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Abstract Occurrence of the wound or chronic wound, which results to disability, amputation and

diminish quality of life, are leading to increased healthcare expenditure around the globe. Despite

effective conventional wound healing medicines, the exploration of alternative medicines are contin-

uing process as researchers seek for the approach to reduce the cost of wound healing management.

In present study, wound healing properties of ethanolic extract of Baeckea frutescens leaves were

determined by evaluating their cytotoxicity, proliferation and migration rate on two types of cells,

keratinocytes (HaCaT) and fibroblasts (BJ). Furthermore, the antioxidant properties of this plant

were determined by DPPH scavenging, ferric reducing antioxidant power (FRAP) and total pheno-

lics content (TPC) assays. The phytochemistry of the extract was evaluated by phytochemicals

screening and liquid chromatography mass spectrometry (LCMS) analysis. Results of this study

indicated Baeckea frutescens extract increased the rate of proliferation and migration on both
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HaCat and BJ cells within their nontoxic doses. The extract also possessed a very good antioxidant

property as demonstrated with high DPPH radical scavenging, FRAP and TPC values, comparable

to that of Green tea extract, a widely known antioxidant. The phytochemistry analyses and LCMS

exhibited the presence saponins, flavonoids, tannins and steroids in Baeckea frutescens extract pos-

sibly responsible to their antioxidant and wound healing properties.

� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Skin is the largest and important organ that serves as a protective bar-

rier against external stimuli and harmful agents such as microorgan-

isms. A wound is a disruption to the skin either intentionally or

unintentionally that changes the structural integrity of the skin.

Wound healing is a complex biological and molecular process involv-

ing four overlapping phases; haemostasis, inflammation, proliferation

and maturation phases. Haemostasis phase begins as the clotted blood,

platelet and cross-linked fibrin formed a mesh to stop the bleeding. The

temporary matrix is formed whereas cytokines and the growth factor

are released to react and accelerate the healing process. The inflamma-

tory phase takes place as the neutrophils and macrophages are

recruited into the wounded site to clean the wounded area from debris

and pathogen through phagocytosis and released of proinflammatory

cytokines and growth factors (Shukla et al., 2019; Lucas et al., 2010;

Koh & DiPietro, 2011). The proliferative stage is characterized by

the restoration of damaged tissue by proliferation and migration of

fibroblast, keratinocytes and endothelial cells. During this stage, abun-

dant extracellular matrices are secreted, supporting cells migration that

is essential for the repairing process, whereas new granulation tissue

and blood vessel are formed to improve oxygenation at the wounded

area. Collagen and fibronectin are further synthesized to complete

the healing process (Landén et al., 2016). During the last stage, the

maturation phase eventually takes place. Myofibroblasts, excess newly

formed vessels and the extracellular matrix are removed by apoptosis,

thus mediating the transition of granulation tissue into scar

(Yamaguchi & Yoshikawa, 2001).

Baeckea frutescens, or locally known as Cucur atap in Malaysia is a

shrub plant from the family of Myrtaceae. The plant grows on the top

of mountain, Klang Gates Quartz Ridge and sandy coasts in Malaysia

(Navanesan et al., 2015). In Malaysia, the essential oil of B. frutescens

is traditionally used for massaging during postpartum confinement fol-

lowing childbirth and rheumatism (Navanesan et al., 2015). In Viet-

nam, the plant is traditionally used to treat headache, and

rheumatism, whereas the leaves and flowers are used to ease menstrual

disorder and indigestion problem (Bich et al., 2004). Other than being

used for massaging aching muscles and as bath or tonic, the essential

oil has also been used as an aromatherapy and inhaled to achieve focus

and clear state of mind (Setzer et al., 2004). Additionally, Chinese folk

medicine reported the use of B. frutescens plant to treat snake bite

(Cheung and Li, 1980). Previous studies on the phytochemicals

reported flavonoids including flavanone, flavonol, (Quang et al.,

2008), flavonol glycoside (Lu et al., 2008), chromones, chromanones

(Tsui and Brown, 1996), phloroglucinols (Fujimoto et al., 1996), tas-

manones (Tam et al., 2004), pinoquercetin (Zhong et al., 1997) and

quercetin (Lu et al., 2008) from B. frutescens.

Chronic wounds occur when the wound repair process is delayed or

prolonged due to factors such as trauma, diabetes, infection, vascular

disease or radiation (Järbrink et al., 2016). Apparently, chronic wound

increases morbidity and healthcare costs especially among elderly and

diabetic patients. Approximately 2% of all hospitalized patients have

chronic wounds and older adult patients are at higher risks due to

the impact of aging on the healing process (Powers et al., 2016). Even

though the use of modern drug to treat wound healing proved to be

effective, increased cost in wound healing management regime had

prompted many researchers to find alternative candidates especially
from plants with traditional used reputations. In view of the various

therapeutic effects and traditional uses of B. frutescens, particularly

regarding its ability to alleviate rheumatism and snake bites, it was

proposed that this plant might also possess several other medicinal

properties like wound healing ability. Therefore, this study was per-

formed to evaluate the in vitro wound healing properties, antioxidant

activity and analyze the chemical profile of B. frutescens ethanolic

leaves extract. Present study showed that B. frutescens is a promising

wound healing agent and this study served as a platform for future

study to investigate the molecular mechanism of wound healing prop-

erties of this plant.

2. Material and methods

2.1. Chemicals and reagents

2,2-diphenyl-1-picrylhydrazyl (DPPH), 3-(4,5-Dimethylthia

zol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), acetate
buffer, allantoin, dimethyl sulphoxide (DMSO), Folin-
Ciocalteu reagent, gallic acid, hydrochloric acid (HCl), iron

(III) chloride (FeCl3), iron (II) sulfate (FeSO4), TPTZ, phos-
phate buffer saline (PBS) tablet and sodium carbonate were
purchased from Sigma-Aldrich, St. Louis, USA. Absolute

ethanol and ethanol (95%) and were purchased from Merck,
Malaysia. Dulbecco’s Modified Eagle’s Medium (DMEM),
trypsin and penicillin-streptomycin were purchased from
Nacalai Tesque, Japan. Green tea (Carmellia sinensis) extract

was purchased from ChromaDex, USA.

2.2. Collection of plant materials and extract preparation

The Baeckea frutescens was collected at Setiu, Terengganu,
Malaysia. The sample was authenticated by botanist, Ms.
Tan Ai Lee at FRIM, Malaysia and a herbarium specimen

with number (SBID: 044/20) was deposited at Faculty of Phar-
macy, Universiti Teknologi MARA Selangor. This plant was
cleaned prior to air dried for a week before the leaves were sep-

arated from its branches. The leaves were grinded to form a
fine powder. The powder of leaf part of B. frutescens was mac-
erated in 95% of ethanolic solvent (1:10) for 48 h and filtered
using Whatman filter paper. The maceration and filtration

process were performed in room temperature. The process
was repeated twice, and the extracts filtered were pooled.
The solvent was removed using rotary evaporator. The

Baeckea frutescens leaves extract (BFLE) was collected and
stored in �20 �C for further use. The BFLE was dissolved in
100% dimethyl sulfoxide (DMSO). The stock solution was

then diluted with ultrapure water for phytochemical screenings
and LCMS analysis, diluted with absolute ethanol in DPPH
radical scavenging assay, diluted with distilled water in FRAP
and TPC assays and diluted with DMEM for in vitro wound

healing assays. Final concentration of DMSO in all cell culture

http://creativecommons.org/licenses/by-nc-nd/4.0/
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assays did not exceed 0.5%, which was considered non-toxic to
the cells (Galvao et al., 2014).

2.3. In vitro wound healing assays

2.3.1. Cell culture and maintenance

Immortalized human keratinocyte (HaCaT) and human der-
mal fibroblast (BJ) cells were purchased from ATCC and
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM)

supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin. Both cells were maintained and incu-
bated in chamber in humidified condition (95% humidity) with

5% CO2 level at 37 �C. Cells were subcultured or seeded for
experiments when it reached 80-95% confluency and the media
was replaced for at least every 3 days.

2.3.2. Cells viability assay

Cells viability of HaCaT and BJ against BFLE were performed
using MTT assay according to method described by Muniandy
et al., (2018) with slight modifications. HaCaT and BJ cells

were seeded in 96-well plate at 1 � 104 and 6 � 103 cells/well,
respectively and were allowed to grow for 24. The cells were
then treated with different concentrations of BFLE (0–1000 m
g/ml) and were incubated for another 24 h. Following incuba-
tion period, the old medium was discarded and treated cells
were rinsed with PBS. Complete medium containing 0.5%

MTT was added to the cells and incubated for 2 h. Afterward,
the complete medium containing 0.5% MTT was discarded
and the DMSO was added to dilute the purple formazan crys-

tal formed by mitochondria of living cells. The diluted for-
mazan solution producing purple color was read
spectrophotometrically at 570 nm. The experiment was per-
formed in triplicate.

2.3.3. Cell proliferation assay

Cell proliferation assay was performed similar to cells viability

assay except the exposure period of BFLE to HaCat and BJ
was extended to 48 and 72 h, in addition to 24 h of exposure
period. HaCaT and BJ cells were seeded in 96-well plate at
5 � 103 cells/well. The cells were allowed to grow with different

concentrations of BFLE and incubated for another 24, 48 or
72 h. The proliferation assay requires less cells density com-
pared to viability assay due to the longer incubation period

which may cause over confluence of the cells in the plate.
The concentrations applied in this assay were non-toxic con-
centrations to HaCaT and BJ cells as obtained from the result

of cells viability assay, which were at 0–100 and 0–200 mg/ml,
to HaCaT and BJ, respectively. The steps afterward was addi-
tion of MTT solution was similar to cells viability assay.

2.3.4. Scratching assay

Cells scratching assay was performed on HaCaT and BJ cells
according to method described by Governa et al., (2019) with

some modifications. HaCaT and BJ cells were seeded at
1 � 106 cells/well and 2 � 105 cells/well, respectively on 6-
well plate. The cells were allowed to grow in CO2 chamber
until it reached confluency. The differences on seeding density

of both cell lines were due to their different sizes and different
incubation time between both cells. After reaching confluency,
cells were scrapped horizontally by using the 200 ml micropip-
ette tips at three different areas on each well. The cells were
then washed with PBS twice to remove the cells debris. Subse-
quently, the cells were treated with or without BFLE at differ-

ent concentrations (25, 20, 10 and 5 mg/ml) or allantoin at
10 mg/ml (positive control). The photograph of cells was imme-
diately taken under phase contrast microscopy at 10x magnifi-

cation and denoted as 0 h. The cells were then incubated in
CO2 chamber and the second and third set of images of cells
were taken again at 6 and 12 h or 16 and 24 h, for HaCaT

and BJ, respectively. The differences in incubation time
between HaCaT and BJ were due to their different doubling
time. HaCaT has more rapid doubling time compared to BJ
thus require shorter incubation period. The images of cells

were analysed by ImageJ software and the migration rate
was calculated by comparing wound area of images at 6, 12
16 and 24 h to that of image at 0 h. The experiment was per-

formed in triplicate of three independent experiments.

2.4. Antioxidant properties

2.4.1. DPPH radical scasvenging

DPPH radical scavenging activity of BFLE was determined

according to method described by Blois (1958) with minor
modifications. Briefly, 50 ml of BFLE (200, 100, 50, 25 and
12.5 mg/ml final concentration) or Green tea extract (same con-
centrations, used as positive control) was mixed with 50 ml
DPPH solution (200 mM final concentration, diluted with etha-
nol) and 150 ml ethanol (absolute, AR grade) in 96-well micro-
plate. The mixture was shaken for 15 s at 300 rpm and was left

to stand for 30 min in dark at room temperature. The absor-
bance of the mixed solutions was measured spectrophotomet-
rically at 520 nm. The experiment was performed by three

independent experiments in triplicate. The DPPH radical scav-
enging was calculated using the following formula:

% of DPPH scavenging effect

= 100 � [(Asample-Ablank)/Acontrol � 100]
2.4.2. Ferric reducing antioxidant power (FRAP) value

The FRAP assay was performed according to the method of
Benzie and Strain (1996) with some modifications. FRAP
reagent was prepared by mixing acetate buffer (0.3 M, pH
3.6), a solution of 10 M TPTZ in 40 M HCl and 20 mM FeCl3

in 10:1:1 ratio. The assay was carried out in 96-well plate and
was initiated when 200 ml of FRAP reagent was mixed with
20 ml of BFLE, Green tea extract or FeSO4 standard (500–25

00 mmol/L) and the mixture were left to stand at room temper-
ature for 4 min. Afterward, the plate was shaken at 300 rpm
for 30 s and absorbance was measured spectrophotometrically

at 593 nm. Aqueous solution of known Fe (II) concentration
was used for calibration. A standard curve of FeSO4 was plot-
ted at 500–2500 mmol/L. Result was expressed as mM FeSO4

equivalent per mg of extract. All tests were conducted in
triplicate.

2.5. Total phenolic content (TPC)

Total phenolic content of BFLE was evaluated using Folin-
Ciocalteu reagent according to the method of Singleton and
Rossi (1965), with modifications into high-throughput
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microplate system. Briefly, distilled water 0.1 mL and 0.1 mL
diluted Folin–Ciocalteu reagents (1:10 in distilled water) were
added to 50 ll of BFLE or Green tea (positive control). The

samples were left to stand for 5 min before 0.1 mL 7.5%
sodium carbonate (w/v) was added. After 2 h, the absorbance
was measured at 765 nm wavelength using a spectrophotome-

ter. The calibration curve of gallic acid (GA) was used for the
estimation of sample activity capacity.

2.6. Phytochemical screenings

BFLE was screened for the presence of secondary metabolites,
including alkaloids, saponins, flavonoids, tannins, steroids, ter-

penoids and phenolics content according to procedures
described by Zeng et al., (2016).

2.6.1. Alkaloids content

The test for alkaloids was carried out on 10 mg of BFLE mixed
with 5 mL of ammonia and 2.5 mL of chloroform. After filtra-
tion, the supernatant was shaken with drops of 0.5 M sulfuric
acid. The appearance of a creamy precipitate indicated the

presence of alkaloids and was categorized as mild, moderate
and high concentration based on colour scale.
Table 1 Phytochemistry components of

BFLE.

Phytochemistry components Remarks

Alkaloids –

Saponins +

Condensed Tannins ++

Flavonoids ++

Triterpenoids –

Steroids +

++ Moderate concentration, + low concentra-

tion, – not detected.

RT: 0.00 - 30.00
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Fig. 1 Total ion chromatogram of BFLE ana
2.6.2. Saponins content

The test for saponins was carried out by adding 10 mg of

BFLE with 10 mL of ethanol. The solution was then sonicated
for 30 min and filtered. After filtration, the supernatant was
added with 5 mL of distilled water and vigorously shaken

for 30 s. The appearance of a foam indicated the presence of
saponins and was categorized as mild, moderate and high con-
centration based on foam formation scale.

2.6.3. Tannins content

A sample prepared with 5 mg of BFLE was dissolved in 10 mL
of 70% ethanol. The sample was then diluted with sterile dis-

tilled water at a ratio of 1: 2 (v/v).Three drops of 10% (w/v)
ferric chloride solution was then added. The appearance of a
blue to black precipitate indicated the presence of tannins

and was categorized as mild, moderate and high concentration
based on colour scale.

2.6.4. Flavonoids content

A sample containing 5 mg of the BFLE was dissolved in 5 mL
of absolute ethanol and treated with a few drops of concen-
trated HCl and 0.2 g of magnesium ribbon. The appearance

of a pink-red color indicated the presence of flavonoids and
was categorized as mild, moderate and high concentration
based on colour scale.

2.6.5. Steroids and terpenoids content

Steroids and terpenoids were detected using the Liebermann-
Burchard reaction. A solution containing 5 mg of BFLE dis-
solved in chloroform was filtered. The filtrate (2 mL) was

added to 2 mL of acetic anhydride and 50% concentrated sul-
furic acid. A blue-green ring indicated the presence of steroids
while a red color indicated the presence of terpenoids and was

categorized as mild, moderate and high concentration based
on colour scale.
20 25

78

0 16.70 19.36
20.49 22.65 26.76 27.85

NL: 1.50E8
Base Peak F: 
FTMS - p ESI Full 
ms [50.00-1000.00]  
MS 
CUCURATAP_03_2
00714130211

lyzed by HPLC-LTQ-Orbitrap MS System.
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2.7. LCMS analysis

LCMS analysis was performed on LTQ Orbitrap Discovery
LCMS system. The HPLC column was Luna Omega 3 mm
Table 2 Mass spectral characteristics and tentative identifi-

cation of compound present in BFLE.

Retention

time, min

Molecular

ion (M-H)-
Molecular

weight

Tentative identification

8.94 463.08 C21H19O12
- Myricetin 3-O-alpha-L-

rhamnoside

10.15 317.03 C15H10O8 Myricetin

12.73 315.05 C16H12O7 Pinoquercetin

16.20 447.20 C21H20O11 Quercetin-3-O-alpha-L-

rhamnoside

16.67 283.09 C17H16O4 5,7-dihydroxy-6,8-

dimethylflavanone

16.70 477.21 C28H32O17 6-Methylquercetin 7-O-

b-D-glucopyranoside
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Fig. 2 A) Percentage of DPPH inhibition on different concentrations

FRAP (C) values of BFLE and Green tea extract. TPC value were exp

were expressed as mmoldm�3/g extract ± SD. The bars with differen
Polar C18. The mobile phases were 0.1 % formic acid (A)
and acetonitrile (B). The HPLC conditions were as followed:
at 0 min, 95:5 (A:B), linear gradient to 50:50 (A:B) at 10,

5:95 (A:B) at 15 min and 95:5 at 20 min and hold on for
5 min. The flow rate was 0.2 ml/min with 10 ml injection vol-
ume. Mass spectra in the m/z range 50–1000 were obtained

by negative ion (ESI) modes. The mass spectrometry condi-
tions were as follows: sheath gas flow rate 18 arbitrary units,
auxiliary gas flow rate 2 arbitrary units, spray voltage

4.40 kV, capillary temperature 285 �C, capillary voltage
18 V, tube lens 100 V. Data acquisition was performed using
LTQ Tune Plus and data was analysed using Thermo Xcalibur
Roadmap software.

2.8. Statistical analyses

All data were presented as mean ± standard deviation (SD).

The differences between groups were analysed using one-way
analysis of variance with post hoc Dunnett’s Multiple Com-
parison Test using Graphpad Prism 7 software. P value < 0.05

was considered as significantly different.
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3. Results

3.1. Phytochemistry analysis

Phytochemistry analysis of BFLE detected the presence of
saponins, condensed tannins, flavonoids and steroids (Table 1).

Condensed tannins and flavonoids were present at moderate
concentrations while saponins and steroids were detected at
low concentration. Alkaloids and triterpenoids presence were

not detected.

3.2. LCMS/MS analyses

LCMS/MS results of BFLE are as depicted in Fig. 1 and

Table 2. In summary, a total of 6 compounds were tentatively
identified from LCMS/MS data and their identifications were
confirmed from the data obtain from literatures and online

databases (Table 2). Myricetin was tentatively identified (Lu
et al., 2008) from deprotonated molecular ions [M�H]- at m/
z 317.03 Pinoquercetin was tentatively identified from the

deprotonated molecular ions [M�H]- at m/z 315.05. Next,
quercetin-3-O-alpha-L-rhamnoside (Lu et al., 2008), 5,7-dihy
droxy-6,8-dimethylflavanone (Nisa et al., 2016) and
VC
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Fig. 3 Viability of A) HaCaT and B) BJ cells against BFLE.

Results were expressed as mean of percentage of cells viabil-

ity ± SD. VC; vehicle control (untreated cells).* P < 0.05, **

P < 0.01, *** P < 0.001.
6-Methylquercetin 7-O-b-D-glucopyranoside (Zhou et al.,
2018) were tentatively identified from deprotonated molecular
ions [M�H]- at m/z 447.20, 283.09 and 477.21, respectively.

3.3. Antioxidant evaluations

Antioxidant properties of BFLE was determined by DPPH

radical scavenging, total phenolic content (TPC) and ferric
reducing antioxidant power (FRAP) assays. Result of DPPH
scavenging shows a very good antioxidant property of

BFLE with the extract exhibited the dose dependent effect
on DPPH scavenging effect. Graph of dose–response curve
plotted and the median inhibitory concentration (IC50) value

of DPPH scavenging effect of BFLE obtained as 22.87 mg/
ml. Green tea, which was used as positive control shows
almost similar IC50 value of 16.69 mg/ml. Even though
IC50 of Green tea was slightly lower than that of BFLE,

the values are not significantly different between the two
groups.

TPC of BFLE was obtained from the linear regression of

gallic acid standard curve (data not shown) and the gallic acid
equivalent (GAE) per gram extract was obtained from the
equation obtained from that curve (y = 0.0625x � 0.0224,

r2 = 0.9998). Results of TPC value of BFLE indicates that
it has TPC value of 193.22 ± 10.02 mg GAE/g extract, higher
than that of Green tea, with TPC value of 186.02 ± 11.79 mg
GAE/g extract. However, the TPC values between the two

groups were not significantly different.
Ferric reducing antioxidant power (FRAP) value was

obtained from the linear regression of ferrous sulphate stan-

dard curve (data not show) and the FRAP value of was
obtained from that curve (y = 0.6438x + 0.1042,
r2 = 0.9999). The results dictate that the FRAP value of BFLE

was 2.42 ± 0.15 mmoldm�3/g extract while FRAP value of
Green tea is 3.19 ± 0.02 mmoldm�3/g extract (see Fig. 2).

3.4. Cells viability

Viability of HaCat and BJ cells against BFLE were tested
with concentrations of 0–1000 mg/ml for 24 h treatment per-
iod. The results indicated that BFLE was toxic against both

cells in dose-dependent manner but the level of toxicity were
different between both cells. There is no significant difference
between treatment of BFLE on HaCat at 15.63, 31.25 and

62.5 mg/ml compared to VC but cell viability was reduced
as the concentration increased (dose dependent). In the mean-
time, treatment of BFLE on BJ at concentration of 31.25,

62.5 and 125 mg/ml significantly increased cell viability com-
pared to that of VC (p < 0.05). However, treatment of
BFLE at 15 and 250 mg/ml on BJ did not significantly alter

cell viability while BJ cells viability were greatly reduced at
concentration of 500 and 1000 mg/ml (not dose dependent)
(see Fig. 3).

3.5. Cells proliferation

Cell proliferation assay was conducted on HaCaT and BJ cells
at different range of concentrations, 0–100 and 0–200 mg/ml,

respectively for 24, 48 and 72 h incubation periods. Results
of proliferation show proliferative effects of BFLE on BJ at
25 and 12.5 mg/ml at 24 h compared to VC but no proliferative
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effect was observed on HaCaT. At 48 h, the proliferative effect
of BFLE was observed on HaCaT at 6.25 and 3.13 mg/ml but
there is no significant proliferative effect was observed on BJ

cells. Both cells exhibited no proliferative effect at 72 h (see
Fig. 4).
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3.6. Cells migration

The migration rate of keratinocyte (HaCaT) and fibroblast
(BJ) cells was measured by comparing the size of gaps on each
well which mimics the wound and the image of the gaps was
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captured at different intervals of 0, 6, 12, 16 and 24 h after the
scratch. The migration rate at 6, 12, 16 and 24 h was obtained
by subtracting the size of the gap at 0 h to the size of gap at 6,

12, 16 and 24 h, respectively. The result indicates that BFLE at
25 and 20 mg/ml shows significantly high migration rate on
HaCaT cell at 6 h, while at 12 h, it shows significantly higher

migration rate compared to untreated control on all concentra-
tion tested. On BJ cells, the effect of BFLE on its migration
rate was evident 10, 5 and 2.5 mg/ml at 16 h. At 24 h, only

BFLE at 10 mg/ml showed significant effect of migration rate
on BJ. Allantoin, the positive control used in migration study,
significantly increase the migration rate of both HaCaT and BJ
cells at 6, 12, 16 and 24 h. The concentrations used for migra-

tion assay were chosen based on the proliferation assay, which
demonstrated that BFLE proliferation was better at 25 mg/ml
and lower concentrations while it demonstrated sign of toxicity

at concentration above 25 mg/ml when incubated for 72 h (see
Figs. 5 and 6).

4. Discussions

Wound healing occurs as cellular response towards injury and
involves the activation of fibroblast, keratinocyte, endothelial

cells and macrophages. Proliferation and migration of ker-
atinocyte and fibroblast cells are involved, at least as a part
of complex wound healing processes (Stamm et al., 2016).

During injury, as the barrier disrupt, neutrophils, monocyte
Fig. 5 Migration of A) HaCaT against BFLE at 0, 6 and 12 h and

representative of image from three independent experiment taken from
and macrophages recruited to the wound site and the abun-
dant cellular matrices produced release several cytokines and
growth factors, which in turn activated the keratinocyte and

fibroblast cells (Pastar et al., 2014). Activated keratinocyte
and fibroblast cells will migrate, proliferate, and produce sev-
eral other inflammatory cytokines to promote the wound heal-

ing process.
Result of present study demonstrates that ethanolic extract

of Baeckea frutescens leaves (BFLE) has the ability to increase

the proliferation and migration of both keratinocyte (HaCaT)
and fibroblast (BJ) cells but the pattern of the treatment effects
are varied and are dose- and time-dependent. Proliferation of
keratinocyte increased by 14 and 24% at concentration of

6.25 and 3.125 mg/ml, respectively after 48 h of treatment
and proliferation of fibroblast was increased by 36 and 51%
at concentration of 25 and 12.5 mg/ml, respectively after 24 h

of treatment. Proliferation of both keratinocyte and fibroblast
were not significantly increased by BFLE at 72 h across all
concentrations and periods tested. BFLE also showed toxicity

effect on HaCaT and BJ when treated at longer incubation
period at higher concentrations. The results were similar with
previous study by Governa et al., (2019), which implied that

extract with higher concentrations and prolonged exposure
were not imperatively produce more desirable effect. This is
postulated to have caused by the effect of an elaborate balance
between the anti-inflammatory and immune-stimulatory effect

of polyphenols in the extract, which in turn reduce the produc-
B) BJ against BFLE at 0, 16 and 24 h. Data were presented as

respective samples and time intervals.



Fig. 6 Effect of BFLE on relative migration rate of A) HaCaT cells at 6 and 12 h and B) BJ cells at 16 and 24 h. Data were expressed as

mean of migration rate of HaCaT and BJ cells relative to untreated control. PC; positive control (10 lg/ml allantoin) * p < 0.05, **

p < 0.01 and p < 0.001 vs control.
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tion of pro-inflammatory cytokines and interact with cells pro-
liferation, thus reducing its wound healing property

(Chiocchio et al., 2019).
The morphological changes of both keratinocyte and

fibroblast cells following treatment of BFLE at different con-

centrations (0, 5, 10, 20 and 25 mg/ml) observed by visual
examination of images of scratch assay revealed that BFLE
increased the migration of both cells compared to untreated
cells. The relative migration rate of BFLE on HaCaT and

BJ, measured as differences between wound area at 0, 6,
12 h, on HaCaT and 0, 12 and 24 h, on BJ, demonstrating
wound healing properties of BFLE. The effect of BFLE on

cells migration was shown to be more potent than that of
allantoin, which is known to have the proliferative and migra-
tion effect (Forero-Doria et al., 2020). It is well established

that both fibroblast and keratinocytes are two types of cells
that are majorly involved in proliferative phase of wound heal-
ing and increasing their migration rate is very important to

accelerate the process (Qiang et al., 2020). The migratory effect
BFLE on both BJ (fibroblast) and HaCaT (keratinocyte)
showed their great response on speeding the proliferative phase
of wound healing and toward the closing of wound gaps dur-

ing wound contraction.
Beside of its proliferative and migration effect on ker-

atinocyte and fibroblast cells, this study also revealed the

antioxidative properties of BFLE. Results of DPPH radical
scavenging and FRAP assay determination have well demon-
strated the antioxidative property of BFLE. BFLE showed

remarkable DPPH radical scavenging effects, with IC50 value
of 22.87 mg/ml and was not significantly different to IC50 value
of Green tea with IC50 value of 16.69 mg/ml. TPC value of

BFLE was also not significantly different to Green tea while
the FRAP value of BFLE showed slightly lower value than
that of Green tea (p < 0.001). Total phenolics content is
known to be related to antioxidative properties and predomi-

nant in plant which mainly composed of phenolics acid, flavo-
noids, tannins, curcuminoids, coumarins, lignins and
quinones. (Kaska; Ismail et al., 2017). Several studies have

demonstrated the antioxidative properties of plant extracts
were attributed to their phenolics content (Kaska et al.,
2018; Ismail et al., 2017; Othman et al., 2014). Green tea,

which was used as positive control in this study is a well known
antioxidant and possesses health benefits (Rishi Raj
Shrivastava et al., 2018). The similar antioxidant properties

between BFLE and Green tea indicate that BFLE is a very
good antioxidant thus may possess same health benefit of
Green tea. Several studies have proved that antioxidant and
wound-healing properties could be co-existed in certain plants

(Süntar et al., 2012). For instance, study by Goorani et al,
(2019) demonstrated an aqueous extract of Falcaria vulgaris,
which has high antioxidant activity, showed a very good

wound healing properties on cutaneous wound of Wistar rats.
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Similarly, recent study by Ahmad et al., (2021) indicated
Marantodes pumilum has both antioxidant and wound healing
effects on excisionally induced wound of rats.

It is well known that biological effects of natural products
or medicinal plants are owing to their chemical properties.
Result of phytochemical screening showed that BFLE has a

moderate concentration of condensed tannins and flavonoids
while steroids and saponins were detected at low concentra-
tion. Tannins and flavonoids have long been associated with

plethora of biological properties and health benefits including
antioxidants, anti-inflammatory, anticancer, cholesterol-
lowering effect, arthritis and wound healing effect
(Bondonno et al., 2019; Rex et al., 2018; Dabeek & Marra,

2019; Shao and Bao, 2019; Beninger & Hosfield, 2003). Recent
study by Ambreen & Mirza (2020) has specifically demon-
strated the wound healing property of tannins isolated from

leaf callus culture of Achyranthes aspera and Ocimum basili-
cum. Further investigation by LCMS/MS has tentatively iden-
tified that flavonoids of BFLE were myricetin, myricetin 3-O-

alpha-L-rhamnoside, quercetin-3-O-alpha-L-rhamnoside, 6-
methylquercetin 7-O-b-D-glucopyranoside, pinoquercetin and
5,7-dihydroxy-6,8-dimethylflavanone based on their m/z

masses. Myricetin and its derivative, myricetin-3-O-b-
rhamnoside, were found to have in vitro healing properties
by promoting both proliferation and migration of fibroblast
cells and accelerating angiogenic process (Moghadam et al.,

2017). Similarly, in vivo study performed by (Elshamy et al.,
2020), demonstrated Myricetin from Tecomaria capensis v.
aurea can stimulate wound contraction. In addition to that,

Myricetin was also reported to suppress the ROS-induced
oxidative stress (Wang et al., 2010). Inhibition of ROS has
been implicated as indirectly promote migration and prolifera-

tion of cells (Yahaya et al., 2018). These findings suggest that
Myricetin might the compound that contributed to wound
healing properties of BFLE. However further investigation

need to be performed to support this hypothesis.
5. Conclusions

The increased the rate of migration and proliferation on both ker-

atinocyte and fibroblast cells indicated the wound healing properties

of BFLE. The wound healing properties of BFLE may be related to

their high antioxidant properties. The presence of saponins, flavonoids,

tannins and steroids in the phytochemistry analysis and the presence of

those compounds detected by LCMS analysis suggested the contribu-

tion of the compounds in the antioxidant and wound healing proper-

ties of BFLE.
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