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Abstract 

Ficus carica L. is among the earliest known cultivated plants of the family Moraceae. It constitutes one of the 

most important angiosperm genera, encompassing more than 800 species of shrubs, epiphytes, and trees that 

have been planted in several tropical and subtropical regions across the globe. Ficus carica (FC) leaves have 

been used not only for tea but also for traditional medicine purposes throughout history. In study, the content 

of Ficus carica leaf methanol extract (M-FCL) and its proliferation and cell viability properties in Human 

Dermal Fibroblast (HDF) cell culture were examined. In the first stage of the study, different components in the 

structure of the extract were identified using gas chromatography-mass spectrometry (GC-MS) and secondly, 

HDF cell viability (WST-8) and wound healing activity were evaluated. HDF cell viability (WST-8) and wound 

healing activity were evaluated. To evaluate the wound healing effects of the extract, microscopic images were 

taken at three-hour intervals (0, 3, 6, 9, 12 and 15 hours) until the wound was closed in any group. Then, they 

were analyzed with Image J program. Fourteen chemical components were identified in the M-FCL extract by 

means of GC-MS.  Analysis reveals that the main constituent of M-FCL is α-tocopherol (28.181 %). As a result 

of WST-8 analysis, it was observed that cell viability increased significantly (p< 0.01) at concentrations between 

31.25-250 µg/mL. It was observed that M-FCL accelerated wound healing at low concentrations. 

Keywords: Ficus carica L., Gas Chromatography-Mass Spectrometry, HDF, Cell proliferation, Wound healing 
 

Ficus carica L. Yaprak Metanol Ekstraktının Kimyasal Profili ve İn vitro Yara 

İyileşmesi Üzerindeki Etkisi 

Öz 

Ficus carica (Fig.) L., Moraceae familyasının bilinen en eski kültür bitkileri arasındadır. Dünyanın çeşitli 

tropikal ve subtropikal bölgelerinde ekilen 800'den fazla çalı, epifit ve ağaç türünü kapsayan en önemli 

angiosperm cinslerinden birini oluşturur. Ficus carica (FC) yaprakları sadece çay olarak değil, aynı zamanda 

tarih boyunca geleneksel tıp amaçları için de kullanılmıştır. Çalışmada, Ficus carica yaprak metanol özütünün 

(M-FCL) içeriği ve insan dermal fibroblast (HDF) hücre kültüründe çoğalma ve hücre canlılığı özellikleri 

incelenmiştir. İyileştirme aşamasında, özütün yapısındaki farklı bileşenler gaz kromatografisi-kütle 

spektrometrisi (GC-MS) kullanılarak tanımlanmış ve ikinci olarak HDF hücre canlılığı (WST-8) ve yara 

iyileştirme aktivitesi değerlendirilmiştir. HDF hücre canlılığı (WST-8) ve yara iyileştirme aktivitesi 

değerlendirilmiştir. Ekstraktın yara iyileştirme etkilerini değerlendirmek için, herhangi bir grupta yara 

kapatılıncaya kadar üç saatlik aralıklarla (0, 3, 6, 9, 12 ve 15.saatler) mikroskobik görüntüler alınmıştır. Daha 

sonra, Image J programı ile analiz edilmiştir. M-FCL ekstraktında GC-MS aracılığıyla on dört kimyasal bileşen 

belirlendi. Analiz, M-FCL'nin ana bileşeninin α-tokoferol (%28.181) olduğunu ortaya koymaktadır. WST-8 

analizi sonucunda, hücre canlılığının 31.25-250 µg/mL arasındaki konsantrasyonlarda önemli ölçüde (P <0.01) 

arttığı görüldü. M-FCL'nin düşük konsantrasyonlarda yara iyileşmesini hızlandırdığı görüldü. 

Anahtar Kelimeler: Ficus carica L., Gaz Kromatografisi-Kütle Spektrometrisi, HDF, Hücre çoğalması, Yara 
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1. Introduction 

Wound is defined as an injury that disrupts the structure and function of a tissue at the cellular 

level [1]. Wounds can occur due to various reasons including physical impact, infection 

(microbes), immune system, chemical agent, heat, radiation, or electric shock, all of which 

impair tissue integrity [2]. Wounds are generally classified as either acute or chronic. While 

acute wounds heal without leaving a scar in a short time, chronic wounds may take longer to 

heal and may leave a scar [3]. Wound healing is a complex process that includes hemostasis, 

inflammation, proliferation and remodeling stages. The main purpose of wound healing is to 

repair damaged tissue [4, 5, 6]. 

In modern medical practice, both local and systemic drugs are employed to treat wounds and to 

regulate disrupted tissue integrity [7]. A range of pharmaceutical agents, including topical 

medicines, analgesics, antiseptics, antibiotics and herbal drugs, are utilised to ensure tissue 

integrity and facilitate wound healing [6, 8]. Herbal drugs refer to treatments that contain 

specific plant components or the entire plant [9]. 

The genus Ficus (family Moraceae) is one of the largest genera of angiosperms, comprising 

over 800 species of trees, epiphytes, and shrubs predominantly found in tropical and subtropical 

regions [10]. Ficus carica, a species widely cultivated in the Bursa region of Türkiye, thrives 

in diverse environments such as open fields, mixed forests, rocky slopes, valleys, and crevices. 

It is also one of the earliest domesticated fruit plants. Traditionally, its fruit, latex, and leaves 

have been used to treat various ailments since ancient times [11]. 

In the context of wound healing treatment, the objective is to augment the population of 

fibroblast cells through the utilization of antioxidants and antiseptic agents [12]. The release of 

oxygen radicals serves to eliminate invading foreign organisms and purge the fibrin matrix, 

thereby expediting the healing process [13] Fibroblast cells, which initiate the proliferative 

phase, play an important role in the wound healing process [1]. In this context, studies on the 

Ficus genus have previously determined that extracts obtained from different parts of the plant 

have various pharmacological activities, including anti-inflammatory, hemostatic, antioxidant, 

antimicrobial and antiviral properties [15, 16, 17]. 

Phytochemical studies on Ficus carica have resulted in the isolation of a number of 

hydrocarbons, organic acids, phenolic compounds, phytosterols, anthocyanins, fatty acids, 

aliphatic alcohols, volatile compounds and other classes of secondary metabolites from various 

parts of the plant. The concentration of these phytochemicals is highest in the latex, followed 

by the leaves, fruits and roots [18]. 

In recent years, there has been a growing interest in the use of plant-based therapies in both 

cosmetic and medical applications. Although numerous studies have analyzed the chemical 

composition of Ficus carica, limited research has focused on the chemical content of leaves 

from the Bursa region and their biological activities using gas chromatography–mass 

spectrometry (GC-MS). Therefore, this study aims to identify the chemical constituents of the 

methanol extract of Ficus carica leaves collected from the Bursa province and to evaluate its 
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proliferative effects, oxidative stress modulation, and wound healing potential on Human 

Dermal Fibroblast (HDF) cells. 

2. Materials and Methods 

2.1.1.  Reactives and solutions 

Methanol solvent used for the study was provided by Isolab. In our study, HDF cells (PCS-201-

012-ATCC) were used in in vitro wound experiments. Dulbecco's Modified Eagle Medium 

(DMEM), Penicillin-Streptomycin (Pen-strep) solution, Fetal Bovine Serum (FBS), Trypsin-

EDTA (Trypsin-ethylenediaminetetraacetic acid) and Cell Viability Determination WST-8 kit 

were supplied by EcoTech Biotechnology. 

2.1.2.  Supply of plant material 

Leaves of the Ficus carica plant, commonly known as “Bursa siyah inciri” (Bursa black fig), 

were collected from a fig garden in the Çamdibi neighborhood of Bursa's İznik district in 

September 2020. The location of the plant is 40.403°N 29.747°E. 

 

Figure 1. Ficus carica leaves 

2.1.3.  Preparation of Ficus carica leaves for analysis 

The leaves of the Ficus carica tree were collected and dried in a thin layer in conditions that 

maintained low temperatures and low levels of light. The dried leaf samples were then ground 

into a powder using a mortar and pestle and stored at -18°C for use in the subsequent study. 

Most of the studies under review were conducted within the Genetics and Organic Chemistry 

Laboratories of Atatürk University's Faculty of Science. 

2.2. Methanol extraction of Ficus carica leaves  

 

After the pre-dried Ficus carica leaves (100 g) were ground into powder, 1000 mL methanol 

(CH3OH) was added as a solvent. It was macerated for 72 h. Filtration was performed to remove 

waste materials in a reflux system (4 h, 60-80°C) [19]. An evaporator was used to remove the 

solvent in the sample (155 rpm, 40°C). After this procedure, it was prepared for GC-MS 

analysis, which was performed three times to increase the yield. 
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2.3. GC-MS system and chromatographic conditions 

The 7820A GC-MS, 5977 Mass Spectrometry Detector and 7673 Series Autosampler were used 

to determine the chemical profile of Plantain. Injection and detector temperatures were set at 

250 °C. The injection capability was determined as a 1µl indivisible injection mode, helium as 

the carrier gas, a flow rate of 1ml/min and an ionization energy of 70 [20]. A variety of 

temperatures were used during the performance of the GC-MS procedure. Accordingly, the 

adjustment was made to increase by 50°C for 1 minute, to increase by 20°C per minute for 1 

minute at 100°C, to increase by 10°C per minute for 1 minute at 180°C, and to increase by 5°C 

per minute for 1 minute. The components in the extract were identified by comparing the 

chromatograms and mass spectra with those of the reference standard substance [19]. 

2.4. Cell culture experiments 

The in vitro wound study was conducted on healthy Human Dermal Fibroblast (HDF) cell line 

ATCC® PCS-201-012™). The aim of the study was the proliferation of HDF cells in an 

incubator environment containing 5% CO2 at 37°C. DMEM (Dulbecco's Modified Eagle 

Medium) containing 10% FBS (Fetal Bovine Serum) and 1% Pen-STREP (100 U penicillin 

/0.1 mg/mL streptomycin) was used in the study.  

The cells were initially seeded in T25 cell culture flasks and incubated in an incubator at 37 °C 

and 5% CO₂. Once the cells had reached 70–80% confluence, they were transferred to T75 

flasks via passage. 

2.5. Cell seeding and counting 

Cell counting was performed using an automatic cell counter. Adherent cells were detached 

using 0.1% trypsin/EDTA in a T75 culture dish and spun at 1200 rpm for 5 minutes. The 

resulting cell solution was mixed with trypsin blue at a ratio of 1:1, laminated, and the total cell 

number was determined. 

96-well plates were seeded with 5 x 103 HDF cells in 100 µl medium each. After cell seeding 

was completed, the plates were placed in an incubator containing 5% CO2 at 37°C. 

2.6. Preparation of the M-FCL extract and application to cells 

1 mg of methanol extract (M-FCL) obtained from Ficus carica leaves was dissolved by adding 

100 µL of DMSO and 900 µL of DMEM and filtered through a 0.22 µm filter. Then, stock 

solutions at concentrations of 15.625; 31.25; 62.5; 125; 250 and 500 µg/mL were prepared by 

serial reduction method. HDF cells was exposed to M-FCL at concentrations ranging from 

15.625–500 µg/mL for 48 hour. 

2.7. WST-8 Analysis 

WST-8 analysis was performed to determine cell proliferation, i.e. the amount of live cells, and 

Ecotech Cell Viability Determination Kit-8 (Cat No: CVDK-8) was used for the analysis. HDF 
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cells were incubated in 96-well plates at 5 x 103 cells per well. When the cell density was 70-

80% confluent, extracts were applied at 6 different concentrations. The first well was used as a 

control group in which no substance was applied. After 48 hours of incubation, 10% of the well 

volume of WST-8 solution was added and the plates were incubated at 37 °C, 5% CO₂ for 3 

hours. During the 3-hour incubation period, absorbance values were measured at 450 nm 

wavelength every hour. The process was repeated at 3 different times and viability/cytotoxicity 

values were calculated. 

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 % = [
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 (𝑑𝑜𝑠𝑒 𝑤𝑒𝑙𝑙)

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 (𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑑𝑜𝑠𝑒)
] ∗ 100 

2.8. Scratch Assay  

Concentrations obtained from F. carica leaf methanol extraction WST-8 analysis were used to 

determine the migration capacity of healthy fibroblast cells using scratch analysis. 5 x 105 cells 

were seeded in 2 ml medium in 3 replicates in each well of 6 well plates [1]. Then, the cells in 

the plates were incubated in a 5% CO2 and 37°C oven until they reached 100% occupancy rate. 

A wound was created by making a single scratch with a sterile 0,1-10 µl pipette tip in a 

monolayer cells. Then, the wound area was created, and the lifted cells and their residues were 

washed with PBS and removed. Then, the medium containing drugs at the determined 

concentrations were added to the wells. The cells were observed with an inverted microscope 

(Zeiss AXI0 Vert A1, Axiocam 208 Color) at 0., 3., 6., 9., 12. and 15. hours. The images were 

recorded. 

In our study, after creating a wound model with scratch assay, Ficus carica leaf methanol 

extract was applied at two different concentrations. The wound area was then photographed at 

regular intervals using an inverted microscope. The migration percentage of cells was 

calculated with the following formula by measuring with Image J program. 

% Migration 
0. hour intercellular distance − desired time intercell distance

0. hour intercellular distance
∗ 100 

2.9. Statistical Analysis 

All experiments were performed in three repetitions. Subsequent to the completion of the 

experiments, a One-Way Analysis of Variance (ANOVA) and a Tukey's Multiple Comparison 

test were performed based on the data obtained as a result of the experiments. The analysis was 

conducted utilising the GraphPad Prism version 8.0.2 package program (GraphPad Software, 

San Diego, USA) to facilitate the evaluation of the data. All results were expressed as mean ± 

standard deviation. The statistical significance level was evaluated as p<0.01. 
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3. Results and Discussion 

3.1. GC-MS analysis of Ficus carica leaves methanol extract 

A GC-MS analysis was performed to determine the chemical content of Ficus carica leaf 

methanol extract, and fourteen compounds were identified. These compounds are listed in detail 

in Table 1.  

Table 1. Structural formulas of compounds in Ficus carica L. leaf methanol extract 

Peak Retention 

Time(min.) 

% of 

total 

Compound Molecular 

Formula 

1 12.614 22.6 Sucrose C12H22011 

2 13.053 0.479 Melezitose C₁₈H₃₂O₁₆ 

3 19.005 3.803 Phytol C₂₀H₄₀O 

4 27.796 2.625 Dioctyl adipate C₂₂H₄₂O₄ 

5 30.411 4.479 Dioctyl phthalate C₂₄H₃₈O₄ 

6 32.223 2.154 Heptacosane C27H56 

7 33.181 3.426 1,3-Distearin C₃₉H₇₈O₄ 

8 32.775 4.045 Bis(2-ethylhexyl) 

isophthalate 

C₁₉H₃₈O₄ 

9 33.537 6.891 Squalene C30H50 

10 34.671 1.989 5β-cholestan-3-one C₂₇H₄₆O 

11 35.487 3.355 Methyl ursolate C31 H50O3 

12 36.470 28.181 α-Tocopherol C29H46O 

13 38.800 13.607 β-Sitosterol C29H50O 

14 39.349 2.366 β-Amirin C30H50O 

 

In the 40-minute GC-MS analysis period, the components began to appear between 12 and 40 

minutes. In this period, α-tocopherol (28.181%) was identified as the main component. 

Following this component, respectively; Sucrose (22.6%), β-sitosterol (13.607%), squalene 

(6.891%), methyl ursolate (3.355%), 1,3-distearin (3.426%), phytol (3.803%), dioctyl phthalate 

(4.479%), bis(2-ethylhexyl) isophthalate (4.045%), dioctyl adipate (2.625%), β-Amirin 

(2.366%), heptacosane (2.154%), 5β-cholestan-3-one (1.989%) and melezitose (0.479%). 
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Figure 2.  Bioactive components of M-FCL extract 

3.2. WST-8 Analysis Results for Proliferative Effect 

WST-8 test was used to determine the effect of M-FCHL extract on cell viability and cell 

proliferation on HDF cells. The results of WST-8 test obtained after 48 hours at concentrations 

of 31.25 to 500 µg/mL of M-FCHL extract are presented in Fig. 3. The findings revealed that 

the application of a methanol leaf extract obtained from plant leaves at a concentration range of 

31.25-250 µg/mL for 48 hours had a stimulatory effect on the migration of HDF cells. As a 

result, it was shown that M-FCHL extract exerted a proliferative effect on HDF cell line at each 

applied dose. 
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Figure 3.  The effect of M-FCL extract on HDF cell viability and proliferation was assessed 

by WST-8 assay. 

3.3. Scratch Assay Results for Wound Healing Effects 

The effect of M-FCL extract on wound healing was investigated using scratch test. In the 

scratch test, the concentrations that showed the highest cell viability and proliferation as a result 

of WST-8 analysis were used. These concentrations were 31.25 and 125 µg/mL. The 

observations showed that cell proliferation and migration started in 6 hours at high 

concentrations and in 9 hours at low concentrations. In addition, complete closure of the wound 

area was recorded in 15 hours (Fig. 4). In addition, the cell migration results were consistent 

with the WST-8 results and it was found that 31.25 and 125 µg/mL concentrations of M-FCL 

extract had a high effect on both cell viability and wound healing. 
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Figure 4. The present study investigates the effect of M-FCL extract on HDF cell migration. 

Monolayers of confluent HDF cells were exposed to different concentrations of M-FCL extract 

using 0.1–10 µL plastic micropipette tip to form an in vitro wound model. Photographs were 

taken under a microscope at 4x magnification at 0, 3, 6, 9, 12 and 15 h. 

3.4.Determination of Wound Healing Rate by Image J Analysis 

After creating a wound model with scratch assay, M-FCL mixture was applied at 2 different 

concentrations. The created wound area was photographed with an inverted microscope at 

 CONTROL 31.25 µg/mL 125 µg/mL 

0 h 

   

3 h 

   

6 h 

   

9 h 

   

12 h 

   

15 h 
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three-hour intervals. The numerical data obtained by measuring with Image J program were 

compared with NC and analyzed statistically. 

 

Figure 5.  Initial wound area measurement at 0 h. 

As a result of the statistical comparison of the wound width between all groups at hour 0, it was 

determined that there was no significant (relative) difference between the groups. However, at 

hour 15, it was observed that the 125 µg/ml concentration closed the wound area more quickly 

and effectively than the other groups, and at the same time a homogeneous closure was 

achieved. 

Türkiye is quite rich in terms of plant diversity [14]. Some plant species are not only used for 

nutritional purposes among the public, but also for medical purposes [21]. For one of these, the 

Ficus species, it is known that the above-ground parts (fruit, latex and leaves) are used for 

various purposes among the public [18] Ficus carica is a plant that grows in various tropical 

and subtropical regions, including Bursa, Türkiye. 

In this study, the effects of methanol extract of Ficus carica leaves from Bursa region on 

cytotoxicity, cell viability and wound healing on Human Dermal Fibroblast (HDF) cells were 

evaluated for the first time. As a result of GC-MS analysis, a total of 14 compounds were 

identified in the M-FCL. In a study conducted on Ficus carica leaf extract in the literature, 

Turkoglu et al. (2017) detected 126 compounds in the aqueous extract in the analyses performed 

on HaCaT cells; they reported that this extract exhibited anti-inflammatory, anti-angiogenic, 

antimitotic and antiandrogenic effects [50]. Differences in the number of compounds may vary 

depending on the abiotic (climate, soil, light etc.) and biotic (microorganism, insect interaction 

etc.) conditions of the region where Ficus carica grows, as well as the solvent and extraction 

method used. One of the main compounds identified in our study, α-tocopherol, or vitamin E, 

is a natural antioxidant [51]. α-tocopherol prevents oxidative damage by stabilizing the cell 

membrane, increases collagen cross-linking and prevents lipid peroxidation, and contributes to 

the delay of skin aging [52]. In addition, it has been reported in the literature that α-tocopherol 

is used in the healing of sunburn and skin wounds, in the reduction of photo immune 

suppression, in the prevention of carcinogenesis and as a dermal immune system supporting 

agent [52]. 

https://d.docs.live.net/7ca0f53a5f473b43/Masaüstü/Kongreler/3.%20uluslararası%20kongre/ficus%20carica%20yaprak/Erzincan/Minör%20revizyon/Düzeltilmiş%20tam%20metin.docx
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Similarly, β-sitosterol, another important organic limited in our extract, is known to have 

antioxidant [41], antimicrobial [42] and anti-inflammatory [43] properties. Squalene is known 

to increase skin moisture, provide immune system modulation and protect against UV-induced 

damage [32]. The activities of other images obtained as a result of GC-MS are given in detail 

in Tab. 2. 

Table 2. Reported activite of chemical compounds reported in M-FCL. 

Chemical compounds Reported Activities References 

 

 

Sucrose 

Antimicrobial activity 

Antifungal activity 

Anti-tumor activity, 

Antioxidant activity 

Anti-depressive activity 

Neuro-protective activity, 

 

 

[22, 23, 24, 25, 26, 

27, 28, 29s] 

Melezitose Anticancer activity [30] 

Phytol Antioxidant activity [31] 

 

Squalene 

Antioxidant activity 

Anti-tumor activity 

Skin hydration 

 

[32] 

5β-cholestan-3-one Hyperglycemia and Hyperinsulinemia [33] 

Methyl ursolate Anti-microbial activity, [34] 

 

α-Tocopherol 

Gene-Regulatory activity, 

Anti-inflammatory activity, 

Antioxidant activity, 

Wound healing activity 

[35, 36, 37, 38, 39, 

40] 

 

β-Sitosterol 

Antioxidant activity, 

Antimicrobial activity, 

Anti-inflammatory activity, 

Anti-hyperlipidemia activity, 

Wound healing activity, 

[41, 42, 43, 44, 45] 

 

β-Amirin 

Anti-inflammatory activity, 

Antinociceptive activity, 

Antibacterial activity, 

Hepatoprotector activity, 

[46, 47, 48, 49] 

 

 

According to the WST-8 test, the extract in the range of 31.25–250 µg/mL significantly 

increased HDF viability permanently (p <0.01). The obtained data show that the extract does 

not harm fibroblasts and even shows cell proliferation. Similarly, in the literature, cases where 

Ficus species extracts increase cell proliferation [16, 45]. In addition, scratch assay intervention 

showed that this proliferative effect is also reflected in wound healing. Especially in the 125 

µg/mL content, it was observed that the wound was completely closed within 15 hours. During 

this period, it is significantly shorter than the control group, and it is seen that fibroblast 

migration is adapted by the extract. In addition, the antioxidant capacity of phytol contained in 

the extract [31], the antimicrobial effect of methyl ursolate [34], and the anti-inflammatory and 

https://www.tandfonline.com/doi/full/10.1080/10408398.2023.2194438
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hepatoprotective effects of β-amyrin [46-49] may have synergistic effects on the eyes. This 

synergy makes the wound healing powers of the extract stronger. 

However, there are some limitations. First of all, there is the use of only in vitro systems. Since 

cell culture does not contain genetic, wound healing immune, medical or hormonal properties, 

these results need to be confirmed in vivo models. In addition, the fact that the extract was 

prepared with methanol solvent means that it only covers compounds with certain polarity, 

which may be the reason why the biological effects of non-polar images are ignored. In the 

future, extraction and fractionation with different solvents will allow for a clearer determination 

of the specific images that show effects. 

4. Conclusion 

This study investigated the effects of Ficus carica leaf methanol extract on cell viability, 

proliferation, and in vitro wound healing in the HDF cell line by GC-MS content analysis 

obtained, Ficus carica leaf methanol extract accelerated wound healing by increasing cell 

viability and cell migration even at low concentrations. It is thought that the reason for this 

proliferative effect is due to the fatty acids, phenolic compounds, and vitamins found in the 

structure of Ficus carica leaf methanol extract. These compounds show prooxidant activity at 

high concentrations. For this reason, it was concluded that Ficus carica leaf methanol extract 

can be used as an alternative candidate agent in the treatment of wound healing in the 

pharmaceutical and cosmetic industry if supported by future in vivo studies. 
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