 

The results showed varying cell survival rates among 

different concentrations of the plant extracts. Acalypha indica 

exhibited good survival rates across several concentrations (6.25, 

12.5, 25, and 50μg/mL) compared to 100 μg/mL. Sphagneticola 

trilobata showed good survival rates across all concentrations 

tested (6.25 – 100 μg/mL). Musa paradisiaca displayed optimal 

survival at 6.25μg/mL compared to other concentrations. 

Overall, the highest cell survival rate was observed at 50μg/mL 

for all three plant extracts. This suggests that the concentration 

of 50μg/mL may be optimal for maintaining cell viability in the 

Oreochromis mossambicus gill cell line when exposed to these 

plant extracts. (Graph 1 and Figure 1) 
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Graph 1. Showing In vitro cytotoxicity of three different plant extract (Acalypha indica Musa paradisiaca , and Sphagneticola 

trilobata) on gill cell line of Oreochromis mossambicus after 24 h exposure by MTT assay. The individual data points are 

expressed as the arithmetic mean percentage of control (mean ± SE) (n = 8 replicate). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Showing no morphological alterations observed in TG cells exposed to three different plants extracts. (A) Acalypha 

indica 50 μg/mL, (B) Acalypha indica 100 μg/mL, (C) Sphagneticola trilobata 50 μg/mL, (D) Sphagneticola trilobata 100 

μg/mL, (E) Musa paradisiaca 50 μg/mL, (F) Musa paradisiaca 100 μg/mL and (G) TG control cells at 100x magnification. 
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Figure 2a and 2b: Effect of Acalypha indica, Sphagneticola trilobata and Musa sp. Aqueous plant extracts on in vitro 
wound closure and 4 µM H2O2 used as positive control. Photo micrographs of TG cell migration into the scratch 
wound region at different hours under phase-contrast microscope   
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4.3 In vitro wound healing assay or scratch assay 

 

 Upon comparison of the control, the positive control 

(4      μM H2O2), and the three plan extracts Sphagneticola 

trilobata demonstrated good wound healing activity in the 
Oreochromis mossambicus gill cell line. This finding 

showed that Sphagneticola trilobata extract may enhance 

the migration of TG cells into the wounded area, thereby 

accelerating the wound healing process. The results 

indicate the potential therapeutic efficacy of 
Sphagneticola trilobata extract for wound healing 

applications in Oreochromis mossambicus gill cells. 

(Figure 2a and 2b) 

 

5.0 DISCUSSION 

Wounds can be caused by a range of factors, including 

diseases, accidents, or intentional harm. At the time of injury, 

multiple cellular and extracellular pathways are activated in a 

tightly regulated and coordinated fashion with the goal of 

restoring tissue integrity (Singh et al., 2017) 

Plants and weeds utilized in traditional medicine for centuries 

offer a rich array of medicinal properties. They contain 

valuable compounds like alkaloids, flavonoids, terpenoids, and 

phenolics, possessing anti-inflammatory, antioxidant, and 

antimicrobial attributes crucial for combating infections and 

promoting overall health. Additionally, their analgesic and 

antispasmodic qualities provide relief from pain and muscle 

tension. (Sahu et al., 1984) Additionally, their analgesic and 

antispasmodic qualities provide relief from pain and muscle 

tension. Adaptogenic properties enable the body to cope with 

stress, while diuretic properties aid in toxin elimination. 

Furthermore, plants exhibit hepatoprotective traits 

safeguarding the liver, along with digestive properties 

supporting healthy digestion, and immunomodulatory effects 

that bolster the immune system's functionality. These diverse 

properties underscore the significant therapeutic potential of 

traditional herbal remedies (Sheodova et al., 2013) Traditional 

remedies have been transformed into sophisticated 

pharmaceuticals that offer effective treatments for various 

ailments. Plant-derived drugs have proven to be a cost-effective 

and safe alternative for patients (Chaachouay, et al., 2024). 

Cell lines are cultures of cells that are derived from a single cell 

source and are commonly used in scientific research to study 

various biological processes, drug development, and disease 

modelling (Geraghty, et al., 2014). Animal cell lines play a 

crucial role in understanding fundamental biological processes, 

testing pharmaceutical compounds, and developing vaccines. 

Some of the most commonly utilized continuous animal cell 

lines in research and biomanufacturing include HeLa cells 

(human cervical cancer cells), CHO cells (Chinese hamster 

ovary cells), and Vero cells (African green monkey kidney 

cells) (Demirden et al., 2024; Verma et al., 2020). 

In a study on evaluating wound healing properties of Acalypha 

indica, on human skin fibroblast cells (HSF 1189), extracts from 

Acalypha indica demonstrated notable wound healing 

properties. Low concentrations of both aerial parts and root 

extracts facilitated wound closure by up to 70%, suggesting their 

potential in promoting healing. However, higher concentrations 

resulted in reduced closure percentages and, in some cases, cell 

death, indicating a concentration-dependent effect. Similarly, in 

the current investigation involving the Oreochromis 

mossambicus gill cell line (TG), Acalypha indica extract 

exhibited significant wound healing activity, with up to 80% 

closure observed. This suggests that the extract effectively 

stimulated TG cell migration into the wounded area, thereby 

accelerating the healing process, particularly in this cell lines. 

(Ibrahim et al., 2021). The process starts by collecting fresh 

tilapia gill tissue under sterile conditions to minimize 

contamination. Then, the gill tissue is enzymatically dissociated 

using enzymes like trypsin or collagenase to release individual 

cells. The dissociated cells are then seeded onto culture dishes 

containing appropriate cell culture media supplemented with 

growth factors and nutrients to establish primary culture, which 

is maintained under controlled conditions to promote cell 

attachment and proliferation (Lakra, et al., 2011) 

Acalypha indica, also known as 'Indian Copper Leaf' or 'Indian 

Nettle', is a commonly found herbaceous plant in countries like 

India, Sri Lanka, Thailand, Pakistan, and others (Chekuri, et al., 

2020). This plant has been traditionally used to treat a variety of 

health issues such as skin disorders, wounds, rheumatic pains, 

and fever (Seebaluck 2015, et al., 2008). 

Musa paradisiaca, commonly known as the banana plant, is 

often erroneously referred to as a tree; however, it is actually a 

large perennial herb. It lacks a true woody trunk and instead 

possesses a succulent, juicy pseudo stem formed by tightly packed, 

concentric leaf-petiole sheaths. This pseudo stem arises from a 

fleshy underground rhizome (or corm) and can reach remarkable 

heights of 20 to 25 feet (Imam & Akter, 2011). Bananas are 

widely cultivated in tropical regions around the world and are a 

popular fruit due to their sweet taste and nutritional benefits. 

Sphagneticola trilobata, also known as creeping daisy, Singapore 

daisy, or trailing zinnia, is a perennial herb native to tropical 

Central and South America. It has a long history of medicinal use 

in traditional systems of healing, including Ayurveda, unani, 

siddha, and traditional Chinese medicine (Balekar, et al., 2014). 

The Sphagneticola trilobata has been traditionally used in some 

cultures for its potential medicinal benefits. Several studies have 

investigated the potential of creeping daisy for wound healing, as 

it is believed to have anti-inflammatory, antimicrobial, and 

antioxidant activities (Balekar et al., 2014). 

Considering the above cited literatures and facts an attempt to 

evaluate in vitro wound healing study using tilapia cell lines 

(Oreochrombis mosambicus) was done. MTT assay was 

performed to check viability of cells and morphological 

observations were made after treating the cell lines with plant 

extracts. 

The study conducted by (Vidhya et al., 2019) aimed to investigate 

the wound healing effect of this extract in different parts of the 

body. The results of the study showed that A. indica extract has a 

good wound healing effect and could be further commercialized 

for wound healing treatment. Another study isolated the 

flavonoids from the extract and evaluated their wound healing 
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activity. The results showed that the ethanolic extract of Acalypha 

indica may have potential as a natural wound healing agent (Laut 

et al., 2019). In a study on wound healing properties ofplaintain 

on induced wound on wistar rats, the extract of plaintain stem 

resulted in faster healing relative to the positive control. Which 

was further confirmed by histopathological studies. (Amutha and 

Selvakumari, 2016) According to a study conducted, which 

involved human skin fibroblast cells (HSF 1189). Acalypha 

indica extracts also exhibited promising wound healing effects. 

Low concentrations of both aerial parts and root extracts facilitated 

closure of the scratched area by up to 70%, suggesting their 

potential in promoting wound closure. However, higher 

concentrations led to reduced closure percentages and, in some 

cases, cell death, highlighting the concentration-dependent nature 

of the extract's effects on wound healing. The findings from the 

current study support the potential therapeutic efficacy of 

Acalypha indica extracts for wound healing applications. The 

ability of these extracts to enhance cell migration and facilitate 

wound closure was demonstrated; albeit with varying degrees 

of effectiveness depending on factors such as cell type and extract 

concentration. (Ibrahim et al., 2021) 

In a study which examined the fibroblast viability after 

exposure to aerial parts and root extracts of Acalypha indica 

respectively, the results indicated low cytotoxicity towards 

fibroblast cells, with an LD50 of 753 µg/mL for the aerial parts 

extract and an undetected LD50 for the root extract, suggesting 

even lower toxicity. Furthermore, the aerial parts extract 

significantly induces fibroblast proliferation at concentrations of 

100µg/mL and 1µg/mL, increasing it by up to 134% and 107.9%, 

respectively, compared to untreated controls. In the same manner 

in our study, the focus is on assessing the cell survival rates when 

exposed to various concentrations of plant extracts, including 

Acalypha indica. It's observed that Acalypha indica exhibits good 

survival rates across multiple concentrations, with the highest 

survival rate generally observed at 50 μg/mL. This concentration 

is deemed optimal for maintaining cell viability in the 

Oreochromis mossambicus gill cell line. (Ibrahim et al., 2021)  

According to (Balekar et al., 2013) the study on human skin 

fibroblasts, treatments with grandiflorenic acid and Proteoglycan 

exhibited notable effects on cell migration. These treatments led to 

a faster rate of migration compared to the negative control, 

indicating their potential to promote wound closure in human 

skin. In the present study on Oreochromis mossambicus gill cells, 

Sphagneticola trilobata extract demonstrated significant wound 

healing activity. The scratch assay revealed enhanced migration 

of cells into the wounded area, suggesting the extract's potential 

to accelerate wound closure specifically in this cell line. 

According to (Titpawan et al., 2012) Wedelia trilobata extract 

(WEA) promoted fibroblast L929 survivability before and after 

hydrogen peroxide-induced oxidative stress, indicating its 

protective effect against oxidative stress. WEA induced a high 

migration rate in the scratch assay, suggesting its ability to 

enhance cell migration and potentially accelerate wound closure. 

Collagen content was significantly increased when treated with 

(WEA) compared to the control, indicating enhanced extracellular 

matrix production essential for wound healing. The water extract 

of Wedelia trilobata leaves (WCM) exhibited scavenging activity 

for DPPH comparable to the standard antioxidant BHT, indicating 

antioxidant properties. WEA showed antibacterial activity against 

Gram-positive bacteria Staphylococcus aureus and 

Staphylococcus epidermidis, suggesting its potential as an 

antibacterial agent to prevent wound infection 

In a study conducted by (Ghosh et al., 2021) the 

phytochemical screening of banana leaf extracts, were done 

with ethanol, methanol, and water. It highlighted the extraction 

efficiency of methanolic and aqueous extracts, with the latter 

chosen for further studies due to methanol's toxicity concerns. 

The wound healing assay was conducted using L929 mouse 

fibroblast cells, in which the wound healing potential of aqueous 

BL extract was evaluated at concentrations of 25 mg/mL and 

50 mg/mL. The 25 mg/mL extract demonstrated better cell 

migration compared to the positive control (cipladine), while 

the 50 mg/mL concentration showed reduced efficacy. The 

bioactive components in the BL extract likely contributed to 

enhanced cell migration and wound closure compared to the 

positive control. 

In this present study involved a wound healing assay on 

the Oreochromis mossambicus gill cell line using 

Sphagneticola trilobata extract than the extracts of Acalypha 

indica and Musa paradisiaca, exhibited notable wound healing 

activity, suggesting its potential application in wound healing 

therapies or as a model for studying wound healing mechanisms 

in fish gill cells. 

In this present study, conducted on the Oreochromis 

mossambicus gillcell line (TG), plant extracts (Acalypha indica, 

Sphagneticola trilobata, and Musa paradisiaca) at a 

concentration of 50µg/mL were evaluated. Sphagneticola 

trilobata extract showed significant wound healing activity 

compared to controls, indicating its potential for promoting cell 

migration and wound closure in fish gill cells which highlights 

the potential of natural extracts for wound healing, but the 

specific efficacy and mechanisms of action varied depending on 

the cell lines and extract compositions used. 
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